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5-hydroxytryptamine type 3 receptor antagonists for

postoperative nausea and vomiting
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Purpose of review

The use of selective 5-hydroxytryptamine type 3 receptor

antagonists has improved the management of

postoperative nausea and vomiting, but has not completely

eliminated it. In this article, we discuss the pharmacology of

5-hydroxytryptamine type 3 receptor antagonists and the

impact of pharmacogenetics on postoperative nausea and

vomiting.

Recent findings

Dolasetron, granisetron, ondansetron, palonosetron, and

tropisetron have similar mechanisms of action but different

pharmacokinetic and pharmacodynamic properties.

Genetic polymorphism in the cytochrome P450 mono-

oxygenase system, drug efflux transporter adenosine

triphosphate-binding cassette subfamily B member 1 and

5-hydroxytryptamine type 3 receptor subunits also

contribute to the interindividual variation in response to

different 5-hydroxytryptamine type 3 receptor antagonists.

These differences account for differences in the duration of

action and clinical efficacy of these agents.

Summary

Pharmacogenetics testing in patients may help differentiate

responders to 5-hydroxytryptamine type 3 receptor

antagonists from non-responders and allow the

anesthesiologist to individualize antiemetic therapy. The

cost–effectiveness of such screening in postoperative

nausea and vomiting management has, however, not been

evaluated. Given the multifactorial nature of postoperative

nausea and vomiting, a multimodal approach to reduce or

eliminate risk factors will be most successful in its

management.
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Introduction
Selective serotonin or 5-hydroxytryptamine type 3

(5-HT3) receptor antagonists have a well-established role

in the prophylaxis and treatment of postoperative nausea

and vomiting (PONV). They have greater efficacy as well

as a better safety and side-effect profile compared with

traditional antiemetic agents. Most antiemetic guidelines

do not distinguish among the different agents and

anesthesiologists choose a particular drug on the basis

of availability, familiarity, and cost, or a combination of

these factors.

Commonly used selective 5-HT3 receptor antagonists

available in the United States and Europe include dola-

setron, granisetron, ondansetron, palonosetron, and tro-

pisetron [1��]. These agents effectively control radiation

and chemotherapy-induced nausea and vomiting [1��].

With greater emphasis on improving patient outcomes

in the perioperative setting, some of these agents have

been used for PONV prophylaxis [2].

A recent review has broadly described the pharmacologi-

cal differences of some of these 5-HT3 receptor

antagonists [3��]. Even though these agents have similar

mechanisms of action, pharmacokinetic and pharmaco-

dynamic variations (caused by genetically polymorphic

enzymes, transporters, and receptors) contribute to inter-

individual variations in drug metabolism and, therefore,

differences in drug efficacy. Understanding these differ-

ences will allow the anesthesiologist to individualize

antiemetic therapy in the management of PONV.

Mechanism of action
5-HT3 receptors are present both centrally in the che-

moreceptor trigger zone of the area postrema and per-

ipherally in the vagal nerve terminals. Stimulation of

5-HT3 receptors in the chemoreceptor trigger zone sends

impulses to the vomiting center located in the lateral

reticular formation of the medulla oblongata to initiate
reproduction of this article is prohibited.
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the vomiting reflex [4]. Similarly, vagal afferents com-

municate with the vomiting center through the nucleus

tractus solitarius [4]. 5-HT3 receptor antagonists bind

selectively and competitively to these receptors to block

emetogenic signals to the vomiting center.

Pharmacokinetics
The intravenous administration of 5-HT3 receptor

antagonists is followed by rapid distribution within the

body. Dolasetron is rapidly eliminated (t1/2b< 10 min)

and metabolized to the active form, hydrodolasetron.

A ubiquitous enzyme, carbonyl reductase, mediates the

reduction of dolasetron to hydrodolasetron [5]. Hydro-

dolasetron is 70% bound to plasma protein and has a t1/2b

of approximately 7 h. It is predominantly metabolized by

cytochrome P450 (CYP) CYP2D6 in the liver. Fifty-three

percent of an administered intravenous dose of dolase-

tron is excreted unchanged in the urine [5].

Granisetron is metabolized by the liver through N-

demethylation, aromatic ring oxidation, and conjugation

[6]. The elimination half-life of granisetron is between 5

and 8 h. Unlike the other 5-HT3 receptor antagonists,

granisetron’s major route of metabolism is mediated by

the P450 CYP3A isoenzyme. Twelve percent of a single

dose of granisetron is eliminated unchanged in the urine

within 48 h [6].

Ondansetron has a short t1/2b of approximately 3 to 5 h [7].

Between 70 and 76% of ondansetron is protein bound. It

is extensively metabolized in the liver by the hydroxyl-

ation of the indole ring followed by glucuronide or sulfate

conjugation. Five percent is excreted unchanged in the

urine. Although some of the non-conjugated metabolites

have pharmacological activity, their plasma concen-

trations are probably too low to contribute to the bio-

logical activity of ondansetron [7].

Tropisetron has a longer t1/2b of 6 h [8]. It is metabolized

by the liver P450 CYP2D6 isoenzyme through oxidative

hydroxylation of the indole ring followed by conjugation

with glucuronic acid and sulfate [9]. Tropisetron and its

metabolites are renally excreted [10].

Palonosetron has the longest elimination half-life of 40 h

[11]. It is 62% bound to plasma proteins [12]. The volume

of distribution is approximately 8.3 l/kg after a single

intravenous dose of 10 mg/kg. The liver metabolizes

approximately 50% of palonosetron. The two primary

metabolites, N-oxide-palonosetron and 6-(S)-hydroxy-

palonosetron, are essentially inactive [12].

In general, the elimination half-lives of 5-HT3 receptor

antagonists increase and plasma clearance decreases with

advancing age [3��]. This finding is consistent with an age-

related deterioration in hepatic and renal function. The
opyright © Lippincott Williams & Wilkins. Unauth
presence of hepatic and renal impairment similarly

decreases the clearance of all 5-HT3 receptor antagonists.

No clinically significant effects have, however, been

demonstrated and dose adjustment is not necessary

[5–7,11,13].

Pharmacodynamics
Although all 5-HT3 receptor antagonists selectively block

5-HT3 receptors, differences in pharmacodynamic inter-

actions may account for differences in clinical efficacy.

On the basis of skin flare studies involving cutaneous

5-HT3 receptors, it appeared that the duration of action of

a particular antiemetic agent is dependent on its affinity

for 5-HT3 receptors rather than its half-life [1��,14]. The

binding affinity of these agents for 5-HT3 receptors

ranges from a pKi value of 8.07 for ondansetron to 10.4

for palonosetron [1��]. Granisetron has been shown to

have an affinity for 5-HT3 receptors that is 4000 to

40 000 times greater than other receptors [15]. In com-

parison, ondansetron binds 5-HT3 receptors with an affi-

nity between 250 and 500-fold compared with that of other

receptors. Inhibition of the cutaneous 5-HT-mediated

axon reflex was evident at 24 h after a single dose of

granisetron; far exceeding it predicted half-life [14].

In-vitro studies also demonstrated that granisetron occupy-

ing 5-HT3 receptors dissociated slowly and was not dis-

placed by serotonin on incubation. In contrast, cutaneous

flare responses with ondansetron lasted only 9 h. The long

duration of action of palonosetron can also be explained by

its high binding affinity for 5-HT3 receptors [1��].

The selectivity of 5-HT3 receptor antagonists for 5-HT3

receptors also varies. Palonosetron is a highly selective,

competitive, high-affinity antagonist of the 5-HT3 recep-

tors. Granisetron is also highly specific for 5-HT3 recep-

tors and has little or no affinity for any other receptors

[16]. Ondansetron, conversely, binds 5-HT1B, 5-HT1C,

a1-adrenergic and m-opioid receptors in addition to

5-HT3 receptors [17��].

Pharmacogenetics
Genetic factors influence an individual’s response to a

drug. Variations in the biotransformation of 5-HT3 recep-

tor antagonists and differences in 5-HT3 receptor affinity

are a result of genetic polymorphism.

Genetic polymorphism of CYP2D6

The 5-HT3 receptor antagonists are dependent on the

cytochrome P450 mono-oxygenase system in the liver for

metabolism (Table 1) [18]. This system consists of a

variety of isoenzymes, among which the cytochromes

1A2, 2C8, 2C9/10, 2C19, 2D6, 2E1, and 3A4 are involved

in the oxidative metabolism of drugs. Of these iso-

enzymes, CYP2D6 is responsible for the breakdown of

25% of all prescribed drugs, including the 5-HT3 receptor

antagonists [19]. The rates of degradation differ.
orized reproduction of this article is prohibited.
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Table 1 Metabolism of 5-hydroxytryptamine type 3 receptor

antagonists via the cytochrome P450 mono-oxygenase system

Primary pathway Secondary pathway

Hydrodolasetron (active
metabolite of dolasetron)

CYP2D6 CYP3A

Granisetron CYP3A
Ondansetron CYP3A4 CYP1A2

CYP2D6
CYP2E1

Palonosetron CYP2D6 CYP3A
CYP1A1/2

Tropisetron CYP2D6 CYP3A4
Dolasetron, ondansetron, palonosetron, and tropisetron

are metabolized via the CYP2D6 isoform of the cyto-

chrome P450 system [20–22]. The CYP2D6 isoform is

subject to marked genetic polymorphism, and more than

90 CYP2D6 alleles have been described in addition to the

wild type [17��].

Individuals may be classified as ultrarapid, extensive

(normal), intermediate or poor metabolizers on the basis

of the activity of the CYP2D6 isoenzyme. Most subjects

observed in clinical studies have inherited the wild-type

2D6 allele and are extensive metabolizers [18]. Up to

10% of Caucasians have the phenotype associated with

poor metabolizers, whereas less than 2% of Asians were

found to be poor metabolizers [23,24,25�].

Ultrarapid metabolizers have a duplication or amplifica-

tion of the entire CYP2D6 gene, resulting in increased

enzyme production. The prevalence varies by popu-

lation, and ranges from 0.8% in the Danish and German

populations [26] to 21% in Saudi Arabian individuals [27].

The clinical impact of genetic polymorphism in the

CYP2D6 isoenzyme can be significant. Protection from

nausea and vomiting will depend on the activity of this

enzyme. Dolasetron, palonosetron, and tropisetron are

degraded to a significant degree through the CYP2D6

pathway [12,20,21]. CYP3A4 plays a dominant role in

ondansetron turnover, and ondansetron is degraded sec-

ondarily through the CYP2D6 pathway [7]. One study

showed that patients who were ultrarapid metabolizers

experienced more vomiting compared with extensive or

poor metabolizers when given ondansetron and tropise-

tron in the treatment of chemotherapy-induced nausea

and vomiting [28]. This difference was predictably more

pronounced for tropisetron than ondansetron, because

tropisetron was primarily dependent on the CYP2D6

isoenzyme for metabolism. Failure to respond to ondan-

setron prophylaxis was also investigated in a recent study

on PONV [29�]. Patients who were genotyped by poly-

merase chain reaction amplification to be ultrarapid meta-

bolizers, or were analysed using gene-specific probes and

determined to have three functional copies of the

CYP2D6, experienced more vomiting postoperatively
opyright © Lippincott Williams & Wilkins. Unautho
[29�]. The CYP2D6 isoenzyme is the major metabolic

pathway for palonosetron, with a smaller contribution

from CYP3A and CYP1A2 [11]. Nevertheless, it appeared

that the metabolism of palonosetron was no different

between poor and extensive metabolizers of CYP2D6

substrates [12]. Granisetron is metabolized primarily by

the CYP3A subfamily, specifically 3A4 [6]. Its clinical

efficacy remains unchanged in patients who are CYP2D6

ultrarapid metabolizers [30�].

Genetic polymorphism of adenosine triphosphate-

binding cassette subfamily B member 1 3435C!T

The adenosine triphosphate-binding cassette subfamily

B member 1 (ABCB1) drug transporter (also known as

P-glycoprotein or MDR-1) is a transmembrane efflux

pump in many tissues including the blood–brain barrier

[31]. The ABCB1 protein transporter recognizes a broad

range of substrates, including the 5-HT3 receptor

antagonists. A single-nucleotide polymorphism at pos-

ition 3435 of the gene for the ABCB1 transporter was

recently demonstrated to affect the antiemetic efficacy of

5-HT3 receptor antagonists [32�]. Cancer patients under-

going chemotherapy were given prophylactic granisetron,

ondansetron, or tropisetron, and the incidence of nausea,

vomiting, and the need for rescue antiemetics was

examined. Patients who were homozygous for the ABCB1
3435T allele responded better to antiemetic therapy

compared with individuals who were heterozygous or

homozygous for the ABCB1 3435C allele. This difference

reached statistical significance in the granisetron-treated

group [32�]. It is likely that patients with the TT genotype

accumulate higher concentrations of 5-HT3 receptor

antagonists in the brain and are better protected from

emesis as a result of enhanced activity of the ABCB1

transporter. The clinical implication of ABCB1 3435C!T
single-nucleotide polymorphism in PONV has not

been investigated.

Genetic polymorphism of 5-hydroxytryptamine type 3

receptors

The 5-HT3 receptor is a ligand-gated ion channel that

becomes permeable to monovalent cations such as

sodium and potassium when activated by serotonin. Its

pentameric structure may contain one or more of five

different subunits. Two subunits of the 5-HT3 receptor,

namely 5-HT3A and 5-HT3B, have been detected in the

area postrema and gastrointestinal tract and may be

involved in the pathogenesis of chemotherapy-induced

nausea and vomiting [33].

Tremblay and coworkers [34] demonstrated 13 poly-

morphisms in the 5-HT3B gene. In their study, they

observed that cancer patients who were homozygous

for an �AAG deletion variant in the 5-HT3B receptor

gene had significantly more vomiting and nausea. These

patients were given prophylactic tropisetron and
rized reproduction of this article is prohibited.
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ondansetron during chemotherapy [34]. More recently,

the same group of investigators investigated a genetic

polymorphism of the 5-HT3A receptor, but they could

not show any association with the severity of nausea and

vomiting in patients receiving chemotherapy [35]. The

clinical implication of structural differences in the

5-HT3 receptor in PONV has not been investigated.

Clinical efficacy
Clinical trials have demonstrated the therapeutic effi-

cacy of 5-HT3 receptor antagonists for PONV prophy-

laxis [2]. There are, however, not many studies

comparing one 5-HT3 receptor antagonist with another.

Ondansetron was the first 5-HT3 receptor antagonist to

be used for the management of PONV, and almost all

later studies used ondansetron as a basis for comparison.

Oral granisetron 1 mg given before surgery was shown to

be as effective as ondansetron 4 mg given intravenously

at the end of surgery [36]. In combination therapy, the

intravenous administration of granisetron and dexa-

methasone were as effective as ondansetron and dexa-

methasone in preventing PONV [37]. In a separate study

[38], intravenous dolasetron 12.5 mg was demonstrated

to be as efficacious as intravenous ondansetron 4 mg but

more cost-effective for antiemetic prophylaxis for out-

patient otolaryngolic procedures. A recent study com-

pared intravenous dolasetron 12.5 mg with intravenous

granisetron 1 mg [30�], and showed that both drugs were

equally effective in preventing PONV. In addition, the

administration of granisetron was associated with a

greater complete response rate in the 24-h period

following discharge [30�].

With a greater appreciation of genetic polymorphism and

its impact upon the pharmacokinetics and pharmacody-

namics of 5-HT3 receptor antagonists, the therapeutic

efficacy of 5-HT3 receptor antagonists can be unpredict-

able in a small percentage of patients. Diagnostic tests to

identify CYP2D6 isoenzyme activity are currently avail-

able for clinical use. The AmpliChip CYP450 (Specialty

Laboratories, Valencia, California, USA) is one such test

that has been approved by the US Food and Drug

Administration. Genotype-based dose recommendations

have already been published for the administration of

antidepressants [39].

In the perioperative setting, non-responders to anti-

emetic therapy with tropisetron can have their blood

analysed to determine whether they are ultrarapid meta-

bolizers. The administration of granisetron will theoreti-

cally be a better option in ultrarapid metabolizers.

Pharmacogenetically, therefore, identifying a patient to

determine whether he or she is a poor or ultrarapid

metabolizer may allow the physician to individualize

antiemetic therapy and achieve greater success. Clinical

studies testing the above hypothesis need to be performed.
opyright © Lippincott Williams & Wilkins. Unauth
The cost–effectiveness of pharmacogenomics has not

been evaluated, especially for PONV. Given the low

frequency of genetically defined ultrarapid CY2D6 meta-

bolizers, the number-needed-to-treat for PONV may be as

high as 50 [17��]. This finding means that 50 patients have

to be genotyped to prevent one patient from vomiting.

The influence of the ABCB1 3435C!T single-nucleotide

polymorphism and homozygous �AAG deletion of the 5-

HT3B receptor gene on PONV remains unknown. Given

the low incidence of these genetic variations, the number-

needed-to-treat will also be exceedingly high.

Chemotherapy-induced nausea and vomiting is related

to the release of endogenous serotonin, which binds

5-HT3 receptors [35]. In contrast, PONV is multifactorial

in origin and involves numerous receptors and neuro-

transmitters, other than 5-HT3 receptors and serotonin,

in the pathophysiology of vomiting. Various risk factors

for PONV have been identified, and the use of a multi-

modal strategy to minimize these risk factors has

clearly demonstrated superiority in PONV prophylaxis

[40��,41,42].

Approach to postoperative nausea and
vomiting prophylaxis and treatment
Before considering prophylaxis, the risk of PONV should

be estimated for each patient. Four major risk factors are

female sex, a previous history of motion sickness or

PONV, non-smoking status, and the use of postoperative

opioids [43]. Scoring systems have been tested and used

in clinical practice to predict a patient’s risk of PONV

[44–47]. A set of consensus guidelines was also drawn up

by a multidisciplinary panel of experts with recommen-

dations on PONV prophylaxis and treatment on the basis

of a patient’s risk of PONV [48]. Taking into consideration

the cost of PONV prophylaxis, 5-HT3 receptor antagonists

should only be considered for high-risk patients as a

component of combination antiemetic therapy [48,49].

There is no evidence to suggest differences in clinical

efficacy between the various 5-HT3 receptor antagonists.

The choice of drug is usually determined by the avail-

ability and acquisition costs. Intravenous administration

is the preferred route to ensure adequate absorption.

Often, there is no cost advantage to administering

5-HT3 receptor antagonists by mouth. The optimal pro-

phylactic dose for PONV has been determined to be 4 mg

intravenously for ondansetron [50] and 12.5 mg intrave-

nously for dolasetron [51]. Intravenous granisetron 0.1 mg

was no different from intravenous ondansetron 4 mg

when used in combination with intravenous dexametha-

sone 8 mg [37]. In a patient who presents with PONV,

despite receiving a particular 5-HT3 receptor antagonist

for prophylaxis, repeating a dose of the same agent is not

advisable and is unlikely to be effective [52]. It is not

unreasonable to administer granisetron as the rescue
orized reproduction of this article is prohibited.
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antiemetic, which is not dependent on the activity of the

CYP2D6 isoenzyme.

Conclusion
5-HT3 receptor antagonists are effective drugs for the

prophylaxis and treatment of PONV. They have a better

side-effect profile when compared with traditional anti-

emetic agents. In general, dolasetron, granisetron, ondan-

setron, palonosetron, and tropisetron are comparable in

terms of antiemetic efficacy. Differences in receptor-bind-

ing affinity as well as genetic polymorphism in cytochrome

P450 CYP2D6 isoenzyme, ABCB1 3435C!T and 5-HT3B

receptors may account for the interindividual differences

in response to 5-HT3 receptor antagonists.

Optimizing the prophylaxis and treatment of PONV will

depend on a number of approaches. First, emetic risk

profiling using a risk prediction model will be useful for

identifying patients at high risk of PONV [40��,43–47].

Second, a multimodal regimen using antiemetic drugs

with different mechanisms of action and the avoidance of

emetogenic anesthetic techniques will be effective for

PONV prophylaxis [41,42]. In future, with the greater

availability and lower cost of pharmacogenetics screening

suitable for perioperative use, a select group of patients

with persistent PONV who are ultrarapid metabolizers

will benefit from individualized therapy. The choice of

which 5-HT3 receptor antagonists to use can be tailored

accordingly to achieve better antiemetic efficacy.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 661).

1

��
Aapro M. 5-HT(3)-receptor antagonists in the management of nausea and
vomiting in cancer and cancer treatment. Oncology 2005; 69:97–109.

This review article examines the differences between the 5-HT3 receptor antago-
nists and the clinical implications of these differences.

2 Loewen PS, Marra CA, Zed PJ. 5-HT3 receptor antagonists vs traditional
agents for the prophylaxis of postoperative nausea and vomiting. Can J
Anaesth 2000; 47:1008–1018.

3

��
Gan TJ. Selective serotonin 5-HT3 receptor antagonists for postoperative
nausea and vomiting: are they all the same? CNS Drugs 2005; 19:225–
238.

A comprehensive review of the pharmacology and clinical efficacy of the 5-HT3

receptor antagonists.

4 Watcha MF, White PF. Postoperative nausea and vomiting. Its etiology,
treatment, and prevention. Anesthesiology 1992; 77:162–184.

5 Anzemet (dolasetron mesylate) injection (prescribing information). Kansas
City, MO. Aventis Pharmaceuticals Inc., 2005.

6 Kytril (granisetron hydrochloride) injection (prescribing information). Nutley,
NJ. Roche Pharmaceuticals, 2006.

7 Zofran (ondansetron hydrochloride) injection premixed (prescribing informa-
tion). Research Triangle Park, NC. GlaxoSmithKline, 2006.

8 Kees F, Farber L, Bucher M, et al. Pharmacokinetics of therapeutic doses
of tropisetron in healthy volunteers. Br J Clin Pharmacol 2001; 52:
705–707.

9 Fischer V, Baldeck JP, Tse FL. Pharmacokinetics and metabolism of the
5-hydroxytryptamine antagonist tropisetron after single oral doses in humans.
Drug Metab Dispos 1992; 20:603–607.
opyright © Lippincott Williams & Wilkins. Unautho
10 Vickers AE, Fischer V, Connors MS, et al. Biotransformation of the antiemetic
5-HT3 antagonist tropisetron in liver and kidney slices of human, rat and dog
with a comparison to in vivo. Eur J Drug Metab Pharmacokinet 1996; 21:
43–50.

11 Aloxi (palonosetron hydrochloride) injection (prescribing information). Lugano,
Switzerland. Helsinn Healthcare SA, 2006

12 Siddiqui MA, Scott LJ. Palonosetron. Drugs 2004; 64:1125–1132.

13 Novaban capsule injectie (tropisetron, prescribing information) [in Dutch].
Arnhem, Netherlands. Novartis Pharma B.V., 2003. Available at:
http://www.novartis.nl. Accessed: 6 June 2006.

14 Upward JW, Arnold BD, Link C, et al. The clinical pharmacology of granisetron
(BRL 43694), a novel specific 5-HT3 antagonist. Eur J Cancer 1990;
26 (Suppl 1):S12–S15.

15 Gregory RE, Ettinger DS. 5-HT3 receptor antagonists for the prevention of
chemotherapy-induced nausea and vomiting. A comparison of their pharma-
cology and clinical efficacy. Drugs 1998; 55:173–189.

16 Aapro M. Granisetron: an update on its clinical use in the management of
nausea and vomiting. Oncologist 2004; 9:673–686.

17

��
Janicki PK. Cytochrome P450 2D6 metabolism and 5-hydroxytryptamine type
3 receptor antagonists for postoperative nausea and vomiting. Med Sci Monit
2005; 11:RA322–RA328.

An excellent review on the genetic polymorphism of the CYP2D6 isoform,
differences in the metabolism of 5-HT3 receptor antagonists and antiemetic
efficacy.

18 Touw DJ. Clinical implications of genetic polymorphisms and drug interac-
tions mediated by cytochrome P-450 enzymes. Drug Metabol Drug Interact
1997; 14:55–82.

19 Wolf CR, Smith G. Pharmacogenetics. Br Med Bull 1999; 55:366–386.

20 Fischer V, Vickers AE, Heitz F, et al. The polymorphic cytochrome P-4502D6
is involved in the metabolism of both 5-hydroxytryptamine antagonists, tropi-
setron and ondansetron. Drug Metab Dispos 1994; 22:269–274.

21 Sanwald P, David M, Dow J. Characterization of the cytochrome P450
enzymes involved in the in vitro metabolism of dolasetron. Comparison with
other indole-containing 5-HT3 antagonists. Drug Metab Dispos 1996; 24:
602–609.

22 Firkusny L, Kroemer HK, Eichelbaum M. In vitro characterization of cyto-
chrome P450 catalysed metabolism of the antiemetic tropisetron. Biochem
Pharmacol 1995; 49:1777–1784.

23 Sachse C, Brockmoller J, Bauer S, Roots I. Cytochrome P450 2D6 variants in
a Caucasian population: allele frequencies and phenotypic consequences.
Am J Hum Genet 1997; 60:284–295.

24 Mitsunaga Y, Kubota T, Ishiguro A, et al. Frequent occurrence of CYP2D6�10
duplication allele in a Japanese population. Mutat Res 2002; 505:83–85.

25

�
Bernard S, Neville KA, Nguyen AT, Flockhart DA. Interethnic differences in
genetic polymorphisms of CYP2D6 in the US population: clinical implications.
Oncologist 2006; 11:126–135.

This article reviews variations in the prevalence of CYP2D6 polymorphism in the
ethnically diverse American population.

26 Bathum L, Johansson I, Ingelman-Sundberg M, et al. Ultrarapid metabolism
of sparteine: frequency of alleles with duplicated CYP2D6 genes in a
Danish population as determined by restriction fragment length polymor-
phism and long polymerase chain reaction. Pharmacogenetics 1998; 8:
119–123.

27 McLellan RA, Oscarson M, Seidegard J, et al. Frequent occurrence of
CYP2D6 gene duplication in Saudi Arabians. Pharmacogenetics 1997; 7:
187–191.

28 Kaiser R, Sezer O, Papies A, et al. Patient-tailored antiemetic treatment with
5-hydroxytryptamine type 3 receptor antagonists according to cytochrome
P-450 2D6 genotypes. J Clin Oncol 2002; 20:2805–2811.

29

�
Candiotti KA, Birnbach DJ, Lubarsky DA, et al. The impact of pharmacoge-
nomics on postoperative nausea and vomiting: do CYP2D6 allele copy
number and polymorphisms affect the success or failure of ondansetron
prophylaxis? Anesthesiology 2005; 102:543–549.

This clinical trial illustrates the association between CYP2D6 polymorphism and
the lack of response to ondansetron prophylaxis.

30

�
Janicki PK, Schuler HG, Jarzembowski TM, Rossi M II. Prevention of post-
operative nausea and vomiting with granisetron and dolasetron in relation to
CYP2D6 genotype. Anesth Analg 2006; 102:1127–1133.

This is the first study that evaluates the therapeutic efficacy of granisetron and
dolasetron in preventing PONV in patients based on the CYP2D6 metabolizer
status.

31 Marzolini C, Paus E, Buclin T, Kim RB. Polymorphisms in human MDR1
(P-glycoprotein): recent advances and clinical relevance. Clin Pharmacol Ther
2004; 75:13–33.
rized reproduction of this article is prohibited.

http://www.novartis.nl/


C

Serotonin in postoperative nausea and vomiting Ho and Gan 611
32

�
Babaoglu MO, Bayar B, Aynacioglu AS, et al. Association of the ABCB1
3435C>T polymorphism with antiemetic efficacy of 5-hydroxytryptamine type
3 antagonists. Clin Pharmacol Ther 2005; 78:619–626.

An interesting paper that shows an association between ABCB1 drug transporter
polymorphism and antiemetic efficacy with 5-HT3 receptor antagonists in che-
motherapy.

33 Dubin AE, Huvar R, D’Andrea MR, et al. The pharmacological and functional
characteristics of the serotonin 5-HT(3A) receptor are specifically modified by
a 5-HT(3B) receptor subunit. J Biol Chem 1999; 274:30799–30810.

34 Tremblay PB, Kaiser R, Sezer O, et al. Variations in the 5-hydroxytryptamine
type 3B receptor gene as predictors of the efficacy of antiemetic treatment in
cancer patients. J Clin Oncol 2003; 21:2147–2155.

35 Kaiser R, Tremblay PB, Sezer O, et al. Investigation of the association
between 5-HT3A receptor gene polymorphisms and efficiency of antiemetic
treatment with 5-HT3 receptor antagonists. Pharmacogenetics 2004; 14:
271–278.

36 White PF, Tang J, Hamza MA, et al. The use of oral granisetron versus
intravenous ondansetron for antiemetic prophylaxis in patients undergoing
laparoscopic surgery: the effect on emetic symptoms and quality of recovery.
Anesth Analg 2006; 102:1387–1393.

37 Gan TJ, Coop A, Philip BK. A randomized, double-blind study of granisetron
plus dexamethasone versus ondansetron plus dexamethasone to prevent
postoperative nausea and vomiting in patients undergoing abdominal hyster-
ectomy. Anesth Analg 2005; 101:1323–1329.

38 Zarate E, Watcha MF, White PF, et al. A comparison of the costs and efficacy
of ondansetron versus dolasetron for antiemetic prophylaxis. Anesth Analg
2000; 90:1352–1358.

39 Kirchheiner J, Brosen K, Dahl ML, et al. CYP2D6 and CYP2C19 genotype-
based dose recommendations for antidepressants: a first step towards
subpopulation-specific dosages. Acta Psychiatr Scand 2001; 104:
173–192.

40

��
Gan TJ. Risk factors for postoperative nausea and vomiting. Anesth Analg
2006; 102:1884–1898.

This recent review article summarizes the literature on PONV in the past 15 years
and provides an update on PONV risk factors.
opyright © Lippincott Williams & Wilkins. Unauth
41 Habib AS, White WD, Eubanks S, et al. A randomized comparison of a
multimodal management strategy versus combination antiemetics for the
prevention of postoperative nausea and vomiting. Anesth Analg 2004; 99:
77–81.

42 Scuderi PE, James RL, Harris L, Mims GR III. Multimodal antiemetic manage-
ment prevents early postoperative vomiting after outpatient laparoscopy.
Anesth Analg 2000; 91:1408–1414.

43 Apfel CC, Laara E, Koivuranta M, et al. A simplified risk score for predicting
postoperative nausea and vomiting: conclusions from cross-validations be-
tween two centers. Anesthesiology 1999; 91:693–700.

44 Sinclair DR, Chung F, Mezei G. Can postoperative nausea and vomiting be
predicted? Anesthesiology 1999; 91:109–118.

45 Koivuranta M, Laara E, Snare L, et al. A survey of postoperative nausea and
vomiting. Anaesthesia 1997; 52:443–449.

46 Eberhart LH, Hogel J, Seeling W, et al. Evaluation of three risk scores to
predict postoperative nausea and vomiting. Acta Anaesthesiol Scand 2000;
44:480–488.

47 Apfel CC, Kranke P, Eberhart LH, et al. Comparison of predictive models for
postoperative nausea and vomiting. Br J Anaesth 2002; 88:234–240.

48 Gan TJ, Meyer T, Apfel CC, et al. Consensus guidelines for managing
postoperative nausea and vomiting. Anesth Analg 2003; 97:62–71.

49 Habib AS, Gan TJ. Evidence-based management of postoperative nausea and
vomiting: a review. Can J Anesth 2004; 51:326–341.

50 Pearman MH. Single dose intravenous ondansetron in the prevention of
postoperative nausea and vomiting. Anaesthesia 1994; 49S:11–15.

51 Philip BK, McLeskey CH, Chelly JE, et al. Pooled analysis of three large clinical
trials to determine the optimal dose of dolasetron mesylate needed to prevent
postoperative nausea and vomiting. The Dolasetron Prophylaxis Study Group.
J Clin Anesth 2000; 12:1–8.

52 Kovac AL, O’Connor TA, Pearman MH, et al. Efficacy of repeat intravenous
dosing of ondansetron in controlling postoperative nausea and vomiting: a
randomized, double-blind, placebo-controlled multicenter trial. J Clin Anesth
1999; 11:453–459.
orized reproduction of this article is prohibited.



Seminar

www.thelancet.com   Vol 371   January 12, 2008 143

Acute pancreatitis
Jean-Louis Frossard, Michael L Steer, Catherine M Pastor

Acute pancreatitis is an infl ammatory disease of the pancreas. Acute abdominal pain is the most common symptom, 
and increased concentrations of serum amylase and lipase confi rm the diagnosis. Pancreatic injury is mild in 80% of 
patients, who recover without complications. The remaining patients have a severe disease with local and systemic 
complications. Gallstone migration into the common bile duct and alcohol abuse are the most frequent causes of 
pancreatitis in adults. About 15–25% of pancreatitis episodes are of unknown origin. Treatment of mild disease is 
supportive, but severe episodes need management by a multidisciplinary team including gastroenterologists, 
interventional radiologists, intensivists, and surgeons. Improved understanding of pathophysiology and better 
assessments of disease severity should ameliorate the management and outcome of this complex disease.

Introduction
In 1856, Claude Bernard suggested that bile refl ux into the 
common pancreatic duct was the trigger that caused acute 
pancreatitis.1 Several subsequent studies led to theories 
fuelling the debate until 1901, when Eugene Opie proposed 
that gallstone migration into the common bile duct was 
the main cause of acute pancreatitis.2 His conclusion was 
based on two autopsies of young patients in whom he 
found a gallstone occluding the orifi ce of the pancreatic 
duct. Since then, many other causes of pancreatitis have 
been discovered, and here we aim to review the clinical 
and therapeutic aspects of acute pancreatitis.

Epidemiology
The incidence of acute pancreatitis has increased in the 
past two decades.3–6 Between 1994 and 2001, the incidence 
of fi rst-time attack in California increased from 33 to 
44 per 100 000 adults,7 and at present acute pancreatitis 
accounts for more than 200 000 hospital admissions every 
year in the USA.8 Such increase is also seen in European 
countries.9 In 80% of patients, acute pancreatitis is mild 
and resolves without serious morbidity, but in up to 
20%, acute pancreatitis is complicated by substantial 
morbidity and mortality.10,11 However, the frequency of 
severe pancreatitis remained stable over time in the USA7 
and European countries.9 In California, from 1994 to 2001, 
about 4% of patients died within 92 days after admission, 
half of whom did so within 14 days.7 Most late deaths 

arose from multiple organ dysfunction secondary to 
infected pancreatic necrosis. Causation of acute 
pancreatitis defi nes its epidemiology. Biliary stone 
migration is more frequent and alcohol abuse is less 
frequent in women than in men.7,9,12,13 However, causes are 
related to risk factors (such as alcohol abuse) that might 
vary between countries and over time in every country.9 In 
children, the main triggers of acute pancreatitis are 
trauma, systemic diseases, infections, and drugs, whereas 
genetic causes are rare.14,15

Pathophysiology 
Although controversial, most investigators believe that 
acute pancreatitis is caused by the unregulated activation 
of trypsin within pancreatic acinar cells (fi gure 1). Enzyme 
activation within the pancreas leads to the autodigestion 
of the gland and local infl ammation. The main factors that 
trigger acute disease are pancreatic hyperstimulation 
(mainly seen in experimental models), gallstones, and 
alcohol abuse. Acute pancreatitis arises when intracellular 
protective mechanisms to prevent trypsinogen activation 
or reduce trypsin activity are overwhelmed. These 
protective mechanisms include the synthesis of trypsin as 
inactive enzyme trypsinogen, autolysis of activated trypsin, 
enzyme compartmentalisation, synthesis of specifi c 
trypsin inhibitors such as serine protease inhibitor Kazal 
type 1 (SPINK1), and low intracellular ionised Ca²+ 
concentrations.

After activation of trypsinogen into active trypsin within 
acinar cells, several enzymes, such as elastase and 
phospholipase A2, and the complement and kinin 
pathways are activated.16 Additionally, infl ammation is 
initiated with local production of mediators such as 
interleukin 1, interleukin 6, and interleukin 8 from 
neutrophils, macrophages, and lymphocytes. Tumour 
necrosis factor α is also released by local macrophages 
within pancreatic tissue and its production correlates with 
severity of the experimental disease.17 Anti-infl ammatory 
cytokines, such as interleukin 10, decrease the severity of 
experimental pancreatitis.18 

In addition to these events, activation of endothelial 
cells enables the transendothelial migration of 
leucocytes, which release other harmful enzymes.19 
Decreased oxygen delivery to the organ and generation 
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Search strategy and selection criteria

We used the PubMed database to search with the terms 
“acute pancreatitis” together with “complications”, “death”, 
“treatment”, “sphincterotomy”, “antibiotic prophylaxis”, and 
“enteral nutrition”. We selected citations from articles in 
English, German, and French from the past 5 years, but did 
not exclude commonly referenced and highly cited older 
publications. We also searched relevant citation lists in 
selected papers. Several review articles or book chapters were 
included because they provide comprehensive overviews that 
are beyond the scope of this Seminar. For treatment and 
antibiotic prophylaxis of the disease, we focused on 
randomised controlled trials whenever available. 
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of oxygen-derived free radicals also contribute to 
injury.20 Thus, irrespective of the initial factor that 
triggers the disease, severity of pancreatic damage is 
related to injury of acinar cells and to activation of 
infl ammatory and endothelial cells. Then, local com pli-
cations (acinar cell necrosis, pseudocyst form ation, and 
abscess) might develop, and injury in remote organs 
(ie, lungs) might follow the release of several mediators 
from the pancreas or from extra pancreatic organs such 
as the liver.21 

Diagnosis
Acute pancreatitis is characterised by the presence of 
acute and constant pain in the epigastric area or the right 
upper quadrant.22–24 Pain might last for several days, 
radiate to the back, and be associated with nausea and 
vomiting. Physical fi ndings depend on severity of the 
disease. In mild disease, abdominal palpation reveals 
tenderness in the upper abdomen. Exudates from 
pancreatic necrotic areas tracking along the falciform 
ligament and into the retroperitoneum can be seen in 

the periumbilical region (Cullen’s sign; fi gure 2) and the 
fl anks. Extension of infl ammatory exudates from the 
peripancreatic region to the diaphragm might lead to 
shallow respiration. 

Two enzymes (amylase and lipase) are released from 
acinar cells during acute pancreatitis, and their concen-
tration in the serum is used to confi rm diagnosis.25 Serum 
amylase concentrations exceeding three times the normal 
upper limit support the diagnosis of acute pancreatitis.26 
Amylase concentrations generally rise in the serum 
within a few hours after the onset of symptoms and return 
to normal values within 3–5 days. However, amylase 
activity might remain within normal range on admission 
in 19% of the patients.27,28 Also, serum amylase concen-
trations might be high in the absence of acute pancreatitis 
in macroamylasaemia (a syndrome characterised by the 
formation of large molecular complexes between amylase 
and abnormal immuno globulins), in patients with 
decreased glomerular fi ltration, in diseases of salivary 
glands, and in extrapancreatic abdominal diseases 
associated with infl ammation, including acute appendi-
citis, cholecystitis, intestinal obstruction or ischaemia, 
peptic ulcer, and gynaecological diseases.29 Thus, when 
serum amylase concentration is high and clinical 
presentation is not consistent with acute pancreatitis, the 
non-pancreatic causes of hyper amylas aemia should be 
examined. Follow-up, including CT scan examination and 
repeated amylase measurements, might help. 

Serum lipase concentrations remain high for a longer 
period of time than do amylase concentrations, which is 
an advantage over amylase measurement in patients 
with a delayed presentation.30 Guidelines for the 
management of acute pancreatitis emphasise this 
advantage.31,32 Assays of many other pancreatic enzymes 
have been assessed during the past 15 years, but none 
seems to off er better diagnostic value than those of 
amylase and lipase.
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Figure 1: Pathophysiology of acute pancreatitis 

Figure 2: Exudates (arrows) from pancreatic necrotic areas 



Seminar

www.thelancet.com   Vol 371   January 12, 2008 145

Diagnosis 
Abdominal radiography might show localised ileus in 
severe pancreatitis. In a third of patients, chest 
radiography shows abnormalities such as elevation of 
one hemi diaphragm, and pleural eff usions, pulmonary 
infi ltrates or both. When abdominal ultrasound is done, 
bowel gases often mask focal hypoechoic areas within 
the pancreas. 

Contrast-enhanced CT can be done after admission to 
confi rm diagnosis of disease (87–90% sensitivity and 
90–92% specifi city), or after 4 days to assess local 
complications such as fl uid collections and necrosis,33 
and to score the disease (see later section). MRI identifi es 
necrosis and fl uid collections better than does CT scan.34

Course and severity
Most episodes of acute pancreatitis are mild and self-
limiting, needing only brief hospitalisation. However, 
20% of patients develop a severe disease with local and 
extrapancreatic complications characterised by early 
development and persistence of hypovolaemia, and 
multiple organ dysfunction. Thus, close examination to 
assess early fl uid losses, hypovolaemic shock, and symp-
toms suggestive of organ dysfunction is crucial. Assess-
ment methods such as the sequential organ failure 
assessment (SOFA) score35,36 (table 1) help clinicians to 
assess organ injury. Ascites, ileus, and, more importantly, 
increased capillary permeability, which conveys fl uid 
accumu lation within the interstitium, contribute to the 
decreased intravascular volume. Renal dysfunction is also 
a severe complication that results from inadequate fl uid 
resuscitation, septic complications, or both. Incidence of 
pulmonary complications is high in severe pancreatitis, 
ranging from 15% to 55%. Severity of pulmonary 
complications can vary greatly from mild hypoxaemia 
without clinical or radiological abnormalities to severe 

acute respiratory distress syndrome.21,37 Two peaks of 
pulmonary complications have been seen during the early 
phase of severe acute pancreatitis.38 The fi rst peak arises 
upon admission, and radiological abnormalities have been 
found in 15% of patients during that time. By day 5, new 
radiological abnormalities can be seen in an additional 
71% of patients. Thereafter, pulmonary injury might result 
from septic shock and complicate infection of the necrotic 
pancreas. Other organs might also be aff ected during 
acute pancreatitis. By contrast with lung and renal injury, 
hepatic injury is usually mild during acute pancreatitis 
but contributes to the systemic infl ammatory response.39

Pancreatic necrosis is the most severe local complication 
because it is frequently associated with pancreatic 
infections. The diff use or local area of non-viable 
parenchyma is initially sterile and can become infected 
by bacteria of gut origin. Mortality in sterile and infected 
necrosis is 10% and 25%, respectively. Pseudocyst is a 
collection of pancreatic juice enclosed by a wall of 
granulation tissue that results from pancreatic duct 
leakage. Pancreatic abscess consists of a circumscribed 
collection of pus that arises around a restricted area of 
pancreatic necrosis.

The severity of acute pancreatitis is classifi ed into fi ve 
grades (0–4) on unenhanced CT scan, whereas the degree 
of pancreatic necrosis is measured by contrast-enhanced 
CT scan. The sum of these two scores is used to calculate 
the CT severity index for acute pancreatitis (table 2).40 
Patients with severe disease might recover but some die. 
Half of the early deaths occur within 14 days, whereas 
late deaths happen within 3 months, with multiple organ 
dysfunction originating fi rst from the systemic infl am-
matory response and then from infection within 
pancreatic necrosis. 

Early diagnosis of severe disease is important because 
it prompts an aggressive treatment, whereas mild 

0 1 2 3 4

Respiration

PaO₂/FIO₂ (mm Hg) >400 ≤400 ≤300 ≤200 with respiratory 
support

≤100 with respiratory 
support

Coagulation

Platelets (×10³ per µL) >150 ≤150 ≤100 ≤50 ≤20

Liver

Bilirubin (µmol/L) <20 20–32 33–101 102–204 >204

Cardiovascular

Hypotension No hypotension MAP <70 mm Hg Dopamine ≤5 or 
dobutamine (any dose)*

Dopamine >5 or epi ≤0·1* 
or norepi ≤0·1*

Dopamine >15 or epi 
>0·1*or norepi >0·1* 

Central nervous system

Glasgow coma score 15 13–14 10–12 6–9 <6

Kidney

Creatinine (µmol/L) 
or urine output

<110 110–170 171–299 300–440 or <500 mL/day >440 or <200 mL/day

MAP=mean arterial pressure. Epi=epinephrine. Norepi=norepinephrine. *Adrenergic agents administered for at least 1 h (doses given in µg/kg per min).

Table 1: Sequential organ failure assessment (SOFA) score in acute pancreatitis
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attacks might be expected in the absence of severity. 
Several scoring systems have been used to help to 
identify patients at risk for adverse outcome, such as 
the Ranson criteria,41,42 acute physiology and chronic 
health evaluation (APACHE II),43,44 and SOFA scores 
(table 1). These scores assess injury in extrapancreatic 
organs; the greater the number of organs injured, the 
greater the score. Large variation exists between these 
scores in the ability to predict severe diseases.45,46 
Moreover, these scores should be repeated during 
hospitalisation, because their modifi cations can predict 
the outcome. During the fi rst week of admission, organ 
dysfunction usually resolves, whereas worsening of 
organ dysfunction is associated with high mortality 
rate.47,48 Absence of haemoconcentration on admission 
excludes the occurrence of pancreatic necrosis in most 
patients.49,50 Another important factor that can contribute 
to severity is obesity.51 Early CT severity score correlates 
well with the occurrence of complications, sepsis, 
mortality rate, and need for admission to intensive care 
units.52

Besides markers included in severity scores, serum 
concentrations of additional mediators on admission, 
such as C-reactive protein (CRP), cytokines, phospholipase 
A2, antiproteases, and procalcitonin have been correlated 
with disease development.25,53,54 Serum concentrations of 
the trypsinogen activation peptide (TAP) and anionic 
trypsinogen 2 might also predict severity.55–58 In healthy 
individuals, trypsinogen is cleaved by a duodenal 
enterokinase into active trypsin and TAP, whereas during 
acute pancreatitis inappropriate activation of trypsinogen 
within acinar cells results in systemic release of TAP and 
trypsin. However, markers other than CRP are not used 
in routine clinical practice.

Causation
Many causes for acute pancreatitis exist, and in 75–85% 
of patients the cause is easily identifi ed. In developed 
countries, obstruction of the common bile duct by 

stones (38%) and alcohol abuse (36%) are the most 
frequent causes of acute pancreatitis (fi gure 1 and 
panel).60 

Gallstone-induced pancreatitis is caused by duct 
obstruction of gallstone migration. Obstruction is 
localised in the bile duct, the pancreatic duct, or both. 
Duct obstruction promotes pancreatitis by increasing 
ductal pressure with subsequent unregulated activation 
of digestive enzymes. Gallstones that can migrate in the 
bile duct and trigger acute pancreatitis are those with a 
diameter up to 5 mm. Most gallstones that have a 
diameter of 8 mm or more remain in the gallbladder.61,62 
Gallstone migration as a cause of pancreatitis can be 
suspected when patients have a previous history of biliary 
colic. Increase in serum hepatic enzyme concentrations 
(alanine aminotransferase concentration is three times 
or more the normal upper limit) on admission might 
help to predict biliary origin of pancreatitis (fi gure 3).57 
However, almost 15–20% of patients with biliary acute 

Points

Unenhanced CT

Normal pancreas 0

Pancreatic enlargement 1

Pancreatic and peripancreatic changes 2

Single fl uid collection 3

Two or more fl uid collections 4

Contrast-enhanced CT

Necrosis (proportion of cells)

  0% 0

  <30% 2

  30–50% 4

  >50% 6

Score ≥7 predicts high morbidity and mortality Score (0–10)

Table 2: CT severity index

Panel: Causes of acute pancreatitis

Obstructive—biliary stone or sludge, pancreatic or ampullary 
tumour, choledochal cyst and choledochocele, annular 
pancreas, pancreas divisum (?), chronic pancreatitis, sphincter 
of Oddi dysfunction, duodenal obstruction (duodenal 
diverticulum, Crohn’s disease)

Toxic—alcohol, scorpion bite, organophosphate insecticide

Class I drugs*—asparaginase, pentamidine, azathioprine, 
steroids,cytarabine, sulfamethoxazole-trimethoprim, 
didanosine, furosemide, sulfasalazine, mesalazine, sulindac, 
mercaptopurine, tetracycline, opiates, valproic acid, 
pentavalent antimonials, various oestrogens

Class II drugs*—paracetamol, hydrochlorothiazide, 
carbamazepine, interferon, cisplatin, lamivudine, 
cyclopenthiazide, octreotide, enalapril, phenformin, 
erythromycin, rifampicin

Postsurgery—ERCP, abdominal or cardiac surgery

Genetic—PRSS1, SPINK1, CFTR

Bacterial infection—Mycoplasma, legionella, leptospira, 
salmonella

Viral infection—Mumps, coxsackie, hepatitis B, 
cytomegalovirus, varicella-zoster, herpes

Parasitic infection—ascaris, cryptosporidium, toxoplasma

Metabolic—hypercalcaemia, hyperlipidaemia

Autoimmune—systemic lupus erythematosus, Sjögren’s 
syndrome

Other—pregnancy, ischaemia, trauma 

Idiopathic

*Drugs associated with pancreatitis in: 20 or more case reports and one positive 
re-exposure (class I); more than 10 and less than 20 case reports with or without 
re-exposure (class II); 10 or less case reports (class III).59 
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pancreatitis have normal serum concentrations of hepatic 
enzymes.63 Besides percutaneous ultrasound and CT, 
MRI is important for detection of gallstones. However, if 
suspicion of gallstone pancreatitis remains high despite 
a normal percutaneous ultrasonography or CT scan, 
endoscopic ultrasonography should be done whenever 
possible, because the bile duct is best imaged by this 
technique (fi gure 4).

Alcohol abuse is the second most frequent cause of 
acute pancreatitis, but the correlation between alcohol 
and pancreatitis is not completely understood. In 
experimental models, Gorelick64 showed that ethanol 
directly sensitises acinar cells to cholecystokinin 
stimulation (fi gure 1). Acute pancreatitis develops in 10% 
of chronic alcohol abusers (>80 g daily intake). The 
development of pancreatitis is aff ected by both genetic 
and environmental factors.65 Thus, failure to inhibit 
trypsin activity (gene mutation and absence of function 
of SPINK1) or failure to wash active trypsin into pancreatic 
ducts (gene mutation with dysfunction of the cystic 
fi brosis transmembrane conductance regulator gene, 
CFTR) might promote alcoholic pancreatitis. 

Pancreas divisum is a common congenital anatomical 
variant of the pancreatic duct in about 7% of autopsy 
series. It results from the absence of fusion between the 
dorsal and ventral ductal systems.66 The possible 
consequence of pancreas divisum is a stenosed or 
inadequately patent minor papilla, preventing normal 
drainage of pancreatic secretions and leading to increased 
intraductal pressure. However, whether pancreas divisum 
is related to pancreatitis is highly controversial.67–69 
Whether dysfunction of sphincter of Oddi can trigger 
acute pancreatitis by increasing intrapancreatic ductal 
pressure is another controversial issue.70,71 Biliary sludge 
(fi gure 4) refers to a viscous bile suspension that contains 
cholesterol crystals and calcium bilirubinate granules 
embedded in strands of gallbladder mucus. Sludge is 
associated with bile stasis, long-lasting fast, distal bile 
duct obstruction, and total parenteral feeding. Most 
patients with biliary sludge are asymptomatic.71,72 Biliary 
sludge is commonly seen in patients with recurrent acute 
pancreatitis of unknown origin, and cholecystectomy 
might prevent the recurrence of pancreatic disease.73 

Intraductal papillary mucinous tumours might be 
another cause of acute pancreatitis. The tumour or 
mucus produced by the tumour obstruct the main 
pancreatic duct, a side branch of the main duct, or both 
types of duct.74–77 

Freeman and colleagues78 showed that 5∙4% of 
2347 patients were at risk of developing acute pan-
creatitis within 30 days after endoscopic retrograde 
cholangio pancreatography (ERCP). Moreover, asympto-
matic hyperamylasaemia arises in 35–70% of patients 
after the procedure. The risk of acute pancreatitis is 
higher when the procedure is done to treat Oddi 
sphincter dysfunction than to remove gallstones in the 
bile duct.79 Other risk factors for post-ERCP pancreatitis 

include young age, female sex, number of cannulation 
attempts of papilla before success, and poor emptying 
of pancreatic duct after opacifi cation. Prevention of 
post-ERCP pancreatitis in high-risk patients might be 
achieved by placing a temporary pancreatic stent.80,81

Serum triglyceride concentrations greater than 
11 mmol/L can worsen attacks of acute pancreatitis. 
However, hypertriglyceridaemia is a rare (1–4%) cause 
of acute pancreatitis, mostly seen in children with 
inherited disorders of lipoprotein metabolism (type I, 
II, and V hyper lipidaemia).82,83 Most adults with 
hypertriglyceridaemia-related pancreatitis have a mild 
form of genetically inherited type I or type V disease, in 
addition to conditions that raise triglyceride 
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Figure 3: Management of pancreatitis of biliary origin 
When patients have either jaundice or cholangitis, the biliary origin of disease is 
almost certain. Stones are preferentially removed by endoscopic retrograde 
cholangiopancreatography (ERCP) or during sphincterotomy. When diagnosis is 
unclear, endoscopic ultrasonography (EUS) and magnetic resonance 
cholangiopancreatography (MRCP) might help identify stones. ALAT=alanine 
aminotransferase.
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Figure 4: Stones detection by endoscopic ultrasonography 
(A) A small stone undetectable by percutaneous ultrasonography is clearly seen by endoscopic ultrasonography 
(note the postacoustic shadow of the stone). (B) Well delineated sludge that sticks to the gallbladder wall (no 
postacoustic shadow).
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concentrations such as obesity, diabetes mellitus, 
hypothyroidism, or pregnancy. Alcohol abuse and 
treatment by β blockers might also transiently increase 
serum triglyceride concentrations. The attacks of 
pancreatitis are usually mild, and more severe attacks 
can be successfully treated by plasmapheresis, especially 
in pregnant women.84–86

Hypercalcaemia is another rare and inconsistent cause 
of acute pancreatitis. Because the incidence of pancreatitis 
is low in patients with chronic hypercalcaemia, additional 
factors are probably needed to induce pancreatitis 
attacks.87 

Drugs rarely induce acute pancreatitis (1∙4–2%).59,88 
Most studies of drug-induced pancreatitis are case reports 
of few patients. A review classifi ed 80 or more drugs that 
can induce pancreatitis into three categories, according 
to the number of reports and the existence of studies 
with drug re-exposure (panel). Class I drugs are those 
associated with 20 or more case reports with at least one 
drug re-exposure. Class II drugs are those described in 
more than 10 and less than 20 case reports with or 
without re-exposure. All other drugs associated with the 
disease belong to class III. Diuretics, anti-infl ammatory 
agents, antibiotics, AIDS therapeutics, immuno-
suppressive agents, and cardiovascular drugs such as 
statins (class III) have all been implicated.59,89 
Drug-induced acute pancreatitis is either dose-dependent 
or dose-independent (hypersensitivity reaction), but most 
drug reactions are idiosyncratic.

Many infectious agents are associated with acute 
pancreatitis, but no microorganism has ever been 
identifi ed within the pancreas. However, acute 
pancreatitis has been associated with viral or bacterial 
infections, and infestation with parasites (panel).90 The 
pancreatic tropism of HIV is also well documented, 
with 4∙7% in 939 HIV-positive patients being aff ected 
in one study.91 Genetic mutations such as those in CFTR 
and SPINK1 genes are frequent in HIV-positive patients 
with acute pancreatitis.92 Pregnancy had long been 
regarded as a possible cause of acute pancreatitis, but 
recent studies emphasised the coexistence of additional 
factors such as gallstones or hyperlipidaemia to explain 
the higher frequency of the disease among pregnant 
women.72,93 Acute pancreatitis is frequent after pancreatic 
or biliary surgery. Extradigestive procedures such as 
cardiopulmonary bypass for cardiac transplantation are 
also a risk factor; the longer the cardiopulmonary 
bypass and crossclamp times, the higher the risk.94,95 
Pancreatic ischaemia probably favours acute pancreatitis 
after surgery, shock, embolism, and systemic 
vasculitis.96–98 

In most patients, acute pancreatitis is caused by 
gallstone obstruction or alcohol, and no genetic testing 
is needed. However, unexplained recurrent acute 
pancreatitis might be associated with known genetic 
mutations in the cationic trypsinogen gene protease 
serine 1 (PRSS1), SPINK1, or CFTR. Mutations in the 

PRSS1 gene are seen in most patients with hereditary 
pancreatitis.99,100 In the most frequent mutations, the 
function of trypsinogen is increased, causing premature 
enzyme activation and autolysis of acinar cells.

The pancreas synthesises SPINK1, a specifi c trypsin 
inhibitor, the function of which can be lost by mutation. 
Mutations are rarely associated with pancreatitis, but in 
association with other genetic traits, SPINK1 mutations 
might favour pancreatic attacks in the presence of 
environmental triggers. In pancreatic ductal cells, CFTR 
controls chloride and bicarbonate fl uxes (fi gure 1). 
Similar to SPINK1 mutation, CFTR mutations alone are 
rarely associated with pancreatitis. However, genetic 
testing of SPINK1 and CFTR mutations for pancreatitis 
might contribute to a better understanding of the 
mechanisms linking these mutations to the disease, in 
association with the environmental context and 
triggers.101–103 Sarles and colleagues104 described a patient 
with acute pancreatitis and hypergammmaglobulin aemia 
in 1965. Since then, autoimmune pancreatitis has been 
associated with Sjögren’s syndrome, primary sclerosing 
cholangitis, and primary biliary cirrhosis. Autoimmune 
pancreatitis might disappear with steroid therapy. 

In summary, the main causes of acute pancreatitis are 
gallstone migration and alcohol abuse. Other causes are 
uncommon, situational, or subject to continuous 
controversy, such as pancreas divisum or sphincter of 
Oddi dysfunction. Personal and familial history, clinical 
symptoms, laboratory tests, and percutaneous and 
endoscopic ultrasonography identify most of the causes, 
but 15–25% of episodes remain of unknown origin. How 
detailed the search for rare causes should be after the 
fi rst episode of acute pancreatitis is debated. With new 
imaging techniques and genetic testing, the number of 
patients diagnosed with idiopathic pancreatitis should 
decrease.105,106 However, the complexity of the 
pathophysiology of the disease, associated with genetic 
and environmental risks and acute triggers, preclude the 
identifi cation of a unique cause for every episode of acute 
pancreatitis. Finally, besides specifi c treatment (mostly 
for gallstone-induced pancreatitis), the early therapeutic 
strategies are identical in all patients with acute 
pancreatitis.

Treatment
In mild forms of disease, besides the aetiological 
treatment (mostly for gallstone-induced pancreatitis), 
therapy is supportive and includes fl uid resuscitation, 
pain relievers, oxygen administration, and antiemetics, 
whereas oral feeding is stopped (fi gure 5). By contrast, 
severe episodes (20% of patients) need management by a 
multidisciplinary team, including gastroenterologists, 
interventional radiologists, intensivists, and surgeons. 
However, despite eff orts to start an appropriate treatment, 
mortality rate of severe attacks has not substantially 
changed during the past two decades. For these patients, 
resuscitation and close monitoring, nutritional support, 
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and management of pancreatic necrosis are important.31,107 
However, treatment of severe pancreatitis seems to diff er 
considerably from centre to centre, according to local 
experience and guidelines. 

An early medical treatment of acute pancreatitis is fl uid 
resuscitation to correct fl uid losses in the third space and 
maintain an adequate intravascular volume. Moreover, 
close monitoring of respiratory, cardiovascular, and renal 
function is needed to assess and treat complications 
associated with hypovolaemia. Oral feeding is stopped, 
whereas pain relievers, antiemetics, and oxygen 
administration can be helpful. Most episodes of acute 
pancreatitis are mild and self-limiting, needing only brief 
admission. Any patient with severe disease should be 
admitted to the intensive care unit, the criteria for 
admission being identical to those of other diseases.108 
Additionally, a stepdown unit must be considered in 
patients at high risk of deterioration, such as elderly 
patients, those who are obese, those needing a great 
volume of resuscitation, and those with pancreatic 
necrosis.108 

To suppress the function of the exocrine pancreas, 
bowel rest by parenteral nutrition has been frequently 
advocated.109 However, clinical and experimental studies 
showed that bowel rest is associated with intestinal 
mucosal atrophy and increased infectious complications 
due to bacterial translocation from the gut. Moreover, 
total parenteral nutrition is also associated with enhanced 
proinfl ammatory response. Thus, although mortality rate 
is not substantially diff erent in patients treated with total 
parenteral nutrition or enteral nutrition, infections,110,111 
surgical interventions,111 and non-infectious compli-
cations111 are reduced by enteral nutrition. The type of 
enteral nutrition (gastric or jejunal) is debated. Although 
two studies showed that enteral nutrition can decrease 
the number of infections when the feeding tube is 
positioned in the jejunum,31,112 Eatock and colleagues113 
showed no signifi cant clinical diff erence between early 
nasogastric and nasojejunal feeding. Early enteral feeding 
should be provided, but the amount of calories and type 
of nutrient mixtures that should be given has yet to be 
established.31 

Infection of pancreatic necrosis is a very important 
issue. This complication develops during the second or 
third week in 40–70% of patients. Because pancreatic 
infection is the leading cause of morbidity and mortality, 
early prevention of infected necrosis has been advocated. 
However, the benefi t of antibiotic prophylaxis is highly 
debated; some studies and a meta-analysis showed that 
antibiotic prophylaxis reduced mortality and morbidity 
of pancreatic necrosis,110,114–118 whereas another 
investigation did not show any advantage.119 When 
infection is suspected and fi ne-needle aspiration of the 
pancreas for bacteriology done, the accepted treatment is 
to start antibiotics, intravenous imipenem or 
meropenem, for 14 days.110 Such treatment is rapidly 
stopped if infection is not confi rmed. Patients who 

develop pancreatic necrosis might need debridement 
and percutaneous or endoscopic drainage of fl uid 
collections, pseudocysts, and abscesses.120 However, such 
interventions are needed only when the pancreatic or 
peripancreatic tissues are infected, because 
debridement or drainage increase the risk to infect 
sterile tissues. When necrosis is sterile, mortality is 
low and necrosis is treated by a conservative approach, 
although surgery might be needed for late complications 
or persistent severe pancreatitis. 

To discriminate between sterile and infected pancreatic 
necrosis when patients deteriorate, ultrasound- or 
CT-guided fi ne-needle aspirations of pancreatic tissues 
are repeatedly done.107,120 When infection is proven or in 
the presence of abscesses, besides antibiotherapy, 
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removal of infected tissues is done either by serial 
laparotomies before fi nal abdomen closure or by a single 
laparotomy followed by subsequent closed drainages to 
remove residual necrosis. To keep the consequences of 
serial laparotomies to a minimum in critically ill patients 
and to decrease the ensuing increased mortality, several 
minimally invasive techniques are done. These 
procedures for debridement of infected necrosis include 
CT-guided and ultrasonography-guided percutaneous 
drainages, transgastric or transdudodenal endoscopic 
drainages, or minimally invasive laparoscopy with 
retroperitoneal access.121,122 However, these techniques are 
still being developed and are indicated only in some 
patients.120 Finally, abdominal decompression through 
midline laparotomy for abdominal compartment syndrome 
is another surgical procedure for severe acute pancreatitis.123 
Pancreatic and retroperitoneal infl ammation associated 
with aggressive fl uid administration increase the 
intra-abdominal pressure, decreasing abdominal organ 
perfusion with subsequent persistent organ dysfunction. 
The consequences of surgical decompression on the 
outcome remain unclear.

To keep pancreatic injury to a minimum, broad-
spectrum antiprotease drugs such as aprotinin and 
gabexate mesilate have been advocated. Studies to test 
the effi  cacy of blockers of specifi c biochemical pathways 
that are activated during severe disease, including 
antagonists of platelet activating factor or inhibitors of 
basal and stimulated exocrine pancreatic secretion, 
have been disappointing and these treatments are not 
recommended.110

Most patients with gallstone-induced pancreatitis 
present with mild disease and quickly recover after early 
resuscitation. In patients with severe biliary pancreatitis, 
early (within 72 h) endoscopic retrograde cholangio-
pancreatography and endoscopic sphincterotomy have 
been recommended.124,125 Such early procedures decrease 
the number of complications, such as biliary sepsis.124,125 
However, Folsch and colleagues126 showed that early 
endoscopic retrograde cholangio pancreatography and 
endoscopic sphincterotomy are not benefi cial in patients 
with biliary pancreatitis in the absence of biliary sepsis 
or obstruction. At present, the most accepted practice is 
to do endoscopic sphincterotomy if biliary obstruction, 
biliary sepsis, and persistent organ dysfunction are 
present. 

The need for follow-up cholecystectomy to prevent 
recurrent episodes is also an important question. When 
stones are present in the gallbladder, laparoscopic 
cholecystectomy is done either during the same 
admission, when acute pancreatitis is mild, or delayed 
until resolution of the infl ammatory response and clinical 
improvement (within 6 weeks). Delayed cholecystectomy 
is also indicated after endoscopic sphincterotomy, except 
when patients are too sick to undergo surgery.110
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A Simplified Risk Score for Predicting Postoperative
Nausea and Vomiting

Conclusions from Cross-validations between Two Centers
Christian C. Apfel, M.D.,* Esa Läärä, Ph.D.,† Merja Koivuranta, M.D., Ph.D.,‡ Clemens-A. Greim, M.D.,§
Norbert Roewer, M.D.i

Background: Recently, two centers have independently devel-
oped a risk score for predicting postoperative nausea and vom-
iting (PONV). This study investigated (1) whether risk scores are
valid across centers and (2) whether risk scores based on logis-
tic regression coefficients can be simplified without loss of
discriminating power.

Methods: Adult patients from two centers (Oulu, Finland: n 5
520, and Wuerzburg, Germany: n 5 2202) received inhalational
anesthesia (without antiemetic prophylaxis) for various types
of surgery. PONV was defined as nausea or vomiting within 24 h
of surgery. Risk scores to estimate the probability of PONV were
obtained by fitting logistic regression models. Simplified risk
scores were constructed based on the number of risk factors
that were found significant in the logistic regression analyses.
Original and simplified scores were cross-validated. A com-
bined data set was created to estimate a potential center effect
and to construct a final risk score. The discriminating power of
each score was assessed using the area under the receiver op-
erating characteristic curves.

Results: Risk scores derived from one center were able to
predict PONV from the other center (area under the curve 5

0.65–0.75). Simplification did not essentially weaken the dis-
criminating power (area under the curve 5 0.63–0.73). No cen-
ter effect could be detected in a combined data set (odds ratio 5
1.06, 95% confidence interval 5 0.71–1.59). The final score
consisted of four predictors: female gender, history of motion
sickness (MS) or PONV, nonsmoking, and the use of postoper-
ative opioids. If none, one, two, three, or four of these risk
factors were present, the incidences of PONV were 10%, 21%,
39%, 61% and 79%.

Conclusions: The risk scores derived from one center proved
valid in the other and could be simplified without significant
loss of discriminating power. Therefore, it appears that this risk
score has broad applicability in predicting PONV in adult pa-
tients undergoing inhalational anesthesia for various types of
surgery. For patients with at least two out of these four identi-
fied predictors a prophylactic antiemetic strategy should be
considered. (Key words: Logistic regression model; postopera-
tive nausea and vomiting; receiver operating characteristic
curve; risk factors; risk score.)

GENERAL anesthesia using volatile anesthetics is associ-
ated with an average incidence of postoperative nausea
and vomiting (PONV) ranging between 20% and 30%.1 It
has been suggested that this may increase patients’ dis-
comfort and also increase costs (e.g., antiemetics, read-
mission) and unwarranted side effects (e.g., pulmonary
aspiration).2 PONV is thought to be multifactorial, in-
volving anesthetic, surgical, and individual risk fac-
tors.1–3 A few studies have tried to quantify the relative
impact of risk factors4–6 and to set up a risk model for
the prediction of PONV.4,7,8 If such a model can be
shown to have general applicability, it could provide a
rational basis to decide who might benefit from prophy-
lactic antiemetic therapy.9

An initial step was to construct a risk table for PONV
based on patient-related factors (e.g., gender, history).4

However, because this study was restricted to one type
of anesthesia and surgery, the relative impact was not
quantified. This limitation was overcome by a prospec-
tive survey in Oulu, Finland, with different types of
anesthesia and surgery, which revealed that the most
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important predictors were patient-specific.7 The authors
also reported a simplified risk score that was based on
the number of equally weighted risk factors present
(0–5). Recently, the incidences of postoperative nausea
and postoperative vomiting were studied separately after
different types of otolaryngologic surgery in Wuerzburg,
Germany.8 Again, patient-specific predictors were most
relevant, so an operation-independent risk score for
postoperative vomiting was constructed8 that was later
demonstrated to be applicable in patients undergoing
general and ophthalmologic surgery.10 Because valida-
tion of such predictive scores in other centers is re-
quired in other centers,9 two centers performed cross-
validation in order to answer the following questions:

Can a risk score derived from one center predict PONV
in an individual from another center with a similar
discriminating power?

Does a simplification of a risk score for PONV retain its
discriminating power?

How accurate are calibration curves of a risk score in
predicting the incidence of PONV in risk groups from
another center?

In a combined data set, what are the most important
predictors for a final score, and what is the impact of
a possible center effect?

Materials and Methods

Origin of Data
The analyses are based on prospectively collected data

of 520 and 2,202 adult patients (age $ 18 yr) who
underwent general anesthesia with volatile anesthetics.
The data of 520 patients are a subset of the 1,107 pa-
tients of the previous survey in Oulu7; the data of 2,202
patients were taken from two other studies conducted in

Wuerzburg.8,10 The latter studies applied the same eligi-
bility criteria as the present study (table 1), whereas the
Oulu survey initially included a broader spectrum of
patients (covering for example children or those receiv-
ing regional anesthesia). The distribution of patient char-
acteristics and other variables are presented in table 2.

Anesthesia
All selected patients received an inhalational anes-

thetic technique as previously described.7,8 This in-
cluded a benzodiazepine for premedication on the morn-
ing of the operation, induction with thiopental 3–5
mg/kg and either fentanyl up to 2 mg/kg or alfentanil up
to 20 mg/kg, and the use of a volatile anesthetic (isoflu-
rane, enflurane, or sevoflurane). No prophylactic anti-
emetics were given. Postoperative pain was treated with
nonsteroidal analgetic drugs or opioids such as oxyc-
odone or tramadol if needed (table 2).

Outcome
Although both centers originally performed their stud-

ies without knowledge of each other, the assessment of
the outcome was similar. Postoperative nausea was as-
sessed at 2 h on a binary scale (yes/no) by a trained nurse
and at 24 h on an 11-point numeric scale (0–10) by a
trained physician (the principal investigator of each cen-

Table 1. Patient Criteria for the Study Population

Inclusion criteria
Scheduled for elective operations under general anesthesia
Adult male and female patients $ 18 yr
Weight $ 40 kg and , 150 kg
Height $ 1.40 m and , 2.10 m
Body mass index . 15 kg/m2 and , 40 kg/m2

No contraindications for drugs used in the study
Exclusion criteria

Preoperative or intraoperative use of drugs with antiemetic
properties

Incomplete or inconsistent data
Regional anaesthesia alone or combined with general

anaesthesia

Table 2. Distribution of Patient Characteristics and Other
Variables in Both Centers

Oulu
(n 5 520)

Wuerzburg
(n 5 2,202)

Overall incidence of
PONV 55.6 (289) 31.3 (689)

Age (yr) 46 (35–57) 52 (36–64)
Female 71.0 (369) 42.8 (942)
History of motion

sickness or
PONV 51.3 (267) 18.9 (416)

Nonsmoker 75.0 (390) 71.2 (1568)
Use of postoperative

opioids 81.3 (423) 10.2 (225)
Type of surgery

Orthopedic 5.6 (29) 8.9 (196)
Ophthalmology 8.8 (46) 15.5 (342)
Otolaryngology 12.9 (67) 38.9 (856)
Laparoscopy 32.5 (169) 2.5 (56)
Laparotomy 14.8 (77) 6.3 (139)
Other 25.4 (132) 27.8 (613)

Duration (h:min) 1:58 (1:17–2:25) 1:54 (1:10–2:38)

Data are presented as percentage of patients (number) or median (lower-
upper quartiles).

PONV 5 postoperative nausea and vomiting.
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ter or one or two of his or her colleagues). Patients were
considered nauseated if they responded to the question,
“Are you or have you felt nauseated in the last 2 h?” or if
postoperative nausea was reported to be greater than
zero on the 11-point scale during the 24-h assessment
with the question, “Have you felt nauseated since your
discharge from the postanesthetic care unit and if so,
what would be the average level of nausea you have felt
until now on a 0 to 10 scale?” For the same intervals the
number of episodes of postoperative vomiting was re-
corded. Again, patients were considered to have vom-
ited if postoperative vomiting occurred at least once
within the first 2 h or within the following 22 h. Patients
who had either postoperative nausea or postoperative
vomiting in either of these two periods were considered
to have had PONV. PONV was considered as a binary
outcome to be applicable to logistic regression analysis.

Predictors
The following variables were considered in the analy-

sis: gender (female 5 1, male 5 0), age (, 50 yr 5 1, $
50 yr 5 0), smoking status (nonsmoker 5 1, smoker 5
0), MS or PONV in the patient history (yes 5 1, no 5 0),
duration of operation (, 60 min 5 0, $ 60 min 5 1), use
of postoperative opioids (yes 5 1, no 5 0), and type of
surgery (orthopedic, ophthalmologic, otolaryngologic,
laparoscopic, laparotomic, and other). Possible one-way
interactions were also evaluated. Other variables (e.g.,
body mass index, the type and dosage of volatile anes-
thetics), which previously have been shown not to con-
tribute significantly to the prediction of postoperative
nausea or postoperative vomiting,6–8,11 were not con-
sidered in the current analysis.

Analysis
The most predictive factors were chosen by fitting a

logistic regression model using a forward selection pro-
cedure (P , 0.05 to enter). In this model the estimated
probability of PONV, denoted by P, depends on the
score Scoeff according to the formula

P 5 ~1 1 exp~ 2 Scoeff!!
21 , (1)

in which Scoeff 5 b0 1 b1x1 1 . . . 1 bkxk is a weighted
sum of the values x1, . . ., xk of k risk factors or predic-
tors, each coded as 1 if present and 0 if absent in a
patient, with b1, . . . , bk as the weights or estimated
regression coefficients, each describing the log-odds-ra-
tio associated with the corresponding factor (so that the
corresponding odds ratio is obtained ORj 5 exp(bj) for

factor j). b0 is the intercept term describing the baseline
log-odds of PONV, that is, P0 5 (1 1 exp(2b0))21 is the
estimated baseline risk of PONV in a patient with no risk
factors.

To estimate the discriminating power of a chosen
model, a receiver operating characteristic (ROC) curve
was plotted. A ROC curve demonstrates the relationship
of sensitivity and specificity at various points or decision
criteria; that is, at what level of the score patients will be
classified as potential vomiters or nonvomiters. The ar-
eas under the ROC curves (AUCs) were calculated as
previously described8 and are estimates of how well
patients who vomited will be discriminated from pa-
tients who did not vomit by the score (discriminating
power). An AUC of 1.0 would represent a perfect dis-
crimination; an AUC of 0.5 refers to a case with no
discrimination at all. The 95% confidence intervals of the
AUC were approximated according to the formula

AUC 6 1,96 3 ~AUC 3 ~1 2 AUC!/m!1/2 (2)

where m is the size of the smaller of the two groups:
those with postoperative vomiting and those without
postoperative vomiting.

The calibration12 or accuracy of a score in predicting
the probability of PONV applied to the patients of the
other center was evaluated by fitting a linear regression
model relating the predicted probabilities and the ob-
served proportions of PONV in five groups sorted by
increasing predicted probabilities. The slope and the
intercept of the fitted regression line show whether the
score generally or in a certain range under- or overesti-
mates the occurrence of PONV. Given that the relation is
truly linear a slope of 1 (45 degrees) with an intercept of
0 represents perfect calibration.

In order to answer the questions posed in the intro-
duction, the following approaches were chosen: For
each center a score (generically denoted as Scoeff) based
on the regression coefficients of the fitted logistic model
(according to formula [1]) was developed to estimate the
probability of PONV following the same principles as
previously described for postoperative vomiting.8 A
score derived in that way from the data collected in Oulu
is identified as score Ocoeff; a score derived from the data
collected in Wuerzburg is shown as score Wcoeff. The
discriminating power of both scores was tested by plot-
ting ROC curves and calculating their AUCs. This calcu-
lation was applied to both the data from which the score
was derived and the data of the other center for com-
parison.

Two corresponding simplified scores were con-
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structed, each based on equally weighted factors instead
of the estimated logistic coefficients (score Ofact and
score Wfact). Equally weighted factors means that each
factor that has been shown to be significant in the score
derived from the logistic regression analysis was given a
coefficient of 1, leading to the following type of score:
Sfact 5 x1 1 . . . 1 xk. Each factor contributes 1 to this
score if present and 0 if absent in a patient. Hence, the
number of risk factors present provides the individual
value of this simplified score. Again, ROC curves were
plotted and the AUCs of the simplified scores were
compared with the AUCs achieved with the scores based
on regression coefficients. Thus, a total of 2 3 2 3 2 5
8 AUCs were calculated.

The simplified scores were each entered in a second
procedure as a linear variable in a logistic regression
model on their original data set so that for each risk
group an expected incidence Pfact of PONV (based on a
simplified score Sfact) could be estimated according to
the formula

Pfact 5 @1 1 exp~2a0 2 a1Sfact!#
21 (3)

where a0 and a1 are estimated regression coefficients
pertaining to this prediction model. The patients of the
other center were classified according to the simplified
risk score and in five ordered groups the theoretical
incidences were plotted against the actual incidences in
the appropriate calibration curves.

To ensure an equal representation of both centers all
the 520 patients from Oulu and 520 patients randomly
chosen out of the 2,202 from Wuerzburg were included
in a combined data set of 1,040 patients. According to
the method previously described the estimated regres-
sion coefficients of the most relevant factors for the
prediction of PONV, as emerging from the combined
data, were used to develop a new risk score (score
OWcoeff), and a variable indicating the origin of the cen-
ter was introduced to assess the remaining potential
impact for the prediction of PONV. Finally, score OWcoeff

was simplified by forming the equally weighted sum
score with the four most relevant factors (score OWfact),
and its discriminating power was examined by calculat-
ing the AUC of the ROC.

Results

The prevalence and distributions of most factors, as
well as the incidence of PONV, appeared to be different
between the two centers (table 2). Only the duration of

surgery, the age of the patients, and the proportion of
nonsmokers were similar. The incidence of PONV still
appeared to be different when corrected for any single
variable such as female gender, prior history of MS or
PONV, nonsmoking, postoperative opioids, and type of
operation (table 3).

The most predictive risk factors derived from Oulu were
female gender, prior history of MS or PONV, nonsmoking,
and use of opioids (table 4). For all these risk factors the
adjusted odds ratios in the multivariate model were approx-
imately 2. For Wuerzburg the important risk factors again
included female gender, prior history of MS or PONV, and
nonsmoking but not the use of postoperative opioids. In
contrast to Oulu, age, duration, and the interaction of male
gender and prior history of MS or PONV were additional
significant predictors. If ROC curves were plotted by ap-
plying the developed risk scores to its original data, the
AUC of score Ocoeff and score Wcoeff, that is, those based on
estimated logistic regression coefficients, were 0.69 and
0.75, respectively (table 5). If the scores were applied to
the other center, the AUC of the score Ocoeff and score
Wcoeff were 0.69 and 0.65, respectively (table 5). Thus the
score Ocoeff and score Wcoeff resulted in a mean AUC of 0.69
and 0.70 if applied to both data sets.

Table 3. Incidence of Postoperative Nausea and Vomiting in
Both Centers According to the Predictors or the Type of
Operation

Oulu Wuerzburg

Gender
Female 63 (58–68) 47 (44–50)
Male 38 (30–46) 20 (18–22)

History of motion sickness
or PONV

Yes 66 (61–72) 57 (53–62)
No 44 (38–50) 25 (23–27)

Nonsmoker
Yes 62 (57–66) 36 (33–38)
No 38 (29–46) 21 (17–24)

Use of postoperative
opioids

Yes 59 (55–64) 37 (31–43)
No 39 (29–49) 31 (29–33)

Type of surgery
Orthopedic 52 (32–71) 33 (27–40)
Ophthalmology 33 (19–47) 28 (23–33)
Otolarygology 49 (37–62) 27 (24–30)
Laparoscopy 57 (49–64) 38 (24–51)
Laparotomy 75 (65–85) 34 (26–42)
Other 55 (46–63) 38 (34–42)

Data are presented as percent of patients with PONV (95% confidence
interval).

PONV 5 postoperative nausea and vomiting.
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The AUC of the simplified scores, that is, those based
on counting the number of significant risk factors
present, was similar to the AUC of the previously de-
scribed scores and did not lead to a relevant decrease in
discriminating power (table 5). The simplified score Ofact

and score Wfact applied to the data of Wuerzburg and
Oulu resulted in calibration lines having slopes of 0.91
and 0.86 and intercepts of 0.01 and 0.13, respectively
(fig. 1).

The analysis of the combined data set resulted in five
significant predictors (table 4). If a center variable was
included in a logistic model the odds ratio (lower–upper
95% confidence limit) was 1.06 (0.71–1.59) and thus had
practically no impact on the predicted incidence of
PONV (table 6). For the construction of score OWfact the
one-way interaction of male gender by prior history of
MS or PONV was dropped, as this did not have a signif-
icant impact on the AUC (data not shown). Thus, the
remaining four risk factors for score OWfact were female
gender, prior history of MS or PONV, nonsmoking, and
the use of postoperative opioids. As depicted in the ROC
curve this score leads to an AUC of about 0.75 with a
best overall predictive value of about 0.71 (fig. 2). Ac-
cording to score OWfact the estimated probability of
PONV was 10, 21, 39, 61, and 78 in the joint data set if
no, one, two, three, or four risk factors were present.

Discussion

The analysis shows that a risk score for PONV derived
in one center could be applied to another center, and

that a simplification of such a score, based only on
counting how many of the four significant risk factors
were present, had a similar discriminating power to a
score based on regression coefficients estimated in a
logistic regression model. In the combined data set, the
four most important predictors were female gender,
prior history of MS or PONV, nonsmoking, and the use of
postoperative opioids. Although the distribution of risk
factors as well as the incidences of PONV, even if ad-
justed for any single variable, appeared to be quite dif-
ferent in both centers, it could be demonstrated that the
center had no impact on the incidence of PONV if the
four relevant predictors were all taken into account.
Thus, the final score may reliably predict PONV in a wide

Table 5. Area under the ROC Curves (with 95% Error Margins)
of the Original and Simplified Scores Derived from and
Applied to Both Centers

AUC When Score Is Applied to:

MeanData from Oulu
Data from
Wuerzburg

Oulu using
Coefficients 0.693 (0.053) 0.685 (0.035) 0.689 (0.044)
Factors 0.683 (0.053) 0.700 (0.034) 0.692 (0.044)

Wuerzburg
Coefficients 0.649 (0.055) 0.746 (0.032) 0.698 (0.044)
Factors 0.627 (0.056) 0.731 (0.033) 0.679 (0.045)

Mean 0.663 (0.054) 0.716 (0.033) 0.690 (0.044)

Note: The 95% confidence limits, e.g., for the upper left hand corner cell are
obtained: 0.693 6 0.053 5 0.640 to 0.746 and analogously for the remaining
cells.

AUC 5 area under the receiver operating characteristic curve.

Table 4. Regression Coefficients (Standard Errors) and Odds Ratios (95% Confidence Intervals) Derived from the Logistic
Analysis (Stepwise Forward Selection Procedure) of Oulu, Wuerzburg, and the Combined Data Set

Oulu Wuerzburg Combined Data

Coefficient (SE)
Odds Ratio

(95% CI) Coefficient (SE)
Odds Ratio

(95% CI) Coefficient (SE)
Odds Ratio

(95% CI)

Age — — 0.71 (0.10) 2.03 (1.67–2.47) — —
Female gender 0.82 (0.21) 2.27 (1.50–3.43) 1.27 (0.12) 3.56 (2.81–4.51) 1.27 (0.19) 3.57 (2.47–5.16)
Prior history of

motion sickness or
PONV 0.67 (0.19) 1.95 (1.35–2.84) 0.62 (0.13) 1.86 (1.44–2.40) 0.65 (0.18) 1.92 (1.36–2.71)

Nonsmoking 0.85 (0.22) 2.34 (1.52–3.60) 0.71 (0.12) 2.03 (1.61–2.57) 0.72 (0.16) 2.05 (1.49–2.83)
Postoperative opioids 0.91 (0.24) 2.48 (1.55–3.98) — — 0.78 (0.14) 2.18 (1.65–2.89)
Duration of surgery — — 0.58 (0.11) 1.79 (1.44–2.22) — —
Male gender — — 0.97 (0.24) 2.64 (1.65–4.22) 0.76 (0.31) 2.14 (1.16–3.97)
Prior history of MS or

PONV Intercept 22.07 (0.33) 0.13 (0.07–0.24) 22.86 (0.16) 0.06 (0.04–0.09) 22.28 (0.19) 0.10 (0.07–0.15)

The age and the duration of surgery were dichotomized (,50 yr 5 1, $50 yr 5 0 and , 60 min 5 0, $ 60 min 5 1). Presence of a risk factor was generally coded
1 and the absence as 0.

CI 5 confidence interval; PONV 5 postoperative nausea and vomiting.
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spectrum of patients undergoing various types of surgery
during inhalational anesthesia.

Special attention was given to the type of operation.
Surely there is an association between the type of op-
eration and PONV.1–3,13 However, its causal impact on
PONV remains questionable, because a high incidence of
PONV after certain operations might well be caused by
the involvement of high-risk patients (e.g., in gyneco-
logic laparotomies, the patients are females and are also
more likely to receive postoperative opioids). Our anal-
ysis of the combined dataset confirms that the type of
operation is not a strong independent predictor for
PONV, which is consistent with our previous studies.7,8

Nevertheless, we reviewed the literature on PONV in an
attempt to find evidence for the assumed impact of the
type of operation on PONV.14–18 However, apart from
the observation that some operations apparently are
being associated with a higher incidence of PONV than
others, it was and still is unclear whether this was caused
by the different anesthetic agents,19 the different lengths
of operation,15 or the operation itself.17 Even large pro-
spective studies using logistic regression analyses have
conflicting results.6,11 In view of our results, it seems
more appropriate to base risk prediction on the de-
scribed risk score rather than a certain type of operation,
as there is not sufficient evidence for an assumed causal
impact of the type of operation on PONV.

The use of postoperative opioids as a predictor for
PONV may be questioned. We have included this pre-
dictor in the analyses because the use of narcotics in
daily practice is often foreseeable and depends very
much on the institutional analgetic policy as well as on
the duration and type of operation.20

Although the raw data appeared to be quite different,
there were three factors that were significant in both
centers, namely female gender, prior history of MS or
PONV, and nonsmoking. The use of postoperative opi-
oids was only significant in Oulu but not in Wuerzburg.
This may well be a result of different approaches to
postoperative pain management. In Oulu more patients
received postoperative opioids compared with Wuerz-
burg (80% vs. 10%) and the analgesic dosage was much
higher (20 mg oxycodone vs. 100 mg tramadol). The
discriminating power of score Ocoeff appeared to be
independent of the center, whereas the discriminating
power of score Wcoeff was better if it was applied to its
own data set than if it was applied to data from the other
center. One reason might be that more risk factors were
derived from Wuerzburg than from Oulu, which may
also explain why the mean AUC of the scores from

Fig. 1. Calibration plot of the predicted and actual incidences of
postoperative nausea and vomiting (PONV) with 95% confi-
dence intervals (CI). The predicted risk is based on the analysis
of 520 patients from Oulu, Finland, and applied to the incidence
of 2,202 patients from Wuerzburg, Germany.

Table 6. Results of a Logistic Regression Analysis of 520 Patients Selected from Each Center

Variable b SE b/SE P Value Odds Ratio
Confidence Interval of

Odds Ratio

Female gender 1.268 0.189 6.71 ,0.0001 3.55 2.46–5.14
Prior history of motion sickness or

PONV 0.647 0.177 3.66 0.0003 1.91 1.35–2.70
Nonsmoking 0.718 0.163 4.40 ,0.0001 2.05 1.49–2.82
Postoperative opioids 0.740 0.120 6.17 0.0002 2.10 1.42–3.10
Male by prior history of MS or PONV 0.765 0.314 2.44 0.0148 2.15 1.16–3.97
Center 0.060 0.205 0.29 0.7691 1.06 0.71–1.59
Intercept 22.282 0.189 212.07 ,0.0001 0.10 0.07–0.15

b 5 regression coefficient of the variable; SE 5 standard error of b; PONV 5 postoperative nausea and vomiting; MS 5 motion sickness.
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Wuerzburg was 0.72 and thus slightly higher compared
with the score from Oulu with an AUC of 0.66.

It could be demonstrated for both centers that the
simplification of a score, by counting the number of
the relevant risk factors, had a discriminating power
similar to the score based on regression coefficients in
the fitted logistic model. This is an important consid-
eration if the score is to be applied to routine anes-
thetic practice. The only disadvantage of such a sim-
ple scoring system is that the likelihood of PONV
cannot directly be derived from the number of risk
factors. Thus, the simplified score was again pro-
cessed in a logistic model so that the theoretical risks
could be calculated. If these were related with the
actual incidences in the other data set they revealed
good calibration curves, irrespective of the center.
Because the two studies were performed in two dif-
ferent countries, we expected some center effect be-
cause of differences in the patient population4 or the
manner of treatment that were not accounted for by
the variables in our analysis. In addition, a marked
center effect has been reported in the multicenter
study of Cohen and colleagues6; however, their data
may have been skewed because prophylactic anti-
emetic usage was not recorded. Because our study did

not include the use of prophylactic antiemetics, we
are inclined to conclude that a hypothesized center
effect is negligible. The established patient-related fac-
tors seem to be most important even across centers
from different countries and can explain the different
incidence of PONV.

The four risk factors included in the final simple sum
score were female gender, prior history of MS or PONV,
nonsmoking, and the use of postoperative opioids. If no
or only one risk factor is present the incidence of PONV
may vary between about 10% and 21%, whereas if at least
two risk factors are present it may rise to between 39%
and 78%. As a consequence, a modification or change of
the anesthetic technique might be considered if two or
more risk factors are present. One approach would be
prophylactic antiemetic treatment, because recent meta-
analysis implies that the efficiency (in terms of the num-
ber needed to treat) may only be reasonable in high-risk
patients.21,22 Another approach would be to avoid vola-
tile anesthetics entirely by using a total intravenous an-
esthetic technique, which has been shown to be associ-
ated with significantly less PONV.23,24 Finally, this score
might be useful for patient selection in antiemetic trials.
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Anesthesiological journals are flooded by innumerable studies
of postoperative nausea and vomiting (PONV). Nevertheless,
PONV remains a continuing problem with an average incidence
of 20–30%. This paper should provide essential information for
the design, conduct, and presentation of these studies. It should
also increase comparability among future studies and help clini-
cians in assessing and reading the literature on PONV.
First, future studies should address new and relevant questions
instead of repeatedly investigating prophylactically given anti-
emetics whose main results are predictable (e.g. already proven
by meta-analysis). Second, group comparability should be based
on well-proven risk factors and a simplified risk score for pre-
dicting PONV. Endless listings of doubtful risk factors should
be avoided. Third, a realistic sample size estimation should be
performed, i.e. in most cases at least 100 patients per group are
necessary. Fourth, nausea, vomiting and rescue medication
should be recorded and reported separately with the corre-

OVER the years, several thousand studies on post-
operative nausea and vomiting (PONV) have

been published and the number seems to increase
with several hundred papers published each year. But
the incidence of PONV remains fairly constant with
an average of 20–30% (1). Perhaps inappropriate ques-
tions have been asked or the conduct of the studies
did not allow meaningful conclusions. Further,
heterogeneity between studies compromises meta-
analysis, so that a recent consensus conference sug-
gested a minimal standard for the conduct of ran-
domized controlled trials (RCT) in the prevention or
treatment of PONV (2). A consolidated standard of
reporting trials (CONSORT) has been suggested pre-
viously, and the checklist and flowchart is strongly
recommended to everybody who is involved in clin-
ical trials, i.e. also in the field of PONV (3). More
specifically, Korttila has described important issues to
be considered in ‘the study of postoperative nausea
and vomiting’ (4). Now, 10 years later, some new in-
sights have evolved so that an update has become
necessary. We hope that the discussed methodology,
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sponding incidences (and number of patients with these separ-
ate symptoms), and the main end-point should be PONV. The
entire observation period should cover 24h. Additional re-
porting of the early (0–2h) and delayed (2–24h) postoperative
period is desirable and should consider single and cumulative
incidences. Lastly, interpretation of results should take into ac-
count the study hypothesis, sources of potential bias or impre-
cision, and the difficulties associated with multiplicity of analy-
sis and outcomes.
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which should not substitute but extend the CON-
SORT statement, may help investigators in designing,
conducting and reporting studies, and may also help
clinicians in assessing and reading the literature on
PONV critically.

Aims of the study

Numerous studies have been published in the past
decades comparing the prophylactic use of one anti-
emetic with placebo, and meta-analyses have shown
that the efficacy of such approaches is limited to a
relative risk reduction of approximately 30–40% (5). It
is therefore not surprising when a simple study whose
main aim is the comparison of one antiemetic vs. pla-
cebo is rejected on the grounds of lack of novelty
when a previous meta-analysis has already quantified
the effect. Moreover, Aspinall and Goodman have
pointed out that the denial of effective treatment is
ethically not justified (6).

The question to be addressed should lead to an
answer that is most likely to improve our understand-
ing and/or the possibility of avoiding or treating
PONV.
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Two examples are given:

1. The treatment of nausea and vomiting appears to
be much more cost-effective compared with
prophylactically given antiemetics (7). However,
treatment studies are rare because informed con-
sent must be taken from many more patients than
can finally be analyzed in the study. Here, dose–
response studies are needed to determine the mini-
mal effective dose to treat established PONV.

2. In high risk patients, who can now be identified
by simplified and validated risk scores, it may be
ethically questionable to wait until they suffer
PONV (8–11). In the light of the limited efficacy
of a single antiemetic, several investigators tried to
increase efficacy by combining two antiemetics that
are still not statistically unequivocally proven (12).
However, Scuderi et al. was able to report an al-
most complete elimination of PONV by applying a
multimodal strategy (13). Accordingly, a systematic
investigation of several antiemetic strategies using
a factorial design is needed so that all possible
combinations can be compared. This may indicate
the best combination in terms of cost-effectiveness
and risk/benefit ratio, but this requires a high
number of patients to allow for interaction analyses
with sufficient power.

Materials and methods

Researchers who intend to perform a clinical trial are
strongly recommended to involve somebody with a
sufficiently profound statistical knowledge at an very
early stage. Thus the following lines can by no means
comprehensively cover all statistical aspects.

Study design
The highest level of evidence is achieved by studies
being randomized, controlled and double-blinded.
Randomization is important to decrease the risk of im-
balances of the risk factors and confounding variables
between the study groups (14, 15). To avoid an investi-
gator’s bias, the randomized sequence should be con-
cealed until the interventions are assigned (16). This is
not blinding, which is also important and means that
the group allocation is unknown during the assessment
of the outcome (17). Control groups are important to
quantify the benefit of the intervention and can be
either an effective treatment or placebo. Placebo is
usually preferred because there is no common gold-
standard for preventing PONV (7). The main advan-
tages of using placebo instead of an active treatment
may be that (a) the necessary sample size required to
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detect a significant difference is much smaller and (b)
the chances of demonstrating a significant difference
are higher. However, denial of effective antiemetic
treatment may not be justified in patients at high risk
for PONV (6), so that a frequently used antiemetic, such
as the current antiemetic standard of that hospital,
could serve as an alternative. Double blinding of pa-
tients and the assessors is similarly important (17). In
contrast to postoperative vomiting this is particularly
important when assessing the subjective nature of post-
operative nausea or patient satisfaction.

Patient selection
It may be wise to reduce the number of confounding
variables by excluding patients who present with
underlying pro-emetogenic diseases and/or who are
currently on antiemetic drugs. Previously patient
selection was mainly based on those types of surgery
known to be associated with a high incidence of
PONV. However, in the past decade multivariable
analyses of large prospective trials revealed that the
different incidences of PONV after most operations
are mainly caused by the associated risk factors and
less by the operation itself (9–11, 18–21). It was also
demonstrated that a combination of the most import-
ant risk factors can be used in an operation-indepen-
dent risk score to predict the probability of PONV (8,
9, 20, 22), and proved to be valid for other centers (10,
11, 22, 23). It is therefore not surprising that patients
at risk for PONV can be better identified by using a
simplified risk score instead of classification into,
more or less voluntarily defined, high- or low-risk
types of surgery (unpublished observation). Thus, in-
stead of selecting patients undergoing just one type of
surgery, we recommend the use of a validated and
simplified risk score, such as that proposed by Koivu-
ranta and colleagues (9) or that suggested by Apfel
and colleagues (8), to identify patients with an in-
creased risk (Fig.1).

Factors to be controlled
Controlling factors increase internal validity, i.e. the
study results are most likely to apply to these specific
conditions. So, it makes good sense to control all po-
tentially confounding factors. This applies especially
to the anesthetic technique and drugs, such as volatile
anesthetics, propofol, but also to intraoperative hy-
dration and oxygen concentration (24–28). However,
it is worth mentioning that external validity may be
limited if specific circumstances applied in the study
are rarely used in daily practice.
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Group comparability
Factors that are not controlled and that may have an
impact on PONV should be distributed evenly among
the study groups. The six most important risk factors,
which are female gender, non-smoking status, history
of PONV, or motion sickness, age, duration of anes-
thesia and postoperative opioids, should be presented
in a table according to the group allocation. In ad-
dition, other predictors may be of interest such as the
type and dosage of volatile anesthetics and the types
of surgery. However, an extensive list of questionable
risk factors should be avoided. For example, although

Fig.1. Illustration of the simplified risk score by Apfel and colleagues
(8). In a two center cross-validation the probability of postoperative
nausea and vomiting (PONV) could be assessed by the number of the
four most relevant risk factors. If none, one, two, three or four risk
factors are present, the risk for PONV is approximately 10, 20, 40, 60
and 80%. Interestingly, predictive characteristics of simplified risk
scores appeared to be at least as good as more complex models, while
being much easier to handle (10, 11).
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the body mass index and the menstrual cycle were
believed to be risk factors for PONV, recent systematic
reviews revealed that neither have consistently
proven effects (29, 30)

In addition, the average risk of the groups according
to a validated risk score should be reported, and if a
simplified risk score is used the number of patients
with the different risk levels should be given as well.
The reason for this is that simply considering five or
six separate risk factors with their 95% confidence in-
tervals will show up in approximately 25% of cases
with at least one risk factor out of that confidence in-
terval being by chance [1–(0.95)5�23% and 1–
(0.95)6�26%]. In that case, a similar average risk ac-
cording to the risk score between the groups would
demonstrate that this imbalance is very unlikely to
have any effect on the results. In contrast, if several
‘non-significant’ risk factors project into the same di-
rection, resulting in a significantly different average
risk between the groups, the result should be inter-
preted with caution.

Assessment of outcome variables
It is important to define precisely the meanings of
nausea, retching and vomiting. Knapp and Beecher
gave excellent definitions 45years ago of nausea and
emesis, and these are still useful today (31). Nausea is
a subjective sensation which should be evaluated by
the patient, not by the observer. The feeling is best
described as the desire to vomit without the presence
of expulsive muscular movements. When nausea be-
comes severe, the secretion of saliva is increased and
is associated with vasomotor disturbances and
sweating. The feature that distinguishes retching from
vomiting is the production of even the smallest
amount of stomach contents. When no stomach con-
tents are expelled, the expulsive efforts are classified
as retching. Retching is usually indicative of an empty
stomach and is generally as unpleasant for the patient
as vomiting. With both retching and vomiting, pha-
ryngeal muscles relax, the soft palate is elevated, the
diaphragm descends, and there are spasmodic con-
tractions of respiratory chest and abdominal wall
muscles. Retching and vomiting may also be grouped
together under the common term ‘emetic episodes’
(4). However, retching and vomiting is a brainstem
reflex, which is not necessarily an aggravated form
of nausea because it may well occur without it. The
converse is also true. As a subjective feeling, nausea
must be regarded as a conscious cortical activity not
necessarily affecting the brainstem. Thus, although
nausea, retching and vomiting are frequently inter-
linked they may well occur on their own. Therefore,
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it is important that the different outcome variables,
mainly nausea, vomiting and rescue treatment,
should be assessed independently (in pre-school
children the assessment of nausea may not be feas-
ible).

To quantify symptoms, a visual analog scale (0–10
or 0–100), a 11-point numerical rating scale (0–10), or
a verbal rating scale (none, mild, moderate, severe)
may be used (32). The whole study period should
cover 24h. As very recent data demonstrated that vol-
atile anesthetics appeared to be the major cause of
early (0–2h) but not delayed (2–24h) postoperative
vomiting (24), additional assessment of the early and
delayed postoperative period is recommended.
Ideally, the exact time of every emetic episode should
be recorded. This allows performing log-rank tests for
survival analyses, which may provide additional
time-course information on the action of antiemetics.

Special attention should be given to the assessment
of drug-specific adverse events, e.g. headache, in-
creased sedation, restlessness, anxiety, dysphoria,
sleep disturbances, dry mouth, and voiding problems.
As most of these may not be reported by the patients
spontaneously it is important that they are actively
asked.

In the past, patient satisfaction has been advocated
as the main outcome instead of PONV, which was
critically entitled a surrogate end-point (33, 34). Al-
though not all investigators may follow this argu-
ment, assessing patients’ satisfaction can provide
some valid additional information. For example, Scu-
deri and colleagues found that prophylactically given
antiemetics did not improve patient satisfaction un-
less given to patients at increased risk for PONV (35).
The assessment of patient satisfaction is a difficult
psychological task and interestingly a personal inter-
view may lead to results at least as valid as those ob-
tained with a standardized questionnaire (some pa-
tients may misunderstand questions in a ques-
tionnaire which can be ruled out in a personal
interview) (36). However, most anesthesia-related
studies published on patient satisfaction are of ques-
tionable value because only rigorous methods and re-
liable instruments will yield valid and clinically rel-
evant findings (37).

Statistics and sample size estimation
Every randomized controlled trial should have a re-
alistic sample size estimation to reject or accept the
null hypothesis. The null hypothesis usually assumes
that there is no difference between the study groups
whereas the alternative hypothesis assumes that there
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is a difference. For dichotomous outcomes four par-
ameters are important.

First, the type-I error, sometimes called P or a, is the
probability that we erroneously reject the null hypoth-
esis, i.e. we erroneously assume that there is a differ-
ence, when in fact there is not. Usually, we are happy
with aΩ0.05, i.e. we accept a 5% probability that the
detected difference happened by chance. Second, the
type-II error, sometimes called b, is the probability
that we erroneously accept the null hypothesis, i.e. we
erroneously assume that there is not a difference,
when in fact there is. Usually, we are happy with bΩ
0.2, i.e. we accept a 20% probability that we fail to
detect a true difference. In other words we have an
80% chance of detecting a difference (if there is one),
which is often referred to as the power of the study,
i.e. powerΩ1-b. Third, we have to have a realistic idea
of the control event rate (CER). When the CER is high
more patients can potentially benefit from an inter-
vention so that eventually less patients are needed to
detect a statistically significant difference. Thus, it
makes good sense to use a simplified risk score for
selecting patients with a PONV-risk of more than 40,
50 or 60%. Finally, we should assume a treatment ef-
fect that is realistic and clinically relevant. For
prophylactically given single antiemetics this will be
a relative reduction rate in the range of 30–40%. When
these four parameters are known the required sample
size can be determined. There are several computer
programs available for sample size estimation of
which we have tested the four most widely used (‘N’,
idv Data Analysis and Study Planning, Gautingen,
Germany; ‘nQueryAdvisor’, Statistical Solutions Ltd,
Cork, Ireland; ‘Sample Power’, SPSS Inc., IL, USA; and
‘PASS’, NCSS, UT, USA). All of these are relatively
easy to use and give similar results. Alternatively,
tables may be used for approximation (Table1).

Working example
Let’s assume a study is intended in the general surgi-
cal department on patients at increased risk for
PONV. According to a simplified risk score only pa-
tients with at least two out of the four risk factors
(female gender, non-smoking status, history of PONV
or motion sickness, and postoperative opioids) will be
included (8). As a rule of thumb it can be assumed
that if none, one, two, three or four risk factors are
present the risk for PONV is approximately 10, 20, 40,
60 and 80%, respectively (8). Including only patients
with at least two risk factors will result in an average
CER of approximately 50% (assuming there will be
very few patients with all four risk factors, i.e. with
80%). We expect with our antiemetic approach a rela-
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tive risk reduction of PONV of 40%. The absolute risk
reduction would therefore be 20%, i.e. we would ex-
pect a treatment event rate of 30%. Being happy with
aΩ0.05 and bΩ0.2 we would need 103 patients per
group, i.e. approximately 200 patients for a simple
randomized controlled trial. From the table we can
see that for ‘realistic’ estimates usually more than 100
patients per group are needed (Table1). It should be
noted that sample size estimations are frequently
missing in smaller studies or that the expected treat-
ment effect was overestimated to suit the small num-
ber of patients.

If several null-hypothesis are tested (confirmatory
testing) an a-correction for multiple comparisons may
be considered. The most conservative approach
would be the Bonferroni correction, i.e. the intended
a-error is divided by the number of tests (38). How-
ever, the need and the method to be used for an a-
correction is not undisputed, as it may be based on

Table1

Required sample size per group for two proportions (two-sided, calculated using nQuery Advisor 4.0).

AlphaΩ0.05 AlphaΩ0.01
Control Relative Absolute Treatment
event rate reduction rate reduction rate event rate betaΩ0.2 betaΩ0.1 betaΩ0.05 betaΩ0.2 betaΩ0.1 betaΩ0.05

40%
25% 10% 30% 376 496 609 550 695 827
30% 12% 28% 260 342 419 380 478 569
40% 16% 24% 145 189 231 210 263 312
50% 20% 20% 91 119 144 131 164 194

50%
25% 12.5% 37.5% 262 345 423 383 483 574
30% 15% 35% 183 240 293 266 334 397
40% 20% 30% 103 134 163 149 186 221
50% 25% 25% 66 85 103 94 117 138

60%
25% 15% 45% 186 244 299 271 341 405
30% 18% 42% 131 171 209 190 239 283
40% 24% 36% 75 98 118 108 135 160
50% 30% 30% 49 63 75 70 86 102

Table2

Essential variables to be reported in PONV studies

Risk factors/risk Control group Treatment group 1 Treatment group 2

Female gender, n (%)
Age, years (95% CI)
Non-smoking status, n (%)
History of postoperative nausea and vomiting, n (%)
History of motion sickness, n (%)
Duration of anesthesia, min (95% CI)
Type of surgery and surgical techniques, n (%)
Postoperative opioids, n (%)
Number of patients with 0, 1, 2, 3 or 4 risk factors according to Apfel (8), n (%)
or 0, 1, ..., 5 risk factors according to Koivuranta (9), n (%)
Calculated average (mean) risk for postoperative nausea and vomiting (%)
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wrong assumptions and therefore increases the type-
II error. Accordingly, some statisticians recommend
‘reporting the unadjusted P-values and confidence
limits with a suitable note of caution with respect to
interpretation’ (39).

Results

As mentioned earlier, group comparability should be
demonstrated by proven risk factors and a validated
risk score (Table2). It is recommended that a simpli-
fied risk score is used (8) because there is sufficient
evidence to suggest that they are at least as valid as
more complex risk scores (10, 11) The assessed out-
come variables should be given with absolute and
relative incidences and the corresponding 95% confi-
dence intervals. In contrast to simple P-values, confi-
dence intervals convey, at the same time, the clinically
relevant information of the magnitude of an effect and
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Table3

An example to report outcome variables for postoperative nausea and vomiting with early and delayed symptoms. (CIΩconfidence intervals).

Intervals Patients with Control group Treatment group 1 Treatment group 2

0–24h Nausea, n (% under 95% CI)
Vomiting, n (% under 95% CI)
Nausea and/or vomiting, n (% under 95% CI)
Rescue treatment, n (% under 95% CI)
Optional further definitions such as a score for the severity
of symptoms, ‘total response’ or ‘complete response

Optional
(e.g. 0–2 h)

Nausea, n (% under 95% CI)
Vomiting, n (% under 95% CI)
Nausea and/or vomiting, n (% under 95% CI)
Rescue treatment, n (% under 95% CI)
Optional further definitions such as a score for the severity
of symptoms, ‘total response’ or ‘complete response

and:
e.g. 2–24 h

Nausea, n (% under 95% CI)
Vomiting, n (% under 95% CI)
Nausea and/or vomiting, n (% under 95% CI)
Rescue treatment, n (% under 95% CI)
Optional further definitions such as a score for the severity
of symptoms, ‘total response’ or ‘’complete response

should therefore be preferred wherever possible (40).
When different intervals are considered, separate inci-
dences (e.g. 0–2 and 2–24h or 0–6 and 6–24h) as well
as cumulative incidences (0–2, 0–6, 0–24h) should be
reported (Table3). In addition, the severity of PONV
may be reported although these results may not be
comparable with other studies (41). A theoretical ad-
vantage is that significant differences may be demon-
strated with fewer patients. Another possibility is the
use of ‘complete response’ or ‘total response’. In that
case the definitions by Korttila should be used to in-
crease the comparability between studies (4). When
questionnaires (e.g. for patient satisfaction) are used
these should be printed in the appendix. Finally, a
statement would be desirable indicating whether indi-
vidual raw data could be made available for other in-
vestigators.

Discussion

At this stage a very conscientious approach is re-
quired and a clear distinction should be made be-
tween a priori and a posteriori hypothesis. When an
a priori hypothesis can be confirmed, i.e. the null hy-
pothesis can be rejected because the probability P�a,
the conclusion is usually straightforward. But when
the null hypothesis cannot be rejected, the question
arises, whether the study had sufficient power to de-
tect an expected and/or clinically relevant effect, i.e.
a separate power analyses may be needed. When a
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statistically significant difference is observed in a
retrospective analysis of the data (P�a), this should
be interpreted with caution, i.e. it is no proof of an
effect but can be helpful to create an a posteriori hy-
pothesis needing confirmation in an additional study.
The issue is even more difficult when testing an a pos-
teriori hypothesis failing statistical significance.

For illustration, lets assume that the earlier-men-
tioned study with 103 patients per group was per-
formed. The incidence of PONV was 54% (52/103) in
the control group and only 33% (34/103) in the treat-
ment group. Applying a chi-square test (with conti-
nuity correction) confirms the a priori hypothesis of
the reduction of PONV (PΩ0.016). Analysing the inci-
dence of vomiting may show up with 33% (34/103)
in the control group and 21% (22/103) in the treat-
ment group. Again, this would be a reduction by ap-
proximately a third. But this time it failed statistical
significance (PΩ0.085). The interpretation that ‘the
treatment reduced PONV but not vomiting’ would be
incorrect. While the statement about PONV is correct
the statement on vomiting is not. The a priori defined
outcome was PONV and the sample size estimation
was assuming an incidence of �50%. As the incidence
of the secondary outcome is significantly lower, more
patients were needed to detect the same relative re-
duction in vomiting, i.e. the power of the study to
detect such a difference was not sufficient (only 42%
in this example). It should be mentioned that this mis-
interpretation may not have occurred if confidence in-
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Table4

Checklist of questions for authors and referees for randomized controlled trials on postoperative nausea and vomiting.

Reported on Question Referee
page . rating

Title 1 Does it describe the content and/or the results of the study appropriately?
Abstract/Summary 2 Does the abstract sufficiently describe the intention of the study, methods and

results?
Introduction 3 Are the conclusions founded by the data?

Are the assumptions well proven? If not, is it clearly indicated to be a question of
debate?

Is the current literature considered?
Is the question clinically relevant or just a repetition in a different setting?

Methods
Participants Are eligibility criteria described and reasonable?
Objective Have the hypotheses been set a priori?
Outcome Are primary and secondary outcome variables described and have they been set

a priori?
Intervention Is the intervention reasonable and appropriately described?
Blinding, etc. Is the method of randomization, masking (treatment allocation) and blinding

(during assessment) described?
Statistics Is the sample size estimation based on realistic assumptions and sufficiently

described?
Results
Recruitment Are the number of patients randomly assigned, receiving intended treatment,

completing the protocol, and analyzed for the primary outcome clearly described
(e.g. flow-chart)?

Baseline data Are important clinical characteristics, proven risk factor and a risk score for PONV,
listed for each group?

Outcome data Are the incidences for nausea, vomiting, and PONV reported separately and with
confidence intervals?

Ancillary results Are further analyses indicated as prespecified or exploratory?
Adverse events Was the method for assessment and the reporting of adverse events appropriate?
Discussion Does the interpretation of the results consider sources of potential bias and

difficulties associated with multiplicity of analyses and outcomes?
Is the internal and external validity of trial findings considered?
Are the limitations of the data and the study appropriately considered?
Are the results appropriately discussed in the context of current evidence?

tervals of the relative risks were used in the first place
because it had been clear that the magnitude of the
effect is similar and that only the lower incidences of
vomiting contributed to a wider confidence interval.

In conclusion, most problems can be avoided by
considering the CONSORT statement and the specific
issues discussed, as outlined in the checklist for
authors and referees (Table4).
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Risk Assessment of Postoperative
Nausea and Vomiting

Christian C. Apfel, MD
Norbert Roewer, MD

� Introduction

It is generally accepted that emetic sequelae such as postoperative
nausea, postoperative vomiting, and postoperative nausea and vomiting
(PONV) are of multifactorial origin and that the incidence of PONV after
balanced anesthesia—despite the advances in the last decades—is still
between 20% and 30%.1,2,3 Anaesthetic factors such as volatile anesthetics
and opioids, the type of surgery, and patient-related factors are all thought
to have a major impact on PONV.4,5 Thus, for a long time it was assumed
that prediction of PONV is difficult, if not impossible, as PONV was be-
lieved to be influenced by too many factors. However, there is now suffi-
cient evidence that the risk for emetic sequelae after balanced anesthesia
in adults can be predicted by a risk score derived from a limited number
of risk factors.6–11

In order to reduce the incidence of PONV, antiemetic strategies such
as choosing a less emetogenic anesthetic technique,12 applying antiemet-
ics,13 or both by a multimodal approach14 can be applied. Because non-
selective routine prophylactic antiemetic treatment may not improve pa-
tient outcome when applied to all patients,15 the use of a risk-adapted
prophylactic strategy would be the most rational approach.16 These issues
have been discussed in a review by Everett in the Spring 2002 issue of this
journal.17 However, very recently there have been some additional in-
sights and advances that will be updated in this chapter.

Thus, this review provides an update on risk factors for PONV. It will
explain how risk models—based on “true” risk factors—could be devel-
oped. Further, the applicability but also the limitations of predictive mod-
els will be discussed. In addition, a brief summary of antiemetic strategies
needs to be discussed. Finally, a risk-dependent antiemetic strategy—
based on current evidence and easily implemented in daily clinical prac-
tice—will be suggested.
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� Which are the “True” Risk Factors?

It is appreciated that certain conditions are associated with high inci-
dences of PONV, e.g., a patient’s history of PONV, females, gynecological
surgery, and long operations. This led to the widely accepted but false
belief that these conditions are risk factors. Because PONV is likely to be
of multifactorial origin, the consideration of a high incidence of a single
factor without correcting for other coexisting factors may be misleading.

For example, the average incidence of PONV after various types of
surgery is 30%, and females suffer 3 times more PONV than men. Con-
sequently, the average incidence of PONV would be 45% and 15% for
females and males, respectively. Most surgical specialties with female and
male patients would have an incidence in the range of 30%. However, by
just considering that gynecological surgery is usually performed in fe-
males, we would expect the average incidence of PONV to be in the range
of 45% (almost every second patient!). Thus, the attempts to explain the
higher incidences of this example after gynecological surgery do not re-
quire complex pathophysiological speculations such as irritation of the
autonomous innervation of the female reproduction organs. Interestingly,
such pathophysiological hypotheses are not applied for urologic surgery
despite the presence of similar innervations, and the considerably lower
incidence has never drawn much attention. This example demonstrates
that the incidences on their own “must be evaluated with the full realiza-
tion that several extraneous factors may be exerting their influence at the
same time,” as already pointed out almost 50 years ago by Dent et al.18 A
high incidence associated with a certain condition, such as type of surgery,
is therefore no proof for a “relevant” risk factor. This has important clini-
cal implications when risk-adapted prophylactic antiemetic strategy is to
be established. Because risk assessment should be based on the relative
impact of “true” risk factors, i.e., independent risk factors with clinical
importance, the following risk factors are classified accordingly.

� Risk Factors With a Sufficient Body of Evidence

Patient-Specific Risk Factors

Female gender has been associated with a higher incidence compared
to male patients,19,20 but more importantly, also proved to be an inde-
pendent predictor in multivariable analyses.6–11 On average, females pa-
tients suffer three times more often from PONV than men, and it is
therefore the strongest patient specific predictors.

Cohen et al. were the first who identified nonsmokers to suffer more
frequently from PONV than smokers.21 These observations have been
confirmed by most other studies.8,11,22–24
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The third patient-specific risk factor is the individual disposition of the
patient as expressed by the patient’s history of motion sickness or
PONV.6–11,19 Some use this risk factor alone as a guide to estimate the
patients risk for PONV. However, the overall predictive value is not as
sensitive as using a simplified risk score.11

Age has a nonlinear impact on PONV. Although postoperative vom-
iting occurs infrequently in neonates and toddlers, the incidence in-
creases to 20% to 40% in school children with little impact on the gender
before puberty.25–27 The incidence is highest in young adults and de-
creases continuously in the elderly.8,10,21 However, the impact is not as
strong as the previously mentioned risk factor, which explains why it failed
statistical significance in some multivariable analyses.7,11

Anesthetic Techniques and Drugs

There is a general agreement that PONV is rare after uncomplicated
peripheral nerve blocks, although studies with PONV as their primary
outcome are lacking. Some studies also suggest a lower incidence after
regional anesthesia compared to general anesthesia.10,28 In a study for
breast surgery, a paravertebral nerve block technique was associated with
less PONV compared to a propofol-based general anesthesia.29 Generally,
orthopedic surgery is assumed to be associated with a lower risk for PONV
because of less emetogenic autonomic stimulation compared to abdomi-
nal surgery. However, another explanation may be that regional anes-
thetic techniques are more widespread in orthopedic surgery, leading to
a lower overall incidence of PONV. It should be noted that in a study with
a majority of orthopedic patients undergoing general anesthesia, the ac-
tual incidences of PONV correlated well with those predicted by an op-
eration independent risk score.30 And, even more, in a multivariable
analysis of a prospective survey in ambulatory, orthopedic surgery and
especially shoulder surgery had a higher risk for PONV.10

The use of a balanced anesthetic technique is known to be associated
with about twice as much PONV compared to the use of a total intrave-
nous anesthesia.31 Because antiemetic effects of subhypnotic doses of pro-
pofol were demonstrated in patients suffering from chemotherapy-
induced nausea and vomiting,32 and this was corroborated by studies
regarding the treatment of established PONV,33 propofol is generally as-
sumed to be antiemetic.34 However, the antiemetic effect was apparently
short lived.32,33 Consequently, Scuderi et al. investigated a rather small
bolus of 0.1 mg/kg followed by a continuous infusion with 1 mg/kg/h
propofol but with no antiemetic effect.35 Gan et al. developed the concept
of a patient-controlled antiemesis where patients who had symptoms of
nausea could press a button to receive 20 mg propofol.36 Based on these
data, the simulated ED50 plasma concentration of propofol was 343
µg/ml for relieving nausea in 50% of patients.
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In a recent randomized controlled trial of factorial design with 1180
patients, volatile anesthetics were associated with twice as much PONV
compared to propofol anesthesia.12 This result was very similar to the
majority of previous studies as corroborated by the meta-analysis from
Sneyd et al.31 However, a detailed analysis of the time course to PONV by
Kaplan-Meier charts revealed that the main difference occurred in the
first 2 hours (Fig. 1). Further analysis illucidated that the incidence of
early PONV correlated strongly with the degree of exposure to volatile
anesthetics (dose–response relationship), whereas no effect could be
demonstrated for propofol anesthesia (Fig. 2).12 (ie, are “true” and inde-
pendent predictors.) This is highly suggestive that volatile anesthetics not
only correlated with but caused PONV. In patients at very high risk of
PONV, it may therefore make better sense to avoid volatile anesthetics in
the first place.

A majority of studies showed a higher incidence of PONV when ni-
trous oxide was used.37,38 However, it is more appropriate to quantify the
emetogenic effect by a meta-analysis, which resulted in a relative risk of 1.4
for nitrous oxide.39 Because this effect appears much less than the impact
of the previously mentioned volatile anesthetics, the clinical importance
for PONV may have been overestimated.

Opioids are well accepted to cause nausea and vomiting. However, the
mechanisms of opioids are complex. In ferrets, administration of 0.1

Figure 1. Kaplan-Meier curves representing the proportion of patients who vomited (n = 941). In
order to ensure the comparability with propofol, patients receiving volatile anaesthetics but no
intraoperative opioids (n = 239) were excluded. Note that the difference between propofol and
volatile anaesthetics is related only to the early postoperative period.11

16 � Apfel and Roewer



mg/kg of morphine triggers emesis, and an increased dose up to 0.2
mg/kg triggers emesis in all animals. It is believed that activation of the
chemoreceptor-trigger zone (CTZ; located in the area postrema) stimu-
lates the vomiting center (VC) in the brain stem (i.e., formatio reticularis,
tractus nucleus solitarius) because ablation of the CTZ prevents mor-
phine-induced vomiting. However, larger doses reduce vomiting, and 5
mg/kg morphine can completely block emesis.40 Apomorphine is a pure
dopamine agonist with no activity on opioid receptors and is known to
induce emesis by stimulating the CTZ. Interestingly, the emetic effect of
apomorphine can be blocked dose dependently by the administration of
morphine, fentanyl, and methadone, and these opioid induced “anti-
emetic” effects in the VC can be antagonized by naloxone.41 Thus, low
doses of opioids are emetogenic by stimulating the dopamine receptors in
the CTZ but high doses may exert an antiemetic effect by stimulation of
µ-receptors in the VC. However, such a bell-shaped dose response has
never been unequivocally proven in humans, and studies suggest that an
increase of opioids increases the risk for vomiting.42,43 In addition, com-
parisons between the opioids, e.g., fentanyl and alfentanil,44 fentanyl and

Figure 2. Correlation between the degree of exposure to anesthesia and early postoperative
vomiting. In order to be able to compare inhalational and propofol anesthesia, five percentile groups
were formed for each as a function of the anesthesia duration. Note that the incidence of early
vomiting correlates positively with the degree of exposure to inhalational anaesthesia but not to
propofol anaesthesia.11
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sufentanil,45 morphine, pethididine, fentanyl, and sufentanil,46 resulted
in contrary results so that there may not exist clinically significant differ-
ences between the studied opioids.47 In a recently published paper alfen-
tanil, when compared to fentanyl or sufentanil led to a lower incidence of
PONV.48 However, low-dose opioids for induction of anesthesia (1.5
µg/kg fentanyl, 15 µg/kg alfentanil, or 0.15 µg/kg sufentanil) led only to
a small and not significant increased incidence of PONV.12 Therefore,
further research in this field is warranted to clarify this issue. While data
on the impact of opioids given intraoperatively are controversial, several
studies suggest that the use of postoperative opioids increases the risk for
PONV.7,11,12,21,49 Of note, there seems to be no difference in the inci-
dence of PONV when morphine or piritramide is used for patient con-
trolled analgesia.13

� Risk Factors With Conflicting Evidence

Type and Site of Surgery

Early studies indicated that the incidence of PONV varies with the type
and site of surgery,18,20,50,51 and this seems to be still true for various types
of surgery, e.g., strabismus surgery, gynecological surgery, cholecystecto-
my, and intracranial surgery.5,52

However, recent large prospective trials in adults using multivariable
analyses, as outlined above, came to conflicting results. Cohen et al. found
that gynecological laparoscopy and ophthalmologic surgery were inde-
pendent predictors (i.e., risk factors) for postoperative nausea, whereas
abdominal surgery and ENT surgery failed statistical significance.21 It is
also interesting to note that in the analysis of female patients, gynecologi-
cal surgery (intubated, nonlaparoscopic) was not an independent risk
factor for nausea. This is corroborated by a Finnish survey from
Koivuranta et al.7 Although the highest incidence was observed in gyne-
cological patients (52%), the type of surgery was not an independent risk
factor for PONV in that population.7 At the same time, data collected
from ENT patients also suggested that type of surgery may not be an
independent risk factor for PONV.8 When the same study was performed
in general surgery and ophthalmologic patients, the type of surgery
turned out to be a significant risk factor when the duration of anesthesia
was not considered.9 When the data of all three studies were taken to-
gether, again the type of surgery was no longer an independent risk
factor.11 However, a large survey in outpatients suggested that several
types of surgery—especially orthopedic surgery—were independent pre-
dictors of PONV.10 In a recent analysis of predictors of the need for rescue
antiemetic in the postanesthesia care unit (PACU), the only surgical as-
sociation was the duration of surgery (which correlates strongly with the
duration of anesthesia), but none of the types of surgery turned out to be
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statistically significant.53 However, it should be kept in mind that this study
was not prospectively designed for PONV and some methodological con-
cerns (e.g., patient’s history of PONV was not considered) were present.
Due to the present controversy, the type and site of surgery does not

Table 1. Risk Factors for PONV

Positive results with strong clinical impact ●●● Female gender
●● Nonsmoking status
●● History of motion sickness or PONV
●●● General versus regional anesthesia
●● Volatile anesthetics
●● Duration of anesthesia
●● Postoperative opioids

Mostly positive results ● Young age and physical status
● Nitrous oxide is emetogenic whereas

80% oxygen seems to be antiemetic
● Muscle relaxant antagonists

Conflicting results Site of surgery
Menstrual cycle
Experience of the anaesthetist
Gastric tube for decompression

Flawed or insufficient data Pain
Movements

Disproved factors Body mass index
Anxiety and personality

The classifications are made on the strengths of evidence and clinical impact (● = modest; ●● =
strong; ●●● = very strong).
PONV = postoperative nausea and vomiting.

Table 2. Risk Table for Postoperative Vomiting According to the Patient’s Gender, Smoking
Status, History of PONV or Motion Sickness, and Age (Under the Condition of a
2-Hour Operation)7

Gender
Smoking

Status

History of
PONV or
Motion
Sickness

Age in Yrs

20 30 40 50 60 70 80

Male Yes Negative 14.9 11.6 8.9 6.8 5.1 3.9 2.9
Male Yes Positive 24.9 19.8 15.5 12.0 9.2 7.1 5.4
Male No Negative 26.8 21.5 16.9 13.2 10.2 7.8 5.9
Male No Positive 40.9 34.0 27.7 22.2 17.5 13.7 10.6
Female Yes Negative 38.8 32.1 26.0 20.8 16.3 12.7 9.8
Female Yes Positive 54.4 47.1 39.8 33.0 26.9 21.5 16.9
Female No Negative 57.0 49.6 42.3 35.4 29.0 23.3 18.4
Female No Positive 71.4 65.0 58.0 50.7 43.4 36.4 29.9

PONV = postoperative nausea and vomiting.
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appear to provide consistent and reliable additional information to assess
the patients risk for PONV.

Although the above mentioned applies to adults undergoing balanced
anesthesia, this may not be true for children. For example, strabismus
surgery in adults has been reported to be associated with a surprisingly low
incidence of PONV,54 whereas in children, the incidence of postoperative
vomiting is very high.5,55 In this context, Rusch et al. were the first to
describe that the posterior fixation suture (“faden-operation”) technique
was associated with a higher incidence of PONV compared to the more
commonly used recessions technique.56 Two years later, the same obser-
vation was described by another study group57 so that it is reasonable to
assume that at least for strabismus surgery in children the surgical tech-
nique may contribute to postoperative vomiting. However, there is a lack
of evidence for other surgical types or techniques and—as outlined
above—a simple comparison of the raw incidences may be flawed by
confounding factors so that multivariate analyses are also needed. But
unfortunately, the surveys in pediatric patients are restricted to the simple
reporting of incidences so that no firm conclusions regarding the impact
of the type of surgery can be drawn.25,26 Therefore, whether the type of
surgery is a risk factor of postoperative vomiting in children is not clear
but seems likely.27

In addition, according to a very recent analysis using a Dale Model, it
became clear that risk factors for nausea and vomiting may not be the
same.14 While the patient specific risk factors, e.g. female gender, seem to
influence both symptoms, the type of surgery was not a risk factor for
vomiting but for nausea. Whether this occurs due to circular reasoning
while nausea is assessed because PONV is expected to be more frequent
after certain operations, or whether this has really pathophysiological
reasons, needs to be further investigated.

Mask Ventilation, Experience of the Anesthesiologist,
Gastric Tube

Around 1960, two studies described higher incidences of PONV after
ventilation with a face mask compared to intubation, whereas an earlier
study was unable to find such an effect.18,20,51 Because face mask ventila-
tion can cause gastric distension and the latter can elicit the vomiting
reflex,58 it was easily accepted that face mask ventilation causes PONV.1 In
addition, a Finnish group, Hovorka et al., described a higher incidence of
PONV when face mask ventilation was performed by a nurse anesthetist.59

However, Hechler et al. randomized 669 patients to be ventilated by a face
mask before intubation (3 min) or not.60 The incidence of postoperative
vomiting and PONV was similar between the groups and analyzing the
experience of the anesthesiologist did not show any impact on PONV.60
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As the Finnish group assumed that gastric inflation may be a main
trigger of PONV, they randomly assigned patients in their following study
to decompression of the gastric contents via a nasogastric tube or without.
But the incidence of PONV was similar.61 Interestingly, one study showed
even an increased incidence of PONV when a nasogastric tube was ap-
plied.62 In a meta-analysis of about 4000 patients, a nasogastric tube was
associated with a slightly lower incidence of postoperative vomiting but
the incidence of postoperative nausea remained the same (not to mention
that a nasogastric tube was associated with a two-fold incidence of atelec-
tasis, fever, and pneumonia).63

These examples demonstrate that a potential influence is easily as-
sumed to be a risk factor when a mechanism appears plausible. So, if trials
demonstrated that a nasogastric tube has no impact on postoperative
nausea (e.g., for average adult patients receiving standard care), our judg-
ment should be guided more by the existing data than by plausible hy-
potheses. At the same time, this may not be true in special circumstances
(e.g., mask ventilation in children), however, there is no evidence for that.

Body Mass Index

Numerous mechanisms have been claimed to cause PONV in over-
weight patients (difficult mask ventilation, increased storage etc.).55 How-
ever, Lerman concluded that the current literature provides insufficient
evidence for such a relationship.5 Since then, numerous multivariate
analysis of large surveys were performed. Only one survey identified body
mass index >25 kg/m2 to be associated with an approximately 1.5-fold
risk,7 whereas all other analyses were unable to identify the body mass
index as an independent predictor for PONV.8–12,21,48,64 In addition, a
systematic review revealed that besides errors in citations, there is good
evidence to conclude that the body mass index has no impact on PONV.65

� Models (Scores) for Clinical Risk Assessment

The Development of Risk Scores

The solution of this multivariable problem is the application of a
special statistical method called multiple logistic regression analysis. With-
out going too much into detail, it is important to know that this method
allows determination of the relative impact of all factors included into the
model at the same time. Such a method was first applied by Palazzo and
Evans, who identified female gender, the patient’s history of PONV, his-
tory of motion sickness, and the use of postoperative opioids.6 Unfortu-
nately, the study was restricted to minor orthopedic surgery so that a
potential relative impact of the operation could not be calculated.
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A few months later, a meta-analysis of factors affecting the incidence
of nausea and vomiting after gynecological surgery was published in the
same journal.66 This study from Haigh et al. (Glaxo Ltd., UK) revealed
that the most important factors for PONV were the antiemetics (ondanse-
tron 1, 8, or 16 mg), the type of operation, and the neuromuscular block-
ing agents. Unfortunately, the analysis did not consider previously estab-
lished risk factors such as female gender (because only females were
analyzed) or the history of motion sickness or previous PONV so that the
results must be interpreted with caution.

One year later, Cohen et al. published a study focussing on a postop-
erative interview in four centers with approximately 16,000 patients.21 The
main risk factors were female gender, young age, a good physical condi-
tion as reflected by the American Society of Anesthesiologists (ASA) physi-
cal status, nonsmoking, and a long duration of anesthesia for postopera-
tive nausea as well as for postoperative vomiting (separate analyses). They
also identified marked variations in the incidence of emetic sequelae
across hospitals, which was assigned as a “center effect.” However, this may
be caused by a more or less frequent use of prophylactic antiemetics,
which most regrettably were not recorded in the study.

In 1996, the risk table developed by Palazzo and Evans was applied to
400 patients with different operations by a simple calibration curve of
predicted and actual incidences of PONV and creation of 16 risk groups.
A good correlation between the previously developed risk table and the
incidence of PONV could be demonstrated, but a correct prediction in
individuals was only 71% and therefore not perfect.67 Unfortunately, a
multivariable recalculation was not performed.

A multivariable analysis has been done by Koivuranta et al., who iden-
tified female gender, nonsmoking, a history of PONV, a history of motion
sickness, and a long duration of anaesthesia as risk factors for PONV.7

Based on the coefficients of the significant variables, a new risk score was
developed. The novelty of their analysis was the simplification of the risk
score. Instead of calculating the precise risk by an exponential equation,
the simplified score consisted of the number of the five most important
risk factors. These were female gender, nonsmoking status, history of
motion sickness, history of PONV, and a duration of surgery >60 min.

Simultaneously, Apfel et al.68,69 performed a large prospective survey
in 1137 elective patients undergoing otolaryngological procedures.8

Again, patient-related factors and the duration of anesthesia were most
important for the prediction of postoperative vomiting.

As the type of operation had little impact on postoperative vomiting,
an operation-independent risk could be calculated using the coefficients
of the logistic equation:

risk �probability of PV� =
1

1 + e−z,
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where z = 1.28*(female gender) − 0.029*(age) − 0.74*(smoking) +
0.63*(history of motion sickness or PONV) + 0.26*(duration) − 0.92 when
the variables are coded as follows: gender (male = 0, female = 1), age (in
decades), smoking status (no = 0, yes = 1), history of motion sickness
and/or PONV (no = 0, yes = 1), and duration of anesthesia (in hours, e.g.,
45 min = 0.75 h). As this study was performed in ear, nose, and throat
(ENT) patients, the question arose whether such a score is also applicable
to patients undergoing general surgery (Score I). Subsequently, over
1,000 patients undergoing general surgery, orthopaedic surgery, vascular
surgery, and squint surgery were prospectively studied. The multivariable
analysis revealed that—at the expense of the duration of anesthesia—
some types of surgery were statistically significant predictors of postopera-
tive vomiting. Thyroid surgery was associated with an increased risk of 2.7
(1.4–5.2), whereas laparoscopic surgery was associated with a decreased
risk of 0.36 (0.14–0.93). Therefore, a new score was developed (which
considered the type of surgery) and was compared with the previous
operation-independent risk score (Score II). Interestingly, the prediction
of both scores was clinically very similar so that—for the sake of a more
general applicability—the operation-independent risk score was preferred
(Score I).

To ease the clinical applicability, a risk table for male and female
patients has been published so that no complicated calculation is required
for daily practice.8

To evaluate the applicability of risk scores between different coun-
tries, two centers (Würzburg, Germany and Oulu, Finland) decided to
reanalyze their data and to perform a “cross-validation” to answer the
following questions: to what extent are the risk scores specific for their
centers, and are they applicable to a different center? How strong is
a possible center effect in a combined data set? Can regression-based
risk scores be simplified without loss of accuracy?11 Several analyses were
performed to set up risk scores for each center and for a combined
data set. All developed risk scores could estimate the patient’s risk for
PONV in each center. Although the raw incidences and population of the
centers appeared to be very different, the center itself did not affect
PONV if corrected for the relevant predictors (no center effect). Further,
a simplification of the scores based on equally weighted risk factors did
not affect its accuracy so that the final score considered four equally
weighted predictors: female gender, history of motion sickness and/or
PONV, nonsmoking, and the use of postoperative opioids. In adults
undergoing balanced anesthesia, the risk for PONV was ∼10, 20, 40, 60,
or 80% when 0, 1, 2, 3, or 4 of the four factors are present, respectively
(Fig. 3).11

At the same time, Sinclair et al. analyzed data recorded from over
17,000 ambulatory patients.10 Applying a similar analysis as described pre-
viously,8 they developed a similar formula to calculate the risk for PONV.
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It is interesting to note that the type of surgery (orthopedic, otolaryngeal,
and gynecological surgery) had a significant impact on PONV. One ad-
vantage of that score is that a much wider spectrum was studied. It should
be noted that general anesthesia was associated with about a 10-fold
higher incidence compared to local/regional anesthesia, an effect which
is several times stronger than the other identified risk factors.

Meanwhile, several other risk scores have been suggested. How-
ever, most of them have methodological difficulties that make a general
applicability to other centers questionable, so they are not discussed
here.49,70

Validation of Risk Scores

Most risk scores—except the simplified risk score from Apfel et al.11—
were developed in a single center under specific conditions. This calls for
external validations in other centers. Toner et al.67 were the first who
validated the risk model developed by Palazzo et al.6 in 400 patients un-
dergoing various types of surgery. A good correlation was found between
predicted risk classes and the actual incidence, but the overall predictive
value was only 71% (this means that the prediction, whether a patient will
suffer PONV or not, was correct in 71%). Other validations came to
similar results, although they used the more appropriate method of cal-
culating the area under the receiver operating characteristic (ROC)
curve.9,30,71 A ROC curve plots all corresponding pairs of sensitivity and
specificity for the whole range of possible risks (where a patient would be

Figure 3. Correlation of the average predicted and actual incidence of PONV when the risk score
based on both populations is applied. Note that the different incidence of PONV between the centers
were due to the unequal distribution of risk factors, so that the same score was well applicable to
both centers (data from10).
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classified to suffer PONV). The area under the ROC curve (AUC) is a
global measure of the validity of a risk score for that specific population.
It is usually between 0.5 (random prediction) and 1.0 (perfect predic-
tion). Most scores are in the range of 0.65 to 0.7, which means in practice
that approximately 70% of patients are correctly classified. This was some-
what disappointing, and a computer simulation found that due to the
limited strength of the single predictors (the relative risk for female gen-
der is approximately 3 and for the other risk factors in the range of 2), an
overall correct prediction will at best be in the range of 70% to 80%
(unless a much stronger predictor is found).72

These results were finally confirmed by two independent studies.49,64

It is interesting to note that the two simplified risk scores from Koivuranta
et al.7 and Apfel et al.,11 which did not consider the type of surgery,
offered the best clinical prediction. However, it should be noted that all
validations were performed in inpatients. Thus, it is possible that the score
from Sinclair et al. provides better predictions in outpatients on which the
original calculations were made.10

In conclusion, although the patient’s risk can be well estimated using
risk scores, the prediction whether a certain individual will suffer from
PONV will only be correct in approximately 70%. However, this is much
higher than classifying patients according to their history of PONV or the
type of surgery they are going to have. Because the simplified risk scores
appeared to have the best predictive properties,6,10 while still being easy to
use (e.g., Fig. 4), this can be used for a risk dependent antiemetic strategy.

� Prophylactic Strategies to Reduce Postoperative
Nausea and Vomiting

There is increasing agreement among anesthesiologists that unselec-
tive use of antiemetics is of doubtful benefit. First, patients’ satisfaction
does not appear to be superior when compared with immediate rescue
treatment.15 Secondly, antiemetics may cause unnecessary costs and side
effects in those patients who do not suffer from PONV anyway. As sug-
gested by Watcha, it is therefore sensible to use a risk-dependent anti-
emetic approach.16 In patients at low risk, it is reasonable to wait and treat
if it becomes necessary. If the patient’s risk increases, it does make sense
to lower the baseline risk and/or use one or a combination of antiemetics
so that the incidence can be decreased to an acceptable low rate.

Lowering the Baseline Risk

Cisplatin is the strongest risk factor for chemotherapy-induced nausea
and vomiting (CINV). This risk factor is several times stronger than the
patient-specific risk factors such as female gender and a positive history of
nausea and vomiting in previous chemotherapy cycles. In PONV, some
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parallels can be found. For example, although there are only few randomized
controlled trials, PONV is an extremely rare event after peripheral regional
anesthesia.28,29 This is also supported by the survey from Sinclair et al. where
general anesthesia was associated with an approximately 10-fold risk com-
pared to local/regional anesthesia.10 Avoiding general anesthesia—if suit-
able in that case—may therefore be the best way to prevent PONV.

If general anesthesia is needed, a total intravenous anesthesia (TIVA)
with propofol is associated with a much lower incidence of PONV than a
balanced anesthetic technique with volatile anesthetics.31

1. For inpatients, an easy and apparently reliable way to estimate the
individual risk for PONV is the use of a simplified risk score11,49,64

because this allows a more appropriate classification than the single
use of the patient’s history of the type of surgery (unpublished obser-
vation). In addition, medical aspects (a patient with a wired jaw must
not vomit) and personal preferences (patient wants to have as few
drugs as possible) should be considered in the decision.

2. When the patient’s risk is low (e.g., no risk factors, ∼10%), even if
an antiemetic strategy would be highly effective, the number-
needed-to-treat (NNT) will be 10 (out of 100 patients, 90 will not

Figure 4. A risk-dependent antiemetic approach. Depending on the personal preferences, other
approaches may be reasonable. Compare also with the perhaps more cost-effective approach suggested
by Watcha.15
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suffer PONV anyway and no more than 10 out of 100 will benefit,
i.e., 1 out of at least 10 patients will benefit).

3. Prophylaxis is justified in patients with a moderately increased risk
(e.g., risk score 2, ∼40%). There are different opinions on whether
a single antiemetic or a combination should be used. From quan-
titative systematic reviews, it became apparent that the single use of
an antiemetic decreases the event rate to approximately 0.7, i.e.,
the relative reduction rate (RRR) of a single antiemetic is in the
range of 30%. With a combination of two antiemetics, the event
rate can be halved (0.7 * 0.7 = 0.49). We prefer dexamethasone as
the drug of first choice because it is cheap90 and no side effects are
known from the single use of up to 10 mg.73 The combination with
a 5-HT3 antagonist, such as ondansetron, can further decrease the
incidence.74,75 In addition, the study from Splinter and Rhine sug-
gests that in combination with dexamethasone, the dosage of on-
dansetron can be significantly decreased.76 However, large dose–
response studies of antiemetic combinations are lacking.

4. When the risk of PONV is very high (e.g., risk score of 3 or 4, ∼60
or 80%), it seems reasonable to avoid volatile anesthetics and ni-
trous oxide and to perform a total intravenous anesthesia (TIVA)
with propofol. Even if a TIVA is performed, the incidence of PONV
will still be unacceptably high (perhaps due to the persistent need
of intraoperative and postoperative opioids). Therefore, it would
make sense to perform the TIVA with the abovementioned com-
bination of dexamethasone and ondansetron.

5. If a patient suffers PONV despite being at low risk or despite pro-
phylactic means, rescue antiemetics should be given, because the
recurrence rate is usually >50%. Generally speaking, all prophylac-
tic antiemetics can be given as rescue treatment, but dexametha-
sone may be an exception because of the slow (but long lasting)
onset of antiemetic action. If a patient is at low risk and thus did not
receive antiemetics, a 5HT3 antagonist can be the first choice. One
advantage of rescue versus prophylactic treatment is that much
lower doses are needed, e.g., only 1 mg instead of 4 mg ondanse-
tron.77 This is in accordance with the observation that ondansetron
is not effective in the therapy of established PONV when it has been
given prophylactically before.78 Although there are not further re-
cent studies, it is generally assumed that if one antiemetic fails, an
additional antiemetic acting via a different receptor or mechanism
should be used.

� Conclusion

Postoperative nausea and vomiting has a multifactorial etiology. Nu-
merous risk factors have been described but only few seem to be unequivo-
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cally proven. Female gender, the patient’s history of PONV or motion
sickness, nonsmoking status, volatile anesthetics, nitrous oxide, and opi-
oids have shown to be independent predictors for PONV in various cen-
ters.

Several risk scores were developed to predict PONV. For adult inpa-
tients undergoing balanced anesthesia, a simplified risk score based on
the number of the four risk factors (female gender, history of PONV or
motion sickness, nonsmoking status, and expected need for postoperative
opioids) seem to provide a valid risk assessment. When 0, 1, 2, 3, or 4 of
the four factors are present, the patient’s risk for PONV is about 10, 20, 40,
60, or 80%, respectively.

Prophylaxis may not be justified in patients at low risk. However,
prophylaxis with dexamethasone and a serotonin antagonist can be a
reasonable approach in patients at increased risk (e.g., risk score 2,
∼40%). In patients at high and very high risk (e.g., risk score 3 or 4, ∼60
to 80%), volatile anesthetics and nitrous oxide should be avoided by using
a total intravenous anesthetic technique in conjunction with dexametha-
sone and a scrotonin antagonist.

Rescue treatment should be given to every patient because the rate of
recurrence is usually high (>50%). Doses required for the rescue treat-
ment of established PONV may be half or even a quarter of that needed
for prophylaxis. It is generally assumed that if one antiemetic fails, an
antiemetic acting via another mechanism should be given.
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therapy particularly predisposed this

patient to hyponatraemia.

This raises a number of issues relating

to peri-operative and postoperative

care. There is often a discrepancy

between the prescribing of intravenous

fluids and what is eventually adminis-

tered. Accurate monitoring of fluid

balance is notoriously difficult, partic-

ularly on busy surgical wards. Patients’

oral intake may also be forgotten when

estimating intravenous fluid require-

ments. A standardised postoperative

fluid regime needs to be tailored to

each individual patient’s weight and

requirements, and reviewed and modi-

fied in response to current investiga-

tions. Particular caution is needed in the

elderly, those having major surgery, and

those on multiple and perhaps unfamil-

iar medications. Finally, pharmacovigi-

lence remains paramount in anaesthetic

practise, with heightened awareness of

new therapies for common conditions

being essential.

S. Holland

S. Townley

R. Summerfield

Royal Hampshire County Hospital,

Winchester SO22 5DG, UK
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Study of postoperative nausea
and vomiting: recommending
risk models for group
comparisons

Having read with great interest the

recent paper (Thomas et al. Anaesthesia

2002; 57: 1119–28), as it questions the

validity of predictive models [1–4] that

we endorse, we would like to make the

following observations.

The authors compared the incidence

of postoperative nausea and vomiting

(PONV) predicted by several risk mod-

els, based on the demographic charac-

teristics of patients from their previous

study [5]. The predicted risks did not

correlate very well. However, to con-

clude that the use of risk scores for

group comparisons is limited, ignores

the fact that some scores may be

considerably better than others [6,7].

Furthermore, if the authors wish to

determine whether one of the risk

models provides an acceptable predic-

tion, the method of Bland and Altman

is certainly not the appropriate choice

[8]. This relatively simple but elegant

method was originally developed ‘for

assessing agreement between two

methods of clinical measurement’ in

the absence of a gold standard. How-

ever, in risk modelling the gold stand-

ard is clearly the actual outcome, i.e.

the estimated incidence should be

compared with the number of patients

that actually suffered PONV or not.

Unfortunately, such a comparison was

not performed.

Therefore, neither the presented

material nor the performed statistical

analysis in the discussed paper [4]

allows one to conclude that risk scores

in general do not provide an appro-

priate estimate for patient risk (and

therefore are not useful for group

comparisons). In contrast, the simpli-

fied risk scores [3] did provide a

realistic estimate of the patients risk

for PONV in adults as recently shown

in several other centres [6,7,9]. For this

and other reasons, we would strongly

recommend the use of a simplified risk

score for group comparisons in anti-

emetic trials in adults [10]. The only

exception is paediatric anaesthesia due

to the lack of a reliable predictive

model for children. This is also the

reason why a risk score for group

comparison was not used in a recent

study, since 593 out of 1180 patients

were children [11].

If the authors are still not convinced,

we would be pleased to support them

by performing a validation study of risk

scores in their own centre.

C. C. Apfel

University of Wuerzburg,

97080 Wuerzburg, Germany

E-mail: apfel@ponv.org
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A reply
We thank Dr Apfel and his colleagues

for their interest in our paper and would

like to respond to the comments they

have made.

Our study demonstrated that differ-

ent scoring systems produce very dif-

ferent estimates of the incidence of

postoperative nausea and vomiting

(PONV). We found this both perplex-

ing and surprising bearing in mind the

similarity of the demographic details

that make up the systems that we

analysed. While we accept Apfel’s state-

ment that some scoring systems may be

considerably better than others, without

a placebo group, no researcher is going

to be able to know which system will be

the best or most accurate. We still

maintain that the inclusion of a placebo

group within an anti-emetic trial invol-

ving ambulatory surgery for gynaecolo-

gical patients is unethical.

For the reason stated above, by

necessity, we were working without a

known ‘gold standard’. Our decision to

use the method of Bland and Altman

was therefore quite correct. Further-

more, it would have been impossible to

perform a comparison in the absence of

such a gold standard. This limitation of

our study was covered fully in our

original discussion.

We quite understand the attractive-

ness of a simplified risk score to be able

to either predict anti-emetic require-

ments or to use within the structure of a

randomised control trial. What we

believe we have demonstrated is that

all the current instruments are too blunt,

since moderate accuracy is probably the

best one can hope for when trying to

construct risk scores by current tech-

niques of modelling.

We thank Professor Apfel for the

offer of support in performing a valid-

ation of Apfel’s risk score in our

own centre and would welcome such

co-operation. Indeed we are still con-

fused as to how we should be scoring

occasional smokers and patients with no

previous anaesthetic history (do they

really have the same risk of PONV as

patients who have had a general anaes-

thetic and did not suffer from PONV?).

Even gender has become contentious

and the boundaries blurred. Is the risk of

PONV genotypically, phenotypically or

hormonally derived?

Moreover, we wish to draw on pro-

fessor Apfel’s teams expertise in testing

the utility of his scoring system by

challenging the null hypothesis: ‘there

is no difference in PONV in a popula-

tion prescribed the currently available

anti-emetics based on derived risk (using

Apfel’s scoring system) and a population

where prescribing is left to chance’.

R. Thomas

N. Jones

P. Strike

Salisbury District Hospital,

Salisbury, UK

E-mail: Drrichardthomas@aol.com

Fire and frost!

We read with interest the recent letter

regarding skin colour changes associated

with the use of ethyl chloride spray

when testing the height of an epidural

block in a parturient with black skin

(Kopka. Anaesthesia 2003; 58: 102). The

final paragraph asks the question ‘Any

lesson to be learnt?’ In addition to his

reply of ‘know your basics well and

always be prepared for the unexpected’,

we would like to add the following.

Ethyl chloride is a hazardous substance.

It is a highly flammable agent and can

cause a spectrum of skin damage by

rapid evaporation [1]. Therefore, for

health and safety reasons, alternative

methods of testing the height of

regional anaesthesia should be devised.

We have used frozen sachets of sodium

chloride 0.9% (25 ml Sterets Normasol,

Seton Pebbles Ltd) for the last 5 years

and have had no complications.

F. J. Lamb

S. Ali

East Surrey Hospital,

Surrey RH1 5RH, UK

E-mail: fionalamb@ukonline.co.uk
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1 Ethyl Chloride COSH. information
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Allergic reaction to
hyaluronidase after a
peribulbar injection

Hyaluronidase is a testicular protein,

which hydrolyses hyaluronic acid, a

structural component of the intercellu-

lar ground substance. It is often mixed

in the local anaesthetic solutions used in

ophthalmic regional anaesthetic tech-

niques in order to improve the anaes-

thetic action in terms of speed of onset

and spread of block. It is known to be a

potential cause of allergic adverse events

although there are few reports and little

detail in the literature. Consequently,

we are reporting a recent case at our

institution.

A 41-year-old, 56 kg female presen-

ted for removal of a circumferential

explant placed a year previously to treat

a left sided retinal detachment. Her past

medical history included breast carci-

noma, treated 2 years ago with mastec-

tomy, irradiation and chemotherapy.

Her only regular medication was tam-

oxifen and she had no known allergies.

She reported severe postoperative nau-

sea and vomiting following general

anaesthesia, so after discussion it was

decided to use a local anaesthetic tech-

nique. Sub-Tenon’s anaesthesia was

impossible due to the explant position-

ing, so an infero-temporal peribulbar

injection using a 25 gauge 25 mm

needle was performed. A solution of

2 ml prilocaine 3% with felypressin

0.03 il.ml)1 and 3 ml levobupiva-

caine 0.75%, containing 15 il.ml)1
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therapy particularly predisposed this

patient to hyponatraemia.

This raises a number of issues relating

to peri-operative and postoperative

care. There is often a discrepancy

between the prescribing of intravenous

fluids and what is eventually adminis-

tered. Accurate monitoring of fluid

balance is notoriously difficult, partic-

ularly on busy surgical wards. Patients’

oral intake may also be forgotten when

estimating intravenous fluid require-

ments. A standardised postoperative

fluid regime needs to be tailored to

each individual patient’s weight and

requirements, and reviewed and modi-

fied in response to current investiga-

tions. Particular caution is needed in the

elderly, those having major surgery, and

those on multiple and perhaps unfamil-

iar medications. Finally, pharmacovigi-

lence remains paramount in anaesthetic

practise, with heightened awareness of

new therapies for common conditions

being essential.

S. Holland

S. Townley

R. Summerfield

Royal Hampshire County Hospital,

Winchester SO22 5DG, UK
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Study of postoperative nausea
and vomiting: recommending
risk models for group
comparisons

Having read with great interest the

recent paper (Thomas et al. Anaesthesia

2002; 57: 1119–28), as it questions the

validity of predictive models [1–4] that

we endorse, we would like to make the

following observations.

The authors compared the incidence

of postoperative nausea and vomiting

(PONV) predicted by several risk mod-

els, based on the demographic charac-

teristics of patients from their previous

study [5]. The predicted risks did not

correlate very well. However, to con-

clude that the use of risk scores for

group comparisons is limited, ignores

the fact that some scores may be

considerably better than others [6,7].

Furthermore, if the authors wish to

determine whether one of the risk

models provides an acceptable predic-

tion, the method of Bland and Altman

is certainly not the appropriate choice

[8]. This relatively simple but elegant

method was originally developed ‘for

assessing agreement between two

methods of clinical measurement’ in

the absence of a gold standard. How-

ever, in risk modelling the gold stand-

ard is clearly the actual outcome, i.e.

the estimated incidence should be

compared with the number of patients

that actually suffered PONV or not.

Unfortunately, such a comparison was

not performed.

Therefore, neither the presented

material nor the performed statistical

analysis in the discussed paper [4]

allows one to conclude that risk scores

in general do not provide an appro-

priate estimate for patient risk (and

therefore are not useful for group

comparisons). In contrast, the simpli-

fied risk scores [3] did provide a

realistic estimate of the patients risk

for PONV in adults as recently shown

in several other centres [6,7,9]. For this

and other reasons, we would strongly

recommend the use of a simplified risk

score for group comparisons in anti-

emetic trials in adults [10]. The only

exception is paediatric anaesthesia due

to the lack of a reliable predictive

model for children. This is also the

reason why a risk score for group

comparison was not used in a recent

study, since 593 out of 1180 patients

were children [11].

If the authors are still not convinced,

we would be pleased to support them

by performing a validation study of risk

scores in their own centre.

C. C. Apfel
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A reply
We thank Dr Apfel and his colleagues

for their interest in our paper and would

like to respond to the comments they

have made.

Our study demonstrated that differ-

ent scoring systems produce very dif-

ferent estimates of the incidence of

postoperative nausea and vomiting

(PONV). We found this both perplex-

ing and surprising bearing in mind the

similarity of the demographic details

that make up the systems that we

analysed. While we accept Apfel’s state-

ment that some scoring systems may be

considerably better than others, without

a placebo group, no researcher is going

to be able to know which system will be

the best or most accurate. We still

maintain that the inclusion of a placebo

group within an anti-emetic trial invol-

ving ambulatory surgery for gynaecolo-

gical patients is unethical.

For the reason stated above, by

necessity, we were working without a

known ‘gold standard’. Our decision to

use the method of Bland and Altman

was therefore quite correct. Further-

more, it would have been impossible to

perform a comparison in the absence of

such a gold standard. This limitation of

our study was covered fully in our

original discussion.

We quite understand the attractive-

ness of a simplified risk score to be able

to either predict anti-emetic require-

ments or to use within the structure of a

randomised control trial. What we

believe we have demonstrated is that

all the current instruments are too blunt,

since moderate accuracy is probably the

best one can hope for when trying to

construct risk scores by current tech-

niques of modelling.

We thank Professor Apfel for the

offer of support in performing a valid-

ation of Apfel’s risk score in our

own centre and would welcome such

co-operation. Indeed we are still con-

fused as to how we should be scoring

occasional smokers and patients with no

previous anaesthetic history (do they

really have the same risk of PONV as

patients who have had a general anaes-

thetic and did not suffer from PONV?).

Even gender has become contentious

and the boundaries blurred. Is the risk of

PONV genotypically, phenotypically or

hormonally derived?

Moreover, we wish to draw on pro-

fessor Apfel’s teams expertise in testing

the utility of his scoring system by

challenging the null hypothesis: ‘there

is no difference in PONV in a popula-

tion prescribed the currently available

anti-emetics based on derived risk (using

Apfel’s scoring system) and a population

where prescribing is left to chance’.

R. Thomas

N. Jones

P. Strike

Salisbury District Hospital,

Salisbury, UK

E-mail: Drrichardthomas@aol.com

Fire and frost!

We read with interest the recent letter

regarding skin colour changes associated

with the use of ethyl chloride spray

when testing the height of an epidural

block in a parturient with black skin

(Kopka. Anaesthesia 2003; 58: 102). The

final paragraph asks the question ‘Any

lesson to be learnt?’ In addition to his

reply of ‘know your basics well and

always be prepared for the unexpected’,

we would like to add the following.

Ethyl chloride is a hazardous substance.

It is a highly flammable agent and can

cause a spectrum of skin damage by

rapid evaporation [1]. Therefore, for

health and safety reasons, alternative

methods of testing the height of

regional anaesthesia should be devised.

We have used frozen sachets of sodium

chloride 0.9% (25 ml Sterets Normasol,

Seton Pebbles Ltd) for the last 5 years

and have had no complications.

F. J. Lamb

S. Ali

East Surrey Hospital,

Surrey RH1 5RH, UK

E-mail: fionalamb@ukonline.co.uk
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Allergic reaction to
hyaluronidase after a
peribulbar injection

Hyaluronidase is a testicular protein,

which hydrolyses hyaluronic acid, a

structural component of the intercellu-

lar ground substance. It is often mixed

in the local anaesthetic solutions used in

ophthalmic regional anaesthetic tech-

niques in order to improve the anaes-

thetic action in terms of speed of onset

and spread of block. It is known to be a

potential cause of allergic adverse events

although there are few reports and little

detail in the literature. Consequently,

we are reporting a recent case at our

institution.

A 41-year-old, 56 kg female presen-

ted for removal of a circumferential

explant placed a year previously to treat

a left sided retinal detachment. Her past

medical history included breast carci-

noma, treated 2 years ago with mastec-

tomy, irradiation and chemotherapy.

Her only regular medication was tam-

oxifen and she had no known allergies.

She reported severe postoperative nau-

sea and vomiting following general

anaesthesia, so after discussion it was

decided to use a local anaesthetic tech-

nique. Sub-Tenon’s anaesthesia was

impossible due to the explant position-

ing, so an infero-temporal peribulbar

injection using a 25 gauge 25 mm

needle was performed. A solution of

2 ml prilocaine 3% with felypressin

0.03 il.ml)1 and 3 ml levobupiva-

caine 0.75%, containing 15 il.ml)1
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Dolasetron Versus Ondansetron for the Treatment of
Postoperative Nausea and Vomiting
Tricia A. Meyer, MS, FASHP*†, Charles R. Roberson, MD†, Mohammed H. Rajab, PhD‡,
Jad Davis, MD†, and Charles H. McLeskey, MD*

From the Departments of *Pharmacy, †Anesthesiology, and ‡Biostatistics, Scott and White Memorial Hospital and Clinic,
Scott, Sherwood and Brindley Foundation, The Texas A&M University System Health Science Center College of Medicine,
Temple, Texas

The management of postoperative nausea and vomit-
ing (PONV) remains a persistent problem. Despite the
use of prophylactic antiemetics, breakthrough nausea
and vomiting still frequently occur. There have been no
published studies comparing dolasetron and ondanse-
tron for the treatment of PONV. This was a prospective,
randomized, double-blind, active-controlled study in
adult outpatient surgery patients. We screened 559 con-
secutive adult surgery patients, with 92 patients ran-
domized to either ondansetron or dolasetron. The ob-
jectives of the study were 1) to determine whether
treatment of PONV with ondansetron 4 mg IV or dola-
setron 12.5 mg IV would result in better outcomes in
patients undergoing day surgery and 2) to compare the

cost of drugs used for treating PONV. Thirty-three
(70%) of 47 patients given ondansetron required rescue
medication, compared with 18 (40%) of 45 patients
given dolasetron (P � 0.004). Dolasetron was approxi-
mately 40% less expensive than ondansetron, and the
costs of the study drug plus rescue antiemetics were
30% less in the dolasetron group than in the ondanse-
tron group. Dolasetron provided greater efficacy for an-
tiemetic treatment because of the need for less rescue
therapy. Because of the decreased use of rescue anti-
emetics and acquisition cost at our hospital, costs in the
dolasetron group were less than costs in the ondanse-
tron group.

(Anesth Analg 2005;100:373–7)

N ausea and vomiting are two of the most fre-
quently experienced postoperative side effects,
and patients rank them as main concerns in the

postoperative period (1–4). Postoperative nausea and
vomiting (PONV) can cause unanticipated hospital
admission in patients undergoing ambulatory surgery
(5,6). The etiology of PONV is complicated and mul-
tifactorial (4). Its overall incidence is approximately
30%, although some surgical procedures have an 80%
incidence (1,4,7). With the current trend of increasing
ambulatory surgeries and discharging patients earlier,
the need for an effective treatment antiemetic that
provides the best patient outcome at the most reason-
able cost becomes critical. The 5-hydroxytryptamine-3
(5-HT3) receptor antagonist drugs provide an effective
treatment for PONV with fewer clinically significant
side effects (8,9). The purpose of this study was to
determine the effectiveness of dolasetron 12.5 mg IV
versus ondansetron 4 mg IV for treatment of PONV.

Methods
This was a prospective, randomized, double-blind,
active-controlled, single-site study in adult outpatient
surgery patients scheduled for procedures requiring
general anesthesia during a 5-mo period. This study
was conducted as part of the Scott & White Effective-
ness Registry, a program for performing prospective
randomized trials comparing the effectiveness of dif-
ferent treatments in the course of usual clinical care
(10,11). Studies conducted under the Effectiveness
Registry are designed to evaluate outcomes of care in
realistic practice situations, in contrast to efficacy stud-
ies performed in highly selected populations under
ideal conditions.

All adult patients scheduled for outpatient surgery
under general anesthesia (inhalation based with fen-
tanyl for pain) were considered for enrollment in the
study. Patients were excluded for any of the following
reasons: 1) the patient declined participation, 2) the
physician responsible for patient care considered the
study not to be in the best interest of the patient for
any reason, 3) the patient was allergic to either pri-
mary study drug, or 4) the patient was unable to
understand the study.
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The study received IRB approval, and informed
consent was obtained from all participants. Patients
were eligible if they experienced PONV. Inclusion
criteria were patients 1) �18 yr of age, 2) scheduled for
day surgery, and 3) having general anesthesia. Con-
secutive eligible patients were interviewed by and
gave consent to a research nurse coordinator in the
Anesthesia Assessment Unit before surgery. A ran-
domization schedule was provided by the Depart-
ment of Biostatistics to Pharmacy Investigational Drug
Services (IDS). The subset of consented patients who
experienced PONV were entered into the treatment
group and randomized to a single IV dose of either
ondansetron 4 mg or dolasetron 12.5 mg. The random
assignments were made sequentially from a confiden-
tial, computer-generated list of permuted blocks of
varying size. This list provided equal probabilities for
patients to receive one of the two study drugs treating
PONV. None of the clinical personnel involved in the
study had access to the randomization list other than
the unblinded pharmacist from the IDS. The IDS la-
beled and prepared the blinded study syringes. The
blinding was achieved by drawing up the contents of
the dolasetron 12.5-mg/0.625-mL ampule and adding
diluent to make a volume of 2 mL. This was placed in
a 3-mL syringe. The ondansetron 4 mg was drawn to
a volume of 2 mL (4 mg/2 mL) and placed in a 3-mL
syringe. IDS delivered the blinded syringe containing
the study drug to the postanesthesia care unit (PACU)
or day-surgery step-down unit for the study partici-
pants experiencing nausea, vomiting, or both. The
need for rescue medication was determined by pa-
tients experiencing one emetic episode or one nausea
episode longer than 5 min or both. If patients did not
experience PONV, they did not receive study drug
and were not included in the analysis.

The primary outcome measurement in this study
was the need for antiemetic rescue therapy in patients
receiving either ondansetron or dolasetron as the ini-
tial treatment for PONV. Determination of the need
for rescue antiemetic was assessed by the nurse in the
Phase I or Phase II unit. The selection of the rescue
antiemetic was at the discretion of the anesthesia care
provider. Patients experiencing one emetic episode or
one nausea episode longer than 5 min or both were
allocated to receive postoperative treatment (a mini-
mum of 20 min after study drug administration) until
discharge. An additional objective was to determine
the cost of the study drugs and rescue drugs used.
Other additional outcome measurements included re-
covery time (defined as the time from the end of
anesthesia until discharge criteria were met from the
PACU and day-surgery unit) and episodes of PONV
occurring within 24 h of surgery. Discharge criteria
were based on the Aldreti score. In addition to the
24-h PONV follow-up, patients were queried for sat-
isfaction outcomes.

Baseline characteristics included age, sex, number of
prior surgeries, and history of PONV. Categorical vari-
ables including sex, history of PONV, receipt of prophy-
lactic antiemetics, the need for rescue medication, type
and dose of rescue medication, episodes of nausea and
vomiting, and patient satisfaction with PONV treatment
were compared by using Fisher’s exact test or the �2 test,
as appropriate. Continues variables including age and
recovery time were compared by using Student’s t-test.
The Wilcoxon nonparametric test was used to compare
medians for continuous variables that were not normally
distributed. P values �0.05 were considered statistically
significant.

Sample size computation assumed a difference in
proportion of 0.25 (specifically, 0.50 vs 0.25). On the
basis of previous experience, the proportion of pa-
tients treated with ondansetron who were expected to
continue vomiting and to need another rescue anti-
emetic, or another dose of ondansetron, was estimated
to be approximately 25%. The sample size was ex-
pected to provide 80% power to show a statistically
significant result if the proportion of patients whose
treatment with dolasetron failed was �50%.

Additional assumptions used in estimating sample
size included a criterion for significance (�) of 0.05 and
an equal number in each study arm. With these as-
sumptions, 92 (46 per group) randomized patients
were required.

Results
A total of 559 patients were scheduled for outpatient
surgery during the study period. Of these patients, 351
(63%) satisfied inclusion and exclusion criteria, pro-
vided informed consent, and were qualified for treat-
ment under protocol guidelines. One-hundred-forty-
three of these patients experienced PONV. Of the
patients who experienced PONV, 47 patients did not
receive blinded study drug, and 4 patients chose not to
participate. Ninety-two patients consented to random-
ized treatment (ondansetron, n � 47; dolasetron, n �
45) (Fig. 1).

For patients who received either ondansetron or
dolasetron, the proportion of men and women en-
rolled was similar between treatment groups (Table 1).
Although the median age of patients treated with
dolasetron was 10 yr older than those treated with
ondansetron, this difference was not statistically sig-
nificant. There were no statistically significant differ-
ences in baseline variables (prior surgery, history of
PONV, postoperative vomiting, receipt of prophylac-
tic drug, or admission to the hospital). Patient demo-
graphics and baseline characteristics are summarized
in Table 1. Types of surgical procedures were similar
in both groups (Table 2).

There were no significant differences in the number
of patients who actually vomited (11 [23%] of 47 for
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ondansetron versus 7 [16%] of 45 for dolasetron) (Ta-
ble 3). Analysis of the primary outcome variable (need
for rescue antiemetics; Table 3) indicated that 70% (33

of 47) of patients receiving ondansetron required res-
cue antiemetic therapy, compared with 40% (18 of 45)
of patients receiving dolasetron (P � 0.004). Although
the dolasetron group was superior, both groups had a
large number of patients who experienced PONV.

Secondary outcomes included admission to the hos-
pital for PONV, overall time until discharge-ready in
the PACU, overall time until discharge-ready in day
surgery, and evaluation of nausea and vomiting
within 24 h of the procedure. Similarly, the overall
median time spent in the PACU was the same be-
tween treatment groups (Table 3).

No difference was noted for time in the PACU. The
overall median time spent in day surgery was larger
for patients treated with ondansetron compared with
dolasetron (158 versus 131 min, respectively; P �
0.17), although this was not statistically significant.
Secondary outcome measurements are summarized in

Figure 1. Dolasetron versus ondansetron for treatment of postoperative nausea and vomiting: flow diagram.

Table 1. Demographics and Baseline Characteristics (All Treated Patients)

Variable
Ondansetron

(n � 47)
Dolasetron

(n � 45) P valuea

Sex 0.70
Men 12 (26%) 10 (22%)
Women 35 (74%) 35 (78%)

Age (yr), median (range) 39 (20–77) 49 (18–76) 0.11
Baseline variable

Prior surgery 42 (89%) 38 (84%) 0.50
History of PONV 11 (23%) 8 (18%) 0.50
Prophylactic antiemetic 14 (30%) 9 (20%) 0.28

PONV � Postoperative Nausea and Vomiting.

Table 2. Surgical Procedures for Randomized Patient
Groups

Surgical
procedure

Ondansetron
(n � 47)

Dolasetron
(n � 45)

Orthopedic 7 (15) 9 (20)
Laparoscopy 15 (33) 17 (38)
Gynecological 9 (19) 5 (11)
Ear/nose/throat 3 (6) 5 (11)
Urology 3 (6) 3 (7)
Plastic 2 (4) 2 (4)
Eye 4 (18) 0
Podiatry 0 2 (4)
Other 4 (8) 2 (4)

Data are n (%).
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Table 3. Follow-up information was collected for 37
patients treated with ondansetron and 37 patients
treated with dolasetron. Data for 18 patients’ 24-h
PONV incidences were not available. Of the available
data, patients in the ondansetron arm experienced
fewer episodes of nausea and vomiting within 24 h
after surgery compared with those treated in the do-
lasetron arm (7 [19%] of 37 versus 17 [46%] of 37).
Without data on the remaining 18 patients, the authors
could not make a conclusion for the 24-h postdis-
charge PONV. Patients were asked whether they were
satisfied with their treatment for PONV, and the re-
sponse was that the dolasetron group was more sat-
isfied (27 [71%] of 38) than the ondansetron group (23
[59%] of 39). Similarly, patient data on 15 subjects
were unavailable for determination of satisfaction
with the treatment; therefore, no conclusion could be
made.

The type and number of doses of antiemetic rescue
medications were recorded for each treatment group
and compared to determine the total cost of rescue
antiemetic therapy. Overall, 70% (33 of 47) of patients
in the ondansetron treatment group required rescue
antiemetic treatment, compared with 40% (18 of 45) of
patients in the dolasetron treatment group. Rescue
antiemetic use and the average cost of rescue therapy
are summarized in Table 4. The average wholesale
price (from the Red Book on the drugs) was $19.55 for
dolasetron and $26.71 for ondansetron.

Discussion
Several comparisons of 5-HT3 receptor antagonists
have been performed. Examining the prophylaxis of
PONV showed equal efficacy for dolasetron and on-
dansetron in most studies (12–15). A recent consensus
panel reviewing the PONV literature (16) reached a
similar conclusion: “there is no evidence of any differ-
ences in the efficacy and safety profiles of the seroto-
nin receptor antagonists—ondansetron, dolasetron,
granisetron and tropisetron—in the prophylaxis of
PONV.”

A quantitative systematic review was published on
antiemetics used for the treatment for established

PONV (17). The authors noted the limited number of
publications for treatment regimens for PONV; how-
ever. the 5-HT3 receptor antagonists were the drugs
most often investigated. The group concluded that
5-HT3 receptor antagonists are effective to some extent
as treatment for vomiting, however, they are less ef-
fective for treatment of nausea. The authors also noted
that there were not many reports on direct compar-
isons of 5-HT3 receptor antagonists. The analysis
conducted by this group relied on the indirect com-
parisons with these placebo-controlled studies. Our
study directly compared two of the 5-HT3 receptor
antagonists.

The purpose of our study was to compare the effec-
tiveness of ondansetron 4 mg IV and dolasetron
12.5 mg IV for the treatment of PONV in patients
undergoing day surgery. Both doses were selected
from the Food and Drug Administration-approved
package insert for treatment of PONV. An additional
objective was to compare the cost of an overall treat-
ment strategy for the antiemetic drugs when taking
into consideration the cost of the primary 5-HT3 re-
ceptor antagonist drug and any required rescue anti-
emetic therapy.

A limitation of the study is the administration of a
prophylactic antiemetic in 23 of the patients (14 pa-
tients in the ondansetron group and 9 patients in the
dolasetron group). Twelve of the patients in this sub-
set received metoclopramide 10 mg. Although catego-
rized as a prophylactic antiemetic, this drug is often
used for gastric emptying. Henzi et al. (18) found in a
systematic review that the antiemetic activity of met-
oclopramide when used in standard clinical doses
(10 mg IV) has no clinically relevant antiemetic effect
for PONV prophylaxis. Therefore, the 12 patients who
received metoclopramide may not be a limitation of
this study. PONV before discharge and at 24 hours for
patients receiving the prophylactic antiemetics versus
patients not receiving the prophylactic antiemetics
showed no difference between groups. Another limi-
tation of the study was the failure to obtain informa-
tion at the 24-hour follow-up. Eighteen patients’ data
were unavailable for the postdischarge analysis.

Table 3. Primary Outcome Measurements

Variable
Ondansetron

(n � 47)
Dolasetron

(n � 45) P value

Rescue drug required 33 (70%) 18 (40%) 0.004
Postoperative vomiting before discharge 11 (23%) 7 (16%) 0.34
Same-day admissions 5 (11%) 8 (18%) 0.32
Admitted to hospital for PONV 1 (2%) 1 (2%) —
Time in day surgery recovery (min) 158 � 109 131 � 64 0.17
Time in PACU (min) 76.6 � 32 76.6 � 31 0.99

PONV � postoperative nausea and vomiting; PACU � postanesthesia care unit.
Data are n (%) or mean � sd.
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In conclusion, treatment trials are more difficult to
conduct than prevention trials. This may account for
the lack of publications in this area. Our intent was to
compare the most widely used 5-HT3 receptor antag-
onists in the United States for treatment of established
PONV. Results of this trial suggest that, although
dolasetron provides similar or greater efficacy com-
pared with ondansetron for the treatment of PONV,
the average cost of dolasetron therapy presents con-
siderable cost incentives in the consideration of ther-
apy strategies.

References
1. Kovac Al. Prevention and treatment of postoperative nausea

and vomiting. Drugs 2000;59:213–43.
2. Macario A, Weinger M, Carney S, Kim A. Which clinical anes-

thesia outcomes are important to avoid? The perspective of
patients. Anesth Analg 1999;89:652–8.

3. Gan T, Sloan F, de L Dear G, et al. How much are patients
willing to pay to avoid postoperative nausea and vomiting?
Anesth Analg 2001;92:393–400.

4. Watcha MF, White PF. Postoperative nausea and vomiting.
Anesthesiology 1992;77:162–84.

5. Gold BS, Kitz DS, Lecky JH, Neuhaus JM. Unanticipated admis-
sion to the hospital following ambulatory surgery. JAMA 1989;
262:3008–10.

6. Fortier J, Chung F, Su J. Unanticipated admission after ambu-
latory surgery: a prospective study. Can J Anaesth 1998;45:
612–9.

7. Apfel CC, Laara E, Koivuranta M, et al. A simplified risk score
for predicting postoperative nausea and vomiting: conclusions
from cross-validations between two centers. Anesthesiology
1999;91:693–700.

8. Kovac AL, Scuderi PE, Boerner TF, et al. Treatment of postop-
erative nausea and vomiting with single intravenous doses of
dolasetron mesylate: a multicenter trial—Dolasetron Mesylate
PONV Treatment Study Group. Anesth Analg 1997;85:546–52.

9. Scuderi P, Wetchler B, Sung YF, et al. Treatment of postopera-
tive nausea and vomiting after outpatient surgery with the
5-HT3 antagonist ondansetron. Anesthesiology 1993;78:15–20.

10. Anderson C. Measuring what works in health care. Science
1994;263:1080–2.

11. Hillis A, Rajab MH, Baisden CE, et al. Three years of experience
with prospective randomized effectiveness studies. Control Clin
Trials 1998;19:419–26.

12. Zarate E, Watcha MF, White PF, et al. A comparison of the costs
and efficacy of ondansetron versus dolasetron for antiemetic
prophylaxis. Anesth Analg 2000;90:1352–8.

13. Walker JB. Efficacy of single-dose intravenous dolasetron versus
ondansetron in the prevention of postoperative nausea and
vomiting. Clin Ther 2001;23:932–8.

14. Sukhani R, Pappas AL, Lurie J, et al. Ondansetron and dolas-
etron provide equivalent postoperative vomiting control after
ambulatory tonsillectomy in dexamethasone-pretreated chil-
dren. Anesth Analg 2002;95:1230–5.

15. Olutye O, Jantzen E, Alexis R, et al. A comparison of the cost
and efficacy of ondansetron and dolasetron in the prophylaxis
of postoperative vomiting in pediatric patients undergoing am-
bulatory surgery. Anesth Analg 2003;97:390–6.

16. Gan TJ, Meyer TA, Apfel CC, et al. Consensus guidelines for
managing postoperative nausea and vomiting. Anesth Analg
2003;97:62–71.

17. Kazemi-Kjellberg F, Henzi I, Tramer MR. Treatment of estab-
lished postoperative nausea and vomiting: a quantitative sys-
tematic review. BMC Anesthesiol 2001;1:2.

18. Henzi I, Walder B, Tramer MR. Metoclopramide in the preven-
tion of postoperative nausea and vomiting: a quantitative sys-
tematic review of randomized, placebo-controlled studies. Br J
Anaesth 1999;83:761–7.

Table 4. Total Doses of Rescue Therapy and Cost

Rescue antiemetica
Ondansetron

(n � 33)
Dolasetron

(n � 18)

Droperidol 6 5
Metoclopramide 16 6
Promethazine 4 4
Ondansetron 15 6
Dolasetron 6 5
Total rescue doses 47 26

Average cost of study drug plus rescue therapy (US$) 26.52 18.72
a A patient may have received more than one dose of rescue antiemetic.

ANESTH ANALG AMBULATORY ANESTHESIA MEYER ET AL. 377
2005;100:373–7 DOLASETRON VS ONDANSETRON FOR TREATMENT OF PONV



� REVIEW ARTICLE

David C. Warltier, M.D., Ph.D., Editor

Anesthesiology 2003; 99:488–95 © 2003 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Does the Routine Prophylactic Use of Antiemetics Affect
the Incidence of Postdischarge Nausea and Vomiting
following Ambulatory Surgery?

A Systematic Review of Randomized Controlled Trials
Anil Gupta, M.D., F.R.C.A., Ph.D.,* Christopher L. Wu, M.D.,† Nabil Elkassabany, M.D.,* Courtney E. Krug, B.A., B.S.,‡
Stephen D. Parker, M.D.,† Lee A. Fleisher, M.D.§

THE rapid increase in ambulatory surgery procedures
performed over the past 10 yr has resulted in greater
focus directed toward the control of postoperative nau-
sea and vomiting (PONV), sometimes appropriately
termed the “big, little problem.”1 The incidence of this
complication is variable,2 but PONV has emerged as one of
the commonest complications following ambulatory sur-
gery,3 and the one that patients would most like to avoid.4

Specifically, the postdischarge period has been poorly
studied but is important from the patient’s perspective.

Despite the increasing availability of newer and more
expensive drugs for the prevention of PONV, some au-
thors question the routine use of single-drug prophylaxis
in low-risk patients.5 The long-term (� 6 h) effect of
antiemetics is even more uncertain in the ambulatory
setting, because the focus of attention has previously
been on the management of early PONV (in the day
surgical unit). As many as 35–50% patients continue to
have postdischarge nausea and vomiting (PDNV).6,7 It is
important to control this symptom after discharge, be-
cause resumption of normal activities may be delayed if
PONV is prolonged6 and ambulatory surgical patients are
not under direct medical supervision after discharge.7 In
our experience, few centers routinely provide antiemet-
ics for the control of PDNV at home. Numerous system-
atic reviews have now been published in the literature

on PONV, but only one has focused on PONV after
hospital discharge in ambulatory surgical patients.8

This systematic review was completed to address the
question of whether the routine prophylactic use of
antiemetics affects the incidence of PDNV following
ambulatory surgery. We restricted our analysis to ran-
domized, controlled studies published in the English
literature.

Methods

Citation Search Strategy
The primary question for this systematic review was:

Does prophylactic management of nausea and vomiting
affect postdischarge outcome following ambulatory sur-
gery? We searched MEDLINE (1966 through May 2002)
via PubMed using the MeSH terms: postoperative, nau-
sea, vomiting, and postoperative nausea and vomiting.
The results were limited to studies in humans, the En-
glish language, and the adult patient population (� 19 yr
old). Publication types were limited to clinical trials,
controlled clinical trials, or multicenter studies. After
obtaining a list of all the identified articles, a careful hand-
search was done from the reference list of all relevant
articles. The related articles search strategy of PubMed was
also used to identify any missing articles. Finally, review
articles or systematic reviews of PONV were searched to
identify articles missing from the original list.

Inclusion Criteria
The following criteria were used to identify appropri-

ate studies that could be included in the analysis: human
studies in adults published in the English literature of
patients undergoing ambulatory surgery. The studies
also had to be controlled and randomized with the spe-
cific primary endpoint of assessing nausea or vomiting
after discharge for at least 24 h after surgery.

Exclusion Criteria
Studies were excluded if they presented data for and

included the first postoperative 24 h (i.e., were not
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limited to the postdischarge period). If a study presented
a nausea score or a visual analog scale for nausea without
providing the number of patients with nausea, the data
were not included in the analysis. Those studies in
which the authors did not use the terms ambulatory
surgery or outpatient surgery but instead used major
surgery or the patients were admitted to the ward were
also excluded from the analysis. Those studies in which
direct comparisons were made between two drugs with-
out a placebo group were also excluded.

Data Extraction
Data extraction was done independently by two pri-

mary reviewers (A.G., N.E.), who were unaware of each
other’s results. Data included aspects of patient charac-
teristics, anesthesia, type of surgery, and incidence of
PONV at 0–6 h (predischarge) and postdischarge. Ex-
tracted data were compared for agreement between the
two primary reviewers by a third reviewer (C.L.W.). Any
discrepancies were noted and discussed further to come
to an agreement between all reviewers. Studies in which
combinations of drugs were used for prophylaxis against
PONV (� 1 antiemetic drug) were treated and analyzed
together, irrespective of the type of antiemetic used
(combination treatment).

Data Synthesis and Analysis
Only when data were extractable from more than one

study was it subject to a meta-analysis. Dichotomous data
extracted from the relevant studies were entered into
the program RevMan 4.1 (Review Manager; Cochrane
Collaboration, Oxford, U.K.) and analyzed. The relative
risk with the corresponding 95% confidence intervals
were calculated for each study, and the results were
pooled together using the Mantel-Haenszel Method for
combining trials. The overall estimate of pooled effect
was calculated. Heterogeneity was determined under the
assumption (null hypothesis) that there were no differ-
ences in treatment effect between trials. For combined
data, a fixed effect model was used when there was no
significant heterogeneity (P � 0.05). The numbers-need-
ed-to-treat were calculated for those antiemetics in
which a significant overall effect was seen (P � 0.05) by
the reciprocal of the control event rate (CER) � exper-
imental event rate (EER): 1/CER � EER. The chi-square
test was used for calculating differences in the overall
incidence of PONV or PDNV. A P value � 0.05 was
considered to be statistically significant.

Results

Literature Review
The results from outpatients and ambulatory surgical

procedures were combined using the OR function to
yield 21,739 articles. The results from nausea and vom-

iting were combined to yield 38,561 articles. The term
postoperative was combined with the above searches
using the AND function to reveal 495 articles. As a last
step, the LIMITED function was used to limit articles to
humans, to the English language, and to the adult pop-
ulation (� 19 yr) and was restricted to clinical trials or
controlled clinical trials or multicenter study using the
function PUBLICATION TYPE, which yielded 189 arti-
cles. The abstracts of these 189 articles were read to see
if they addressed the primary question. Forty-eight arti-
cles reported a primary aim of comparing drugs in the
control of PONV. These 48 articles were further ana-
lyzed to see if any data were reported that could be
extracted on postdischarge nausea or vomiting
(PDNV). A hand-search was also done through the ref-
erence lists of these articles to find any “missing” articles.
We realized that some articles were missed because
authors had not used the term outpatients or ambula-
tory surgical procedures in their study, and that the
MeSH term ambulatory surgical procedure was intro-
duced as late as in 1998. Therefore, a second search was
done without these MeSH terms to reveal a total of 1,315
articles, which were searched to see if they addressed
the primary question. A final count of 22 articles was
found in which the appropriate postdischarge data (nau-
sea or vomiting) could be extracted (table 1).9–30 The
reasons for excluding the articles from the final list were:
primary aim different from the assessment of PONV, lack
of postdischarge data, studies in which data combined
the immediate postoperative period and the 24-h post-
operative period (not restricted to the postdischarge
period) into a single data point, studies in which no
comparison was made against a placebo, and studies in
which nausea was reported as a visual analog scale or
score rather than the number of patients with nausea.

Study Characteristics
Of the studies that met our inclusion/exclusion crite-

ria, 19 reported the number of patients with postdis-
charge nausea (PDN), and 21 reported postdischarge
vomiting (PDV) during the first 24 h. Primary admission
because of persistent PONV was reported in five studies.
No patients were readmitted because of PDNV in any
study. The need for antiemetics after discharge to home
was reported in only one study.10

Patient Characteristics
The demographic data of the population studied and

the type of surgery in the 22 studies included in the
meta-analysis are shown in table 1. Of the total 3,629
patients studied, 1,216 were given a placebo (33.5%) and
2,413 were given an active drug (66.5%). The mean age
of the patients in the treatment group was 33.2 yr and in
the placebo group, 34.1 yr (P � 0.05). The majority of
patients studied were women (88.3%) undergoing gyne-
cologic surgery.
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Table 1. Studies Addressing PDNV Included in the Meta-analysis

Reference
Publication

Year Comparison

Total No.
of

Patients
No. of

Females Type of Surgery
Maintenance

Agent

Postdischarge

Nausea (n) Vomiting (n)

Patterson et
al.9

1993 Prochlorperazine vs.
placebo

52 52 Gynecologic surgery
or breast biopsy

Isoflurane 2 6

Sun et al.10 1997 Ondansetron vs. placebo 75 35 Ear, nose, and throat Desflurane 17 3
Coloma et al.11 2001 Dexamethasone vs.

placebo
80 43 Anorectal Propofol 8 NR

Wagley et al.12 1999 Ondansetron vs. placebo 50 25 Maxillofacial Midazolam,
fentanyl,
methohexital

13 9

O’Donovan
and Shaw13

1984 Droperidol vs. placebo 124 77 Dental surgery 11 6

Cholwill et al.14 1999 Ondansetron vs. cyclizine
vs. placebo

175 175 Gynecologic
laparoscopic
surgery

Isoflurane 28 30

Wang et al.15 2000 Dexamethasone vs.
placebo

81 81 Gynecologic
laparoscopic
surgery

Isoflurane 13 6

Malins et al.16 1994 Ondansetron vs.
metoclopramide vs.
placebo

150 150 Gynecologic
laparoscopic
surgery

Isoflurane 39 19

Paxton et al.17 1995 Ondansetron vs.
metoclopramide vs.
droperidol vs. placebo

118 118 Gynecologic
laparoscopic
surgery

Isoflurane NR 15

Millar and
Hall18

1987 Droperidol vs. placebo 144 144 Termination of
pregnancy

Enflurane 8 0

Aasboe et al.19 1998 Betamethasone vs.
placebo

78 73 Orthopedic � general
surgery

Isoflurane 19 7

Scuderi et al.20 1999 Ondansetron vs. placebo 575 364 Mixed procedures NR NR 107
Bailey et al.21 1990 Scopolamine vs. placebo 138 138 Gynecologic

laparoscopic
surgery

Isoflurane NR 10

Huang et al.22 2001 Dexamethasone vs.
metoclopramide vs.
placebo

115 115 Gynecologic
laparoscopic
surgery

Isoflurane 18 8

Wilson et al.23 2001 Metoclopramide vs.
ondansetron vs.
placebo

232 183 Laparoscopic
cholecystectomy

Isoflurane 59 59

Tzeng et al.24 2000 Dexamethasone vs.
droperidol vs.
combination vs.
placebo

151 151 Gynecologic (dilatation
� curettage)

Propofol 19 12

Tang et al.25 1998 Ondansetron vs. placebo 164 164 Gynecologic
laparoscopic
surgery

Desflurane 94 46

Scuderi et al.26 2000 Combination vs.
ondansetron vs.
placebo

139 139 Gynecologic
laparoscopic
surgery

Sevoflurane NR 28

Ahmed et al.27 2000 Ondansetron vs.
combination vs.
placebo

139 139 Gynecologic
laparoscopic
surgery

Isoflurane 41 13

McKenzie et
al.28

1993 Ondansetron vs. placebo 544 544 Gynecologic surgery
� laparoscopy

Isoflurane or
enflurane

327 39

Wu et al.29 2000 Ondansetron vs.
droperidol vs.
combination vs.
placebo

160 160 Gynecologic
laparoscopy

Isoflurane 45 45

Tang et al.30 1996 Ondansetron vs.
droperidol vs. placebo

161 161 Gynecologic
laparoscopy

Desflurane 54 29

NR � not recorded; PDNV � postdischarge nausea and vomiting.
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Drug Characteristics
The following drugs were compared with placebo:

droperidol � 1 mg (four studies) and � 1 mg (four
studies); cyclizine 50 mg (one study); metoclopramide
10 mg (four studies); betamethasone 12 mg (one study);
scopolamine 1.5 mg (one study); prochlorperazine 6 mg
(one study); dexamethasone 4–10 mg (four studies); and
ondansetron 1 mg (one study), 4 mg (13 studies), and
8 mg (one study). In addition, four studies compared
combination treatment (2 or 3 drugs) against placebo.
Meta-analysis was not performed when less than two 2
studies with extractable data could be identified.

Postdischarge Nausea
A total of 815 patients had PDN (32.6%). The number

of patients who had PDN in the placebo and treatment
groups was 276 (35.7%) and 539 (31.2%), respectively
(P � 0.05). The overall incidence of postoperative nau-
sea in these studies was 26.0% and 40.4% in the treat-
ment and placebo groups, respectively (P � 0.05).
When comparing different drugs with placebo in a meta-
analysis of all studies with relevant data, ondansetron 4
mg, dexamethasone 4–10 mg, and combination treat-
ment with more than one drug had a significantly lesser
relative risk compared to placebo for PDN (P � 0.05)

(table 2). The pooled data for the relative risk of PDN in
the ondansetron 4 mg and combination treatment
groups are shown in figures 1 and 2, respectively. No
significant heterogeneity was observed between the
studies. The overall incidence of PDN was significantly
lower in the ondansetron 4 mg group (39.9%) than in the
placebo group (48.1%) (P � 0.05). The number-needed-
to-treat was large with all drugs except combination
treatment, when single studies were excluded (table 2).
In patients treated with ondansetron, the overall inci-
dence of PDN in a subgroup of desflurane-anesthetized
patients was 44.6% compared to 38.3% for isoflurane
(not significant). The relative risks for desflurane and
isoflurane were 0.75 (CI, 0.59–0.96) and 0.66 (CI, 0.47–
0.92) compared to placebo.

Postdischarge Vomiting
A total of 497 patients had PDV (14.7%). In the placebo

group, 19.6% of patients had PDV, whereas 12.1% of
those in the treated group had PDV (P � 0.05). The
overall incidence of postoperative vomiting was 14.6%
and 26.5% in the treatment and placebo groups, respec-
tively (P � 0.05). The relative risk for ondansetron 4 mg
and combination treatment with two or more drugs was
significantly lower than with placebo for PDV (P �

Table 2. Efficacy of Antiemetic Medication on PDN

No. of
Trials

Total No. of
Patients
Studied

Total No. of
Patients

with PDN RR 95% CI P Value
Heterogeneity

(P Value) NNT

Ondansetron vs. placebo
1 mg 1 272 189 0.99 0.85–1.16 0.9 NA
4 mg 10 1067 464 0.77 0.67–0.87 0.00009 0.36 12.9
8 mg 1 275 157 0.63 0.51–0.79 0.00004 NA 3.9

Droperidol vs. placebo
�1 mg 3 278 49 1.02 0.63–1.65 0.9 0.28
�1 mg 3 239 49 0.68 0.41–1.11 0.12 0.77

Dexamethasone vs. placebo 4 316 45 0.55 0.31–0.97 0.04 0.99 12.2
Metoclopramide vs. placebo 3 323 87 0.76 0.53–1.09 0.14 0.99
Cyclizine vs. placebo 1 70 19 0.92 0.42–1.99 0.8 NA
Betamethasone vs. placebo 1 78 19 0.28 0.10–0.77 0.01 NA 3.7
Combination vs. placebo 3 219 47 0.32 0.19–0.54 0.00002 0.27 5.2

CI � confidence intervals; NA � not applicable; NNT � numbers needed to treat; PDN � postdischarge nausea; RR � relative risk.

Fig. 1. Postdischarge nausea in the on-
dansetron 4 mg group versus the placebo
group. CI � confidence interval, n �
number of patients with nausea, N � total
number of patients studied, RR � relative
risk. Figures in parentheses are reference
numbers to the authors quoted.
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0.05). The pooled data for the relative risk of PDV in the
ondansetron 4 mg and combination treatment groups
are shown in figures 3 and 4, respectively. No significant
heterogeneity was observed between studies. The rela-
tive risk for PDV in patients treated with dexamethasone
was 0.39 (CI, 0.14–1.05) (not significant). No drug had a
significantly different relative risk as compared to pla-
cebo. The number needed to treat for ondansetron was
13.8 compared to 5.0 for combination therapy (table 3).
The incidence of PDV in a subgroup of desflurane or
isoflurane anesthetized patients, all of whom received
ondansetron, was 17.4% and 22%, respectively (not sig-
nificant). The relative risks for desflurane and isoflurane
were 0.46 (CI, 0.30–0.71) and 0.55 (CI, 0.33–0.93) as
compared to placebo.

Discussion

Numerous studies have examined the effects of various
antiemetics on PONV in ambulatory surgical patients
before hospital discharge. In our systematic review of all
randomized controlled trials, we observed an overall
beneficial effect with the use of either combination treat-
ment or ondansetron 4 mg alone for the prevention of
postdischarge nausea and vomiting. A similar beneficial
effect was also seen with dexamethasone, which pre-
vented nausea but not vomiting in the postdischarge
period after ambulatory surgery.

Postdischarge Nausea and Vomiting
The overall incidence of PDN was found to be 32.6%,

with significant differences between treatment and pla-

cebo groups. This is much higher than that reported
earlier in one systematic review published recently
(17%)8 but is similar to that in another prospective ran-
domized study in which the authors specifically ad-
dressed the issue of PDNV (30%).6 Similarly, the inci-
dence of PDV was 14.7%, with a significant difference
between placebo and treatment groups, which is similar
to that in the study by Carroll et al.6 but is higher than
that reported previously by Wu et al. (8%).8 The authors
of the latter study did not analyze randomized, con-
trolled studies, which may explain their reported lower
incidence of PDNV.

When studying the different drugs individually, how-
ever, no differences were found between placebo and
treatment groups for droperidol (� 1 mg and � 1 mg)
and metoclopramide (10 mg). However, both prophy-
lactic ondansetron and dexamethasone in a dose of 4 mg
can reduce the risk of PDNV. Similarly, combination
management of PONV with more than one drug leads to
a reduction in the relative risk for PDNV. The other
drugs and different doses used with extractable data
from less than two studies were not included in the
meta-analysis.

Ondansetron has an elimination half-life of approxi-
mately 3.5 h in young, healthy volunteers,31 which
would not explain the long duration of action after a
single intravenous dose administered perioperatively.
The incidence of PDNV in the placebo group in the
ondansetron trials was much higher than the average
incidence of PDNV observed in all trials (48.1% vs.
35.7%, respectively), which is perplexing but may be
attributable to a multitude of factors, including the num-

Fig. 3. Postdischarge nausea in the com-
bination treatment group versus the pla-
cebo group. CI � confidence interval, n �
number of patients with nausea, N � total
number of patients studied, RR � relative
risk. Figures in parentheses are reference
numbers to the authors quoted.

Fig. 2. Postdischarge vomiting in the on-
dansetron 4 mg group versus the placebo
group. CI � confidence interval, n �
number of patients with nausea, N � total
number of patients studied, RR � relative
risk. Figures in parentheses are reference
numbers to the authors quoted.
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ber of women studied, number of patients that under-
went laparoscopic gynecologic surgery, history of smok-
ing, and past history of nausea and vomiting or motion
sickness, all of which are known to affect the incidence
of PONV. Furthermore, because of the overrepresenta-
tion of women in these studies (88%) undergoing oper-
ative procedures that are known to be highly emeto-
genic (e.g., laparoscopic surgery), the use of inhalation
agents for maintenance of anesthesia (instead of propo-
fol infusion), and the use of opiates during and after
surgery, it is important that the results not be extended
to other groups of patients.

Dexamethasone reduced the incidence of PDNV,
which was in agreement with the findings of Henzi et
al.,32 who showed that dexamethasone prevented both
“late” nausea and vomiting. However, these authors in-
cluded inpatients in their analysis and defined late PONV
as that occurring from 0 to 24 h postoperatively (not
restricted to the postdischarge period).

One unexpected finding in our analysis was that
droperidol did not prove to be effective as a prophylactic
against PDNV. In a large study conducted on ambulatory
surgery patients, Hill et al.33 found that droperidol
1.25 mg was effective and cheap and provided similar
patient satisfaction compared with 4 mg ondansetron.
The data in this study was confined to the postoperative
period and did not include the postdischarge period. It is
possible that droperidol might be effective for the pre-
vention of “early” PONV but might not be equally effec-
tive in “late” (postdischarge) PONV.

A confounding factor in all these studies is the role of
anesthetics in producing PONV. Although most of the
studies in this review used propofol for induction of
anesthesia, none used propofol as an infusion during
anesthesia (in two studies, intermittent propofol injec-
tions were used for the maintenance of short-duration
anesthesia). It is well known that propofol when used as
an infusion can reduce PONV.34 However, inhalational
anesthetics are thought to be emetogenic probably only
in the early postoperative period.35 We observed no
difference in the rates of PDNV between isoflurane and
desflurane when controlling for nitrous oxide use, and
the efficacy of ondansetron was similar between the two
anesthetics, supporting the conclusion that the choice of
anesthetic had minimal effect during this period.

The last and perhaps the most important factor, which
has been repeatedly stressed in recent studies, is the role
of combination therapy in the control of PONV and,
probably, PDNV.36 Because many factors induce PONV,
it is increasingly believed that drugs acting at different
receptors would reduce the risk for PONV. The major
issue in drawing any definite conclusions from our find-
ings is that the number-needed-to-treat for ondansetron
4 mg was high (� 12). In contrast, treatment with a
combination of drugs produced a low number-needed-
to-treat (5.2 and 5.3 in PDN and PDV, respectively). This
would imply that combination management of PDNV
has the greatest benefit for patients in the prevention of
PONV, a fact supported by some other authors.26,36

Fig. 4. Postdischarge vomiting in the
combination treatment group versus the
placebo group. CI � confidence interval,
n � number of patients with nausea, N �
total number of patients studied, RR �
relative risk. Figures in parentheses are
reference numbers to the authors quoted.

Table 3. Efficacy of Antiemetic Medication on PDV

No. of
Trials

Total No. of
Patients
Studied

Total No. of
Patients
with PDV RR 95% CI P Value

Heterogeneity
(P Value) NNT

Ondansetron vs. placebo
1 mg 1 272 26 0.39 0.17–0.89 0.02 NA 11.9
4 mg 11 1,546 287 0.63 0.51–0.78 0.00001 0.29 13.8
8 mg 1 275 21 0.11 0.03–0.45 0.002 NA 8.2

Droperidol vs. placebo
�1 mg 3 278 25 0.56 0.27–1.16 0.12 0.69
�1 mg 5 372 68 0.81 0.53–1.23 0.3 0.12

Dexamethasone vs. placebo 3 236 18 0.39 0.14–1.05 0.06 0.94
Metoclopramide vs. placebo 3 226 29 0.71 0.35–1.41 0.3 0.37
Cyclizine vs. placebo 1 70 20 0.55 0.26–1.14 0.11 NA
Scopolamine vs. placebo 1 138 10 1.46 0.43–4.94 0.5 NA
Betamethasone vs. placebo 1 78 7 0.18 0.02–1.39 0.10 NA
Combination vs. placebo 3 239 33 0.24 0.12–0.47 0.00004 0.18 5.0

CI � confidence intervals; NA � not applicable; NNT � numbers needed to treat; PDV � postdischarge vomiting; RR � relative risk.
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Limitations
Although we were able to identify as many as 1,000

studies addressing the issue of PONV, a majority of these
studies had been in inpatients. Many of the authors did
not use the term ambulatory surgery; therefore, it was
sometimes difficult to determine if the setting was am-
bulatory or not. Observation of patients in the hospital
or in specific designated facilities outside the home en-
vironment for less than 24 h and subsequent discharge
creates some problems, because this may not result in
the same risk for PDNV as that associated with ambula-
tory surgery. Data extraction was not easy, because stan-
dard terminology is not often used. In some studies, the
authors had provided data for the early postoperative
period (0–2 h) and subsequently for the 0–24 h period.
We deemed these studies unfit for the research question
(PDNV) and consequently excluded them from the final
analysis. Another problem was that some investigators
provided the results as PONV and not separately as
postoperative nausea or postoperative vomiting. We
agreed to include these studies, but the data were as-
sumed to refer to postoperative nausea and were ex-
cluded from the analysis from postoperative vomiting.
When only single studies were available for a given drug
or dose, we thought it inappropriate to perform a “meta-
analysis”; consequently, these studies were eliminated,
which further restricted our findings. A final problem
was that the total number of patients studied in the
postdischarge period was not specified by all authors. It
was not always stated if there were dropouts from the
initial number of patients recruited. Unless otherwise
stated, we assumed that all patients initially randomized
were also included in the postdischarge data (intention-
to-treat). Our study also suffers from the same bias as
reported in many others, in that we analyzed only pub-
lished data in the English language. It has been reported
that negative-outcome studies tend to be published non-
English language journals,37 which would mean that the
number-needed-to-treat may be even higher than that
found in our study.

Future Directions
The postdischarge period must be defined in a stan-

dardized fashion, and future studies should specifically
focus on and properly examine this period of patient
care. There is a need for prospective, randomized stud-
ies with a large number of patients, and a defined group
of patients undergoing specific procedures. This could
prevent “overtreatment” of low-risk patients, provide
optimal management of the patients-at-risk, and, in the
long run, prove to be cost-effective. Certain drugs that
seem to be effective but inadequately studied (e.g., be-
tamethasone, ondansetron 8 mg, and prochlorperazine)
must be better documented, specifically in the postdis-
charge period. The optimal time of administration of
prophylactic antiemetics must be clearly defined, specif-

ically in the context of ambulatory surgery. The emeto-
genic role of opioids and inhalation anesthetics should
be confirmed in good prospective trials. Finally, the use
of combination therapy for the prevention of PDNV
should be further examined to confirm the results of the
present meta-analysis.

Conclusions

In this systematic review of the literature, we found
that prophylactic treatment of PDNV with ondansetron
4 mg or combination treatment with two drugs results in
a significant decrease in the risk of PDNV when com-
pared to placebo. The numbers-needed-to-treat was,
however, 13 for ondansetron, which questions its rou-
tine use, especially in low-risk patients, to prevent
PDNV. In contrast, the numbers-needed-to-treat for com-
bination treatment was 5, which would favor this for
prophylactic management of PDNV, particularly in high-
risk patients.
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Effect of Low-dose Droperidol on the QT Interval during
and after General Anesthesia

A Placebo-controlled Study
Paul F. White, Ph.D., M.D.,* Dajun Song, M.D., Ph.D.,† Joao Abrao, M.D., Ph.D.,‡ Kevin W. Klein, M.D.,§
Bryan Navarette, M.S.�

Background: Since the effects of antiemetic doses of droperi-
dol on the QT interval have not been previously studied, the
authors designed a randomized, double-blind, placebo-con-
trolled study to evaluate the intraoperative and postoperative
effects of small-dose droperidol (0.625 and 1.25 mg intrave-
nous) on the QT interval when used for antiemetic prophylaxis
during general anesthesia.

Methods: One hundred twenty outpatients undergoing otolar-
yngologic procedures with a standardized general anesthetic
technique were enrolled in this study. After anesthetic induc-
tion and before the surgical incision, 60 patients were given
either saline or 0.625 or 1.25 mg intravenous droperidol in a
total volume of 2 ml. A standard electrocardiographic lead II
was recorded immediately before and every minute after the
injection of the study medication during a 10-min observation
period. The QTc (QT interval corrected for heart rate) was
evaluated from the recorded electrocardiographic strips. In 60
additional patients, a 12-lead electrocardiogram was obtained
before and at specific intervals up to 2 h after surgery to assess
the effects of droperidol and general anesthesia on the QTc. Any
abnormal heartbeats or arrhythmias during the operation or
the subsequent 2-h monitoring interval were also noted.

Results: Intravenous droperidol, 0.625 and 1.25 mg, pro-
longed the QT interval by an average of 15 � 40 and 22 � 41 ms,
respectively, at 3–6 min after administration during general
anesthesia, but these changes did not differ significantly from
that seen with saline (12 � 35 ms) (all values mean � SD). There
were no statistically significant differences among the three
study groups in the number of patients with greater than 10%
prolongation in QTc (vs. baseline). Although general anesthesia
was associated with a 14- to 16-ms prolongation of the QTc
interval in the early postoperative period, there was no evi-

dence of droperidol-induced QTc prolongation after surgery.
Finally, there were no ectopic heartbeats observed on any of the
electrocardiographic rhythm strips or 12-lead recordings dur-
ing the perioperative period.

Conclusion: Use of a small dose of droperidol (0.625–1.25 mg
intravenous) for antiemetic prophylaxis during general anes-
thesia was not associated with a statistically significant increase
in the QTc interval compared with saline. More importantly,
there was no evidence of any droperidol-induced QTc prolon-
gation immediately after surgery.

IT is widely accepted that small intravenous doses of
droperidol (0.625–1.25 mg) are the most cost-effective
single drug therapy for prevention of postoperative nau-
sea and vomiting (PONV).1–4 However, the US Food and
Drug Administration (FDA) mandated a “black box”
warning on droperidol requiring additional electrocar-
diographic monitoring because of an alleged increased
risk of serious cardiac arrhythmias due to QT prolonga-
tion.5,6 An unpublished FDA-sponsored study# sug-
gested that the QTc prolongation effect peaks within 5
min after intravenous administration of droperidol. De-
spite the lack of creditable scientific evidence to support
the recommendation for additional electrocardiographic
monitoring before and after administering droperi-
dol,7–11 the FDA-imposed black box warning has lead to
a marked reduction in the clinical use of droperidol for
both prophylaxis and treatment of PONV.12,13

Drug-induced prolongation of the QT interval has been
reported to increase the risk of severe adverse cardio-
vascular events (e.g., torsades de pointes).14 An earlier
study by Lischke et al.15 suggested that the effects of
droperidol in prolonging the QT interval were dose
related. Based on a recent mathematical reanalysis of
these data,16 we hypothesized that the small doses of
droperidol (0.625–1.25 mg) used for antiemetic prophy-
laxis could be associated with a 10–20% prolongation in
the median QTc interval. However, the magnitude and
time course of the effect of antiemetic doses of droperi-
dol on the QTc interval has not been previously studied.

Therefore, this randomized, double-blind, placebo-
controlled study was designed to determine the effect of
standard antiemetic doses of droperidol on the QT inter-
val when administered during general anesthesia. The
secondary objectives were to assess the effects of low-
dose droperidol on PONV and adverse clinical cardiovas-
cular outcomes.
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Materials and Methods

After obtaining approval by the Institutional Review
Board of the University of Texas Southwestern Medical
Center at Dallas, 120 outpatients with American Society
of Anesthesiologists physical status I–III who were
scheduled to undergo otolaryngologic surgical proce-
dures provided informed consent and were enrolled in
this two-part clinical study. Patients with clinically sig-
nificant cardiac disease, atrioventricular conduction de-
lays or bundle branch blocks, a history of alcohol or drug
abuse within the past 3 months, or morbid obesity (body
mass index � 40 kg/m2) were excluded from participa-
tion in this study. Patients who had taken any antiemetic
medication within 24 h before surgery or were pregnant
or experiencing menstrual symptoms were also ex-
cluded. A detailed medical history and demographic in-
formation, including age, height, weight, and American
Society of Anesthesiologists physical status, and history
of previous PONV, motion sickness, or smoking were
obtained from each patient.

A 12-lead electrocardiogram was obtained in the pre-
operative holding area before any preoperative medica-
tions were administered. At the time of arrival in the
operating room, an automatic blood pressure cuff, five-
lead electrocardiograph, capnograph, and pulse oxime-
ter were applied. Mean arterial pressure, heart rate, end-
tidal carbon dioxide, and oxygen saturation were
measured at 1- to 5-min intervals throughout the intra-
operative study period. General anesthesia was induced
with 1.5–2 mg/kg propofol and 0.5–1 �g/kg intravenous
remifentanil, and 0.6 mg/kg intravenous rocuronium
was used to facilitate tracheal intubation. After intuba-
tion, anesthesia was maintained with 4% inspired desflu-
rane (in an air–oxygen mixture) and a remifentanil infu-
sion at 0.125 �g · kg�1 · min�1. Approximately 15 min
before the surgical incision, 60 patients received one of
three study medications based on a computer-generated
random number table. The study medication consisted
of either saline (control) or 0.625 or 1.25 mg droperidol,
prepared in identical-appearing 2-ml syringes by an indi-
vidual not involved in the study. The patients were
maintained under stable anesthetic conditions without
surgical stimulation for a minimum 10-min interval after
injection of the study medication.

The standard electrocardiographic lead II was contin-
uously recorded at a paper speed of 50 mm/s and an
amplification of 0.1 mV/mm for 2–3 min before and
every minute for a minimum of 10 min after the injection
of the study medication. In both the operating and re-
covery rooms, the cardiac rhythm was continuously
monitored using a standard lead II. The electrocardio-
graphic measurements were independently performed
by two investigators who were unaware of which of the
three treatment groups the patient had been assigned to.
Heart rate was calculated from the three R-R intervals

preceding the measured QT intervals. The QT intervals
were measured manually from the onset of the QRS
complexes to the end of the T wave (defined as the
intersection of the isoelectric line and the tangent of the
maximal downward limb of the T wave). Each registered
measurement was a mean of two consecutive QT inter-
vals. The QT interval was adjusted for the patient’s heart
rate using the formula of Bazett17 (QTc � QT/R-R0.5). If
the T-wave amplitude was too low (� 0.1 mV), the lead
was excluded from the analysis.

In a follow-up study, 60 patients who had received
either droperidol (1.25 mg intravenous) or saline (2 ml)
after induction of anesthesia underwent repeated 12-
lead electrocardiographic evaluations after arrival in the
recovery room and at subsequent 1- and 2-h intervals.
The QTc interval was automatically calculated by the
Marquette® MAC® VU device (Milwaukee, WI) using the
formula of Bazett. Finally, the incidences of nausea and
vomiting/retching (requiring a “rescue” antiemetic
drug), restlessness, dizziness, and headache were as-
sessed at 4- and 24-h intervals after surgery in the initial
study population.

Statistical Analyses
Results are presented as mean (� SD), percentage, and

number. A power analysis (� � 0.05, � � 80%) was
performed before the initiation of the study using the
software nQuery Advisor® version 1.0 (Statistical Solu-
tions, Saugus, MA). This analysis suggested that 20 pa-
tients in each group should be adequate to detect a 15%
or greater prolongation of the QTc interval in the
droperidol groups versus the saline group assuming a
mean QTc of 400 ms with an SD of 40 ms in the control
group.16 These electrocardiographic data were analyzed
using analysis of variance, with a Bonferroni correction
applied for multiple comparisons. The changes in the
QTc intervals recorded on the serial electrocardio-
graphic tracings were analyzed using repeated-measures
analysis of variance. All QTc data were subjected to
normality testing using the D’Agostino skewness, kurto-
sis, and omnibus tests after performing a log transforma-
tion of these data. The incidences of postoperative side
effects were analyzed using chi-square test with Fisher
exact test where appropriate. A P value of less than 0.05
was considered statistically significant.

Results

The three study groups were similar with respect to
their demographic characteristics, durations of anesthe-
sia, and total dosages of anesthetic and analgesic drugs,
as well as intravenous fluid administration during the
operation (table 1). The recovery times from the end of
anesthesia to awakening (i.e., eye opening on verbal
command), orientation (i.e., correctly stating name, date
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of birth, and location), and recovery room discharge
were similar among the three groups. Although the
0.625- and 1.25-mg droperidol groups had lower overall
incidences of nausea and vomiting compared with the
saline group (15% and 20% vs. 45%, respectively), this
difference only achieved statistical significance when the
two droperidol groups were combined (vs. saline), be-
cause of the small group sizes.

The mean maximum QTc prolongation values in the
0.625- and 1.25-mg droperidol groups were 15 � 40 and
22 � 41 ms, respectively, at 3–6 min after administration
of the study medication compared with 12 � 35 ms in
the saline group. The average QTc intervals were non-
significantly prolonged in all three groups at 10 min after
intravenous injection of the study medication (table 2).
There were no differences among the three study groups
with respect to the incidence of QTc prolongation
greater than 10% of the baseline value. However, two
patients in each of the droperidol groups had QTc pro-
longation lasting more than 60 ms during the 10-min
observation period. The maximum prolongation of the
QTc interval was 133 ms in a patient receiving 1.25 mg
intravenous droperidol. There were no significant differ-
ences among the three groups with respect to hemody-
namic changes during the 10-min observation period
(table 3). In addition, postoperative side effects were
also not significantly different among the three treatment
groups (table 3). No electrocardiographic rhythm distur-
bances were observed during the continuous electrocar-
diographic monitoring in the operating room or in the
postanesthesia care unit before discharge.

In the follow-up study involving preoperative and post-

operative 12-lead electrocardiographic monitoring, the
mean QTc intervals and changes in QTc (from baseline
values) were similar in patients who did or did not
receive 1.25 mg intravenous droperidol (table 4). How-
ever, the QTc was significantly prolonged (14–16 s) in
both groups at the time of arrival in the recovery room
compared with the baseline values (P � 0.01). No ar-
rhythmias were observed on the 12-lead electrocardio-
graphic tracings at any of the testing intervals.

Discussion

Use of small doses of droperidol (0.625–1.25 mg intra-
venous) for antiemetic prophylaxis was not associated
with clinically significant prolongation of the QT interval
during or immediately after surgery. Although these
small antiemetic doses of droperidol were able to pro-
duce significant (� 10%) prolongation of the QT interval
in 10–15% of the study patients, this effect was short
lasting, and there was no evidence of any adverse effect
on cardiac rhythm. The residual effect of general anes-
thesia was also associated with a small but statistically
significant prolongation in the QTc at the time of arrival
in the recovery room, both in those who did and in those
who did not receive intraoperative droperidol. Given the
lack of any direct evidence that use of droperidol in the
therapeutic dosage range (0.625–1.25 mg intravenous)
was associated with any clinically significant effects on
the electrocardiogram or adverse cardiovascular out-
comes, these data support the position that the current
FDA recommendations for additional perioperative elec-
trocardiographic monitoring are unnecessary and, in
fact, wasteful of valuable healthcare resources.

Table 1. Demographic Data and Intraoperative Anesthetic
Drug Dosages and Fluid Volumes in the Three Treatment
Groups in the Initial Study

Control
0.625 mg
Droperidol

1.25 mg
Droperidol

n 20 20 20
Age, yr 47 � 14 45 � 16 45 � 15
Weight, kg 82 � 22 81 � 16 77 � 21
Height, cm 168 � 12 172 � 12 169 � 13
Sex, n, M/F 7/13 11/9 10/10
ASA physical status, n,

I/II/III
6/13/1 6/12/2 6/14/0

Type of ENT
procedure, n

Tympanoplasty 4 4 5
Sinusotomy 3 4 2
Septoplasty 7 6 8
Other 6 6 5

Duration of anesthesia,
min

156 � 64 123 � 56 164 � 34

Total propofol, mg 155 � 32 163 � 60 153 � 51
Total remifentanil, �g 1,318 � 638 1,217 � 733 1,127 � 429
Total intravenous fluid,

ml
1,356 � 468 1,113 � 484 1,622 � 1,008

No significant differences among the three groups.

ASA � American Society of Anesthesiologists; ENT � ear, nose, and throat.

Table 2. Effects of the Study Medication on the
Electrocardiographic QT Interval during the 10-min
Observation Interval before the Start of Surgery in the Initial
Three Treatment Groups

Control
0.625 mg
Droperidol

1.25 mg
Droperidol

QT interval before injection,
ms

406 � 28 400 � 56 396 � 46

QTc before injection, ms 439 � 28 435 � 27 426 � 47
QTc at 10 min after

injection, ms
446 � 35 449 � 40 444 � 52

QTc � baseline at 10 min,
n (%)

10 (50) 6 (30) 8 (40)

QTc prolongation 0–10%
at 10 min, n (%)

8 (40) 11 (55) 10 (50)

QTc prolongation 10–25%
at 10 min, n (%)

2 (10) 3 (15) 2 (10)

Mean maximum �QTc, ms* 12 � 35 15 � 40 22 � 41
Maximum QTc

prolongation, ms
58 120 133

Electrocardiographic
rhythm disturbances, n

0 0 0

Data are presented as mean � SD and n (%). No significant differences
among the three groups.

* Maximum prolongation was observed at 3–6 min.
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A previous study involving higher doses of droperidol
(0.1–0.25 mg/kg) suggested that this butyrophenone
could produce dose-related prolongation of the QT in-
terval.15 Interestingly, despite the use of these high-
doses of droperidol as part of a neurolept anesthetic
technique for more than 30 yr,18 there has not been a
single report of a serious cardiac arrhythmia during or
after anesthesia in the peer-reviewed literature. In care-
fully examining the specific case reports that lead the
FDA to place a black box warning on the use of droperi-
dol, investigators have concluded that “there is no evi-
dence of a cause-and-effect relationship,”11 and in most
of the cases, there was “a more plausible explanation for
the etiology of the described event.”19

Food and Drug Administration officials have argued
that the Food, Drug and Cosmetics Act allows that “rea-
sonable evidence of association between drug and seri-
ous adverse event is evidence enough to place a warning
in a drug label.”5 Curiously, despite ample evidence that
the popular 5-hydroxytryptamine type 3 antagonists do-
lasetron and ondansetron prolong the QTc interval in a
dose-related fashion for up to 4 h,20 these drugs have not
been issued black box warnings. In defense of the FDA
decision, Shafer6 argued that the mere fact that there is
a mechanistic basis for droperidol to prolong QT21,22

“paints a convincing story of genuine risk from droperi-
dol for a very small number of patients.” Because similar
interactions have been reported between the 5-hydroxy-
tryptamine type 3 antagonists and human cardiac ion
channels,23 it is unclear why this same reasoning would
not also be applied to this popular class of antiemetic
drugs.

Using a mathematical model to estimate the average
prolongation of the median QTc interval by small doses
of droperidol, Zhang et al.16 reported that 0.625–1.25
mg intravenous droperidol would be expected to pro-
long the median QTc interval by 9–18 ms beyond the
saline “control” values. The current clinical findings con-
firm these previous predications. However, even in the
two patients displaying more than 100 ms prolongation
of the QTc interval, there was no evidence of any ec-
topic electrocardiographic activity or changes in their
cardiac rhythm. Of note, the maximum effect of droperi-
dol on the QTc interval during general anesthesia oc-
curred at 3–6 min after the intravenous bolus injection.
Therefore, the FDA recommendation for prolonged elec-
trocardiographic monitoring after administration of
droperidol seems illogical.

This two-part study can be criticized because the
group sizes were too small to detect rare cardiovascular
events. However, we were able to demonstrate that even
small, antiemetic doses of droperidol produce the pre-
dicted effect on the QTc interval.16 Another potential
criticism of this study relates to the method used to
evaluate droperidol-induced QT prolongation. A recent

Table 3. Changes in Intraoperative Hemodynamic Variables
(during the 10-min Postinjection Period),
Electrocardiographic Rhythm Disturbances, and Postoperative
Adverse Effects in the Three Treatment Groups

Control
0.625 mg

Droperidol
1.25 mg

Droperidol

Intraoperative hemodynamic
variables

Baseline
MAP, mmHg 86 � 15 86 � 16 79 � 23
HR, beats/min 71 � 9 69 � 25 72 � 14

Maximum
�MAP, mmHg 9 � 20 15 � 30 14 � 25
�HR, beats/min 2 � 11 8 � 21 1 � 20

At 10 min
MAP, mmHg 75 � 15 70 � 24 64 � 17
HR, beats/min 67 � 8 67 � 22 68 � 14

Changes in
electrocardiographic
rhythm, n

0 0 0

Postoperative recovery times, min
Awakening 9 � 4 10 � 5 7 � 3
Orientation 16 � 5 14 � 5 14 � 4
PACU discharge 99 � 49 77 � 27 86 � 43

Postoperative adverse effects, n
(%)

Nausea 8 (40) 3 (15) 4 (20)
Vomiting 1 (5) 0 0
Restlessness 1 (5) 3 (15) 3 (15)
Dizziness 0 1 (5) 3 (15)
Headache 2 (10) 3 (15) 5 (25)

Data are presented as mean � SD and n (%). No significant differences
among the groups.

HR � heart rate; MAP � mean arterial pressure; PACU � postanesthesia care
unit.

Table 4. Effects of 1.25 mg Intravenous Droperidol on the QTc
Interval before and after Surgery as Assessed Using a 12-Lead
Electrocardiogram in the Follow-up Study

Control
1.25 mg

Droperidol

n 30 30
Age, yr 47 � 12 46 � 14
Height, cm 171 � 8 171 � 8
Weight, cm 81 � 18 88 � 24
Type of ENT surgery, n

Tympanoplasty 5 9
Sinusotomy 8 5
Septoplasty 3 5
Other 14 11

Surgery time, min 98 � 59 104 � 82
Anesthesia time, min 122 � 62 129 � 106
Baseline QTc value, ms 410 � 17 415 � 24
Postoperative QTc value, ms

At arrival in the PACU 426 � 28* 429 � 26*
At 1 h after arrival 423 � 23 422 � 22
At 2 h after arrival 414 � 19 415 � 11

Changes from baseline, �ms
At arrival in PACU 16 � 26 14 � 26
At 1 h after arrival 11 � 25 6 � 28
At 2 h after arrival 5 � 9 3 � 8

Data are presented as mean � SD.

* Significantly different from the preoperative baseline QTc value, P � 0.05.

ENT � ear, nose, and throat; PACU � postanesthesia care unit.
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analysis by Sadanaga et al.24 found that the overall accu-
racy of predicting QT prolongation was significantly in-
creased (98.1%) when using the formula of Bazett com-
pared with using any fixed QTc cutoff value. In fact, the
formula of Bazett compared favorably to the formula of
Friderica (98.7%) in improving the accuracy of evaluat-
ing QT prolongation.24 Other investigators have similarly
concluded that the formula of Bazett is at least as good as
other proposed heart rate corrections for the QT inter-
val.25,26 Finally, these findings examined the effect of
low-dose droperidol on the QTc interval of anesthetized
patients and may not apply to situations where the drug
is used for the treatment of PONV.

In light of these findings, we urge the FDA and the
drug manufacturer (Akorn, Inc., Buffalo Grove, IL) to
modify the black box warning to reflect a more reason-
able position with respect to the clinical use of low-dose
droperidol (� 2.5 mg intravenous) for the treatment and
prevention of PONV. As stated in the consensus guide-
lines for managing PONV sponsored by the manufac-
turer of a competing 5-hydroxytryptamine type 3 antag-
onist,27 droperidol would have been the panel’s
“overwhelming first choice for the prevention of PONV”
were it not for the black box warning. From a societal
cost–benefit perspective,28,29 low-dose droperidol
should be made available to practitioners for routine
clinical use without the medical legal concerns engen-
dered by the current black box warning in the droperi-
dol package insert. As pointed out by Roden30 in his
recent review article on drug-induced prolongation of
the QT interval, rare poorly understood side effects oc-
cur with many highly effective drugs, and “restrictions in
the use of these drugs may harm more patients than it
would help.”

We conclude that 0.625–1.25 mg intravenous droperi-
dol produces clinically insignificant prolongation of the
QT interval and that the peak effect occurs less than 6
min after the intravenous bolus injection. Therefore, the
current FDA recommendations for additional preopera-
tive and postoperative electrocardiographic monitoring
after administration of low-dose droperidol are
unwarranted.
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Executive summary
● Nausea and vomiting represent a major therapeutic challenge in cancer and postoperative
care and, without adequate treatment, can reduce compliance with potentially life-saving
treatment.1,2

● Kytril® is a selective and potent 5-HT3-receptor antagonist that provides highly effective control
of chemotherapy-induced nausea and vomiting (CINV), radiation-induced nausea and vomiting
(RINV) and postoperative nausea and vomiting (PONV).3

● Kytril® provides 24-hour protection against nausea and vomiting after either 30-second bolus
administration of Kytril® Injection, or a single administration of Kytril® Tablets.4,5

● Kytril® in both intravenous and oral forms has been shown to be safe and well tolerated in
clinical trials involving over 6000 patients and during 10 years of clinical practice. 

● The most common side-effects – headache, asthenia, somnolence, diarrhea and
constipation – are generally reported as mild and transient.

● Comparative trials have demonstrated that Kytril® induces dizziness and abnormal vision in
significantly fewer patients than ondansetron.4,6

● Kytril® has no cardiovascular warnings and its cardiovascular safety has been well
documented. No intracardiac conduction defects have been detected on surface ECGs
following Kytril® administration, and no clinically important effects on pulse rate, blood pressure
and QTc intervals have been noted.7–10

● Kytril® is less extensively metabolized by hepatic cytochrome (CYP) P450 enzymes than other
5-HT3-receptor antagonists, being metabolized primarily by CYP3A.11–13 Consequently, the risk of
drug interactions with this agent is low.
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Introduction
Nausea and vomiting remain the most significant and debilitating side-effects of cytotoxic
chemotherapy, and also occur in significant numbers of patients undergoing radiation therapy
and after certain types of surgery. These symptoms therefore represent a major therapeutic
challenge in both cancer and postoperative care and, if not adequately controlled by
antiemetic treatment, can threaten the success of the therapy as well as result in increased
mortality, morbidity and healthcare costs.1,2

Nausea and vomiting influence treatment success
Psychosocial impact and compliance
The distressing effects of nausea and vomiting are some of the major concerns of patients
receiving cancer chemotherapy. Severe nausea and vomiting not only seriously affect patients’
quality of life, but can become so intolerable that patients are unwilling to continue with
potentially life-saving treatment.1,14 Furthermore, patients suffering from nausea and vomiting
can also experience:
● physical damage (e.g. dehydration, electrolyte imbalances, malnutrition, fractures and

lacerations of the esophagus) to which the elderly and patients with comorbid conditions are
particularly susceptible

● significant impairment of normal daily functioning
● reduced enjoyment of leisure activities
● severe depression.2,15,16

Treatment emetogenicity and risk factors
The primary causes of nausea and vomiting in cancer patients are emetogenic
chemotherapeutic drugs (chemotherapy-induced nausea and vomiting, CINV) and radiation
therapy (radiation-induced nausea and vomiting, RINV), whereas emesis occurring after surgery
is categorized as postoperative nausea and vomiting (PONV). In each case, the type of
treatment employed is the most important determinant of nausea and vomiting incidence, as
chemotherapeutic agents vary in their emetogenic potential, and the emetogenicity of
radiotherapy and surgical treatments depend on the body part being irradiated and the type of
surgery, respectively. However, patient demographics also affect the nausea and vomiting risk in
CINV and RINV,17 for example:
● poor control with prior chemotherapy
● female sex
● younger age (variously defined as <50 years and <65 years old)18,19

Nausea and vomiting represent a major therapeutic 
challenge in cancer and postoperative care

Nausea and vomiting seriously affect patients’ health and quality of
life, and can reduce compliance with potentially life-saving treatment
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● low alcohol intake 
● motion sickness. 
Some of these risk factors are likely to interact with each other. For example, a significant
interaction between age and gender has been shown, with younger women being at greatest
risk.18

CINV
Chemotherapeutic agents are classified into four groups: high, moderate, low and minimal,
based on their emetogenic potential. Highly emetogenic treatments (e.g. cisplatin) induce
nausea and vomiting in more than 70% of patients, whereas minimally emetogenic treatments
(e.g. vinorelbine) induce these symptoms in less than 10% of cases (Table 1). Physicians estimate
that 60–79% of patients treated with cytotoxic drugs receive moderately to highly emetogenic
regimens, with 30% receiving highly emetogenic treatments (Market research. Data on file). 
The goal of any antiemetic therapy is to prevent the occurrence of nausea and vomiting
completely. However, the incidence of CINV remains high in patients treated with antiemetics,
occurring in as many as 30% of patients receiving highly emetogenic therapy.

RINV
The major determinant of emetic risk in RINV is the treatment field (Table 2). Other factors that
affect the emetogenicity of radiation therapy include the dose of radiotherapy administered per
fraction and the pattern of fractionation.17 Although radiotherapy is perceived as less
emetogenic than chemotherapy, almost all patients who receive total body irradiation (TBI)
experience RINV and up to 50% of these still suffer from nausea and vomiting despite being
treated with prophylactic antiemetics (Data on file). Physicians estimate that 30–67% of patients
receive moderate to highly emetogenic treatment.

Table 1 Categories of
chemotherapy agents and
their emetogenic potential.

Category Emetogenic potential Chemotherapy agents

High >70% Cisplatin, nitrogen mustard

Moderate 30–70% Carboplatin, anthracyclines, 
cyclophosphamide

Low 10–30% Taxanes, topoisomerase I
inhibitors, gemcitabine

Minimal <10% Vinca alkaloids, bleomycin, 
chlorambucil

More than 70% of patients receiving highly emetogenic treatments
(e.g. cisplatin) are at risk of experiencing nausea and vomiting

Almost all patients who receive total body irradiation experience
RINV; up to 50% of these still suffer from nausea and vomiting

despite receiving prophylactic antiemetics
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Table 2 Emetogenicity of
radiotherapy applied to

different treatment fields.17

Emetogenicity Treatment field
(% of patients)

High (90–100%) ● Total body irradiation

Intermediate ● Hemibody irradiation ● Mantle
(30–90%) ● Upper abdomen ● Cranial radiosurgery 

● Abdominal–pelvic and craniospinal
radiotherapy

Low (10–30%) ● Radiation of the cranium only ● Extremities
● Breast ● Pelvis
● Head and neck ● Thorax

PONV
Until recent years, PONV received little clinical attention compared with postoperative pain.
However, many patients consider PONV to be as debilitating as the pain associated with the
surgical procedure,20 with an estimated 25–40% of all surgical patients being at risk. The
incidence of PONV increases with certain surgical procedures (e.g. orchidectomy, strabismus
correction and inner ear operations). Further risk factors for developing PONV include:
● anesthesia-related factors (type of premedication and anesthetic agent)
● female sex
● younger age, with children being at greater risk than adults
● obesity
● concomitant gastrointestinal disease.21

Combination therapy
In recent years the use of combination therapy has become increasingly common in the
treatment of all forms of cancer in an effort to improve patients’ survival rates. Physicians no
longer rely on a single treatment approach or chemotherapeutic agent but employ a number
of treatment combinations depending on the cancer stage, tumor location, and patient type.
For example, chemotherapy can be used as an adjunctive treatment to either radiotherapy or
surgery to remove a tumor. Furthermore, combination chemotherapy regimens have been
used for many years to achieve an increased cytotoxic effect. Adopting a combination
treatment approach involving surgery, chemotherapy and/or radiotherapy, may have a marked
effect on reducing mortality, but it also is likely to have a profound impact on the patients’ risk of
experiencing nausea and vomiting. 

An estimated 25–40% of all surgical patients are at risk 
of experiencing PONV

Adopting a combination treatment approach for cancer may 
have a profound impact on the patients’ risk of experiencing 

nausea and vomiting
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Physicians estimate that over 60% of patients receiving highly emetogenic treatments and
over 50% of those receiving moderately emetogenic therapy, suffer breakthrough nausea and
vomiting requiring rescue antiemetic treatment. Similarly, 55–60% of patients considered to be
at high risk of PONV require rescue medication (Market research. Data on file). Such figures
indicate that control of nausea and vomiting in both the oncology and postoperative settings
remains an unmet medical need in many patients.

Nausea and vomiting can be managed pharmacologically
As a result of advances in antiemetic therapy, the management of nausea and vomiting has
greatly improved in recent years. Indeed, effective control of nausea and vomiting is now
considered to be the standard of care in patients receiving chemotherapy.22 A number of different
drug classes have been found to be effective in the treatment of nausea and vomiting including:
● 5-HT3-receptor antagonists (e.g. Kytril®)23

● dopamine-receptor antagonists (e.g. metoclopramide)24

● corticosteroids (e.g. dexamethasone)25

● other agents (e.g. antihistamines, benzodiazepines, cannabinoids).26

Of these drug classes, the 5-HT3-receptor antagonists are widely regarded as the most
efficacious antiemetics.

The 5-HT3-receptor antagonists, in combination with 
corticosteroids, are the standard of care for moderately to 

highly emetogenic chemotherapy27
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Pharmacology of Kytril®
Kytril® is a potent and selective 5-HT3-receptor antagonist
Kytril® (Figure 1) is a potent and highly selective 5-HT3-receptor antagonist that has little or no
affinity for other types of 5-HT (serotonergic) receptors, or dopaminergic, adrenergic,
benzodiazepine, histaminic, picrotoxin or opioid receptors.3 In contrast, other 5-HT3 antagonists
have affinity for additional receptor binding sites; for example, ondansetron exhibits detectable
binding (pKi>5) to 5-HT1B, 5-HT1C, α1-adrenergic and µ-opioid receptor sites (Table 3). The
selective binding of Kytril® results in a selectivity ratio of greater than 1000:1, whereas the
selectivity of ondansetron for 5-HT3 receptors over other receptor sites is 250–500:1.28

Mechanism of action of Kytril®

Available evidence supports the hypothesis that cytotoxic drugs or irradiation can cause the
release of serotonin (5-hydroxytryptamine, 5-HT) from enterochromaffin cells in the
gastrointestinal mucosa.29 Serotonin then activates adjacent gastrointestinal vagal afferent
nerves via their 5-HT3 receptors, and these nerves in turn activate the chemoreceptor trigger
zone and thereby the vomiting center in the brain (Figure 2). Serotonin may also enter the
systemic circulation via the portal vein and activate hepatic afferent nerves, or even (if it
survives hepatic degradation) directly stimulate the chemoreceptor trigger zone.30

Kytril® acts on vagal afferent nerves via their 5-HT3 receptors.3 Because of its high affinity 
for enterochromaffin 5-HT3 receptors,31 Kytril® may block these receptors, thus inhibiting 
serotonin release during absorption before even reaching the systemic circulation. In contrast, 

The high selectivity of Kytril® for 5-HT3 receptors results in an excellent
side-effect and safety profile

N

CH3

N

NH
O

• HCI

N–CH3

Figure 1 The chemical structure of Kytril® 

(C18H24N4O. HCl).

Table 3 Receptor binding affinities
(pKi values; – log Ki in nM) of Kytril® and
ondansetron. Receptor binding assays

were performed in rat brain tissue
except for the 5-HT1C and 5-HT3 assays

which were performed in pig and
mouse brain tissue, respectively.28  

–, undetectable

5-HT αα1-adrenergic µ-opioid

1A 1B 1C 1D 2 3

Kytril® – – – – – 8.42 – –

Ondansetron – 5.43 5.31 – – 8.07 5.44 5.59
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ondansetron has no effect on the release of serotonin from enterochromaffin cells in the 
gut mucosa.32

Oral Kytril® is well absorbed and widely distributed
Kytril® is generally well absorbed after oral administration, and then becomes widely distributed. 
● The bioavailability of Kytril® after oral dosing is about 60% (Data on file).
● After administration of usual therapeutic doses, Kytril® is approximately 65% bound to plasma

proteins, with free distribution between plasma and red blood cells.
● The therapeutic effect of Kytril® is not correlated with its plasma concentration.33

Kytril® is rapidly metabolized and eliminated via the liver
Metabolism of Kytril®
Although a number of pathways are involved in the rapid and extensive metabolism of Kytril®,
metabolism predominantly occurs via hepatic hydroxylation of the benzenoid ring or
demethylation followed by conjugation with glucuronide sulfate (Figure 3). Kytril® is metabolized
primarily by cytochrome (CYP) P450 3A and does not induce or inhibit any CYP enzymes. In
contrast, other 5-HT3 antagonists also interact with other cytochrome P450 enzymes; for
example, ondansetron is metabolized by CYP enzymes CYP1A2, CYP2D6 and CYP3A4.11,12

Drug interactions
Although no definitive studies have been performed to evaluate pharmacokinetic or
pharmacodynamic interactions of Kytril® with other drugs, no clinically significant drug
interactions have been reported with Kytril® and the risk of drug interaction with this agent is low.
Common oncology, cardiovascular, gastrointestinal, psychiatric agents and non-steroidal
antiinflammatory drugs (NSAIDs), that interact with CYP3A4 and therefore may potentially interact
with Kytril® are indicated in Table 4. Agents that interact with CYP1A2 and CYP2D6 are also
included for comparison.

Primary sensory
centers

Anticancer
chemotherapy

Enteric
nervous
system

Emetic
center

Salivary,
vasomotor
respiratory

centers

Cranial nerves

Cerebral
cortex

Chemoreceptor
trigger zone

Figure 2 The mechanism of
chemotherapy-induced vomiting.

No clinically significant drug interactions have been reported with
Kytril® and the risk of drug interaction with this agent is low
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Elimination of Kytril®
Kytril® is mainly eliminated as 7-hydroxy-granisetron and its conjugates. In normal volunteers,
about 12% of the administered dose is excreted unchanged in the urine within 48 hours. 
The remaining drug is eliminated as metabolites, 48% in the urine and 38% in the feces 
(Data on file).34

Renal and hepatic impairment
Total body clearance of Kytril® is not affected by even severe renal impairment (creatinine
clearance <30 ml/minute/1.73 m2). The pharmacokinetic profile of a single 40 µg/kg dose of
Kytril® has been determined in patients with varying degrees of renal impairment based on
calculated creatinine clearance. Although renal clearance and the proportion excreted as
unchanged drug decreased in patients with impaired renal function, no significant decrease in
total clearance occurred (Data on file).

Total clearance of Kytril® was reduced by 50% in 20 patients with hepatic impairment (levels
of liver enzymes at least 1.5 times normal) caused by confirmed metastatic cancer of the liver
compared with 19 cancer patients without liver involvement.35 However, given the wide inter-
subject variability in pharmacokinetic parameters noted in patients, and the good tolerability of
Kytril® at well above the recommended dose of 10 µg/kg, dosage adjustment in patients with
hepatic impairment is considered to be unnecessary. Consequently, Kytril® can be used safely in
any patient considered to be at hepatic risk, for example in patients suffering from:
● liver metastases ● hepatitis
● colorectal cancer ● hemochromatosis.
● liver cirrhosis

Kytril®
HO

OH
H

N

N+ CH3

O

HN

5-hydroxy N9’-desmethyl

N9’-oxideN1-desmethyl7-hydroxy

N

CH3

N

NH
O

• HCI

N–CH3

1

2

3
4

5

6

7

1’2’

3’

4’ 5’

6’

7’ 8’

9’
Figure 3 Main pathways of Kytril®

metabolism in the liver 
(Data on file).

No adjustment in Kytril® dose is required in patients with 
renal or hepatic impairment
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Table 4 Oncology,
cardiovascular,
gastrointestinal, psychiatric
agents and NSAIDs that
interact (as substrates,
inhibitors or inducers) with
the cytochrome P450
isozymes 1A2, 2D6 and 3A4.

CYP1A2 CYP2D6 CYP3A4

Oncology Cyclophosphamide ✓

Docetaxel ✓

Doxorubicin ✓

Etoposide ✓

5-fluorouracil ✓

Flutamide ✓

Irinotecan ✓

Lomustine ✓

Paclitaxel ✓

Tamoxifen ✓ ✓

Taxol ✓

Vinblastine ✓

Vincristine ✓

Vinorelbine ✓

Cardiovascular Amiodarone ✓ ✓ ✓

Diltiazem ✓

Flecainide ✓

Mexilitene ✓

Nifedipine ✓

Phenytoin ✓

Quinidine ✓ ✓

Sildenafil ✓

Simvastatin ✓

Theophylline ✓

Ticlopidine ✓

Verapamil ✓ ✓

Warfarin ✓

Gastrointestinal Cimetidine ✓ ✓ ✓

Finasteride ✓

Omeprazole ✓

Ranitidine ✓

Psychiatric Alprazolam ✓

Amitriptyline ✓

Barbiturates ✓

Carbamazepine ✓

Clomipramine ✓ ✓

Diazepam ✓

Fluoxetine ✓ ✓

Fluvoxamine ✓ ✓

Haloperidol ✓ ✓

Imipramine ✓ ✓

Moclobemide ✓

Paroxetine ✓

Sertraline ✓

St John’s wort ✓

Trazodone ✓

Venlafaxine ✓

NSAIDs Naproxen ✓
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Clinical efficacy of Kytril®
Nausea and vomiting can be divided into three distinct types based on when the symptoms
occur in relation to the trigger event:
● anticipatory 
● acute-onset (within 24 hours). This may be further sub-divided into acute (within 12 hours) and

late acute (within 12–24 hours)
● delayed-onset (24–96 hours).
In addition, two further nausea and vomiting categories exist for uncontrolled symptoms: 36

● breakthrough 
● refractory (Table 5). 

Anticipatory CINV is a learned response occurring in 18–57% of patients, typically when
nausea or vomiting has been poorly controlled during previous chemotherapy.36 Prevention of
both acute- and delayed-onset nausea and vomiting significantly lowers the risk of its
development. The duration of emesis is agent dependent – most cytotoxic drugs induce emesis
12–24 hours after administration, though the duration of emesis after cisplatin and
cyclophosphamide is much longer (>24 hours and 6–36 hours, respectively).36 Although the
mechanism of delayed emesis is less well understood than that of acute emesis, its incidence is
reduced by effective control of acute emesis. Indeed, antiemetic trials demonstrate a direct
correlation between the control of acute nausea and vomiting, and the prevention of both
delayed and anticipatory nausea and vomiting.37,38

Clinical trials of Kytril® have shown that both intravenous and oral formulations are effective in
preventing CINV, RINV and PONV. In the trials summarized here, the primary endpoints used
were:
● complete response (no vomiting, no worse than mild nausea, no use of rescue medication)
● total control (no vomiting, no nausea, no use of rescue medication).
The goal of any antiemetic therapy is to prevent any nausea and/or vomiting. In clinical trials of
antiemetic agents, the most rigorous measure of efficacy is total control.

Antiemetic trials demonstrate a direct correlation between the
control of acute nausea and vomiting, and the prevention of both 

delayed and anticipatory nausea and vomiting 

Table 5 Nausea
and vomiting

categorization for
CINV and RINV.

Anticipatory Acute onset Delayed onset Breakthrough Refractory
Acute Late acute

0–24 hours before Maximum Maximum 1–5 days Nausea and Uncontrolled 
treatment intensity at intensity at post-treatment vomiting occurs nausea and
(usually develops 4–6 hours, 12–14 hours, during antiemetic vomiting
after 4–5 treatment lasting up to lasting up to treatment requiring throughout
cycles) 12 hours 24 hours ‘rescue’ antiemetic the course

therapy of antiemetic
therapy
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Kytril® effectively prevents CINV
Intravenous Kytril®

Dose-comparison studies
Three randomized, double-blind, parallel-group, dose-comparison studies support the use of
intravenous Kytril®, in doses of 10–40 µg/kg, to prevent nausea and vomiting induced by high-
dose cisplatin.

In a comparison of single intravenous doses of Kytril®, 2, 10, or 40 µg/kg given over 
5 minutes, just before high-dose cisplatin (≥ 75 mg/m2) to 157 chemotherapy-naive patients, 
the complete response rates at 24 hours were 31%, 62% and 68%, respectively (Figure 4).39

● Doses of 10 µg/kg and 40 µg/kg were shown to be effective for the control of nausea and
vomiting.

● Doses of 10 µg/kg and 40 µg/kg produced superior rates of no vomiting (65% and 74%,
respectively) and no nausea (60% and 66%, respectively).

In a second study, 184 chemotherapy-naive patients with (mainly) lung or head and neck
cancer treated with high-dose cisplatin (81–120 mg/m2) received one of four doses of
intravenous Kytril® (5, 10, 20 or 40 µg/kg), given over 15 minutes just before chemotherapy.40

● The complete response rates at 24 hours (defined in this study as no vomiting or retching,
and no rescue medication) were 18%, 41%, 40% and 47%, showing a linear trend (Figure 5).

Finally, in 987 chemotherapy-naive patients treated with high-dose cisplatin (≥ 60 mg/m2)
with or without other chemotherapy agents, comparable total control rates were achieved with
Kytril®, 10 µg/kg and 40 µg/kg, given 30 minutes before chemotherapy (38% and 41%,
respectively).41

● Similar proportions of patients in the two dose groups reported no emesis (38% and 37%)
and no nausea (28% and 36%).
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Figure 4 Complete response rates 
in patients receiving high-dose cisplatin
and treated with different doses of 
intravenous Kytril®.39

p<0.002 vs 2 µg/kg

Intravenous Kytril® (10 µg/kg to 40 µg/kg) is effective against 
CINV due to high-dose cisplatin
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Figure 5 Proportion of chemotherapy-
naive patients achieving a complete
response at 24 hours with intravenous
Kytril® administered 15 minutes before
high-dose cisplatin (81–120 mg/m2).40

*p<0.011 vs 5 µg/kg

Repeat-cycle chemotherapy
In a randomized, double-blind, parallel-group study, intravenous Kytril®, 10 µg/kg and 40 µg/kg,
was administered during a second (n=393) and a third (n=200) cycle of high-dose cisplatin
(≥ 60 mg/m2).42,43

● The efficacy of each intravenous dose of Kytril® in cycle 1 was maintained in cycles 2 and 3.

In a non-comparative, open study, 125 chemotherapy-naive patients undergoing repeat-
cycle, high-dose cisplatin (≥ 70 mg/m2) chemotherapy received intravenous Kytril®, 3 mg, plus
intravenous dexamethasone, 10 mg, during the first cycle, repeated in the second (n=98) and
third (n=81) cycles up to six cycles (n=48).23

● Complete protection was achieved in 66%, 64% and 63% of patients over the first three
cycles, respectively (Figure 6).

● By cycle 6, complete protection was still obtained in 44% of patients.

Kytril® vs ondansetron
The efficacy of Kytril® in patients previously treated unsuccessfully with ondansetron has been
demonstrated in two studies.
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Figure 6 Proportion of chemotherapy-
naive patients achieving complete

protection with intravenous Kytril®, 3 mg,
plus dexamethasone, 10 mg, while

undergoing repeat-cycle, high-dose
chemotherapy with cisplatin 

(≥ 70 mg/m2).23

The efficacy of intravenous Kytril® is maintained over 
repeated cycles of chemotherapy
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A multicenter open-label trial investigated the efficacy of intravenous Kytril®, 3 mg, in 517
patients previously refractory to other antiemetics.44 A total of 85 patients were treatment refractory
to ondansetron. Patients received up to 15 successive cycles of cytostatic chemotherapy.
● Complete response to Kytril® was achieved in 53–60% of all patients during the first six

chemotherapy cycles, including ondansetron recipients (38%). 

A recent double-blind, randomized study compared Kytril®, 3 mg, with continued treatment
with ondansetron, 8 mg, in patients receiving highly emetogenic chemotherapy.45

● Complete protection (no vomiting and no or mild nausea) was achieved in significantly
more Kytril®-treated patients than with continued ondansetron treatment (47% vs 5%,
respectively; p<0.001).

Oral Kytril®
Three randomized, double-blind, parallel-group studies have assessed the efficacy of a single 
2 mg oral dose of Kytril®.5,6,46

The initial study in 697 chemotherapy-naive patients established that oral Kytril®, 2 mg, given
once 1 hour before moderately emetogenic chemotherapy, is as effective as 1 mg given
before and 12 hours after chemotherapy.5

● Total control in the two dosage groups was not significantly different (Table 6).
● The no nausea rates were comparable for the two groups, and were lower than the no

vomiting rates, indicating that most failures of total control were due to the occurrence of
nausea.

Oral Kytril® vs intravenous ondansetron
The equivalence of a single 2 mg dose of oral Kytril® with the approved intravenous
ondansetron dose of 32 mg was established in a study in 1085 chemotherapy-naive patients
receiving moderately emetogenic chemotherapy.6

● Similar proportions of patients were free of vomiting (71% and 73%) and free of nausea (60%
and 58%) in the oral Kytril® and intravenous ondansetron groups, respectively (Figure 7).

● The only treatment-related differences were in the incidence of dizziness and of abnormal
vision, which were reported by significantly more patients receiving ondansetron than Kytril®

(p=0.011 and p<0.001, respectively, for the two side-effects).

Kytril® has demonstrated efficacy in patients refractory to
ondansetron treatment

Table 6 Efficacy of a single
dose of oral Kytril®, 2 mg, in
preventing CINV at 24 hours
in patients receiving
moderately emetogenic
chemotherapy.5

Percentage of patients

Kytril®, 1 mg Kytril®, 2 mg
given twice (n=354) given once (n=343)

Total control 51 50

No vomiting 82 77

No nausea 51 53
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The equivalence of a single 2 mg dose of oral Kytril® with the approved intravenous
ondansetron dose of 32 mg was also established in a study of 1054 patients receiving high-
dose cisplatin (≥ 60 mg/m2).46

Kytril® effectively prevents delayed-onset CINV
In two recent randomized, double-blind trials oral Kytril® was shown to be effective in preventing
delayed CINV after moderately emetogenic chemotherapy. In a placebo-controlled trial, 139
chemotherapy-naive women receiving moderately emetogenic chemotherapy for breast
cancer also received intravenous Kytril®, 3 mg, just before chemotherapy.47 At 24 hours, patients
were randomly assigned to oral Kytril®, 1 mg twice daily, or placebo for 2 days (days 2 and 3).
● Oral Kytril® provided total control in significantly more patients than placebo on both day 2

(67% vs 49%; p=0.02) and day 3 (76% vs 52%; p<0.01).

In the second, comparative study, 230 patients received either oral Kytril®, 1 mg twice daily,
or sustained-release prochlorperazine, 10 mg twice daily, for 7 days starting 1 hour before
moderately emetogenic chemotherapy (Figure 8).48

● Significantly more patients receiving oral Kytril® than prochlorperazine had no emesis at 
48 hours (82% vs 68%; p=0.016).

● Significantly more patients receiving oral Kytril® than prochlorperazine required no rescue
medication at 48 hours (84% vs 58%; p<0.001).

Kytril® effectively prevents CINV in patients previously refractory to antiemetic
treatment
The efficacy of Kytril® in patients previously refractory to antiemetic therapy has been
demonstrated in a multicenter, open-label trial conducted in 517 chemotherapy patients.44
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A single 2 mg oral dose of Kytril® is equivalent to the approved
intravenous ondansetron dose of 32 mg

Kytril® is effective against delayed-onset CINV due to moderately
emetogenic chemotherapy
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Previously used antiemetics included metoclopramide, dexamethasone and ondansetron.
Patients were treated with up to 15 successive cycles of chemotherapy.
● During the first six chemotherapy cycles, complete response to Kytril® was achieved in

53–60% of patients. 
● Antiemetic efficacy was maintained throughout these cycles. 

The efficacy of Kytril® in these difficult-to-treat patients is further supported by a double-blind,
randomized study comparing Kytril®, 3 mg, plus dexamethasone, 10 mg, with continued
treatment with ondansetron, 8 mg, plus dexamethasone, 10 mg, in patients receiving highly
emetogenic chemotherapy.45

● 47% of patients refractory to ondansetron in cycle 1 obtained complete protection (no
vomiting and no or mild nausea) with Kytril® in subsequent cycles.

The different success rates of Kytril® and ondansetron in treatment refractory patients may suggest
efficacy differences between the 5-HT3-receptor antagonists.

Kytril® effectively prevents CINV in children
In a dose-comparison study, 80 children receiving highly emetogenic chemotherapy were
randomized to one of three doses of intravenous Kytril® given immediately before
chemotherapy.49

● No or only one episode of vomiting was reported by 48%, 42% and 56% of children,
respectively, with 10, 20, or 40 µg/kg of intravenous Kytril®.

● No or only mild nausea was reported by 65%, 46% and 72% of children, respectively, in the
three dose groups.

● No significant differences occurred between the three dose groups, though there was a
consistent trend in favor of the 40 µg/kg dose.
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The efficacy of both 20 µg/kg and 40 µg/kg of intravenous Kytril® in preventing CINV has been
confirmed more recently in a randomized, dose-comparison study in 49 children receiving
chemotherapy.50

Kytril® effectively prevents RINV
Intravenous Kytril®
In an open trial, 32 consecutive patients undergoing single-fraction TBI (planned dose, 7.5 Gy)
received a single intravenous dose of Kytril®, 40 µg/kg, 30–60 minutes before radiotherapy.51 No
other antiemetics were given.
● Total protection (no vomiting, retching or nausea) over the first 24 hours was obtained in 56%

of patients.
● A complete response (here defined as no vomiting and no more than mild nausea) was

achieved in 70% of patients over 24 hours.

In a double-blind, placebo-controlled, comparative study, 30 patients undergoing single-
fraction TBI were randomized to receive intravenous Kytril®, 3 mg, 1 hour before irradiation, or a
combination of intravenous metoclopramide, 20 mg, dexamethasone, 6 mg/m2, and
lorazepam, 2 mg, also 1 hour before irradiation.52

● The complete response rate was significantly higher with intravenous Kytril® than with the
intravenous comparator regimen (53% vs 13%; p=0.02).

● A significantly higher proportion of patients experienced no vomiting over 24 hours with
intravenous Kytril® than with the comparator regimen (60% vs 13%; p=0.008).

● The time to first episode of vomiting within 24 hours was significantly longer with intravenous
Kytril® than with the comparator regimen (p=0.001) (Figure 9).
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Figure 9 Efficacy of intravenous Kytril®, 3 mg, in
preventing vomiting in patients undergoing TBI.

p=0.001 for Kytril® vs comparator. 
Redrawn with permission from Prentice et al.52

In children, intravenous Kytril® reduces the incidence of CINV 
due to highly emetogenic chemotherapy
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In an open study of radiation therapy plus chemotherapy, 26 patients received TBI (12 Gy
divided over 4 days) with cyclophosphamide-containing chemotherapy (mainly 60 mg/kg/day
on two consecutive days). Intravenous Kytril®, 1 mg, plus dexamethasone, 10 mg, were given
daily before chemotherapy or irradiation.53

● A complete response (no emesis, no rescue medication) was obtained on 50% of 186
patient-days.

● The antiemetic efficacy of Kytril® plus dexamethasone was maintained throughout the 9 days
of the study.

Oral Kytril®

Kytril® vs ondansetron
The efficacy of Kytril® in the prophylaxis of nausea and vomiting resulting from hyperfractionated
TBI has been compared with that of ondansetron in a double-blind study.54 Thirty-four patients
were randomized to either Kytril®, 2 mg, 1 hour before the first daily fraction of radiation or
ondansetron, 8 mg, 1.5 hours before each fraction of TBI. Ninety patients who had received the
same TBI regimen prior to bone marrow transplantation comprised a historic control group. 
● The proportion of patients experiencing more than five emetic episodes over the 4-day study

period was significantly less in the Kytril® group (0%) compared with the control group (55.6%;
p<0.01). The difference between the ondansetron group (20%) and the control group was
not significant (Figure 10).

● During the first 24 hours, significantly more patients receiving Kytril® (61.1%) or ondansetron
(46.7%) had zero emetic episodes than patients in the control group (6.7%; p<0.01 vs Kytril®

or ondansetron). 
● Complete emetic control (no emesis or rescue antiemetic) over 4 days was significantly

more frequent in patients taking Kytril® (27.8%) or ondansetron (26.7%) compared with the
historic control group (0%; p<0.01 vs Kytril® or ondansetron).

Intravenous Kytril® significantly reduces the incidence of 
RINV compared with a combination of metoclopramide,

dexamethasone and lorazepam
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experienced no more than five emetic
episodes over 96 hours after receiving oral
Kytril®, 2 mg, or oral ondansetron, 8 mg,
prior to hyperfractionated TBI.52 *p<0.01
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Kytril® effectively prevents RINV in patients previously refractory to antiemetic
therapy
The efficacy of Kytril® in preventing RINV in patients who were previously refractory to treatment
with dopamine antagonists, has been demonstrated in 15 patients undergoing radiotherapy.55

Symptoms appeared 1–41 days after the start of radiotherapy, at doses of 1.8–49 Gy. Oral
Kytril®, 1 mg/day, was administered 1–2 hours prior to radiotherapy (5 days/week). 
● Complete remission of symptoms was observed in all patients on days 1–3. 
● Immediate remission of nausea and vomiting was apparent in 33% of patients.

The authors concluded that oral Kytril® is an effective and useful treatment for RINV when
dopamine antagonists have failed.

Kytril® effectively prevents PONV
Despite the debilitating nature of PONV and its occurrence in about 30% of patients during the
first 24 hours after surgery, prophylaxis is currently recommended only for those at high risk or in
whom it may cause serious sequelae, for example in head and neck surgery.36 Complete, 
24-hour control of nausea and vomiting may be particularly important in the outpatient surgical
setting. Such surgical patients may experience nausea and vomiting subsequent to discharge,
which in turn may lead to increased physician contact, emergency room visits, and possible 
re-admission to hospital.

Intravenous Kytril®

Abdominal surgery
In a randomized, double-blind, placebo-controlled, dose-finding study in 527 patients
undergoing elective open abdominal surgery or vaginal hysterectomy, intravenous Kytril® was
given in doses of 0.1 mg, 1 mg, or 3 mg, 5 minutes before induction of anesthesia.56

● Total control at 24 hours was achieved in significantly more patients receiving intravenous
Kytril®, 1 mg (49.3%) or 3 mg (42.2%), than in those receiving placebo (18%; p<0.001)
(Figure 11).

● Intravenous Kytril®, 1 mg or 3 mg, significantly increased the proportion of patients who were
free of vomiting (63.4% and 61.7%, respectively) and free of nausea (50.0% and 42.2%) at
24 hours compared with placebo (21.8%; p<0.001).

● The highest dose of Kytril® (3 mg) did not provide any greater clinical benefit than the 1 mg dose.

Several other randomized, double-blind studies support the use of intravenous Kytril® in
preventing PONV in women undergoing major gynecologic surgery. Kytril® has been shown to be
superior to placebo,57–59 intravenous metoclopramide57 and, in combination with
dexamethasone, superior to monotherapy with either agent.58 These studies support the use of
an intravenous Kytril® dose of 40 µg/kg.

Oral Kytril® effectively prevents RINV
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Neck surgery
Intravenous Kytril®, 40 µg/kg, given before induction of anesthesia, significantly increased the
proportion of patients with total control (called complete response in this paper) over the first 
24 hours compared with intravenous droperidol, 20 µg/kg, or metoclopramide, 0.2 mg/kg, in
women undergoing thyroidectomy (p<0.05).60

Kytril® vs droperidol and metoclopramide
The superiority of Kytril® over droperidol and metoclopramide in PONV has been demonstrated
in three randomized, double-blind studies. In one study, 120 female patients undergoing breast
surgery were randomized to receive Kytril®, 40 µg/kg, droperidol, 1.25 mg, metoclopramide, 
10 mg, or placebo, intravenously immediately before the induction of anesthesia.61

● The incidence of PONV was 17% in Kytril®-treated patients, 37% with droperidol, 43% with
metoclopramide and 50% with placebo (p<0.05).

● Kytril® was highly effective in reducing the incidence of PONV in patients undergoing breast
surgery, whereas droperidol and metoclopramide were ineffective in this population.
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Safety of Kytril®
It is very important to consider the safety and tolerability of an agent when selecting antiemetic
therapy in both the cancer and postoperative settings. The side-effect profile of agents used in
cancer patients is particularly important in the following groups:
● patients unable to tolerate any further reduction to their quality of life
● patients who are particularly susceptible to adverse events (e.g. the elderly)
● patients taking multiple medications and/or receiving treatment for comorbid conditions.

Kytril® in both intravenous and oral forms has been shown to be safe and well tolerated in
numerous clinical trials involving over 6000 patients. Furthermore, the risk of drug interactions with
this agent is low due to its limited interaction with the cytochrome P450 system. The greater
selectivity of Kytril® could be expected to result in fewer or less severe central nervous system
side-effects, including severe headache, blurred vision and dizziness.

Intravenous Kytril® is safe and well tolerated
The safety of intravenous Kytril® has been demonstrated in clinical trials involving more than 3000
patients and over 7 years of practical clinical use.

The most common adverse event occurring in clinical trials was headache, followed by
asthenia, somnolence, diarrhea and constipation (Table 7).62 However, most headaches were mild
or moderate in severity. Elevations of aspartate aminotransferase and alanine aminotransferase to
greater than twice the upper limit of normal occurred in 2.8% and 3.3%, respectively, of patients
who received intravenous Kytril®, mostly with highly emetogenic chemotherapy.10 These elevations
are similar to those reported with comparator agents (2.1% vs 2.4%, respectively).

Cardiovascular effects of intravenous Kytril®
Cardiovascular disease is a major cause of comorbidity and mortality in older patients with
cancer.63 Additionally, many cytotoxic agents, including some anthracyclines and taxanes,64–66

The safety of intravenous Kytril® has been demonstrated in 
clinical trials involving more than 3000 patients and over

7 years of practical clinical use

Table 7 Most common
adverse events in

worldwide clinical trials of
intravenous Kytril®.62

† Dexamethasone in
combination with:
metoclopramide,
metoclopramide/
diphenhydramine,

chlorpromazine,
prochlorperazine or

alizapride.

Incidence (% of patients)

Intravenous Kytril® Comparator†

(n=3269) (n=660)

Headache 15 5

Asthenia 6 6

Somnolence 5 10

Diarrhea 5 7

Constipation 7 3
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can negatively affect cardiac function. Thus, the cardiovascular effects of treating these
comorbid conditions should be a consideration in the selection of antiemetic treatment. 

Kytril® has neither cardiovascular warnings nor limitations to its use in patients with cardiac
dysfunction or impairment (Data on file). Indeed, the cardiovascular safety of Kytril® has been
demonstrated in four studies involving both healthy volunteers and cancer patients.7–10 In healthy
volunteers, no clinically important effects on cardiovascular parameters (pulse rate, blood
pressure, ECG, QTc) have been noted.7,8

In one study, the cardiovascular effects of intravenous Kytril® (10 µg/kg, administered over 
30 seconds or 5 minutes) were compared with those of intravenous ondansetron (32 mg) and
placebo in a randomized, cross-over study involving 13 healthy adults.8

● There were no significant differences in mean post-dose QTc interval or maximum QTc
interval between the 5-minute injection or 30-second bolus dose of Kytril® and placebo.

● The mean post-dose QTc interval for ondansetron was significantly greater than that seen
after either of the Kytril® regimens or placebo.

The cardiovascular safety of a 30-second injection of Kytril® (3 mg) has also been assessed in
an open study involving 21 chemotherapy patients.9

● No intracardiac conduction defects were detected on surface ECGs and patients’ PR and
QT intervals were unchanged following Kytril® administration.

Kytril® vs ondansetron
The safety and tolerability of intravenous Kytril® have been compared with intravenous
ondansetron in a randomized, double-blind, double-dummy, multicenter study of 623
chemotherapy-naive patients receiving moderately emetogenic chemotherapy.4 Kytril®, 
10 µg/kg, was administered as a 30-second intravenous bolus injection within 5 minutes of the
start of chemotherapy and ondansetron, 32 mg, was given as a 15-minute intravenous infusion
beginning 30 minutes before chemotherapy.
● The most frequently reported adverse events – headache and fatigue – occurred with

comparable frequency in both treatment groups and were usually reported as mild (Table 8).
● Abnormal vision was reported in significantly more ondansetron-treated patients than Kytril®

patients (6.3% vs 0.4%, respectively; p=0.001). 
● Dizziness was reported by 14% of ondansetron-treated patients compared with only 5.2% of

Kytril® recipients.

Table 8 Percentage of
patients with adverse

experiences following Kytril®

or ondansetron
administration.4

Adverse event Kytril® Ondansetron

Headache 15.7 14.3

Fatigue 11.3 14.3

Diarrhea 7.7 5.9

Dizziness 5.2 14.0

Anorexia 6.3 5.4

Constipation 5.1 6.3

Abnormal vision (p=0.001) 0.4 6.3
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Oral Kytril® is safe and well tolerated
The safety and tolerability of oral Kytril® have been demonstrated in clinical trials involving more
than 3700 patients receiving emetogenic chemotherapy, mainly cyclophosphamide-based or
cisplatin-based. Headache, constipation and asthenia were the most common adverse events
in patients receiving oral Kytril®, 1 mg twice daily for 1, 7, or 14 days, or 2 mg once daily for 
1 day (Table 9) (Data on file).

Kytril® vs ondansetron
The safety and tolerability of oral Kytril® (2 mg) have been compared with intravenous ondansetron
(32 mg) in a double-blind, parallel-group study in 1085 chemotherapy-naive patients.6

● Similar proportions of Kytril®-treated and ondansetron-treated patients reported adverse
events over the 11-day study period.

● Dizziness was reported by significantly more patients who received ondansetron than Kytril®

(9.6% vs 5.4%, respectively; p=0.011).
● Abnormal vision occurred significantly more often in ondansetron-treated patients than in

Kytril®-treated patients (4.2% vs 0.6%, respectively; p<0.001).

Kytril® has a low risk of drug interactions
Kytril® is metabolized primarily by the cytochrome P450 3A subfamily. It therefore undergoes less
extensive metabolism by this enzyme system than other 5-HT3-receptor antagonists, which
interact with multiple cytochrome P450 enzymes.11,12 Consequently, the risk of drug interactions
with this agent is low (Table 6). Although no definitive studies have been performed to evaluate
pharmacokinetic or pharmacodynamic interactions of Kytril® with other drugs, no clinically
significant drug interactions have been reported to date. Kytril® injection has also been
administered safely with benzodiazepine, neuroleptic and anti-ulcer medications commonly
prescribed with antiemetic drugs.

Table 9 Most common
adverse events in clinical

trials of oral Kytril®

(Data on file).
†Metoclopramide/
dexamethasone,

phenothiazines/
dexamethasone,

dexamethasone alone, 
or prochlorperazine

‡Usually mild-to-moderate

Incidence (% of patients)

Oral Kytril®, Comparator† Placebo
2 mg once (n=599) (n=185)
daily (n=1450)

Headache‡ 20 13 12

Constipation 14 16 8

Asthenia 18 10 4

Diarrhea 9 10 4

Abdominal pain 4 6 3

Dyspepsia 6 5 4

The safety and tolerability of oral Kytril® has been demonstrated in
clinical trials involving more than 3700 patients
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Clinical use of Kytril®

Indications
Kytril® (granisetron HCl) Tablets and Injection are indicated for the prevention or treatment of
nausea and vomiting associated with initial and repeat courses of emetogenic cancer therapy,
including high-dose cisplatin. Kytril® is also indicated for the prevention and treatment of nausea
and vomiting associated with radiotherapy for malignancy, and for the prevention and
treatment of postoperative nausea and vomiting. The accompanying Prescribing Information
should be consulted before use.

Dosage and administration
Injection
Kytril® Injection can be administered intravenously undiluted over 30 seconds. For the
recommended dosage and administration of Kytril® Injection please refer to the accompanying
Prescribing Information.

Tablets 
Kytril® Tablets are effective when given once daily. For the recommended dosage and
administration of Kytril® Tablets please refer to the accompanying Prescribing Information.

Special patient groups
Pediatric patients 
For the recommended dosage of Kytril® in children please refer to the accompanying
Prescribing Information.

The elderly
No dosage adjustment of either Kytril® Injection or Tablets is required in elderly patients. 

Patients with renal failure
No dosage adjustment of either Kytril® Injection or Tablets is necessary in patients with renal
failure.

Kytril® Injection effectively controls nausea and vomiting when
administered over 30 seconds

Kytril® Tablets are effective using once-daily administration
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Patients with hepatic impairment
No dosage adjustment of either Kytril® Injection or Tablets is required in patients with hepatic
impairment or hepatic risk, for example in patients taking concomitant drugs that may affect
hepatic function or in those suffering from liver metastases, cirrhosis or colorectal cancer.

Pregnant/nursing women 
Kytril® Tablets and Injection are classified as pregnancy category B, indicating that animal
studies have not demonstrated fetal risk. 

Drug interactions

Kytril® does not induce or inhibit the cytochrome P450 drug-metabolizing enzyme system and
no clinically significant drug interactions have been reported. Please refer to the ‘Pharmacology
of Kytril®’ section, pages 7–10. 

Stability and compatibility

Please refer to the accompanying Prescribing Information.

No dosage adjustments of either Kytril® Injection or Tablets 
are necessary in patients with renal failure, hepatic impairment 

or in the elderly
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Recent advances in the surgical management of

necrotizing pancreatitis
Ari Leppäniemi and Esko Kemppainen

Purpose of review

To summarize advances and new concepts in the surgical

management of necrotizing pancreatitis published within

the past year with emphasis on the evolving importance of

the recognition of abdominal compartment syndrome as

a significant contributor to early development of organ

failure.

Recent findings

Underdiagnosed and untreated, abdominal compartment

syndrome is a potential contributing factor to the

development of early organ failure in patients with severe

acute pancreatitis and warrants routine measurement of

intra-abdominal pressure in patients treated for severe

pancreatitis. The current estimate of the prevalence of

intra-abdominal hypertension in severe acute pancreatitis is

about 40%, with about 10% overall developing abdominal

compartment syndrome, associated with increased

hospital mortality rates. Early surgical decompression

without exploring the pancreas further seems to be the

most effective treatment. Primary fascial closure of the

abdominal wall following abdominal decompression can be

attempted, but in most cases the prolonged inflammatory

process in the abdomen and the risk of recurrent abdominal

compartment syndrome favors use of gradual closure or

delayed reconstruction of the abdominal wall.

Summary

Recent studies confirm the overall validity of the

established surgical principles for necrotizing pancreatitis:

delayed necrosectomy in patients with infected

peripancreatic necrosis, mostly nonoperative management

of sterile necrosis, and delayed cholecystectomy in severe

gallstone-associated pancreatitis. The role of abdominal

compartment syndrome as an important contributing factor

to early development of multiple organ failure and the

potential benefit of surgical decompression are gaining

support from recent reports and should be carefully

assessed in future studies.
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Introduction
In about 20% of patients with acute pancreatitis, a severe

form of the disease ensues characterized by a two-phase

systemic disease. The prevailing perception is that during

the initial phase, a systemic inflammatory response caused

by a complex effect of several proinflammatory mediators

activated by pancreatic and peripancreatic necrosis dom-

inates the clinical picture and may lead to early multiple

organ failure within the first 72 hours [1]. If the process

cannot be limited by natural defense systems or treat-

ment, the second phase ensues, with progression to sep-

tic, local pancreatic, or other complication [2]. Infection of

the peripancreatic necrosis can be seen in 20%–40% of

patients with necrotizing pancreatitis [3]. The late phase

of severe pancreatitis (at >4 weeks) may be associated

with pancreatic abscesses or pseudocysts.

Although necrotizing pancreatitis is commonly character-

ized as a ‘surgical’ disease, the bulk of the treatment con-

sists of nonsurgical interventions performed in an intensive

care environment including early aggressive fluid resuscita-

tion, invasive monitoring, and support of organ functions,

prophylactic antibiotic treatment, early enteral nutrition,

and early endoscopic sphincterotomy in patients with com-

mon bile duct stone-induced pancreatitis.

The main surgical contribution to the overall management

of necrotizing pancreatitis is necrosectomy, the surgical

removal of infected or sterile peripancreatic and retroper-

itoneal necrosis. Other potential surgical or endoscopic

interventions include diagnostic laparotomy for acute ab-

domen revealing unsuspected cases of acute pancreatitis,

endoscopic sphincterotomy to treat biliary obstruction in

biliary pancreatitis, endoscopic placement of a nasojejunal

feeding tube, percutaneous drainage of pancreatic abscesses,

management of intestinal or pancreatic fistulas, pseudo-

cysts and hemorrhagic complications, and cholecystec-

tomy following biliary pancreatitis. In addition, recent

evidence suggests that the development of abdominal

compartment syndrome (ACS) early in the course of the

disease is a significant contributor to early organ dysfunc-

tion and a potential target for early surgical intervention.
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In 2002, the International Association of Pancreatology de-

veloped evidence-based guidelines for the surgical manage-

ment of acute pancreatitis [4]. The 11 recommendations

favor nonoperative management of mild acute pancreatitis,

use of prophylactic antibiotics, fine-needle aspiration biopsy

to identify infected pancreatic necrosis, early cholecystec-

tomy in mild gallstone-associated acute pancreatitis, and

delayed cholecystectomy in severe pancreatitis. Surgical

or radiologic drainage or necrosectomy should be per-

formed in patients with infected necrosis and clinical signs

and symptoms of sepsis. Sterile necrosis should in most

cases be treated nonoperatively. Necrosectomy should

favor an organ-preserving approach combined with a post-

operative management concept that maximizes postoper-

ative evacuation of retroperitoneal debris and exudate.

Early surgery, within 14 days after onset of necrotizing

pancreatitis, is not recommended unless there are specific

indications.

A recent consensus conference held in April 2004 updated

the current evidence-based knowledge into 23 recom-

mendations [5•]. The jury recommended against pancre-

atic debridement or drainage for sterile necrosis, limiting

debridement or drainage to those with infected pancreatic

necrosis or abscess confirmed by radiologic evidence of gas

or results of fine-needle aspirate. Furthermore, the jury rec-

ommended that whenever possible, operative necrosect-

omy or drainage be delayed at least 2–3 weeks to allow

for demarcation of the necrotic pancreas.

This review summarizes the advances and new concepts in

the surgical management of necrotizing pancreatitis pub-

lished within the past 12 months with special emphasis

on the evolving importance of the recognition of ACS as

a significant contributor to early morbidity and mortality

from severe acute pancreatitis. Based on a search in the

medical literature published in the year 2004, more than

100 articles on acute pancreatitis were identified. Those

concentrating on general reviews, epidemiologic, experi-

mental, biochemical, microbiologic, or histologic studies,

imaging techniques, nutritional support, general and inten-

sive care unit management, and quality of life are not dis-

cussed here.

Surgical management of peripancreatic
necrosis (necrosectomy)
In an Indian study of 58 patients undergoing necrosectomy

and postoperative closed lesser sac lavage, it was possible to

start irrigation in 48 patients and continue until disease res-

olution or death in all but 10 patients. The overall mortality

was 29%. There were a fairly large number of postoperative

complications including enteric fistulae in 12 patients,

residual abscesses in 10, pancreatic fistulae in nine, and

bleeding complications in eight patients. Repeat surgery

was needed in 16 patients and percutaneous drainage in

six [6]. In a preliminary study of six patients undergoing

percutaneous video-assisted necrosectomy after failure of

radio-guided percutaneous drainage, sepsis control was

achieved in all patients in one to four sessions, with no

deaths [7].

The main unresolved issues of the role of necrosectomy in

severe acute pancreatitis include who requires surgery,

when is the optimal time to intervene, and what tech-

nique should be used [8]. In a survey sent to members

of the International Hepato-Pancreato-Biliary Association

with a 38% response rate on surgical strategies for the

management of severe acute pancreatitis, 53% of the res-

ponders would operate on a patient with positive results

from fine-needle aspiration biopsy, but there was no con-

sensus on optimum timing of surgery [9].

The current best evidence supports a surgical or radiologic

intervention in patients with infected peripancreatic ne-

crosis proven radiologically or by fine-needle aspiration bi-

opsy, and it should not be performed earlier than 2–3

weeks from the onset of the disease. The role of surgical

intervention in sterile necrosis has not been solved, and

how to treat a patient with sterile necrosis 4–6 weeks into

the disease not recovering remains unanswered [10].

Biliary pancreatitis
A study from Texas with 187 patients who had gallstone-

associated acute pancreatitis showed that cholecystectomy

should be delayed in patients with moderate to severe

pancreatitis and demonstrated peripancreatic fluid collec-

tions or pseudocysts until the pseudocysts either resolve

or beyond 6 weeks, at which time the pseudocyst drainage

can safely be combined with cholecystectomy [11]. This

study confirms the consensus recommendation that in

severe gallstone-induced acute pancreatitis, cholecystect-

omy should be delayed until the inflammatory response

resolves and clinical recovery occurs [4].

Surgery for extrapancreatic complications
Nonseptic surgical complications are common in acute nec-

rotizing pancreatitis. In a Hungarian study of 131 patients,

fatal complications included bleeding in seven patients and

bowel perforation in three [12].

Colonic involvement in acute pancreatitis is associated

with high mortality, as shown in a study from The Nether-

lands in which 11 of 16 patients with acute pancreatitis and

colonic complications died. All patients underwent colonic

resection, although only four had a macroscopic perforation

during operation. Blinded evaluation by a radiologist dem-

onstrated retroperitoneal spread of the necrotizing process

to colon in all 10 reviewed CT scans, and a blinded path-

ologist’s evaluation of all 14 microscopically examined

specimens showed fat necrosis and pericolitis, but only

four had ischemia and eight had intact mucosa, submucosa,

and smooth muscle layers [13]. Although the authors
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recommend a low threshold for colonic resection due to

unreliable detection of ischemia or imminent perforation

by outside inspection during surgery, it is expected that

the necrotizing process involves the outer layers of the

nearby colon. The natural history and the true incidence

of colonic perforation remain unknown, however.

Abdominal compartment syndrome
Recent data from theMeilahti Hospital, University of Hel-

sinki, Finland, show that although the mortality rates in

patients with severe acute pancreatitis and multiple organ

failure have improved considerably in the past 15 years,

there is little improvement in the early (within 14 days)

mortality rate (Halonen and Leppäniemi, unpublished

data 2004). Clinical evidence is increasing that many of

the deaths in the early phase of the disease, previously

thought to be caused by an overwhelming acute inflamma-

tory reaction leading to ‘early multiple organ failure’, are

associated with undiagnosed and untreated ACS. Much

of this information is derived from the abstracts presented

during the recent World Congress of Abdominal Compart-

ment Syndrome in Noosa, Australia in December 2004.

In a study comparing patients with or without ACS (intra-

abdominal pressure [IAP] >25 mm Hg) treated in the in-

tensive care unit for severe acute pancreatitis, the hospital

mortality rate for patients with ACS was 50% compared

with 15% in patients without ACS (Keskinen et al., paper
presented at Inaugural World Congress on Abdominal

Compartment Syndrome; December 6–8, 2004; Noosa,

Australia). There was a clear correlation between the max-

imum IAP value within the first 2 weeks and the mortality

rate. In a logistic regression analysis, however, only the

maximal Sequential Organ Failure Assessment score was

an independent risk factor for hospital mortality.

A study from China with 297 patients with severe acute

pancreatitis showed that those who developed organ dys-

function within 72 hours after the onset of symptoms had

a 78% incidence of intra-abdominal hypertension (IAH

>15 mm Hg) compared with 23% in patients with severe

acute pancreatitis without early organ dysfunction. The

overall mortality rates in patients with and without early

onset organ failures were 43.4% and 2.6%, respectively.

Comparing nonsurvivors with survivors in the group with

early-onset organ failures, the prevalence of ACS was higher

among the nonsurvivors (90.0% vs 56.4%) (Keskinen et al.).
The development of ACS in patients with severe acute

pancreatitis seems to occur most commonly in the early

course of the disease and is probably caused by the com-

bined effects of the aggressive fluid resuscitation and in-

flammatory process in the retroperitoneum leading to the

development of visceral edema and pancreatic ascites

(Gonzales Santamaria et al. and Lisi et al., papers presented
at Inaugural World Congress on Abdominal Compartment

Syndrome; December 6–8, 2004; Noosa, Australia).

The prevalence of IAH in patients with severe acute pan-

creatitis is not known. In a study of 41 patients with severe

acute pancreatitis, 44% of the patients had IAP levels

higher than 12 mm Hg, and four patients (10%) had

IAP levels higher than 25 mm Hg with severe organ dys-

function and undergoing abdominal decompression (De

Waele et al., paper presented at Inaugural World Congress

on Abdominal Compartment Syndrome; December 6–8,

2004; Noosa, Australia). In another study of 37 patients

treated in the intensive care unit for severe acute pancre-

atitis, 10 patients (27%) had IAP levels higher than 25 mm

Hg, with an overall frequency of 10 of 120 (8%) when all

patients with severe acute pancreatitis treated in other

units (surgical intensive care unit, high-dependency unit)

were included (Keskinen et al.). Thus, it can be estimated

that the overall prevalence of IAH in patients with severe

acute pancreatitis is about 40%, and the frequency of ACS

requiring surgical decompression about 10%. Due to the

more aggressive fluid resuscitation policy in the early

phase of severe acute pancreatitis, and the decreasing pro-

portion of patients requiring necrosectomy, it is likely that

the incidences of both early-onset and late-onset ACS,

respectively, are higher today than in the past.

Several studies show the association between IAH and de-

velopment of organ dysfunction in severe acute pancrea-

titis (Keskinen et al., De Waele et al., and Snippe et al.,
papers presented at the Inaugural World Congress on Ab-

dominal Compartment Syndrome; December 6–8, 2004;

Noosa, Australia). De Waele et al. showed that there was

a 94% incidence of respiratory failure, 94% cardiovascular,

and 89% renal failure rate in patients with IAP higher than

12 mmHg. Because the pathophysiologic responses to the

cellular events early in the course of the disease have the

ability to induce organ dysfunction even without the pres-

ence of ACS, more studies are needed to characterize the

exact mechanisms, role, and magnitude of ACS leading to

early organ failure in severe acute pancreatitis.

Decompressive laparotomy and temporary abdominal clo-

sure with a Bogota bag or equivalent seem to be the most

effective way of treating ACS in severe acute pancreatitis

[14•] (Gonzales Santamaria et al. and De Waele et al.). A
standard vertical midline laparotomy incision is the most

commonly used procedure for decompressive laparotomy,

but it is associated with significant wound-related early

and late morbidity and with the need for reconstructive

surgery for the ‘planned’ ventral hernia. If a bilateral sub-

costal incision is able to provide sufficient decompression,

it could reduce morbidity and increase the proportion of

patients with successful fascial closure during the initial

hospitalization period, although there are no research data

supporting this.

Due to the potential risk of introducing infection to the

peripancreatic necrotic tissue with any open abdomen

Surgery for necrotizing pancreatitis Leppäniemi and Kemppainen 351



method for treating ACS, an alternative could be to per-

form a bilateral endoscopic anterior rectus fasciotomy,

which has been suggested as an optional method to de-

crease IAP and avoid open abdomen altogether [15•].
There are, however, no clinical data to support that a suf-

ficient decompression effect can be achieved in humans.

In some cases with ultrasound-proven presence of large

volumes of pancreatic ascites, the first-line treatment

has been percutaneous drainage of the intraperitoneal

exudate, which can lead to a significant drop in IAP

(Lisi et al.).

The surgical management of ACS in patients with severe

acute pancreatitis raises several unresolved issues, such as

the relation of early decompression to eventual necrosect-

omy, potential increase in infected peripancreatic necrosis

rates, and the difficult management of open abdomen in

a situation in which the disease process is likely to con-

tinue for weeks. Current limited evidence supports the

concept of not exploring the pancreas further but limiting

the operation to decompression and drainage of ascites

(Gonzales Santamaria et al.). One study showed that pre-

mature exploration of the peripancreatic area can lead to

fatal retroperitoneal bleeding (De Waele et al.). A case re-

port from Germany described the use of vacuum-assisted

closure in a patient with severe pancreatitis utilizing an

auxiliary, independently open vacuum system positioned

intra-abdominally [16]. Primary closure of the abdominal

wall was finally achieved after 30 reoperations, 72 days

later. There were no bowel fistulas or intra-abdominal

abscesses.

Conclusion
The established surgical principles in the management of

severe acute pancreatitis have changed little over the past

few years. In contrast, new and accumulating evidence

indicates that the ‘early multiple organ failure’ sometimes

seen in severe pancreatitis can at least in some patients be

the result of undiagnosed ACS associated with the exten-

sive inflammatory process in the retroperitoneum and the

aggressive fluid resuscitation applied early in the course of

the disease. Most centers measure IAP routinely in all

patients with severe acute pancreatitis and perform early

decompression in full-blown ACS. Carefully designed

studies are needed to solve the challenges related to

ACS in this high-risk patient group.
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Postoperative Nausea and Vomiting in Regional
Anesthesia

A Review
Alain Borgeat, M.D.,* Georgios Ekatodramis, M.D.,† Carlo A. Schenker, M.D.†

ANESTHESIA has become remarkably safe, and while
death and permanent damage have become rare occur-
rences, other sequelae of anesthesia are gaining more
importance. Postoperative nausea and vomiting (PONV)
still is the most troublesome adverse event encountered
in the recovery room, despite advances in prevention
and treatment.1 The incidence of PONV has remained
high and has a major negative impact on patient satisfac-
tion about the overall surgical experience.2 Further-
more, the ongoing trend toward ambulatory procedures
has increased the focus on PONV as its occurrence may
delay discharge3 or cause unanticipated hospital
admission.4

General anesthesia has long been considered as caus-
ing a greater frequency and severity of PONV than re-
gional anesthetic techniques. Recent studies investigat-
ing this time-honored dictum in a controlled manner
mostly, but not unanimously, confirmed it.5–8 Accord-
ingly, considerable effort has been invested to examine
etiology, define patients at risk, and outline preventive
and therapeutic strategies in patients undergoing general
anesthesia. Reviews dealing with PONV have discussed
almost exclusively general anesthesia and largely ignored
regional anesthesia.9,10 This contrasts with the increas-
ing popularity of regional anesthesia. A survey in Europe
showed that one third of patients are undergoing re-
gional anesthesia for their operative procedure.11 In
France, the proportion of regional anesthesia increased
from 15 to 25% of all anesthetics administered from 1980
to 1996.12

The number of local anesthetic and analgesic agents
available for regional anesthesia has increased over the

last two decades. Since the introduction of intrathecal
and epidural morphine in 1979, a multitude of medica-
tions, such as synthetic opioids, �2-agonists, and cho-
linesterase inhibitors, have been introduced in an at-
tempt to enhance the action of local anesthetics. The
decision about their usefulness will not only rely on their
effects on nerve blockade and pain relief, but also on
their influence on side effects such as PONV.

This review focuses on PONV in the setting of periop-
erative regional anesthesia. General aspects of PONV,
such as physiology, patient, and perioperative factors
involved are discussed. Few studies regarding these is-
sues have been specifically devoted to regional anesthe-
sia. Therefore, much information must be derived from
investigations of general anesthesia. Specific regional
anesthetic techniques and the influence of adjunctive
medications on PONV are also presented. Combined
general–regional anesthesia is purposefully excluded,
avoiding the many variables introduced by general anes-
thesia. A final section is devoted to continuous periph-
eral nerve blocks and their possible impact on PONV.

General Aspects of Postoperative Nausea and
Vomiting

The Relevance of Postoperative Nausea and
Vomiting
Patients often express fear about PONV when ques-

tioned before surgery. Its importance compared with
other possible postoperative sequelae varies but is gen-
erally high.13 When questioned about issues of concern,
22% of 800 patients gave PONV the highest level of
concern, compared with 34% for postoperative pain and
24% for waking up during surgery.14

The Difficulty of Studying Postoperative Nausea
and Vomiting
The investigation of PONV has not proved to be an

easy task. Outlines for adequate methodology have been
published,15 but several aspects make generalization or
comparison of results difficult.
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There is a wide array of patient, anesthetic, and surgi-
cal factors that influence incidence and severity of
PONV.9–10 Methods of determining whether a patient
suffers PONV vary. Patients may be asked repeatedly
about nausea, or only complaints offered spontaneously
may be registered. The occurrence of vomiting may be
known from patient interrogation or derived from
nurses’ notes, which have been shown to underreport
emesis events by 50%.16 Some studies distinguish be-
tween nausea, retching, and vomiting, whereas others
use a single term. The incidence may refer to the number
of patients experiencing PONV or the number of events.
The severity is either not differentiated or reported in
categories (mild–severe), in visual analog scale scores or
elaborate nausea scores, or implied by the need for
antiemetic medications. Another source of confusion is
the observation time. Intraoperative nausea and vomit-
ing and PONV are sometimes not reported separately.
The postoperative recording may end with the discharge
of the patient from the postanesthetic care unit, the first
analgesic administration after a regional anesthetic, or
the passing of anywhere between 12 and 72 h after a
defined “time zero.”

Few studies are specifically designed to investigate
PONV associated with regional anesthesia. Usually the
main observation is centered on factors describing the
block, such as intensity or duration. PONV, if reported at
all, is only a secondary endpoint. This implies that the
number of patients studied is tailored to the need to
show statistical significance regarding the primary end-
point. When such studies report no difference in PONV
rates between groups, the risk of a type II error should
be kept in mind.17 One way to satisfy the need for high
patient numbers is to conduct a multicenter study. But
despite using strict protocols, marked variations in the
rate of PONV across hospitals were found, which were
not explained by the case mix of patients.16 Equally
striking are the differences in results among countries
reported in multinational investigations.18 Metaanalysis
as another means to achieve larger numbers of patients
is not only hampered by differences in study designs, but
also by the high rate of double-reporting patients, esti-
mated to occur up to 25% in some PONV studies.19 The
same problem may also occur in a review article.20.

Mechanisms of Postoperative Nausea and Vomiting
in Regional Anesthesia
Several different mechanisms may play a role in caus-

ing PONV in patients who receive regional anesthesia. In
a retrospective analysis, Crocker and Vandam21 found
that hypotension (systolic blood pressure � 80 mmHg),
a block higher than the fifth thoracic segment, and the
anesthetic mixture (e.g., addition of vasoconstrictors to
the local anesthetic) increased the incidence of nausea
and vomiting during spinal anesthesia. The prospective
work of Carpenter et al.22 in a similar setting confirmed

these findings. It appears that not one single mechanism
is responsible for causing PONV. Several mechanisms
may be active simultaneously, and the importance of
each in a particular case may remain speculative.

Nausea and vomiting are not among the cardinal signs
and symptoms of toxicity of the currently used local
anesthetics when infused systemically, although they
may occur in the context of general cerebral toxicity.23

Consequently, they are usually not considered as
emetogenic.

The addition of other medications to local anesthetics
for regional anesthesia has become increasingly popular.
When administered intrathecally, hydrophilic substances
(e.g., morphine) tend to remain in the cerebrospinal fluid
for prolonged periods of time and can move rostrally by
diffusion or bulk movements of cerebrospinal fluid, reach-
ing the area of the chemoreceptive trigger zone. Morphine
concentrations in the medulla oblongata reach significant
levels within 5–6 h, as evidenced by the onset of trigeminal
analgesia.24 This time coincides with the peak time of
nausea observed after spinal administration of morphine.25

Lipophilic opioids are taken up quickly into the spinal cord.
Nonetheless, about 10% of a dose of fentanyl administered
in the lumbal intrathecal space can be recovered in the
cervical cerebrospinal fluid as early as 30 min after injec-
tion, demonstrating rapid ascension.26 Baricity of the solu-
tions will influence drug kinetics in the cerebrospinal fluid.
In fact, hyperbaric neostigmine was shown to cause lower
PONV rates than an isobaric formulation, an effect attrib-
uted to decreased rostral spread.27

Epidural administration of drugs leads to rapid vascular
uptake that provides access to the chemoreceptive trig-
ger zone via the bloodstream. Peak plasma concentra-
tions may be achieved within 5–15 min,28 and systemic
concentrations often approach those obtained after a
similar intramuscular dose.

In the case of peripheral perineural administration,
adjuvant drugs are absorbed into the systemic circula-
tion, thereby reaching the chemoreceptive trigger zone.
Centripetal intraneural transport of substances like opi-
oids has been documented,29 but this mechanism is
considered insignificant in drug distribution.30 Femoral
perineural application or intramuscular administration of
morphine leads to the same low morphine concentra-
tions in cerebrospinal fluid.31

Hypotension is a common occurrence during neuraxial
anesthesia. Low blood pressure may lead to brain stem
ischemia, which is thought to activate the circulatory, re-
spiratory, and vomiting centers grouped together in the
medulla.32 Consequently, supplemental oxygen can re-
lieve nausea in such circumstances.33 Other investiga-
tors have speculated that hypotension rather leads to gut
ischemia and the release of emetogenic substances (e.g.,
serotonin) from the intestines.34 These different hypoth-
eses linking hypotension and PONV still need to be
clarified and the mechanism linking hypotension to nau-
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sea and vomiting defined.32,35 Strategies avoiding hypo-
tension were shown to be effective in reducing eme-
sis.36,37 Many of these investigations were limited to
patients undergoing cesarean section, and most used
ephedrine as a pressor agent, which is suspected to
possess antiemetic activity unrelated to its hemodynamic
action.38

Neuraxial anesthesia also changes the function of the
gastrointestinal tract.39 Sympathetic blockade by local
anesthetics creates unopposed vagal action, resulting in
gastrointestinal hyperactivity. The efficacy of vagolytic
agents to relieve nausea during spinal anesthesia has
been taken as evidence of the importance of this
mechanism.33

Patient Factors
Considerable effort has been invested to identify pa-

tients at increased risk of PONV. These studies often
involve the use of elaborate statistics, and they vary in
patient characteristics as well as surgical and anesthetic
case mix.16,22,40,41 Unfortunately, because most do not
analyze a regional anesthesia group separately, there is
little information available on the influence of specific
patient risk factors on PONV in the context of regional
anesthesia.

Age. Younger age was shown to be a risk factor for
PONV in the studies by Apfel et al.,40 Sinclair et al.,41 and
Cohen et al.16 No significant correlation, however, was
found by Larsson et al.42 or Koivuranta et al.43 Quinn et
al.44 reported results of 3,850 inpatients and analyzed
separately the 606 patients undergoing regional anesthe-
sia. Younger age was significantly associated with nausea
or vomiting in both general and regional anesthesia
groups. Standl et al.8 interviewed 217 patients 4 days
after spinal anesthesia for lower extremity orthopedic
surgery. Patients younger than 20 yr complained most
often of PONV (20%), while only 4% of patients between
40 and 60 yr of age did so. For patients older than 60 yr,
the risk increased again to 9%. This increase at older
age was also observed by Kalso45 in 50 cases of spinal
anesthesia for orthopedic surgery, but older patients
had more complex surgeries and more hypotensive
episodes.

In conclusion, the role of age remains unclear in view
of these results in general as well as mixed and regional
anesthetic groups. It might be safe to speculate, there-
fore, that any influence of age on PONV that exists in
regional anesthesia patients may be limited, but the im-
pact of the wake state—stress—needs to be clarified.
Finally, awake patients would be more likely to respond
to certain medications (e.g., opioids) with nausea and
vomiting.

Gender. There is more consistency regarding the in-
fluence of gender. Female patients were found to be at
significantly higher risk of PONV in the studies of Apfel
et al.,40 Cohen et al.,16 Sinclair et al.,41 Larsson et al.,42

and Koivuranta et al.43 The latter also specified this
relation for their regional anesthetic group, where they
found PONV rates of 48% for females and 26% for males.
The same results were found by Quinn et al.44 In the
regional anesthesia group, they reported postoperative
nausea in 28% of women and 14% of men, and vomiting
in 17% and 7%, respectively.44 A relation of nausea and
vomiting to the menstrual cycle was pointed out in an
investigation of 68 women with epidural anesthesia for
lower extremity surgery, with the peak incidence during
days 25 to the end of cycle.46 These studies indicate that
female gender is a significant risk factor for PONV in
patients receiving general and regional anesthesia, while
the influence of the menstrual cycle needs further study.

Other factors, such as previous history of PONV or
motion sickness, smoker–nonsmoker status, or obesity
have not been sufficiently investigated in patients under-
going regional anesthesia.

To summarize, patient factors linked to increased risks
of PONV in patient undergoing general anesthesia need
to be further clarified those undergoing in regional
anesthesia.

Systemic Anesthetic Factors
Premedication. The role of premedication in regional

anesthesia remains largely uninvestigated, and there is
no information that any difference exists as compared
with general anesthesia. Therefore, no conclusion can
be drawn from the various premedication given, with
the exception that opioids remain a risk.

Intraoperative Sedation. In addition to premedica-
tion, many patients receive intraoperative sedation to sup-
plement regional anesthesia, to improve patient acceptabil-
ity and comfort, and to reduce stress and anxiety. A wide
variation exists in the frequency of use of sedation and the
agents administered.47 While clonidine is considered not
to influence the incidence of PONV,48 methohexital,49

�-hydroxybutyrate,50 or etomidate51 have shown to
cause significantly more nausea and vomiting compared
with midazolam or propofol sedation, respectively. From
these data, it is evident that the decision to administer
adjunctive sedation must be followed by a careful eval-
uation of what agents to use, as the consequences of
PONV might well be significant. The sedatives most
often given to supplement regional anesthesia are mida-
zolam and propofol. Both drugs may have a positive
impact on PONV. Midazolam has been shown to be as
effective as droperidol in preventing PONV after strabis-
mus surgery in outpatient children.52 The same group
found similar results after tonsillectomy in children.53

Propofol has been claimed to possess antiemetic effects
at sedative doses,54 but these results were not confirmed
by Lacroix et al.55 However, it is accepted that propofol
should be part of the intraoperative management in a
patient with PONV.56 The mechanism of action of any
antiemetic effect of propofol has not been elucidated,
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but Cechetto et al.57 recently showed that propofol
decreases the concentration of both serotonin and 5-hy-
droxyindoleacetic acid within the central nervous sys-
tem of the fourth ventricle at the level of the area
postrema. Although the positive effects of either mida-
zolam or propofol on PONV has not been specifically
studied in the context of regional anesthesia, these two
drugs appear most appropriate to supplement a central
or peripheral block. Propofol has the advantage of hav-
ing better pharmacokinetic properties,58 making its titra-
tion easier than midazolam or other sedatives.59

Hydration. Another factor that has been implicated in
negative postoperative outcome is dehydration. The ad-
ministration of extra fluid is standard practice, especially
in neuraxial techniques, and the amount is usually ti-
trated to blood pressure. Correspondingly, Carpenter et
al.22 found no correlation between intraoperative
amount of fluid administration and intraoperative nausea
as long as no hypotension occurred during spinal anes-
thesia. Fluid administration for the purpose of blood
pressure stabilization is rarely an issue in peripheral
nerve blocks, but data regarding the impact of different
regimens of hydration regimens on PONV are not
available.

Postoperative Factors
Pain. The possible influence of postoperative pain

management on PONV remains incompletely under-
stood. While there is no doubt that opioid administration
can provoke nausea, opioid analgesia relieved PONV in
80% of patients who experienced both pain and PONV
concomitantly in the study by Andersen et al.60 Some
investigators used analgesic regimens with nonopioid
adjunctive medications. Opioid consumption was
thereby reduced, but PONV rates did61,62 or did not63,64

diminish. Opioid reduction was65,66 or was not67,68 fol-
lowed by reduced PONV rates during use of regional
techniques. Opioid-free intraoperative and postoperative
regimens are rare, but could provide insight into the
complex issue of pain, pain medication, and PONV.
Callesen et al.69 compared three groups of patients un-
dergoing hysterectomy receiving either opioid-free epi-
dural–spinal anesthesia, general anesthesia with contin-
uous epidural bupivacaine, or continuous epidural
bupivacaine and morphine, respectively. Despite poorer
pain control, patients in the opioid-free group experi-
enced significantly less PONV in the postoperative pe-
riod. Similar findings were published by Wajima et al.70

In a series of investigations in patients undergoing arm
surgery with brachial plexus anesthesia continued post-
operatively by catheter infusion, the investigators ob-
served that complete omission of opioids led to the
lowest incidence of PONV despite more frequent need
for nonopioid rescue pain medication, while the route of
administration of opioids (systemically or by brachial
plexus catheter) did not matter. Such findings would,

contrary to the conclusions of Andersen et al.,60 lend
support to the statement that it is opioid-based pain
management rather than pain itself that provokes PONV.
In this context, the application of continuous regional
anesthesia and the subsequent opioid-sparing effect is
most likely beneficial in reducing the incidence of
PONV.

The impact of other factors such as movement on
PONV and oral intake have not yet been investigated in
patients undergoing regional anesthesia.

To summarize, operative and postoperative factors
that have been identified as risk factors for PONV after
general anesthesia have not been thoroughly investi-
gated in the context of regional anesthesia and cannot be
automatically extrapolated from one technique to the
other. Further studies are warranted to specify the im-
pact of these factors on PONV in the context of regional
anesthesia.

Specific Regional Anesthetic Techniques and
Postoperative Nausea and Vomiting
It is clear that PONV is a complex, multifactorial prob-

lem. To design and complete a study with sufficient size,
controlling for all factors influencing PONV, represents a
monumental task. Furthermore, the published studies
differ in design in a way that makes comparison often
difficult or impossible.71 Heterogeneity is a recognized
weakness of systematic reviews and metaanalysis and
may therefore weaken the impact of the results, partic-
ularly when dealing with regional anesthesia and PONV,
since the latter has rarely been a primary endpoint.

Spinal Anesthesia. The reported incidence of PONV
associated with spinal anesthesia varies widely.22,72,73

Carpenter et al.22 studied 952 patients undergoing all
types of procedures. They found an intraoperative rate
of nausea of 18% and vomiting of 7%, but it must be
noted that 12% of their patients received additional in-
halational anesthesia. Older prospective studies reported
postoperative retching and vomiting in 11.1%74 or nau-
sea and vomiting in 21.1%75 of patients after spinal
anesthesia. Perioperative rates of 0–21% have been
noted in patients younger than 21 yr.76,77 Comparatively
high rates have been repeatedly observed in the context
of major orthopedic (i.e., joint replacement) surgery and
cesarean section.

Choice of Local Anesthetics. Clinical experience
would indicate that the choice of local anesthetic used
for intrathecal injection does not influence PONV. Most
investigations found no difference when comparing lo-
cal anesthetics, but the number of patients involved was
usually small.78,79 However, the 78 patients receiving
procaine in the study by Carpenter et al.22 suffered
significantly more nausea and vomiting than those given
other local anesthetics despite similar degrees of hypo-
tension. The investigators could not explain this finding.
A more recent study by Hodgson et al.80 comparing
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lidocaine to procaine for ambulatory surgery confirmed
this result as the incidence of PONV did not differ be-
tween groups. It therefore appears that the agent used is
of little importance.

Similarly, the dose of drug does not seem to influence
the occurrence of PONV, as long as hypotension is
avoided. Sheskey et al.81 administered bupivacaine in
doses of 10, 15, or 20 mg to 60 patients undergoing
transurethral resection of the prostate, with no differ-
ence in nausea between groups, while hypotension was
treated with vasopressors. Povey et al.82 reported no
case of nausea or vomiting in 30 patients given either 25
or 30 mg bupivacaine, resulting in a mean sensory block
height of T4 and T3, respectively, when blood pressure
was maintained with ephedrine. Similarly, there was no
difference in emetic sequelae following 60 versus 80 mg
of mepivacaine.83 The influence of the baricity of the
solutions has not been investigated in the context of
PONV, but one has to remember that hyperbaric solu-
tions usually have a greater spread.

Intrathecal Epinephrine. The addition of epineph-
rine to local anesthetics caused more nausea and vomit-
ing in the patients studied by Carpenter et al.22 This oc-
curred despite no difference in the rate of hypotension.
This result would corroborate the finding of a retrospec-
tive analysis from 1959, in which Crocker and Vandam21

also associated intraoperative emesis with the use of epi-
nephrine, but the investigators attributed the effect to a
higher level of block. More recently, the combined use
of procaine and epinephrine resulted in significantly
more PONV in 60 patients undergoing short procedures
when compared with procaine alone (30 vs. 10%).72

Block heights did not differ between groups, but patients
administered epinephrine required more vasopressors.

Other, mostly small investigations comparing various
subarachnoid solutions with or without epinephrine in
different settings have found higher PONV rates in pa-
tients receiving epinephrine84,85 or no difference.86–89

These data indicate that epinephrine may be a significant
factor in PONV. The mechanism of the action in the
absence of hemodynamic or block height differences
remains unclear, but systemic epinephrine has been
linked to increased serotonin release34 as well as to
effects on the chemoreceptive trigger zone mediated by
�-adrenergic receptors.90

Intrathecal Morphine. Intrathecal morphine causes
a dose-dependent increase in vomiting in volunteers.91

However, when dealing with patients undergoing pain-
ful surgery, the picture becomes less clear. Several dose-
finding studies investigated the efficacy and side effects
of intrathecal morphine. Kalso45 found, over 48 h, a
slight but not statistically significant difference in nausea
or vomiting after adding 0, 0.2, or 0.4 mg morphine to
bupivacaine for orthopedic surgery (40 vs. 50 vs. 55%,
respectively). Jacobson et al.92 reported PONV rates of
60 versus 50 versus 100% after 0, 0.3, and 1 mg mor-

phine, respectively, used in joint replacement surgery.
In a study involving 181 patients scheduled for transab-
dominal hysterectomy with tetracaine spinal anesthesia,
patients receiving 0.1 mg morphine had significantly
more emetic sequelae than those administered doses
between 0.03 and 0.08 mg.93 Weber et al.94 conducted
a large investigation involving 300 patients undergoing
major orthopedic surgery of the lower extremities, com-
paring bupivacaine to bupivacaine with 0.2 mg mor-
phine. There was no statistically significant difference
between groups with regard to subjective feeling or
consumption of antiemetics (60 vs. 56.6%). These data
suggest that, at least in more extensive surgery where
effective postoperative pain relief is warranted, intrathe-
cal morphine is not associated with higher PONV rates
than opioid-based systemic analgesia, especially if a dose
of less than 0.1 mg is chosen. Use in minor surgical
procedures has not been well studied, but reports about
significantly higher PONV incidence after 0.2–1.0 mg
intrathecal morphine for transurethral resection of the
prostate compared with a morphine-free solution should
produce caution.95,96

Similarly, early studies dampened the enthusiasm for
subarachnoid morphine to ease labor pain secondary to
nausea and vomiting rates consistently exceeding 50%,
although morphine doses were usually high (0.5–
2 mg).97,98 A reduced dose of 0.25 mg also caused
significantly more nausea and vomiting than a mor-
phine-free epidural regimen when 59 parturients were
studied by Caldwell et al.99 In a recent investigation in
95 women, however, Yeh et al.100 compared a fentanyl–
bupivacaine solution with or without 0.15 mg morphine
and found no difference in nausea or vomiting.

When morphine was added to local anesthetics to
provide spinal anesthesia for cesarean section, an in-
crease of nausea or vomiting was observed postopera-
tively but not intraoperatively.89,101,102 This is in accor-
dance with an investigation showing the peak incidence
of nausea and vomiting between 4 and 6 h after comple-
tion of surgery when intrathecal morphine was admin-
istered.25 Furthermore, the PONV rates were higher af-
ter larger doses (0.2 or 0.25 mg) of morphine were
administered compared with 0.1 mg.103,104 Using even
smaller amounts, Cardoso et al.105 showed a trend to-
ward lower emetic sequelae with smaller doses of 0.05
and 0.025 mg versus 0.1 mg morphine in a study involv-
ing 120 term parturients. A metaanalysis confirmed a
dose-dependent increase in PONV when morphine is
used.106

Intrathecal Fentanyl. The highly lipophilic synthetic
opioids, fentanyl and sufentanil, produce intense but
shorter-lasting analgesia than morphine when applied
intrathecally. The administration of intrathecal fentanyl
to volunteers by Liu et al.107 did not provoke nausea.
Studies comparing varied doses of intrathecal fentanyl
with opioid-free solutions in patients undergoing lower
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extremity revascularization procedures108 found no dif-
ference in PONV incidence among groups. Several stud-
ies showed rather low rates of vomiting in the immediate
perioperative period in patients receiving intrathecal
fentanyl versus control patients, although the sample
sizes were notoriously small.109,110 Michaloudis et al.111

administered a spinal anesthetic to 48 patients (Ameri-
can Society of Anesthesiologists status II–IV) undergoing
various surgical procedures and continued a bupiva-
caine–fentanyl mixture via the intrathecal route for 5
days postoperatively, and none of their patients com-
plained of nausea or vomiting. This contrasts with the
30% PONV rate reported by Niemi et al.112 after 24 h of
intrathecal fentanyl infusion, but almost all of their pa-
tients received additional intramuscular morphine.

Two dose-finding studies evaluated the use of intrathe-
cal fentanyl for treatment of labor pain. While Herman et
al.113 reported not a single occurrence of nausea and
vomiting in 90 parturients administered up to 25 �g
fentanyl, Palmer et al.114 gave up to 45 �g in 84 women
and stated that this side effect was “uncommon in all
groups, occurring too infrequently for any meaningful
comparisons to be made.”

Earlier studies in patients undergoing cesarean section
have also shown that intrathecal fentanyl led to no
greater frequency of nausea or vomiting than when local
anesthetics alone were used,84,115,116 a finding con-
firmed by metaanalysis.106 Several investigators found
lower rates of nausea or vomiting during surgery when
using intrathecal fentanyl,117,118 and 20 �g added to
bupivacaine recently proved more effective than 4 mg
ondansetron given immediately after spinal place-
ment.119 This beneficial effect of fentanyl was ascribed
to improved control of visceral pain during surgery.

Intrathecal Sufentanil. The intrathecal injection of
sufentanil has led to emetic sequelae in volunteers.120,121

A dose-finding study in patients scheduled for extracor-
poreal shock wave lithotripsy found no increase in
PONV at the highest dose of 20 �g, but the fact that
patients administered lower doses required significantly
more propofol because of inadequate analgesia might
have confounded the results.122 The comparison of
sufentanil to lidocaine in a similar setting123 showed no
increase in nausea or vomiting in patients receiving
sufentanil. Similarly, the direct comparison of sufentanil
versus fentanyl in 42 patients after hip surgery revealed
a similar incidence of PONV.124

Sufentanil has gained widespread popularity for intra-
thecal use in the treatment of labor pain. Many small
investigations evaluated different doses from 0 to 10 �g
sufentanil, mostly finding overall low figures for nausea
and vomiting with no dose relation.125–127 A recently
published study in 170 women reported significantly
higher rates of both nausea and vomiting, however,
when a dose of 10 �g sufentanil was compared with the
control group (24 vs. 3% for nausea and 15 vs. 0% for

vomiting), but most nausea was rated as mild.128 When
compared with fentanyl, no difference in PONV was
found with sufentanil.129,130

Little information has been published regarding sufen-
tanil use during cesarean section. Dahlgren et al.131 ad-
ministered 2.5 or 5 �g sufentanil with bupivacaine and
found significantly less intraoperative vomiting com-
pared with the placebo group. There was no difference
compared with the group that received fentanyl (10 �g)
intrathecally, confirming results of an earlier report by
Pan et al.132

Meperidine as an Intrathecal Agent. Meperidine
possesses local anesthetic as well as opioid proper-
ties.133 It can therefore be administered alone or in
combination with local anesthetics to provide operative
spinal anesthesia. Some studies have shown no differ-
ence in vomiting or PONV when meperidine was com-
pared with local anesthetic agents,134,135 but several
investigators noted higher rates after meperidine use,
especially during the intraoperative phase.136

This side effect has also been observed when meperi-
dine was used in laboring women. Honet et al.130 regis-
tered significantly higher nausea scores with meperidine
compared with fentanyl or sufentanil, similar to an ear-
lier investigation.137 Recently, a study designed to com-
pare fentanyl–bupivacaine with meperidine was termi-
nated early because of significantly more nausea and
vomiting in the meperidine group.138

For cesarean section, meperidine has not gained great
interest, especially because the duration of anesthesia is
often inadequate. PONV rates of 29% and 32% have been
reported after its use, but controlled studies are
absent.139,140

Overall evidence points out that, although all intrathe-
cal opioids have the potential to increase the risk of
PONV, they are not “created equal” in their tendency to
do so. Meperidine appears to be the most harmful. Mor-
phine, especially at higher doses, follows next. The li-
pophilic opioids, fentanyl and sufentanil, seem to carry
the lowest risk.

Intrathecal Clonidine. The addition of clonidine to
intrathecal solutions to prolong the action of local anes-
thetics results in no increase in PONV. There is no
evidence after multiple studies, often involving patients
undergoing orthopedic surgery, that the risk of PONV
increases after addition of clonidine to various local
anesthetics or opioids.141–143

Similarly, a dose–response study in laboring patients in
which clonidine was given as a single agent in a dose up
to 200 �g showed no nausea or vomiting as a side
effect.144 Also, the addition of clonidine to sufentanil,145

sufentanil–bupivacaine,146 or fentanyl–bupivacaine147

did not result in a significant change in the incidence of
PONV in this setting.

Clonidine administered with local anesthetics for ce-
sarean section equally lacks emetic side effects. In con-
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trast, Pan et al.148 documented significantly higher rates
of nausea and vomiting when 150 �g of clonidine was
added to bupivacaine (30 vs. 10%), but this may have
been because of an increased incidence of hypotension
in the clonidine group (70% vs. 40%). It seems that the
potential of clonidine to influence PONV may not be
related to the drug itself, but to the balance between
hypotensive and sedative effects.

Intrathecal Neostigmine. Neostigmine has recently
been investigated as an adjuvant medication for spinal
anesthesia. In volunteer studies, a dose-dependent in-
crease in nausea and vomiting was observed after
neostigmine administered either alone27 or in combina-
tion with a local anesthetic.149 This emetogenic effect of
spinal neostigmine also became evident in patient stud-
ies. In a dose-finding study, 92 women undergoing vag-
inal hysterectomy were given a bupivacaine spinal anes-
thetic with neostigmine (0–75 �g). Even the 25-�g
group required significantly more treatment for nausea
in the recovery room than patients given bupivacaine
alone (54 vs. 29%), while significantly higher nausea
scores were documented in the 75-�g group.150 Other
investigations confirm the high frequency of this side
effect.151,152 An additional problem seems to be the poor
efficacy of antiemetics in neostigmine-induced nausea
and vomiting.153,154

Little information exists regarding use of neostigmine
for labor analgesia. Nelson et al.155 reported severe nau-
sea and vomiting after 20 �g neostigmine but observed
no significant difference when comparing 9 �g sufen-
tanil with 6 �g sufentanil plus 10 �g neostigmine.155

However, Owen et al.147 found a significantly higher rate

of nausea when neostigmine (10 �g) was added to a
bupivacaine–fentanyl–clonidine solution (33 vs. 0%).

The same picture emerges when neostigmine is admin-
istered as an adjunct in spinal anesthesia for cesarean
section. A dose-dependent increase in nausea and vom-
iting was found in a small dose–response study, with an
incidence of 100% after a 100-�g dose of neostigmine.156

A dose of 50 �g increased the rate from 10% in control
patients to 79% in another study.148 A high rate of severe
nausea was found by Chung et al.,157 and even a dose of
10 �g given with bupivacaine led to an increase in the
occurrence of nausea requiring treatment from 3% of
patients in the control group to 38% in the neostigmine
group.157 Clinical experience demonstrates that the in-
creased incidence of PONV associated with the applica-
tion of spinal neostigmine outweighs its possible bene-
ficial effect.

Epidural Anesthesia. There is a wide range of PONV
incidences reported when epidural anesthesia was ad-
ministered for surgery (tables 1 and 2).158–174 The epi-
dural injection of only local anesthetics is associated
with a very low risk. Only a single case of nausea was
registered when 37 male volunteers were given up to
660 mg ropivacaine or 550 mg bupivacaine.175 The an-
esthetic chosen appears to be of little influence, al-
though only controlled trials comparing the closely re-
lated local anesthetics ropivacaine and bupivacaine were
published recently.165–166

Local anesthetics alone are sometimes used for labor
pain relief via epidural catheter. The incidence of nau-
sea and vomiting reported in this setting varies from less
than 10%176 to more than 50%.177 The severity is also

Table 1. Pure Local Anesthetic Epidural Blockade and PONV

Study Patients, n Type of Surgery PONV, % Comments

Jorgensen158 371 General 20 Vomiting in 14%
Brockway et al.159 120 General 14 Vomiting in 2%
Morrison et al.160 91 Hernia, varices 11 Vomiting in 2%
Wood and Rubin161 44 Abdominal gynecologic 9
Finucane et al.162 116 Abdominal hysterectomy 68 Vomiting in 26%, 28% also general anesthesia
Wolff et al.163 126 Orthopedic 8
Niesel et al.164 44 Orthopedic 18
Bjornestad et al.165 122 Cesarean section 18 Intraoperative, postoperative 4%
Bader et al.166 63 Cesarean section 40 Vomiting in 10%

PONV � postoperative nausea and vomiting.

Table 2. Effects of Adjunctive Medications on PONV After Epidural Anesthesia

Study Patients, n Type of Surgery Epidural Control PONV, % Medication Added PONV, % Comments

Lanz et al.167 139 Orthopedic Bupivacaine 29 Morphine 35 P � NS
Gürel et al.168 79 Anorectal Prilocaine 0 Morphine 2 P � NS
Rucci et al.169 80 Hernia/prostate Bupivacaine 10 Fentanyl 17 P � NS
Engel et al.170 60 Orthopedic Ropivacaine �10 Clonidine �10 P � NS
Laishley et al.171 80 Cesarean section Bupivacaine 45 Epinephrine 35 Intraoperative, P � NS
Eisenach et al.172 30 Cesarean section Bupivacaine 72 Epinephrine 53 Intraoperative, P � NS
Noble et al.173 45 Cesarean section Bupivacaine 33 Fentanyl 30 Intraoperative, P � NS
Vincent et al.174 60 Cesarean section Lidocaine 62 Fentanyl 32 Intraoperative, P � 0.05

NS � not significant; PONV � postoperative nausea and vomiting.
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variable, with reports ranging from low nausea scores178

to vomiting rates of 52%.179

The same variability is described in reports of epidural
anesthesia for cesarean section. Overall frequencies of
PONV range between 0%180 and more than 70%.175

Chestnut et al.181 reported on the repartition of emetic
events during the course of anesthetic induction and
surgery, with an incidence of nausea of 21% and vomit-
ing of 0% before delivery, 36% and 15% after delivery,
and 36% and 36%, respectively, during the first 4 h
postoperatively.181

Other investigators differed in their findings, either
emphasizing the intraoperative predelivery182 or postde-
livery177 period as the one at highest risk. Possibly, the
use of other medications, such as sodium citrate or
uterotonic agents, is responsible for at least part of these
differences.

Epidural Epinephrine. The epidural injection of epi-
nephrine alone did not cause nausea or vomiting in a
study of 15 volunteers.183 When added to epidural mor-
phine, however, Bromage et al.184 observed “markedly
intensified and prolonged” nausea and vomiting in three
volunteers, and Collier185 confirmed this finding by re-
porting twice the rate of vomiting when epinephrine
was combined with epidural morphine in patients un-
dergoing gynecologic surgery. However, this effect
could not be duplicated in women undergoing cesarean
section.186 There are many, mostly small, studies con-
ducted in different patient populations where varying
epidural solutions were compared with or without epi-
nephrine. The majority did not find a significant differ-
ence in PONV whether epinephrine was added or
not,171,173,177,187 although some investigators reported a
higher188,189 or lower190 incidence with epinephrine
admixture. The role of adding epinephrine to epidural
local anesthetics is controversial. However, clinical ex-
perience suggests avoiding its use whenever possible.

Epidural Morphine. Initially, reports of rates of
PONV lower than with intravenous morphine stirred
enthusiasm for the epidural administration of mor-
phine.191 However, in a volunteer study using a cross-
over design, 10 mg morphine administered epidurally
caused nausea in 6 of 10 participants, compared with
only 1 case when the same dose was given intravenous-
ly.192 A relation to the morphine dose was suggested in
another investigation in volunteers, where 1 of 5 partic-
ipants experienced nausea after 2 or 4 mg epidural
morphine and 5 of 5 participants after a 10-mg dose.193

In dose–response studies involving patients receiving
operative epidural anesthesia, there were no differences
in rates of PONV when different morphine doses up to 5
mg were administered.167,194 Higher doses either did195

or did not196 lead to an increased incidence of PONV.
Similarly, studies comparing epidural morphine with
parenteral opioid analgesic regimens did not show sig-
nificantly different frequencies of emetic complications,

although the reported incidences vary between 10% and
more than 50%.168,197

The addition of morphine to local anesthetics for epi-
dural labor analgesia was found to have no clinical ad-
vantages. In a trial by Lirzin et al.,198 11 of 85 parturients
given local anesthetics alone (13%) complained of nau-
sea, while the incidence increased to 27 of 83 women
(33%) when 4 mg morphine was added. Macdonald et
al.199 studied 124 parturients given 0, 2, or 4 mg morphine
in addition to bupivacaine for vaginal delivery, with vom-
iting occurring in 5%, 23%, and 28%, respectively.

Morphine administered epidurally for post–cesarean
section pain control led to nausea and vomiting in 39.9%
of 4,880 patients studied retrospectively by Fuller et al.200

The incidence of PONV after epidural morphine in patients
undergoing cesarean section is usually not different when
compared with conventional parenteral opioid analge-
sia.201 A significant correlation between morphine dose
and PONV incidence has not been established.180,202

Epidural Fentanyl. The use of lipophilic opioids for
operative epidural anesthesia is not very common. Fur-
thermore, recent research questions the advantage of
their epidural as compared with systemic administra-
tion.203 Fentanyl injected epidurally in volunteers did
provoke nausea in 2 of 12 participants, with no dose-
dependent effect observed.204 In a dose–response trial,
Rucci et al.169 studied 80 patients undergoing hernia or
prostatic surgery with single-shot epidural anesthesia.
Fentanyl (up to 200 �g) was added to bupivacaine, and
an overall PONV rate of 15% with no difference between
groups was observed. Other investigators equally re-
ported no significant differences regarding PONV when
fentanyl was added to local anesthetics for operative
epidural anesthesia compared with local anesthetics
alone,205,206 a finding also confirmed by metaanalysis.207

When compared with morphine, epidural fentanyl use
was associated with a significantly lower PONV inci-
dence after orthopedic surgery.208 It is obviously diffi-
cult to compare the quality of analgesia reported in the
aforementioned studies, but control of pain—when as-
sessed—was rated by the investigators as good to very
good.

The addition of fentanyl to local anesthetics for labor
pain relief has no significant consequences regarding
nausea or vomiting. Some studies show slightly lower209

or higher incidences, but the difference usually does not
reach statistical significance.

Fentanyl administered epidurally during cesarean sec-
tion had no influence on nausea and vomiting in many
trials.173,210 However, Vincent et al.174 demonstrated a
significant decrease in intraoperative postdelivery nau-
sea and vomiting when 100 �g fentanyl was given after
umbilical clamping. On the contrary, Thomas et al.211

found significantly more nausea when the same amount
of fentanyl was administered at induction of epidural
anesthesia, but this increase was limited to cases of mild
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nausea requiring no treatment. The dose of fentanyl
injected was not related to the incidence of emetic
sequelae when different amounts up to 100 �g were
given by Naulty et al.212 or when 25- and 50-�g doses
were used by Yee et al.213 Compared with epidural
morphine, fentanyl given at induction was followed by
significantly less vomiting.214 Similarly, the use of fenta-
nyl postoperatively reduced the incidence of PONV
compared with either local anesthetics alone,215 epi-
dural morphine,216 or parenteral morphine.217

Epidural Sufentanil. Epidural sufentanil can cause
nausea in volunteers to a similar degree than fentanyl,
with no clear effect of dosage.204 Doses of sufentanil up
to 50 �g added to epidural lidocaine for knee surgery in
50 patients led to no difference in PONV between
groups.218 Given at the conclusion of surgery in the
presence of local anesthetic epidural blockade, the inci-
dence of PONV was similar between groups receiving
sufentanil up to 75 �g,219 although sufentanil had only
variable success in reducing PONV compared with epi-
dural morphine in this setting.220

Sufentanil used for labor does not lead to increased
emetic sequelae. Vertommen et al.176 reported nausea in
4% and vomiting in 4% of 344 parturients given 10 �g
sufentanil in addition to bupivacaine, an incidence not
different from the one observed in 318 control subjects
given bupivacaine alone. Dose-range studies found no
relation between PONV and sufentanil dose when up to
30 �g sufentanil was administered.221 Not surprisingly,
there is also no difference in the incidence of PONV
when sufentanil is compared with fentanyl as an adju-
vant to local anesthetic for epidural labor analgesia.220

When sufentanil is administered in the context of ce-
sarean section, there appears to exist no difference in
the frequency of PONV as compared with local anesthet-
ics alone.222 Madej et al.223 observed a significant in-
crease in emetic sequelae, however, when sufentanil
doses greater than 20 �g were administered at the onset
of anesthesia compared with lower doses or 100 �g
fentanyl.223 This effect could not be observed when
different doses of sufentanil were used at the end of
surgery for initial postoperative pain control.224 Com-
pared with intraoperative morphine, the application of
sufentanil was followed by significantly less PONV.214

When given at the end of surgery, however, no differ-
ence was observed.225

Meperidine as an Epidural Agent. In contrast to
spinal anesthesia, epidurally applied meperidine did not
increase the incidence of PONV in joint replacement
surgery.208 In parturients, its use was associated with a
trend to higher rates of nausea and vomiting.226 In
women undergoing cesarean section, epidural meperi-
dine is not followed by undue nausea and vomiting,
although a dose of 100 mg was found to cause more
nausea than lower doses.227 Meperidine also compared
favorably with other epidural opioids in this context,

resulting in less PONV than morphine use228 and a sim-
ilar incidence to fentanyl.229

In conclusion, volunteer studies and clinical evidence
confirm the potential of epidural opioids to induce nau-
sea and vomiting. Morphine appears to carry the highest
risk, while fentanyl or sufentanil have fewer emetic se-
quelae. Because of little available data, it is difficult to
position meperidine in this regard, but it seems to lie
closer to the lipophilic opioids than to morphine.

Epidural Clonidine. Epidural clonidine does not pro-
voke nausea or vomiting in volunteers.183,230 The expe-
rience in patients with chronic pain, where clonidine is
infused over weeks, also suggests that it is not the cause
of such side effects.231 In a dose-range trial, Engel et
al.170 studied the addition of up to 150 �g clonidine to
ropivacaine epidural anesthesia for elective hip replace-
ment surgery in 60 patients and could not document a
difference in PONV between groups.170 When added to
local anesthetic at the end of hip surgery during epidural
blockade for postoperative pain control, clonidine actu-
ally lowered PONV rates in another trial.232 Overall,
there is no evidence to date that could implicate epidural
clonidine as a significant cause of PONV.

This observation is also made when clonidine is added
to various solutions to provide labor pain relief233 or ad-
ministered for post–cesarean section pain management.234

Epidural Neostigmine. Experience with epidural
neostigmine is limited. Observations in patients with
cancer pain showed promise that its use might be fol-
lowed by less nausea and vomiting than the intrathecal
application.235 In an investigation randomizing 48 pa-
tients to receive 0, 1, 2, or 4 �g/kg epidural neostigmine
in addition to a bupivacaine spinal anesthetic for minor
knee surgery, no case of intraoperative nausea or vom-
iting was observed, and postoperative nausea scores did
not differ between groups.236 These results need to be
corroborated by further studies before epidural neostig-
mine can be recommended for everyday practice.

Spinal versus Epidural Anesthesia. Several aspects
distinguish epidural and spinal anesthesia. Among oth-
ers, the slower onset of epidural anesthesia might favor
better hemodynamic control. On the other hand, the
higher density of spinal anesthetic blockade potentially
provides superior anesthetic quality with less need for
additional neuraxial or systemic medications. These fac-
tors potentially influence the frequency of emetic
events.

The direct comparison of the two approaches has led
to mixed results.237–239 In a trial involving 192 patients
undergoing general surgery, single-shot spinal anesthesia
with plain bupivacaine resulted in similar less PONV as
lidocaine epidural anesthesia (17 vs. 22%).238 When re-
gional anesthesia was continued into the postoperative
period using local anesthetics without additives in a
study of 102 patients after hip surgery, significantly
fewer patients experienced nausea after continuous spi-
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nal versus epidural anesthesia (41 vs. 76%).240 In women
undergoing cesarean section, spinal or combined spinal–
epidural anesthesia was followed intraoperatively either
by a higher need for antiemetics,241 no difference in
PONV,242 or less nausea and vomiting239 than epidural
anesthesia in different investigations.

The role of intrathecal compared with epidural admin-
istration of opioids regarding PONV is not clear. Trials in
different patient populations found no significant differ-
ences,243 but many studies suffer from retrospective
design or the use of nonequivalent opioid doses. When
Hallworth et al.244 administered diamorphine in an equi-
potent dose (0.25 mg intrathecally or 5 mg epidurally) to
patients undergoing cesarean section, they found signif-
icantly less PONV in the spinal group compared with the
epidural group (4 vs. 24%), which the investigators ex-
plained by higher systemic opioid uptake after epidural
injection.244

In laboring women, the use of intrathecal opioids alone
has also been compared with epidural analgesia. While
spinal morphine245 was found to cause a significantly
higher incidence of nausea and vomiting than epidural lo-
cal anesthetics, intrathecal sufentanil compared favorably
to different epidural analgesic regimens.246

Peripheral Nerve Blockade. Combining various
block and surgery types, older prospective studies found
an incidence of nausea and vomiting of 4.377 to 8.8%78

after peripheral regional anesthesia. Such blocks often
compare favorably with alternative methods of anesthe-
sia regarding PONV (table 3).246–250 In current practice,
peripheral blocks are often used for minor surgery in
outpatients, and follow-up time in studies is frequently
limited. Furthermore, it is common that these patients
are given additional systemic medications for sedation,
among those benzodiazepines, opioids, or propofol. It is

not surprising, therefore, that the frequency of nausea
and vomiting, if reported at all, varies considerably in
different investigations.

Blocks for Upper Extremity Surgery. Blockade of
the nerves to the upper extremity can be achieved at
different levels, such as the interscalene, supraclavicular,
infraclavicular, or axillary location. The incidence of
PONV is usually very low after pure local anesthetic
block. Hickey et al.251 administered systemic morphine
and midazolam to their patients and reported an inci-
dence of nausea of 10% and vomiting of 6% within 3 h
after block completion.

The addition of other medications to the local anes-
thetic block solution has increased in popularity (table
4).252–256 Different opioids have been used, and their
administration was usually not followed by higher PONV
rates. Nonetheless, prolonged infusion by means of a
plexus catheter led to a significantly higher incidence of
nausea compared with local anesthetic infusion alone.73

Also, Bouaziz et al.254 observed a tendency for a dose-
related increase in nausea after the addition of sufentanil
to mepivacaine in 92 patients receiving an axillary
plexus block, although they rated all episodes as mild
and of short duration. Clonidine added to local anesthet-
ics is usually devoid of emetic side effects. Episodes of
nausea have been reported, however, secondary to bra-
dycardia and hypotension attributed to systemic absorp-
tion after injection of clonidine into the plexus diffusion
space.257 Bouaziz et al.256 compared the effects of
500 �g neostigmine given with the local anesthetic or
given systemically with a control group. The frequency
of all side effects of gastrointestinal origin was similar
between the groups in which neostigmine was given
locally or systemically and was significantly higher than

Table 3. Peripheral Nerve Blockade versus Other Anesthetic Techniques and PONV

Study
Patients,

n Type of Surgery Block
PONV,

% Comparison
PONV,

% Comments

Pusch et al.6 86 Breast Paravertebral 9 General 29 Vomiting only, P � 0.05
Klein et al.246 245 Breast Paravertebral 19 General 39 Treatment only, P � 0.05; retrospective
Szmuk et al.247 250 Circumcision Penis block 6 General 27 Adult patients, P value not shown
Vloka et al.248 68 Varicose veins Femoral 3 Spinal 6 P � NS
Patel et al.249 90 Knee arthroscopy 3 in 1 3 General 17 P � NS
Chilvers et al.250 185 Hand IVRA 0 General 5 Vomiting only, P � 0.05

IVRA � intravenous regional anesthesia; NS � not significant; PONV � postoperative nausea and vomiting.

Table 4. Medications Added to Brachial Plexus Anesthesia and PONV

Study Patients, n Control PONV, % Medication Added PONV, % Comments

Racz et al.252 40 Lidocaine–bupivacaine 11 Morphine 19 P � NS
Gormley et al.253 60 Lidocaine 0 Alfentanil 4 P � NS
Bouaziz et al.254 92 Mepivacaine 5 Sufentanil 17 P � TNS
Erlacher et al.255 40 Ropivacaine 0 Clonidine 0 P � NS
Bouaziz et al.256 69 Mepivacaine 0 Neostigmine 17 P � 0.05

NS � not significant; PONV � postoperative nausea and vomiting.
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in the control group. Nausea and vomiting occurred only
in patients receiving neostigmine.

For short procedures of the upper and, rarely, lower
extremity, intravenous regional anesthesia remains pop-
ular. Limited surgery, short operating times, and quick
recovery after tourniquet release are also factors leading
to low PONV risk. Consequently, reported rates of nau-
sea and vomiting are low, ranging between 0 and 10%
after injection of local anesthetic alone. There is no
evidence that the choice of local anesthetic would influ-
ence PONV rate.258–259 The addition of opioids to the
solution to be injected has been repeatedly followed by
increased nausea after tourniquet deflation, and their indi-
cation is questionable.260,261 Similarly, the substitution of
local anesthetic with meperidine caused a significantly
higher incidence of PONV in volunteers.262 When different
doses of meperidine were added to mepivacaine, a dose-
dependent increase in PONV was observed.263 Clonidine
admixture, on the other hand, seems devoid of such con-
sequences, at least as long as hemodynamic stability is not
compromised after cuff release.264

Blocks for Truncal Surgery. Breast surgery with
general anesthesia is known to pose a high risk of
PONV.265 Therefore, alternative techniques have been
tried, such as intercostal nerve blocks and multiple- or
single-injection paravertebral blocks. Problems, includ-
ing time-consuming performance or considerable failure
rates, are common. Furthermore, most patients require
additional intraoperative sedation. Nonetheless, the re-
sults regarding PONV are encouraging. Several investiga-
tors reported significantly lower rates of PONV when
comparing regional and general anesthetic techniques.6,246

Klein et al.246 achieved nausea scores after paravertebral
blockade that were less than half of those seen after general
anesthesia. Lumbar paravertebral blockade used for ingui-
nal herniorrhaphy was accompanied by nausea in 15% and
vomiting in 5% of patients.266

Blocks for Lower Extremity Surgery. Surgical an-
esthesia of the lower extremity by peripheral blockade
usually requires the blockade of multiple nerves and is
therefore often considered cumbersome and time-con-
suming to perform. Nonetheless, combinations such as
femoral–sciatic or saphenous–popliteal block have re-
gained interest, especially for ambulatory surgery.

These blocks are generally followed by low rates of
nausea and vomiting. Mansour et al.267 reported very
low emetic scores after major knee surgery using a
combination of lumbar plexus and sciatic nerve block,
with more than 96% of patients symptom-free at any
observation time. In vein-stripping surgery, a femoral
plus genitofemoral nerve block resulted in a PONV rate
of 3%, which compared favorably with the 6.3% rate
observed in a comparable spinal anesthesia group.248

Similar experience has been published when sciatic–
femoral blockade was compared with spinal anesthesia
for knee arthroscopy.268 For foot surgery, Singelyn et

al.269 used a femoral–popliteal block and continued the
popliteal block into the postoperative period by means
of a catheter. The incidence of nausea and vomiting of
5% was significantly lower than in a historical control
group that received general anesthesia followed by mor-
phine patient-controlled analgesia (49%). A similar ap-
proach also proved advantageous for short saphenous
vein stripping, although no difference in PONV was seen
compared with spinal anesthesia.270 The use of adjunc-
tive medications added to the local anesthetic has not
been well studied in lower extremity anesthesia. Low
doses of fentanyl mixed with local anesthetic neither
increased efficacy nor side effects.271 Clonidine, on the
other hand, was reported to be beneficial without an
obvious increase in nausea or other adverse events.272

Continuous Peripheral Nerve Blockade for Post-
operative Analgesia. Continuous peripheral nerve
blocks have not found the same widespread use as con-
tinuous epidural blocks. For postoperative epidural analge-
sia, however, it has been noted that PONV rates were
significantly lower over several days compared with mor-
phine-based patient-controlled analgesia.273 Furthermore,
the concept of opioid-free epidural regimens have shown
additional benefit, and the same holds true for continuous
peripheral nerve blocks (table 5).70,274–279

In upper extremity analgesia, Wajima et al.70 showed
that operative axillary plexus blockade with postopera-
tive continuous opioid-free plexus analgesia can result in
complete absence of emetic sequelae. Borgeat et al.
compared different opioid-free interscalene analgesic
regimens with nicomorphine patient-controlled analge-
sia after shoulder surgery with combined interscalene
and propofol-based general anesthesia. They consistently
found significantly lower PONV rates in the regional
analgesia groups.274–276 Other investigators reported
higher incidences of PONV in similar settings, but differ-
ences in study design might account for this. For exam-
ple, Singelyn et al.277 administered an inhalational gen-
eral anesthetic and used a sufentanil-containing solution
for plexus analgesia. The use of inhalational general
anesthesia and the small study size could explain why
Lehtipalo et al.278 were unable to demonstrate a differ-
ence in PONV rates comparing opioid-free interscalene
analgesia with morphine patient-controlled analgesia.

For analgesia after surgery of the lower extremity dur-
ing inhalational general anesthesia, Capdevila et al.65

used a continuous femoral nerve block with a lidocaine–
morphine–clonidine mixture and found a significantly
reduced the incidence of PONV at 24 h compared with
morphine patient-controlled analgesia. Similarly, Schultz
et al.280 reported a significant decrease in PONV rates
when postoperative analgesia was administered after
knee surgery by a bupivacaine continuous lumbar plexus
block instead of epidural morphine. Singelyn et al.269

could reduce PONV by 90% providing analgesia after
foot surgery by means of a popliteal catheter instead of
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by morphine patient-controlled analgesia. In contrast,
Ganapathy et al. could not detect a significant difference
in PONV whether a continuous femoral block with bu-
pivacaine or morphine patient-controlled analgesia were
used after knee arthroplasty during spinal anesthesia, but
the patients in the regional group required as much
systemic morphine in the first day as the patients in the
patient-controlled analgesia group.281

In conclusion, continuous peripheral nerve blocks pro-
vide a promising tool to reduce PONV compared with
standard analgesic techniques. Further investigations are
warranted to define the appropriate indications and to
find the optimal anesthetic solution to be used.

Conclusion

Postoperative nausea and vomiting remains a signifi-
cant problem for both patients and clinicians. Most in-
vestigations of PONV have been conducted in the con-
text of general anesthesia, but there is no evidence that
fundamental differences exist regarding mechanisms and
patient-related risk factors when regional anesthesia is
considered. We have to admit that in the majority of the
studies dealing with this question, PONV has rarely been
the primary outcome variable, which is a shortcoming of
this review.

The common assumption that regional anesthesia is
associated with less PONV than general anesthesia is
generally correct, although newer general anesthetic

agents (e.g., propofol) have narrowed the gap. However,
some procedures such as cesarean section or major or-
thopedic surgeries are followed by high PONV rates after
regional anesthetic techniques. While nausea and vom-
iting are very rarely life-threatening, their impact on
patients is negative enough to impose a deliberate search
for the most appropriate anesthetic technique and to
justify antiemetic strategies in high-risk patient groups.

The choice of agents for premedication and intraoper-
ative sedation may significantly impact on the incidence
of PONV and should be made with this aspect in mind.
Avoidance of hypotension, adequate hydration, and the
administration of supplemental oxygen are part of an
antiemetic plan. The addition of adjunctive medications
to the local anesthetic can increase, decrease, or leave
unchanged the rate of emetic sequelae and should be
considered accordingly. While clonidine appears harm-
less, neostigmine must be cautioned against. Opioids
have to be differentiated according to type and setting.
In spinal anesthesia, meperidine should be avoided, as
should morphine in lesser surgeries where little postop-
erative pain is expected. Morphine for epidural anesthe-
sia should be replaced by fentanyl or sufentanil, as these
substances appear to carry the lowest PONV risk of the
opioids in neuraxial anesthesia. The use of opioids in
patients undergoing peripheral regional anesthesia re-
mains controversial, but their potential to cause PONV
should be taken into consideration. A quantitative anal-
ysis of the risk of PONV when opioids are added to local

Table 5. Effects of Continuous Peripheral Nerve Blockade for Postoperative Analgesia on PONV

Study
Patients,

n
Type of
Surgery Operative Anesthesia

Postoperative Peripheral
Blockade PONV, % Postoperative Control

PONV,
% Comments

Wajima et al.70 23 Arm Axillary plexus Axillary plexus

Mepivacaine

0 Axillary plexus

Butorphanol

50 P � 0.05

Borgeat et al.274 35 Shoulder Interscalene plexus

ITN (propofol)

Interscalene plexus

Ropivacaine

3 PCA Nicomorphine 35 P � 0.05

Borgeat et al.275 60 Shoulder Interscalene plexus

ITN (propofol)

Interscalene plexus

(PCIA)

Ropivacaine

10 PCA Nicomorphine 46 P � 0.05

Borgeat et al.276 40 Shoulder Interscalene plexus

ITN (propofol)

Interscalene plexus

(PCIA)

Bupivacaine

15 PCA Nicomorphine 30 P � NS, vomiting

0 vs. 25%, P � 0.05

Singelyn et al.277 40 Shoulder Interscalene plexus

ITN (inhalation)

Interscalene plexus

(PCIA)

Bupivacaine–sufentanil–

clonidine

10 Interscalene

Bupivacaine–sufentanil–

clonidine

25 P � NS

Lehtipalo et al.278 20 Shoulder ITN (inhalation) Interscalene plexus

Bupivacaine

20 PCA Morphine 30 P � NS

Capdevila et al.65 39 Knee ITN (inhalation) Femoral block

Lidocaine–morphine–

clonidine

5 PCA Morphine 21 P � 0.05

(at 24 h

postoperatively)

Singelyn et al.279 30 Knee Lumbar plexus

ITN (inhalation)

Lumbar plexus

Bupivacaine–sufentanil–

clonidine

33 PCA Morphine 40 P � NS

Singelyn et al.269 105 Foot Popliteal block

ITN (control group)

Popliteal block 5 PCA Morphine 49 P � 0.05

Historic controls

ITN � intubation general anesthesia; NS � not significant; PCA � patient-controlled analgesia; PCIA � patient-controlled interscalene analgesia; PONV �
postoperative nausea and vomiting.

541POSTOPERATIVE NAUSEA AND VOMITING

Anesthesiology, V 98, No 2, Feb 2003



anesthetics would have been interesting to evaluate, but
was not realistic in this review because of the large
protocol heterogeneity.

At least in more extensive surgical cases, regional ad-
ministration of opioids does not seem to increase PONV
compared with the use of systemic opioids. In some
instances, such as cesarean section, regional opioids may
even lower PONV rates. Furthermore, the continuation
of regional analgesia into the postoperative period by
means of catheter techniques offers a possibility of re-
ducing PONV compared with opioid-based analgesic reg-
imens. Indeed, in appropriate settings, these techniques
can provide excellent pain control without the adminis-
tration of opioids offering the best conditions to prevent
PONV.

In the ether era, nausea and vomiting were considered
almost unavoidable companions of anesthesia. While a
carefully planned regional anesthetic will not completely
banish them, it offers to date the best chance not to
cross their path and to avoid the “big little problem” of
anesthesia.282

In summary, early and efficient rehabilitation are the
new requirements of modern surgery, especially in or-
thopedics. This evolution has resulted in a renewed
interest in regional anesthesia. The development of the
continuous perineural catheter in particular has led to
better postoperative pain control associated with a large
reduction of the incidence of PONV. To take advantage
of these techniques, future research needs to identify the
risk factors for PONV that are specifically linked to re-
gional anesthesia and to find the most appropriate adju-
vants and sedative regimens to supplement neural or
peripheral block to reduce as much as possible the
systemic use of opioids.
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P ostoperative nausea and vomiting (PONV) con-
tinues to be a common complication of surgery.
It is a limiting factor in the early discharge of

ambulatory surgery patients and is a leading cause of
unanticipated hospital admission (1,2). PONV can
lead to increased recovery room time, expanded nurs-
ing care, and potential hospital admission—all factors
that may increase total health care costs. Equally im-
portant are the high levels of patient discomfort and

dissatisfaction associated with PONV. Patients report
that avoidance of PONV is of greater concern than
avoidance of postoperative pain (3) and are willing to
spend up to US$100 out of pocket for an effective
antiemetic (4), yet more than a quarter of patients
continue to experience PONV within 24 h of surgery
(5,6). Among high-risk patients, the incidence of
PONV can be as frequent as 70% to 80% (7). Published
evidence suggests that universal PONV prophylaxis is
not cost-effective. Although some advocate prophy-
lactic antiemetic therapy for high-risk patients and
rescue antiemetic treatment for episodes of PONV, the
optimal approach to PONV management remains un-
clear to many clinicians. Guidelines for prevention
and treatment of PONV based on data from system-
atic reviews of randomized trials have been published
(8,9). However, these guidelines did not consider ev-
idence from sources other than systematic reviews.
Evidence from single studies or data from logistic
regression (aiming to identify risk factors for PONV)
were not included. These guidelines also need to be
updated with new evidence on the control of PONV.

Establishment of Expert Guidelines
A multidisciplinary panel of experts convened to re-
view the medical literature on PONV (up to February
2002) and to produce guidelines for its management
that were valid, reliable, clinically applicable, flexible,
and clear. In establishing the guidelines, the panel
based their recommendations on available evidence
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regarding the prevention or minimization of PONV
with prophylactic and/or rescue therapy. Members of
the panel were assigned specific topics to review be-
fore the meeting. Evidence was then presented and
discussed at the meeting before a consensus was
reached. When full agreement could not be obtained,
the majority view was presented, and the lack of full
agreement was stated.

Goals of Guidelines
The panel defined the following goals for the guidelines:
1) identify the primary risk factors for PONV in adults
and children, 2) reduce the baseline risks for PONV, 3)
identify the optimal approach to PONV prevention and
therapy in various patient populations, 4) determine the
optimal choice and timing of antiemetic administration,
and 5) identify the most effective antiemetic mono-
therapy and combination therapy regimens.

Strength of Evidence
The panel consulted the medical literature for level of
evidence rating scales that were pertinent and widely
used and then adapted them to the body of scientific
literature relating to PONV (10,11). In the absence of
published data, recommendations were made on the
basis of expert opinion. The scales used in rating the
guidelines are shown in Table 1.

The aim of the evidence rating scale was to present
information on both the design and the source of the
data (I to V) independent of the validity of those data.
The quality of the data was judged by the panel, which
determined whether the recommendation was good,
fair, or insufficient. For instance, a logistic regression
analysis that aims to identify risk factors for PONV
would be in Level IV, because such trials are not
randomized. However, information emerging from
that study may be judged as “A” by the panel.

Consensus Guidelines
The panel agreed that recommendations for PONV
prophylaxis and treatment must consider the follow-
ing factors: the patient’s level of PONV risk; potential
morbidity associated with PONV, including suture
dehiscence (12), esophageal rupture (13,14), hema-
toma formation, and aspiration pneumonitis (15); po-
tential adverse events associated with the various an-
tiemetics, in particular the recent Food and Drug
Administration (FDA) warning about QT prolonga-
tion and fatal arrhythmias associated with droperidol;
efficacy of antiemetics; costs of antiemetic therapy;
and increased health care costs associated with PONV.

The panel agreed that not all patients should receive
PONV prophylaxis. In general, patients at small risk
for PONV are unlikely to benefit from prophylaxis
and would be put at unnecessary risk from the poten-
tial side effects of antiemetics. Thus, prophylaxis
should be reserved for those patients at moderate to
high risk for PONV. In developing these guidelines,
the panel deliberately chose, for several reasons, not to
quantify the percentage of patients who would be in
the low-, moderate-, and high-risk categories. The sen-
sitivity and specificity of the various risk scoring sys-
tems are not 100% (only approximately 70%) and
hence have a degree of uncertainty (16–18). Even if
health care providers knew with confidence the true
underlying risk, their and the patient’s perception of
this risk and, thus, the need for prophylaxis, would
not be universally accepted. The decision was made,
instead, to allow the health care professionals who use
the guidelines to determine the level of risk according
to their own local and institutional norms. For in-
stance, although a 20% incidence of PONV may con-
stitute a small risk in some institutions, it may be
considered a moderate risk in others because of insti-
tutional variations in rates of ambulatory surgery,
types of surgery, and patient populations. In addition,
the decision to give antiemetic prophylaxis should be
reached by both the care provider and the patient on
the basis of the best available evidence.

Throughout the guidelines, antiemetic efficacy
was expressed as number needed to treat (NNT)
whenever this information was available from the
literature. In this context, a NNT indicates the num-
ber of patients with a high baseline risk (corre-
sponding to a control- or placebo-event rate of 40%–
80% in a randomized, controlled trial) and who
needed to receive a particular antiemetic interven-
tion to prevent one emetic event that would have
occurred had the patient not received the interven-
tion (19). When a dose range is presented, the small-
est dose is recommended. Risk of adverse drug
reactions is expressed as number needed to harm
whenever this information was available from the
literature.

Table 1. Evidence Rating Scale

Level of evidence based on study design
I Large randomized, controlled trial, n �100 per

group
II Systematic review
III Small randomized, controlled trial, n �100 per group
IV Nonrandomized, controlled trial or case report
V Expert opinion

Strength of recommendation based on expert opinion
A Good evidence to support the recommendation
B Fair evidence to support the recommendation
C Insufficient evidence to recommend for or against
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Guideline 1: Identify Adults at High Risk for PONV

Risk factors for PONV in adults are shown in Table 2.
The identification of individuals at high risk for PONV
can narrow the pool of potential candidates for pro-
phylactic antiemetic therapy, indicating those most
likely to benefit and reducing antiemetic side effects
and costs for patients unlikely to benefit.

Apfel et al. (7) created a simplified risk factor chart
identifying four primary risk factors for PONV in
patients receiving balanced inhaled anesthesia: female
sex, nonsmoking status, history of PONV, and opioid
use. The incidence of PONV with the presence of
none, one, two, three, or all four of these risk factors
was approximately 10%, 20%, 40%, 60%, and 80%,
respectively. This simplified risk score was recently
validated in inpatients (18,26).

The panel did not reach full agreement about the
association between type of surgery and increased
PONV risk; thus, type of surgery was given a strength of
evidence rating of B. Apfel et al. (7) found that type of
surgery was not an independent risk factor for PONV.
When other risk factors, such as type of anesthetic and
duration of operation, were considered, a causal effect
on PONV by type of operation could not be established
in this study. The panel noted that these data were based
on inpatient surgical cases. In addition to the above-
mentioned risk factors by Apfel et al., a large study of
18,000 ambulatory patients showed an increased risk for
PONV (�15%) among patients undergoing breast aug-
mentation, dental surgery, orthopedic shoulder proce-
dures, gynecologic laparoscopy (for sterilization), vari-
cose vein stripping, and strabismus repair (16).

Guideline 2: Identify Children at High Risk for
Postoperative Vomiting

Risk factors for postoperative vomiting (POV) in chil-
dren are shown in Table 3. The panel recommended
identification of children at high risk for POV as can-
didates for prophylactic antiemetic therapy. Because
of the difficulty in diagnosing nausea in younger chil-
dren, only vomiting is studied and treated in this

population. POV is problematic in children. It is one of
the leading postoperative complaints from parents
and the leading cause of readmission (28).

Most risk factors for POV in children are the same as
those in adults, with several important differences.
POV increases as children age. It is rare in children
younger than 2 yr old. However, children aged �3 yr
have an average vomiting incidence of �40%—almost
twice as frequent as the rate in adults (5). The in-
creased vomiting incidence tapers when children
reach puberty. Sex differences in risk of vomiting are
not seen in children before puberty (27). Operations
associated with an increased incidence of vomiting in
children include adenotonsillectomy, strabismus re-
pair, hernia repair, orchiopexy, and penile surgery (5).

Guideline 3: Reduce Baseline Risk Factors for
PONV

Approaches for decreasing baseline risk factors are
presented in Table 4. A reduction in baseline risk
factors can significantly decrease the incidence of
PONV (8,9). The panel thus recommended reducing
baseline risk when clinically practical. Sinclair et al.
(16) found that patients receiving general anesthesia
had an 11-fold increased risk for PONV compared
with those receiving regional anesthesia. Propofol, ad-
ministered for the induction and maintenance of an-
esthesia, effectively reduced early PONV incidence
(0–6 h) (29). The NNT with propofol to reduce PONV

Table 2. Risk Factors for Postoperative Nausea and Vomiting (PONV) in Adults

Patient-specific risk factors (7,16,17)
Female sex (IA)
Nonsmoking status (IVA)
History of PONV/motion sickness (IVA)

Anesthetic risk factors
Use of volatile anesthetics within 0 to 2 h (IA) (20)
Nitrous oxide (IIA) (21)
Use of intraoperative (IIA) and postoperative (IVA) opioids (7,18,21–23)

Surgical risk factors
Duration of surgery (each 30-min increase in duration increases PONV risk by 60%, so that a baseline risk of 10% is

increased by 16% after 30 min) (IVA) (16)
Type of surgery (laparoscopy, ear-nose-throat, neurosurgery, breast, strabismus, laparotomy, plastic surgery) (IVB)

(16,24,25)

Table 3. Risk Factors For Postoperative Vomiting (POV)
in Children

Risk factors for children are similar to those in adults,
with the following differences:

Studies in children are often limited to data on vomiting
only and not nausea

Vomiting incidence is twice as frequent among children as
among adults (5)

Risk increases as children age, decreasing after puberty
Sex differences are not seen before puberty (27)
Risk increases more consistently with specific operations (5)
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is approximately 5, compared with not using propofol.
Among patients undergoing colon resection, use of
supplemental oxygen (80% oxygen) reduced PONV
by half when it was administered perioperatively and
for 2 h after surgery (30). Oxygen supplementation
restricted to the intraoperative period also halved the
risk of PONV (31). Hydration reduced the incidence of
PONV (32). Avoiding nitrous oxide and volatile in-
haled anesthetics and minimizing intraoperative and
postoperative opioid use reduced the incidence of
PONV (7,18-23,33). To achieve satisfactory analgesia
without opioids, alternate modalities of pain manage-
ment may be used. For instance, in patients undergo-
ing tonsillectomy, nonsteroidal antiinflammatory
drugs (NSAIDs) and opioids are equianalgesic, but
NSAIDS are less emetogenic; the NNT to prevent
PONV with a NSAID during surgery compared with
an opioid is approximately 9 (22). Neostigmine, used
at the end of surgery, is associated with increased
PONV, especially when used in large doses (�2.5 mg)
(34). Minimizing large doses of this drug can reduce
PONV. Many of the aforementioned strategies to re-
duce baseline PONV risk have been incorporated into
a multimodal approach to minimize PONV (35). Scu-
deri et al. (36) tested the efficacy of a multimodal
approach to reducing PONV. Their multimodal ap-
proach consisted of preoperative anxiolysis and ag-
gressive hydration; oxygen; prophylactic antiemetics
(droperidol and dexamethasone at the induction and
ondansetron at the end of surgery); total IV anesthesia
with propofol and remifentanil; and ketorolac. No
nitrous oxide or neuromuscular blockade was used.
Patients who received multimodal therapy had a 98%
complete response rate, compared with a 76% re-
sponse rate among patients receiving antiemetic
monotherapy and a 59% response rate among those
receiving routine anesthetic plus saline placebo.

Guideline 4: Antiemetic Therapy for PONV
Prophylaxis in Adults

Prophylactic doses and timing for the administration
of antiemetics in adults are shown in Table 5.

Serotonin Receptor Antagonists. The panel agreed
that there is no evidence of any difference in the

efficacy and safety profiles of the serotonin (5-HT3)
receptor antagonists—ondansetron, dolasetron, gran-
isetron, and tropisetron—in the prophylaxis of PONV.
These drugs are most effective when given at the end
of surgery (38,39). Most research on the 5-HT3 receptor
antagonists has been performed with ondansetron,
which has greater antivomiting than antinausea ef-
fects (37). Ondansetron 4 mg has a NNT of approxi-
mately 7 in the prevention of nausea compared with
placebo (0–24 h); the 8-mg dose has a NNT of approx-
imately 6 (37). For the prevention of vomiting (0–24 h),
ondansetron 4 mg has a NNT of approximately 6; the
8-mg dose has a NNT of approximately 5 (37). Dola-
setron has shown efficacy for the prophylaxis of
PONV at a dose of 12.5 mg. In a study of 635 high-risk
patients, Graczyk et al. (39) found a statistically sig-
nificant increase in complete responders, a decreased
need for rescue antiemetic, less nausea, and more
patient satisfaction with dolasetron versus placebo.
Granisetron 0.35–1 mg and tropisetron 5 mg are also
used for PONV prophylaxis and treatment (40-43).
Smaller doses of granisetron (0.1 mg) are effective
when used for treatment (83). When a dose range is
presented, the smallest dose is recommended. The
5-HT3 antagonists have a favorable side effect profile
and are considered equally safe. The number needed
to harm with a single dose of ondansetron is 36 for
headache, 31 for increased liver enzymes, and 23 for
constipation; this means, for example, that 36 patients
would need to be treated with a single dose of this
drug for one to develop headache who would not
have done so had they all received a placebo (37).

Dexamethasone. Dexamethasone, administered at a
prophylactic dose of 8–10 mg IV, effectively prevents
nausea and vomiting with a NNT of approximately 4
(44). More recently, smaller doses (2.5–5 mg) have
been found to be as effective (45,46). Dexamethasone
appears to be most effective when administered before
the induction of anesthesia rather than at the end (47).
Side effects with long-term administration of cortico-
steroids can include wound infection and adrenal sup-
pression, among others, but adverse events have not
been noted after a single bolus dose of dexamethasone
(44).

Droperidol. Prophylactic doses of droperidol (well
below 1 mg) are effective for the prevention of PONV
(48–50). The efficacy of droperidol is equivalent to that of
ondansetron for PONV prophylaxis, with a NNT of ap-
proximately 5 for prevention of nausea and vomiting
(0–24 h) (8). Droperidol is most effective when adminis-
tered at the end of surgery (50). It is also effective when
given concomitantly with patient-controlled analgesia
devices that deliver morphine, with a NNT of approxi-
mately 3 (57). Recently, the FDA issued a “black box”
warning about droperidol (58). The warning states that
droperidol may cause death or life-threatening events
associated with QT prolongation and torsades de

Table 4. Strategies to Reduce Baseline Risk

Use of regional anesthesia (IIIA) (16)
Use of propofol for induction and maintenance of

anesthesia (IA) (29)
Use of intraoperative supplemental oxygen (IIIB) (30,31)
Use of hydration (IIIA) (32)
Avoidance of nitrous oxide (IIA) (19,33)
Avoidance of volatile anesthetics (IA) (18,20)
Minimization of intraoperative (IIA) and postoperative

(IVA) opioids (7,18,21–23)
Minimization of neostigmine (IIA) (34)
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pointes. This warning is based on 10 reported cases (1.25
mg or below) in association with droperidol use over the
approximately 30 yr that it has been available on the
market (84). It is interesting to note that there has not
been a single case report in a peer-reviewed journal in
which droperidol in doses used for the management of
PONV has been associated with QTc prolongation, ar-
rhythmias, or cardiac arrest (35). Likewise, in Europe
and elsewhere, there has been no such report. The panel
expressed considerable concerns about the quality
and quantity of evidence and the validity of the
FDA conclusion. If it were not for the “black-box”
warning, droperidol would have been the panel’s
overwhelming first choice for PONV prophylaxis.

Other Antiemetics. Most of the older antiemetics (for
instance, promethazine, haloperidol, and prochlorpera-
zine) have been tested in single studies. Their role in the
control of PONV is still poorly understood. Dimenhy-
drinate, an antihistaminic, has been reviewed systemat-
ically (51). Its degree of efficacy seems to be similar to
that of the 5-HT3 receptor antagonists and droperidol.
Transdermal scopolamine has also been reviewed sys-
tematically (55). Transdermal scopolamine applied the
evening before surgery or 4 h before the end of anesthe-
sia has an antiemetic effect. Its limitations are a 2- to 4-h
onset of effect, as well as its medical contraindications
and age-related considerations (56). Promethazine 12.5–
25 mg IV and prochlorperazine 5–10 mg IV, adminis-
tered at the end of surgery, have been shown to be
effective (53,54). However, use of phenothiazines is lim-
ited in the ambulatory setting because of the resulting
sedation. All three of these drugs may cause dizziness,
dry mouth, and sedation. IM ephedrine is another anti-
emetic that has shown efficacy for inpatient and outpa-
tient surgery (52).

Nonpharmacological Techniques. Nonpharmacologic
techniques, including acupuncture, transcutaneous
electrical nerve stimulation, acupoint stimulation, and
acupressure, have shown antiemetic efficacy when

used before surgery. The NNT for PONV prophylaxis
(�6 h after surgery) is approximately 5 for these tech-
niques (59). Hypnosis has been found to be effective
when compared with placebo (60).

Lack of Evidence of Effect. Metoclopramide, when
used in standard clinical doses (10 mg IV), is ineffec-
tive for PONV prophylaxis (61). Even in larger doses,
metoclopramide does not appear to be an effective
antiemetic (20). However, one study showed that met-
oclopramide 20 mg was comparable to 8 mg of ondan-
setron when administered at the end of laparoscopic
cholecystectomy (62). Although most members of the
panel agreed that metoclopramide could not be rec-
ommended as an antiemetic, agreement was not unan-
imous. Ginger root, a pharmacologic alternative to
medical therapy, has not been found to be effective for
PONV prophylaxis (63). Cannabinoids (nabilone and
tetrahydrocannabinol), although promising in the con-
trol of chemotherapy-induced sickness (64), have not
shown antiemetic efficacy in the PONV setting (65).

Cost-Effectiveness. The cost-effectiveness of the
various antiemetics is a determinant in their use. Hill
et al. (66) found that prophylactic PONV therapy in
high-risk patients was more cost-effective than pla-
cebo because of the increased costs associated with
nausea and vomiting. They determined that the addi-
tional costs associated with PONV in placebo patients
were up to 100 times more expensive compared with
prophylaxis with a generic antiemetic. The cost of
treating vomiting was three times more than the cost
of treating nausea. The panel estimated that each ep-
isode of emesis delays discharge from the recovery
room by approximately 20 min (67). Similarly, a study
evaluating dolasetron, droperidol, or no prophylaxis
in high-risk patients found that prophylaxis with ei-
ther of the two antiemetics was more cost-effective
than no prophylaxis and subsequent rescue therapy
(68). It has been suggested that PONV prophylaxis is
cost-effective with the older, less expensive drugs

Table 5. Antiemetic Doses and Timing for Administration in Adults

Drug Dose Evidence Timing Evidence

Ondansetron 4–8 mg IV (37) IA At end or surgery (38) IIIA
Dolasetron 12.5 mg IV (39) IA At end of surgery (39) IIIA
Granisetron 0.35–1 mg IV (40–42) IA At end of surgery (40,42) IIIA
Tropisetron 5 mg IV (43) IA At end of surgery VA
Dexamethasone 5–10 mg IV (44–46) IIA Before induction (47) IIIA
Droperidol 0.625–1.25 mg IV (48,49) IA At end of surgery (50) IIA
Dimenhydrinate 1–2 mg/kg IV (51) IIA
Ephedrine 0.5 mg/kg IM (52) IIIB
Prochlorperazine 5–10 mg IV (53) IIIA At end of surgery (53) IIIB
Promethazine 12.5–25 mg IV (54) IIIB At end of surgery (54) IIIB
Scopolamine Transdermal patch (55,56) IIB Applied prior evening or 4 h before end

of surgery (56)
IIB

When a dose range is presented, the smallest dose is recommended.
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when patients have a �10% risk of emesis (69). In yet
another model, treatment of PONV with ondansetron
was more cost-effective that prevention in both a low-
risk (30%) and a high-risk (60%) setting (70). The rea-
son for this was the frequent success rate of treating
established PONV, even with small doses of ondanse-
tron (1 mg). The panel agreed that, with equivalent
efficacy and safety profiles, acquisition cost was the
primary factor that differentiated the 5-HT3 com-
pounds from one another. The panel also recognized
that many of the cost-effectiveness studies were per-
formed in North America and may not be applicable
to different health care models.

Guideline 5: Antiemetic Therapy for POV
Prophylaxis in Children

The prophylactic antiemetic doses recommended
for children at risk for POV are shown in Table 6.
The POV rate in children can be twice as frequent as
the rate in adults (5). Thus, more children than
adults may be candidates for POV prophylaxis. On-
dansetron has been studied extensively for POV
prophylaxis in children at a dose range of 50 to 100
�g/kg. Compared with placebo, the NNT to prevent
early (0 – 6 h) and late (0 –24 h) vomiting is between
2 and 3 (37). The optimal dose for POV prophylaxis
with dolasetron, as suggested by the manufacturer,
is 350 �g/kg (71). Because the 5-HT3 antagonists as
a group have greater efficacy in the prevention of
vomiting than nausea, they are the drugs of first
choice for prophylaxis in children. When dexameth-
asone was used in children at a dose of 150 �g/kg,
the NNT to prevent early and late vomiting was
approximately 4 (44). Droperidol can also be used
for the prophylaxis of POV and is administered in a
dose range of 50 to 75 �g/kg. The NNT for preven-
tion of early vomiting is approximately 5; for pre-
vention of late vomiting, the NNT is between 4 and
5 (50). Because of the increased risk for extrapyra-
midal symptoms and high levels of sedation found
with droperidol, the panel recommended that this
drug be reserved for patients who have failed all
other therapies and are being admitted to the
hospital.

Guideline 6: Use Prophylaxis in Patients at
High Risk for PONV and Consider Prophylaxis
in Patients at Moderate Risk for PONV

Figure 1 illustrates a possible algorithm for PONV
prophylaxis. Prophylaxis is likely to be useful only
for patients at moderate to high risk for PONV.
Patients at low risk for PONV are usually not given
PONV prophylaxis unless they are at risk for med-
ical sequelae from vomiting (i.e., patients with
wired jaws or increased intracranial pressure or
who are having fundoplication surgery).

Among patients at moderate and high risk for PONV,
regional anesthesia should be considered. If general an-
esthesia is used, the panel recommended reduction of
baseline risk factors when possible (Guideline 3). Non-
pharmacologic therapies, such as acupuncture, acupres-
sure, transcutaneous electrical nerve stimulation, or acu-
point stimulation, should be considered. Antiemetics
recommended for prophylaxis in adults and children are
shown in Tables 5 and 6. Adults and children who are at
moderate or high risk for PONV should receive combi-
nation therapy with two or three prophylactic drugs
from different classes.

In general, combination therapy is superior to
monotherapy for PONV prophylaxis (74,75). Drugs
with different mechanisms of action should be used

Table 6. Antiemetic Doses for Children

Drug Dose Evidence

Ondansetron 50–100 �g/kg up to 4 mg (37) IIA
Dolasetron 350 �g/kg up to 12.5 mg (71) V
Dexamethasone 150 �g/kg up to 8 mg (44) IIA
Droperidol 50–75 �g/kg up to 1.25 mg (50) IIA
Dimenhydrinate 0.5 mg/kg (51) IIA
Perphenazine 70 �g/kg (72,73) IA

Figure 1. Algorithm for management of postoperative nausea and
vomiting (PONV).
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in combination to optimize efficacy. The 5-HT3 an-
tagonists, which have better antivomiting than an-
tinausea efficacy, yet are associated with headache,
can be used in combination with droperidol, which
has greater antinausea efficacy and a protective ef-
fect against headache (9). The 5-HT3 antagonists can
also be effectively combined with dexamethasone
(44). The combination of a 5-HT3 antagonist and
promethazine significantly reduces both the fre-
quency and severity of nausea and vomiting (54).
Optimal antiemetic dosing with combination ther-
apy needs to be established. It has been suggested
that, with combination therapy, dexamethasone
doses should not exceed 10 mg IV (150 �g/kg in
children) and droperidol doses should not exceed
1 mg IV (50 �g/kg in children) (9). When used in
combination with another drug, ondansetron doses
in adults typically do not exceed 4 mg and can be
much smaller (50 �g/kg in both children and
adults) (9).

Guideline 7: Provide Antiemetic Treatment to
Patients with PONV Who Did Not Receive
Prophylaxis or in Whom Prophylaxis Failed

The recommended treatment regimens for PONV are
shown in Table 7. When persistent nausea and vom-
iting occur after the patient has left the postanesthesia
care unit, the first response should be a bedside ex-
amination to exclude an inciting medication or me-
chanical factor. Contributing factors might include
morphine patient-controlled analgesia, blood draining
down the throat, or an abdominal obstruction. Once
medication and mechanical factors are excluded, res-
cue antiemetic therapy can be initiated.

If a patient has received no prophylaxis, therapy with
small-dose 5-HT3 receptor antagonists should be initi-
ated on the first signs of PONV (76). In general, treat-
ment doses of the 5-HT3 antagonists are about a quarter
of those used for prophylaxis (77). Small-dose therapy
includes ondansetron 1.0 mg, dolasetron 12.5 mg, gran-
isetron 0.1 mg, and tropisetron 0.5 mg. NNTs to prevent

further PONV within 24 h are between 4 and 5 (76). For
all the other antiemetics, data on their therapeutic effi-
cacy are sparse, and optimal doses are unknown. One
study found that promethazine was as effective as
PONV treatment in the general surgical population (78).
Droperidol was not different from ondansetron as ther-
apy for established PONV (77).

When prophylaxis with dexamethasone fails to pre-
vent PONV, treatment with a small-dose 5-HT3 receptor
antagonist has been recommended (79). When prophy-
laxis with a 5-HT3 antagonist is inadequate to prevent
PONV, a 5-HT3 antagonist should not be initiated as
rescue therapy within the first 6 h after surgery because
it confers no additional benefit (80). Similarly, the failure
of prophylaxis with a 5-HT3 antagonist plus dexameth-
asone should be treated with a drug from another class:
for instance, droperidol or promethazine (78).

A triple-therapy dosing regimen (for instance, a
5-HT3 antagonist, droperidol, and dexamethasone)
has never been tested. If the patient experiences
PONV symptoms despite triple prophylaxis, the triple
regimen should not be repeated within the first 6 h of
administration, and alternative antiemetics should be
administered. Propofol, 20 mg as needed, can be con-
sidered for rescue therapy in patients still in the post-
anesthesia care unit (81,82). The antiemetic effect with
small doses of propofol is probably brief.

When PONV occurs more than 6 h after surgery,
repeat dosing of 5-HT3 antagonists and droperidol can
be considered. The optimal doses and interval for read-
ministration of these two antiemetics remain unknown.
The panel recommended that dexamethasone adminis-
tration not be repeated more often than every 8 h.

Conclusion
These guidelines provide a comprehensive, evidence-
based reference tool for the management of patients at
risk for PONV. Not all surgical patients will benefit
from antiemetic prophylaxis; thus, identification of
patients who are at increased risk is imperative. The

Table 7. Antiemetic Treatment for Patients with Postoperative Nausea and Vomiting (PONV) Who Did Not Receive
Prophylaxis or in Whom Prophylaxis Failed—Exclude Inciting Medication or Mechanical Causes of PONV (V)

Initial Therapy Failed Prophylaxis

No prophylaxis or dexamethasone Administer small-dose 5-HT3 antagonista (IIA)
5-HT3 antagonista plus second agentb Use drug from different class (V)
Triple therapy with 5-HT3 antagonista plus two other

agentsb when PONV occurs �6 h after surgery (V)
Do not repeat initial therapy (IIIA)
Use drug from different class (V) or propofol, 20 mg as

needed in postanesthesia care unit (adults) (IIIB)
Triple therapy with 5-HT3 antagonista plus two other

agentsb when PONV occurs �6 h after surgery (V)
Repeat 5-HT3 antagonista and droperidol (not

dexamethasone or transdermal scopolamine)
Use drug from different class (V)

5-HT3 � serotonin.
a Small-dose 5-HT antagonist dosing: ondansetron 1.0 mg, dolasetron 12.5 mg, granisetron 0.1 mg, and tropisetron 0.5 mg.
b Alternative therapies for rescue: droperiodol 0.625 mg IV, dexamethasone (2–4 mg IV), and promethazine 12.5 mg IV.
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first step in reducing PONV risk is to reduce baseline
risk factors among patients at risk.

Drugs for PONV prophylaxis for adults should be
considered for use as monotherapy or in combination
for patients at moderate risk for PONV. There is in-
creasing evidence that the combination of several po-
tentially beneficial factors (multimodal approach) may
lead to an improved outcome. Double and triple an-
tiemetic combinations are recommended for patients
at high risk for PONV. All prophylaxis in children at
moderate or high risk for POV should be with combi-
nation therapy using a 5-HT3 antagonist and a second
drug. Antiemetic rescue therapy should be adminis-
tered to patients who have an emetic episode after
surgery. If PONV occurs within 6 h after surgery,
patients should not receive a repeat dose of the pro-
phylactic antiemetic. An emetic episode more than 6 h
after surgery can be treated with any of the drugs used
for prophylaxis except dexamethasone and transder-
mal scopolamine.
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Postoperative vomiting (POV) remains one of the commonest causes of significant morbidity after

tonsillectomy in children. A variety of prophylactic anti-emetic interventions have been reported, but

there has only been a limited systematic review in this patient group. A systematic search was

performed by using Cochrane Controlled Trials Register, MEDLINE and EMBASE to identify double-

blind, randomized, placebo-controlled trials of prophylactic anti-emetic interventions in children

undergoing tonsillectomy, with or without adenoidectomy. The outcome of interest was POV in

the first 24 h. Summary estimates of the effect of each prophylactic anti-emetic strategy were derived

using fixed effect meta-analysis. Where appropriate, dose–response effects were estimated using

logistic regression and 22 articles were identified. Good evidence was found for the prophylactic

anti-emetic effect of dexamethasone [odds ratio (OR) 0.23, 95% CI 0.16–0.33], and the serotinergic

antagonists ondansetron (OR 0.36, 95% CI 0.29–0.46), granisetron (OR 0.11, 95% CI 0.06–0.19),

tropisetron (OR 0.15, 95% CI 0.06–0.35) and dolasetron (OR 0.25, 95% CI 0.1–0.59). Metoclopramide

was also found to be efficacious (OR 0.51, 95% CI 0.34–0.77). There is not sufficient evidence to suggest

that dimenhydrinate, perphenazine or droperidol, in the doses studied, are efficacious, nor were gastric

aspiration or acupuncture. In conclusion, dexamethasone and the anti-serotinergic agents appear to be

the most effective agents for the prophylaxis for POV in children undergoing tonsillectomy.

Br J Anaesth 2006; 97: 593–604

Keywords: anaesthesia, paediatric; meta-analysis; surgery, otolaryngeal; vomiting, anti-emetics

Tonsillectomy with or without adenoidectomy remains

one of the most frequently performed paediatric surgical

procedures worldwide.58 62 91 Postoperative nausea and

vomiting (PONV) is one of the most common, significant

postoperative complications associated with this proced-

ure.8 36 Without prophylaxis, more than 70% of children

undergoing tonsillectomy will experience at least one epis-

ode of vomiting in the postoperative period.20 33 37 42 PONV

has been reported to be the commonest cause of delayed

discharge or overnight admission in day-case tonsillectom-

ies.2 62 It has also been reported to be associated with an

increased risk of bleeding, aspiration of gastric contents,

dehydration and electrolyte disturbance.70

A variety of different anti-emetic drugs and techniques

have been described for the prophylactic control of PONV in

this group. The aim of this study was to systematically

review the currently available literature relating to interven-

tions used to prophylactically reduce the incidence of post-

operative vomiting (POV) in children after tonsillectomy,

with or without adenoidectomy and where appropriate,

perform a meta-analysis.

Methods

Searches of the Cochrane Controlled Trials Register

(CCTR), MEDLINE and EMBASE were performed for

the years 1966–September 2003. The search strategy used

for the CCTR (Table 1) identified 49 potentially eligible

studies. MEDLINE was also searched using the keywords

such as child, tonsillectomy and POV. The search was re-run

adding in each of the individual drugs or techniques to be

reviewed (Table 2). In addition, the scientific abstracts of

� The Board of Management and Trustees of the British Journal of Anaesthesia 2006. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org



meetings were reviewed in Anesthesia and Analgesia, Anes-

thesiology and the British Journal of Anaesthesia. Any other

study included in the reference list of any of these publica-

tions but not already identified was also obtained. A further

43 studies were identified giving a total of 92 potentially

eligible studies. Paper copies of each were retrieved for the

final assessment of eligibility.

Eligible studies were restricted to randomized, double-

blind, placebo-controlled trials available in English, that

investigated the prophylactic reduction of POV in paediatric

patients aged 18 yr or less, who had undergone tonsillec-

tomy with or without adenoidectomy. Both pharmacological

and non-pharmacological interventions were included. The

outcome measure was POV in the first 24 h.

A systematic review and meta-analysis of papers

investigating the anti-emetic effects of dexa-

methasone5 10 57 60 82 97 103 had recently been published.91

Two additional placebo-controlled studies of this interven-

tion were identified4 19 and hence the meta-analysis was

re-performed to include these studies.

All studies were reviewed by two authors (C.M.B. and

P.S.M.) and agreement was reached regarding eligibility.

All trials satisfying the inclusion criteria were included

in the initial analysis. A sensitivity analysis was then per-

formed which excluded trials with methodological flaws

such as a significant loss-to-follow-up,33 inappropriate

early termination87 and those trials whose protocols varied

significantly from other studies.9 50 87 No other attempt was

made to rank the selected studies according to their quality.

Analyses were conducted separately for each drug or

intervention using Stata 8.1. For trials in which a drug

was administered at more than one dose, the overall effect

of the drug was derived by combining data from all groups

receiving the drug. Fixed-effect summary odds ratios (ORs)

for the effect of each drug on vomiting were derived using

the Mantel–Haenszel method. The amount of between-trial

heterogeneity was measured using the I2 statistics89 and

heterogeneity was tested using the Q statistic. Evidence

of publication and other bias was sought by plotting funnel

plots according to the guidelines of Sterne and Egger88

and using the regression test proposed by Egger and

colleagues.18

Some trials had compared different doses of the same

drug; therefore, standard methods for meta-analysis could

not be used in analysis of dose–response effects. Instead,

logistic regression was used to estimate dose–response

effects of each drug in each trial. Logistic regression was

also used to estimate the overall effect of each dose of

each drug, across trials, by combining data across trials

and including indicator variables for trials in the model.

When there was evidence that the effect of a drug differed

according to dose, logistic regression was used to estimate

the summary OR per unit increase in dose, in each trial.

These were then combined using fixed-effect meta-analysis.

Table 3 has been included to allow ORs to be converted

into NNT.

Results

Of the 92 studies reviewed, 22 met the inclusion criteria.

Table 4 lists the characteristics of these studies. Individual

study results and the results of the meta-analysis are given in

Table 5. Excluded studies are listed in Appendix Table A1.

Pharmacological strategies

Metoclopramide

There were four studies20 33 69 87 testing the efficacy of

metoclopramide (Table 4). All used i.v. administration,

and the same definition of vomiting, with one exception87

Table 1 Search strategy for the CCTR

Subject headings

#1. Child

#2. Tonsillectomy

#3. Postoperative vomiting

#4. Postoperative nausea and vomiting explode all trees (MeSH)

#5. #3 or #4

#6. #1 and #2 and #5

Table 2 Drugs and techniques included in MEDLINE search

Drug or technique

Metoclopramide

Dimenhydrinate

Droperidol

Perphenazine

Ondansetron

Granisetron

Tropisetron

Dolasetron

Midazolam

Dexamethasone

Gastric aspiration

Acupuncture

Table 3 Numbers needed to treat to benefit one child, according to the per-

centage of children who vomit in the absence of medication, and the odds ratio

(OR) for the effect of the anti-emetic intervention

Percentage

vomiting

OR for the effect of anti-emetic intervention

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2

30 46.2 22.4 14.4 10.5 8.1 6.5 5.4 4.5

35 42.4 20.4 13.1 9.5 7.3 5.8 4.7 4.0

40 40.0 19.2 12.2 8.8 6.7 5.3 4.3 3.5

45 38.6 18.4 11.6 8.3 6.3 4.9 4.0 3.2

50 38.0 18.0 11.3 8.0 6.0 4.7 3.7 3.0

55 38.2 18.0 11.2 7.9 5.9 4.5 3.5 2.8

60 39.2 18.3 11.4 7.9 5.8 4.4 3.5 2.7

65 41.1 19.1 11.8 8.1 5.9 4.5 3.4 2.6

70 44.3 20.5 12.5 8.6 6.2 4.6 3.5 2.6

75 49.3 22.7 13.8 9.3 6.7 4.9 3.6 2.7

80 57.5 26.3 15.8 10.6 7.5 5.4 3.9 2.8
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Table 5 Results of individual studies and of meta-analysis

Intervention Primary author Dose (mg kg�1) No. who did not vomit No. who did vomit OR (95% CI)

Metoclopramide Ferrari20 0 15 36 1 (ref.)

0.15 27 24 0.37 (0.16–0.84)

Furst33 0 23 38 1 (ref.)

0.5 25 34 0.82 (0.4–1.71)

Rose69 0 20 20 1 (ref.)

0.25 24 16 0.67 (0.31–1.44)

0.5 33 7 0.21 (0.08–0.54)

Stene87 0 11 25 1 (ref.)

0.25 19 22 0.51 (0.2–1.3)

Overall estimate (heterogeneity P=0.46, I2=0%) 0.51 (0.34–0.77)

Sensitivity analysis 0.39 (0.22–0.68)

Dimenhydrinate Hamid37 0 8 36 1 (ref.)

0.5 5 19 0.84 (0.20–3.7)

Droperidol Furst33 0 23 38 1 (ref.)

0.075 22 36 0.99 (0.44–2.22)

Perphenazine Splinter84 0 52 76 1 (ref.)

0.07 75 55 0.5 (0.31–0.82)

Ondansetron Furst33 0 23 38 1 (ref.)

0.15 45 16 0.22 (0.1–0.46)

Litman50 0 8 22 1 (ref.)

0.15 23 7 0.11 (0.03–0.36)

Splinter79 0 57 67 1 (ref.)

0.1 66 43 0.55 (0.33–0.93)

Rose68 0 28 17 1 (ref.)

0.15 39 7 0.3 (0.11–0.81)

Rose69 0 20 20 1 (ref.)

0.15 31 9 0.29 (0.12–0.69)

0.3 37 3 0.08 (0.02–0.28)

Stene87 0 22 25 1 (ref.)

0.15 32 11 0.3 (0.12–0.74)

Morton53 0 100 115 1 (ref.)

0.1 127 85 0.58 (0.4–0.85)

Hamid37 0 8 36 1 (ref.)

0.1 15 10 0.15 (0.05–0.45)

Barst7 0 35 10 1 (ref.)

0.1 42 3 0.25 (0.06–0.98)

Sukhani94 0 46 54 1 (ref.)

0.15 41 9 0.19 (0.08–0.43)

Overall estimate (heterogeneity P=0.013, I2=57.2%) 0.36 (0.29–0.46)

Sensitivity analysis 0.41 (0.32–0.53)

Granisetron Carnahan9 0 8 18 1 (ref.)

0.01 23 5 0.1 (0.03–0.35)

Fujii25 0 10 24 1 (ref.)

0.02 19 21 0.46 (0.18–1.21)

0.04 34 6 0.07 (0.02–0.23)

0.08 36 4 0.05 (0.01–0.16)

Fujii30 0 14 44 1 (ref.)

0.04 48 12 0.08 (0.03–0.19)

Overall estimate (heterogeneity P=0.62, I2=0%) 0.11 (0.06–0.18)

Sensitivity analysis 0.11 (0.06–0.19)

Tropisetron Ang3 0 8 15 1 (ref.)

0.1 17 7 0.22 (0.06–0.75)

Jensen42 0 4 32 1 (ref.)

0.2 19 16 0.11 (0.03–0.36)

Overall estimate (heterogeneity P=0.41, I2=0%) 0.15 (0.06–0.35)

Dolasetron Sukhani94 0 46 54 1 (ref.)

0.5 38 11 0.25 (0.10–0.59)

Midazolam Splinter80 0 46 61 0.54

0.075 63 45 (0.31–0.93)

Gastric aspiration Jones43 0 9 26 1 (ref.)

Aspiration 6 33 1.9 (0.6–6.0)

Acupuncture Yentis107 No 14 8 1

Yes 14 9 1.13 (0.34–3.76)

Shenkman75 No 22 31 1

Yes 19 28 1.05 (0.47–2.32)

Rusy71 No 9 31 1

Yes 15 25 0.48 (0.18–1.29)

Overall estimate (heterogeneity P=0.42, I2=0%) 0.83 (0.48–1.43)
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which also included retching in the definition. Drug doses

ranged from 0.15 to 0.5 mg kg�1 given in single or divided

doses. Only one87 had a standardized anaesthetic technique.

All studies dealt with children undergoing tonsillectomy

with or without adenoidectomy and follow-up was for

24 h, except for that by Stene and colleagues87 whose

follow-up was for only 4 h. Only two studies established

that there was no difference in the use of postoperative

opioids.33 69 Stene and colleagues87 terminated their trial

early based on the results of a favourable interim analysis.

One study reported a loss-to-follow-up/protocol violation

rate of more than 20%.33 The summary OR for metoclopr-

amide was 0.51 (95% CI 0.34–0.77). A sensitivity analysis

excluding these two studies87 33 estimated that the OR

was 0.39 (95% CI 0.22–0.68). There was no evidence of

heterogeneity between studies (I2=0%). There was no evi-

dence that the effect of metoclopramide varied according to

dose (Fig. 1).

Dimenhydrinate

There was one placebo-controlled trial testing dimenhy-

drinate.37 It had two interventional arms: dimenhydrinate

0.5 mg kg�1 i.v. and ondansetron 0.1 mg kg�1 i.v. The trial

was terminated early as a result of the occurrence of two

significant concealed haemorrhages in the ondansetron

group. An analysis was therefore performed after 74 chil-

dren had been recruited. There was insufficient evidence to

suggest that dimenhydrinate was more effective than

placebo for the prophylactic control of POV (OR=0.84,

95% CI 0.20–3.65). Whilst the early termination of the

trial for safety reasons significantly reduced the power of

the study to detect a difference between the dimenhydrinate

and placebo groups, it did not invalidate the analysis.

Droperidol

There was only one trial testing droperidol.33 There was

no evidence that droperidol was more effective than placebo

(OR=0.99, 95% CI 0.44–2.22). As 20% of participants were

lost to follow-up, and no data were presented as to how this

loss was distributed between groups, the results of this study

are difficult to interpret.

Perphenazine

There was one trial assessing the efficacy of perphenazine.84

Perphenazine was better at controlling POV than placebo

(OR=0.50, 95% CI 0.31–0.82). Subgroup analysis did not

suggest that this effect varied according to whether subjects

received premedication or what type of induction was used.

Serotonin (5-HT3) antagonists

Four serotinergic antagonists (ondansetron, granisetron,

tropisetron and dolasetron) have been investigated for the

control of POV in children after tonsillectomy.

Ondansetron

Ten trials met the inclusion criteria. The definition of POV

differed between studies: some authors required the expul-

sion of gastric contents,33 68 69 while others also included

retching.7 37 53 87 94 Two did not include a definition.50 79

Two studies only collected outcome data on the day of

surgery.50 87 The dose of ondansetron used varied between

0.1 and 0.3 mg kg�1 given in single or divided doses. One

study investigated two different doses of i.v. ondansetron.69

Most studies investigated the effect of i.v. administration;

however, two studies used oral preparations.68 79 Postoper-

ative opioid administration appeared to be similar between

groups in seven studies, but this was not commented on in

the other three.7 87 94 All but one study37 included children

having tonsillectomy with or without adenoidectomy.

The summary OR for the effect of ondansetron combined

across all doses was 0.36 (95% CI 0.26–0.46). There was

clear evidence of between-study heterogeneity (I2=57.2%,

P=0.013). In a sensitivity analysis excluding three studies

including Furst and colleagues33 (excluded because 20% of

participants were lost to follow-up), Litman and col-

leagues50 (excluded because there were only 4 h of follow-

up together with potential confounding because of unequal

use of dexamethasone between study groups), and Stene and

colleagues87 (excluded because of an early termination of

trial on the basis of the favourable result of an interim

analysis), the summary OR was 0.41 (95% CI 0.32–0.53).

When evidence from all the trials was combined, there

was clear evidence that the effect of ondansetron varied

according to dose (Fig. 2). Therefore, we used logistic

regression to estimate the OR per unit increase in dose in

each study (Fig. 3). The summary OR per 0.1 mg kg�1

increase in dose, using inverse-variance weighted fixed-

effect meta-analysis, was 0.43 (95% CI 0.36–0.51). There

was no evidence of heterogeneity in the dose–response

effect of ondansetron (I2=10.4%, P=0.35), and no evidence

that the effect of the i.v. preparation was more effective than

the oral preparation. However, an asymmetrical funnel

plot (Fig. 4) suggests that small studies tended to find larger

dose–response effects of ondansetron (Egger’s test,

P<0.001).
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Fig 1 The effect of the dose of metoclopramide on the prevention of

POV.
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Granisetron

There were three relevant trials.9 25 30 Vomiting was not

defined in one9 and was considered to include retching in

the other two. The follow-up period was for 24 h for all

studies; however, the way the data are presented in one9

meant that only data during the day of surgery could be

included in the analysis. One study used oral granisetron25

and doses ranged from 10 to 80 mg kg�1 (oral or i.v.). In two

studies there were no differences between groups in the use

of opioids, but this was not considered in the other.9

There was clear evidence that administration of granis-

etron reduced the incidence of POV (OR=0.11, 95% CI

0.06–0.18). There was no evidence of between-study

heterogeneity (I2=0%).

In a sensitivity analysis excluding the study by Carnahan

and colleagues,9 because of the issues outlined above, the

estimated effect was unchanged (OR=0.11, 95% CI 0.06–

0.19). There was no evidence of a dose–response effect for

granisetron (Fig. 5).

Tropisetron

Two trials met the inclusion criteria.3 42 Both used

the same definition of vomiting, follow-up period and

route of administration. The doses used were 0.1 and

0.2 mg kg�1, and the administration of postoperative opioids

did not differ between intervention and control groups, but

one42 did not use a standardized anaesthetic technique. The

authors investigated the possibility of confounding as a

result of this, but were unable to find any significant

differences between the groups.

The summary OR for the effect of tropisetron on POV

was 0.15 (95% CI 0.06–0.35). There was no evidence of

heterogeneity between groups (I2=0%). Figure 6 shows that

the effect of tropisetron appears to increase with dose.

Dolasetron

Only one published trial has tested the efficacy of dolaset-

ron.94 This was a small study using a standardized anaes-

thetic technique. Dolasetron had a clinically important

treatment effect (OR=0.25, 95% CI 0.1–0.59). The use of

postoperative opioids was not reported.

Pooled estimate for anti-serotinergic agents

We performed a pooled estimate of the overall effect of

anti-serotinergic agents using the data from the most

effective dose of each of the four drugs. The summary

OR for anti-serotinergic agents combined was 0.12

(95% CI 0.07–0.20) using a fixed effect model. Although

OR per unit change in dose
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Fig 3 Forest plot showing the dose–response effect of ondansetron (OR

per unit change in dose, estimated using logistic regression) together

with the summary OR estimated using fixed-effect inverse-variance

weighted meta-analysis.
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0.1

0.25

0.5

1.0

2.0

10 20 40

O
dd

s 
ra

tio

80

0.025

0.05

Dose (µg kg−1)

Fig 5 The effect of the dose of granisetron on the prevention of POV.

Bolton et al.

598



inter-study heterogeneity accounted for much of the vari-

ation seen (I2=45.6%), overall it did not reach a significant

level (P=0.14).

Midazolam

We identified one trial that investigated the effect of mid-

azolam.80 No definition of vomiting was given. Neither the

completeness of follow-up nor the differential use of post-

operative opioids was commented on. The results indicated

a modest reduction in the incidence of POV associated with

the use of i.v. midazolam (OR=0.54; 95% CI 0.31–0.93).

Dexamethasone

Steward and colleagues91 published a meta-analysis of

seven double-blind, randomized placebo-controlled trials

of dexamethasone in 2001. Doses ranged from 0.1582 to

1 mg kg�1.5 60 97 The summary RR calculated was 0.55

(95% CI 0.41–0.74). Two further trials4 19 have been pub-

lished as that would have met their inclusion criteria, and

hence the meta-analysis for POV was re-performed. The

dose used in both studies was 0.5 mg kg�1 (maximum

dose of 8 mg). The summary RR incorporating these studies

was 0.48 (95% CI 0.40–0.57) while the summary OR was

0.23 (95% CI 0.16–0.33). There was no strong evidence of

significant inter-study heterogeneity (P=0.24).

Non-pharmacological strategies

Gastric evacuation

Blood is known to be extremely irritant to the stomach and

likely to induce vomiting. The evacuation of gastric contents

under anaesthesia has been advocated as a means of redu-

cing POV after ENT surgery.61 Only one trial investigating

this phenomenon met the inclusion criteria.43 The anaes-

thetic and surgical techniques were standardized, and no

prophylactic anti-emetic agents were used. No reference

is made to the differential use of postoperative opioids

between groups. Gastric evacuation was associated with

an increase in the incidence of POV (OR=1.9, 95% CI

0.6–6.0), although the sample size limited the precision

of the estimate. Neither the frequency of vomiting nor

the need for rescue anti-emetics differed between the two

groups.

Acupuncture

Three trials were identified.71 75 107 One107 included only

tonsillectomy patients whilst the other two studies included

patients who may also have had adenoidectomy. One71

defined a vomit as producing gastric contents, whilst

the other two also included retching. All studies used

the P6 acupuncture site on the ventral surface of the

lower forearm although there was variation in the mode

of stimulation (Table 1). All studies used standardized

anaesthetic techniques and there was no difference identi-

fied in the administration of postoperative opioids between

groups.

The summary OR for acupuncture was 0.83 (95% CI

0.45–1.4). There was no evidence of heterogeneity between

studies (I2=0%).

Discussion

The results of this systematic review indicate that there is

good evidence that the anti-serotinergic agents ondansetron,

granisetron and tropisetron are clinically effective, and that

there is a dose–response effect. The evidence for dolasetron,

although weaker, also suggests that it is a suitable agent for

the prophylactic control of POV in this patient group. The

results of the pooled anti-serotinergic analysis are consistent

with the literature in other patient groups which indicate

that this group of drugs are highly effective anti-emetic

agents.47 63 72 74 105

Meta-analysis of the studies investigating the effect of

metoclopramide suggests that it is also an effective agent.

The limited data on higher doses of metoclopramide does

not support the hypothesis that higher doses have increased

clinical efficacy. This conclusion should be interpreted

with caution because of the small amount of available

data. There are not enough data available to allow a con-

clusion to be made about the effects of both perphenazine

and midazolam, nor the absence of effect for dimenhydrin-

ate, droperidol, gastric aspiration and acupuncture. The

inclusion of two further relevant studies into the published

meta-analysis of dexamethasone91 92 gave results consistent

with the original findings. This provides good evidence of

the efficacy of dexamethasone for the prophylactic control

of POV.

The use of POV as an outcome remains contentious.

It has been proposed that it represents a surrogate endpoint

that does not necessarily reflect what have been termed the

‘true’ endpoints of delayed recovery discharge, unplanned

overnight admission and reduced patient satisfaction.21
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The alternative viewpoint, however, defends its use by

recognizing that many patients consider POV more undesir-

able than postoperative pain.101 POV is easily measured and

almost universally used by researchers. This, together with

the effect that POV has on patient and parent satisfaction

supports its use as a primary outcome.16 34

The incidence of POV in children undergoing tonsillec-

tomy with or without adenoidectomy is sufficiently high

(up to 70%20 33 37 42) to warrant the use of effective anti-

emetic prophylaxis rather than relying solely on rescue ther-

apy.35 The complexity of POV makes the identification

and avoidance of relevant triggers, be they patient, surgical

or anaesthetic, extremely difficult. This provides a strong

argument for prophylaxis and hence the need for a system-

atic review of the literature.

By design, only double-blind, randomized, placebo-

controlled trials were included in this meta-analysis. Whilst

the measurement of POV is unlikely to be significantly

affected by reporter bias associated with a lack of blinding,

no single-blind/unblinded, randomized, placebo-controlled

trials were identified. The choice of a fixed effect model was

justified in each analysis by calculating the heterogeneity

between studies (I2) and by a comparison with random

effects model. Evidence of heterogeneity was found

amongst the studies of ondansetron; however, much of

this variation was subsequently found to be because of

dose-variation. Variations between studies in terms of the

definition of vomiting used, the route of administration and

dose of drug used, the anaesthetic technique used, the

surgery, the length and completeness of the follow-up,

and postoperative analgesia were documented, and together

with an assessment of the methodology, guided the exclu-

sion of studies in the sensitivity analyses.

A decision was made to exclude the surgical details from

the analysis. It is possible that the surgical technique could

influence the incidence of POV, although there is no

evidence to support or refute this hypothesis. The variable

reporting of surgical details in the POV literature, which is

almost entirely published by anaesthetists, further clouds the

issue. It was assumed that the confounding influence of any

of these variables was minimized by the process of random-

ization used in each study.

An assessment of the likelihood of publication bias was

made by plotting funnel plots and using the regression test

proposed by Egger and colleagues.18 Studies showing a

significant treatment effect are more likely to be published

than those with negative results.89 Smaller studies require a

larger treatment effect to reach statistical significance. They

are consequently less likely to produce a positive result and

hence more likely to be rejected by journals. The inclusion

of published smaller studies in a systematic review is likely,

therefore, to overestimate any real treatment effect. Larger

studies on the other hand are more likely to be published

even without a positive result by virtue of their size. The

funnel plot for ondansetron was asymmetrical. This pro-

vides evidence of ‘small study effects’ and suggests that

the summary OR may have been overestimated.

Funnel plot analysis was not used for any of the other

drugs because of the limited number of studies available

for analysis.

This systematic review focuses on single therapy for

prophylaxis in an attempt to identify the efficacy of

individual agents. The use of a single anti-emetic for pro-

phylaxis in this patient group is however uncommon

with many clinicians using steroids as adjuvant therapy.

Despite this, little has been published about combined

therapies.41

Conclusions

This systematic review and meta-analysis provides good

evidence that dexamethasone and the serotinergic antagon-

ists ondansetron, granisetron and tropisetron are clinically

effective agents for the prophylactic control of POV in

children after tonsillectomy with or without adenoidectomy.

There is also evidence to suggest that metoclopramide is

also an effective agent. Whilst there is some evidence that

perphenazine and midazolam may be effective agents, this

evidence has not been corroborated. There is currently insuf-

ficient evidence to suggest that dimenhydrinate, droperidol,

gastric aspiration or acupuncture are clinically useful in this

setting.

Acknowledgements
This study was funded by Research Scholarship Grants for the principal
author from National Health and Medical Research Council of Australia
and The Australian and New Zealand College of Anaesthetists.

Appendix

Table A1 Studies excluded from the review. 1, not limited to children; 2,

not double-blind, randomized and placebo-controlled; 3, insufficient data

given; 4, not solely tonsillectomy or adenotonsillectomy; 5, not published in

or translated into English; 6, either not an anti-emetic drug used or not

administered prophylactically; 7, included in Steward’s sytematic review of

dexamethasone in children undergoing tonsillectomy91

Study (primary author) Reason for exclusion

Anderson2 2,6

Anderson1 2,6

Barst6 2

Carithers8 2

Chhibber11 2,6

Church12 2

Cohn13 2

Courtman14 2

Culy15 2

Dillier17 5

Fujii23 4
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Editorial

How do we move further in research on post-operative
nausea and vomiting?

J. RÆDER

Department of Anaesthesia, Ullevaal University Hospital, Oslo, Norway

THE issue of post-operative nausea and vomiting
(PONV) has been addressed extensively during

the past 10—15 years. The research efforts have
mainly been in two directions: one is to elucidate
risk factors for the individual case using results
from epidemiological studies. The other is to look
for therapeutic and prophylactic agents using mole-
cular engineering based on 10- to 20-year-old
knowledge of the emetogenic receptors in the mid-
brain and then go for testing in prospective studies.
Some of the PONV risk factors are introduced to

the patient by us, such as neostigmine, opioids and
nitrous oxide. They are prone to prospective,
placebo-controlled randomized trials. Inherent
patient-related risk factors may be tested by regres-
sion analyses which call for fairly large numbers of
patients in order to produce conclusions. Pioneering
works from Koivuranta and Apfel started to address
these issues properly about 7—8 years ago (1, 2). At
about the same time, the first meta-analyses were
produced in order to increase the statistical power
and strength of the conclusions or lack of conclu-
sions from many small, prospective studies done
until then. Meta-analyses do not solve all problems,
as they may be quite sensitive to results from a
single centre and actually come out quite opposite
if some studies are removed or added (3). It has also
been shown that when a topic for meta-analyses is
tested with a large, well-designed and powered pro-
spective single study, the result will be in conflict
with the meta-analyses surprisingly often (4).
However, large prospective studies are very
demanding, in terms of number of patients needed,
in order to elucidate the combined impact of differ-
ent risk factors, prophylaxis or treatment options.
Still, these combination of issues need to be
addressed simultaneously as PONV is typically
multifactorial in origin and risk, and calls for

multimodality in prophylaxis and treatment. A recent
progress in this area has been the factorial design
of these kinds of studies, as introduced by Apfel
and Korttila (4, 5). With this design it is possible to
limit the number of patients needed to study multi-
factorial aspects within a possible frame, although
some 2—3000 patients or more will still be needed.
However, if we use all our skills and present

knowledge in predicting PONV, we know that
within a group of patients with an identical risk
profile, some will get symptoms and others will
not. Further, we know that no single drug is more
than 25—30% effective in preventing or treating
PONV, and even with a multimodal drug combina-
tion approach there will be failures (5). Thus, there
is a need to work further on identifying basic, cel-
lular and biochemical mechanisms of PONV and to
bridge such knowledge into improved prediction of
PONV risk and better prevention and treatment
strategies. Potential areas of interest could be
genetic markers of PONV and better understanding
of the micro milieu in the nausea-vomiting centre.
In the last issue of the Acta, the paper from

Oddby-Muhrbeck et al. (6) represented another
approach on moving from macro-epidemiology
into a potentially more basic area of PONV predic-
tion: Are any peri-operative blood-borne factors
associated with PONV? If they are, then the next
step is more demanding: Do they contribute or
cause PONV? or: Do they just occur as a result of
PONV? or: Do they occur as a known or unknown
result of other factors which are true contributors to
PONV?
Whereas just measuring blood-borne factors may

be simple per se, the limitations and interpretation
are tough and cumbersome. First, a proper selection
of which blood-borne markers to study should be
made. Oddby-Muhrbeck et al. (6) have looked at
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serotonin and platelets, as serotonin is a well-known
emetogenic substance and platelets contain a lot of
serotonin. Further, they have looked at substances
related to stress and catecholamines, as some
adrenergic-releasing agents may provoke PONV.
Although the findings in their study are not conclu-
sive, questions are raised as to encourage further
research into these substances and also try to figure
out new markers to be tested.
One problem with blood-borne markers is that

PONV is not generated within the vascular bed,
but in specified cells in some parts of the brain
and nervous system. Although there usually is equi-
librium between blood and tissues, we must recog-
nize that levels of blood-borne markers may not
represent what is actually going on at the true effec-
tor site. For instance, a transient increase in blood
concentration of serotonin or epinephrine may not
necessarily mean more molecules present at the cel-
lular receptor sites in the mid-brain and vice-versa:
a huge local release of potent mediators at the effec-
tor site may not necessarily be evident in a blood
sample.
The study (6) was designed to look for timing of

blood-borne markers for further clues: if they were
increased before induction of anaesthesia, the
impact of anaesthetic drugs, surgical stress and
post-operative treatment could be eliminated. In
the study by Oddby-Muhrbecks et al., the history
of previous motion sickness or PONV was a strong
predictor of PONV without any association with
pre-operative values of any of the blood-markers
tested.
If the blood-borne markers are seen shortly after

an episode of PONV but not before, they may be just
a secondary result of PONV without any causative
relation. This was not the case with any of the mar-
kers tested in the present study either (6).
However, during and after surgery there were

differences in platelet parameters, epinephrine
levels, blood glucose and vasopressin levels
between non-PONV and PONV patients. Whether
these changes are true predictors of PONVand even
may cause PONV is possible. Another possibility,
discussed by the authors, is that a higher degree of
surgical stress results in both increased levels of
blood-markers of stress and an increased incidence
of PONV by other mediators not fully understood.
This theory does not readily fit with the elevation
seen in epinephrine levels before the start of surgery
and surgical stress in PONV patients. However, this
may fit anyway: some patients may be more prone

to be ‘stress sensitive’ with elevated stress markers,
both during standard anaesthetic induction and
even more during surgery. Then, these patients
may be more prone to PONV. The impact of surgical
stress and type of surgical procedure on PONV has
been looked into previously and remains controver-
sial. Whereas Apfel et al. did not find such an
impact (1, 5) there are new data suggesting other-
wise. For instance, gynaecological laparotomy
resulted in far more PONV than laparoscopic
gynaecological surgery in patients who were strictly
standardized for other risk factors of PONV (7).
Whether this is a result of a different degree of
surgical stress or more specific differences in vagal
nerve stimulation or other potential PONV media-
tors, is not known.
Thus, there are still a lot of interesting white spots

on the map of PONV understanding. New, creative
ideas and designs into basic mechanisms should be
encouraged and welcomed.
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Symptoms and sites of pain experienced by AIDS patients. 
 
Norval DA. 
 
Centre for Palliative Learning, Hospice Association of the Witwatersrand, 
Johannesburg. 
 
INTRODUCTION: HIV/AIDS is the top single cause of mortality burden in 
South Africa and patients with AIDS present with unique and challenging 
symptoms and pain syndromes. OBJECTIVE: To identify and increase 
awareness of the 10 most prevalent symptoms and 5 most common sites of 
pain in patients with advanced AIDS. DESIGN AND SUBJECTS: A nurse-led 
questionnaire was used to collect data, and a descriptive, quantitative analysis 
was done. Subjects included 103 adult patients with World Health 
Organisation (WHO) stage 4 AIDS. Patients with impaired cognitive function 
were excluded. OUTCOME MEASURES: The main outcome measures 
included a list of 30 symptoms, 13 site-specific pains, age, gender, worst 
overall symptom and access to antiretroviral therapy (ART). Results were 
based on review of data collected between May 2002 and February 2003. 
RESULTS: Results showed the mean age of patients to be 35.4 years, with 
females an average of 4.4 years younger than males. There were a higher 
number of female respondents (62.6%) than males (37.4%). The 10 most 
common symptoms in order of prevalence were pain (98%), weight loss 
(81%), loss of appetite (70.9%), low mood (69.9%), weakness (66%), dry skin 
(56.3%), diarrhoea (53.4%), nausea and vomiting (44.7%), cough (44.7%) and 
fatigue (42.7%). Of the of respondents 34.4% mentioned pain as the worst 
overall symptom. The average number of pains experienced was 2.91. 
Females reported significantly more anxiety, genital sores and pain than 
males. Of the patients 3.9% had had access to ART. Lower limb pain was the 
most prevalent pain (66%) followed by mouth pain (50.5%), headache 
(42.3%), throat pain (39.8%) and chest pain (17.5%). CONCLUSIONS: 
Patients with advanced AIDS in South Africa suffer significantly from pain 
and many distressing symptoms. In the light of the HIV/AIDS pandemic in 
South Africa reforms are needed to increase knowledge and education in the 
palliative management of AIDS. 
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Nausea and vomiting and dietary cravings and aversions during 
pregnancy in South African women. 



 
Walker AR, Walker BF, Jones J, Verardi M, Walker C. 
 
Frequency and severity of nausea and of vomiting during pregnancy, and of 
pronounced dietary cravings and aversions, were determined in a series of 
South African rural and urban black, Indian, coloured (European-African-
Malay) and white women. Frequency of severe nausea ranged from 3.8% in 
rural blacks to 19.8% in white women, and of severe vomiting from 3.1% in 
rural blacks to 17.8% in white and Indian women. Proportions in the other 
groups were intermediate. Pronounced cravings, claimed by 67-84% in the 
various groups, included sour, savoury and sweet foods, also fruit and milk. 
Aversions were claimed by 45-81% of the women in the different groups with 
meat, fish, coffee and fatty foods, the foods most often avoided. Pica, the 
consumption of such substances as earth, clay, varied ethnically and 
regionally; frequency was high in rural and urban black women (44.0% and 
38.3%), but much lower (5%) in Indian, coloured and white women. 
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HIV/AIDS post-exposure prophylaxis (PEP) for victims of sexual 
assault in South Africa. 
 
Meel BL. 
 
Forensic Medicine, Faculty of Health Sciences, University of Transkei, 
Umtata 5100, South Africa. meel@getafix.utr.ac.za 
 
An earlier study (Meel, 2003) showed that more than 90% of victims of sexual 
assault in Transkei region, South Africa, were HIV-seronegative at the time of 
the incident. This was despite the fact that the community had a high 
prevalence of HIV. In sexual assault cases post-exposure prophylaxis (PEP) is 
recommended to prevent HIV transmission. Therefore, therapy with 
zidovudine (AZT) and lamivudine (3TC) is justified. The purpose of this study 
is to describe the demographic characteristics of the victims, to assess the 
outcome of HIV transmission and to evaluate the success of PEP after its 
implementation in Transkei. There were 594 victims of sexual assault during 
the study period at Sinawe Centre from 2000-2003. Of these, 346 (58.2%) 
were children under the age of 15 years. Seventeen children (2.9%) were 
found to be HIV positive at the first test. Among the adults, 58(9.8%) tested 
HIV positive. Of the 225 who attended after PEP was introduced, only two 
were found to be HIV seropositive at the time of the incident. A second test 
was recommended after four weeks and a third after 12 weeks. The majority of 
the victims did not report for the second test, but all 35 who did come to be 
tested were seronegative. who did come to be tested were seronegative. 
Seventeen of those were between 11-15 years of age. Only seven victims came 
for the third test, and they, too, were negative. Nausea and vomiting were the 
commonest side effects of PEP treatment in four patients and one developed a 
generalized rash. Only one victim seroconverted. 

 



PONV Study 
 
Symptoms and sites of pain experienced by AIDS patients. 
 
Norval DA. S Afr Med J. 2004 Jun;94(6):437. 
 
Subjects included 103 adult patients with World Health Organisation (WHO) stage 4 
AIDS. 30 symptoms, 13 site-specific pains, age, gender, worst overall symptom and 
access to antiretroviral therapy (ART) nausea and vomiting (44.7% 
 
HIV/AIDS post-exposure prophylaxis (PEP) for victims of sexual 
assault in South Africa. 
 
Meel BL.  Med Sci Law. 2005 Jul;45(3):219-24. 
 
594 victims of sexual assault during the study period at Sinawe Centre from 2000-
2003 
 
 
PONV remains a continuing problem with an average incidence of 20–
30%. 
 
Apfel How to study postoperative nausea and 
vomiting ACTA ANAESTHESIOLOGICA 
SCANDINAVICA 
0001-5172 
 
 
Should address new and relevant questions instead of repeatedly 
investigating prophylactically given antiemetics whose main results are 
predictable  
 
Group comparability should be based on well-proven risk factors and a 
simplified risk score for predicting PONV.  
 
Realistic sample size estimation should be performed, i.e. in most cases at 
least 100 patients per group are necessary.  
 
Nnausea, vomiting and rescue medication should be recorded and 
reported separately with the corre- 
 
The question to be addressed should lead to a answer that is most likely to improve our understanding 
and/or the possibility of avoiding or treating PONV. 
 
Patient selection 
It may be wise to reduce the number of confounding variables by excluding patients who present with 



underlying pro-emetogenic diseases and/or who are currently on antiemetic drugs. Previously patient 
selection was mainly based on those types of surgery 
 
 
11, 22, 23). It is therefore not surprising that patients at risk for PONV can be better identified by using 
a simplified risk score instead of classification into, more or less voluntarily defined, high- or low-risk 
types of surgery (unpublished observation). Thus, instead of selecting patients undergoing just one type 
of 
 
Controlling factors 
 
Factors to be controlled 
Controlling factors increase internal validity, i.e. the study results are most likely to apply to these 
specific conditions. So, it makes good sense to control all potentially confounding factors. This applies 
especially to the anesthetic technique and drugs, such as volatile anesthetics, propofol, but also to 
intraoperative hydration and oxygen concentration (24–28). However, it is worth mentioning that 
external validity may be limited if specific circumstances applied in the study are rarely used in daily 
practice. 
 
Group comparability 
Factors that are not controlled and that may have an impact on PONV should be distributed evenly 
among the study groups. The six most important risk factors, which are female gender, non-smoking 
status, history of PONV, or motion sickness, age, duration of anesthesia and postoperative opioids, 
should be presented in a table according to the group allocation. In addition, other predictors may be of 
interest such as the type and dosage of volatile anesthetics and the types of surgery.  
 
 
Assessment of outcome variables 
 
To quantify symptoms, a visual analog scale (0–10 or 0–100), a 11-point numerical rating scale (0–10), 
or a verbal rating scale (none, mild, moderate, severe) may be used (32). The whole study period 
should cover 24 h. As very recent data demonstrated that volatile anesthetics appeared to be the major 
cause of 
 
Special attention should be given to the assessment of drug-specific adverse events, e.g. headache, 
increased sedation, restlessness, anxiety, dysphoria, sleep disturbances, dry mouth, and voiding 
problems. As most of these may not be reported by the patients spontaneously it is important that they 
are actively asked.  
 
Stats 
 
Alpha 0.05, i.e. we accept a 5% probability that the detected difference happened by chance.  
 
Beta  0.2, i.e. we accept a 20% probability that we fail to detect a true difference.  
 
Third, we have to have a realistic idea of the control event rate (CER). When the CER is high 
more patients can potentially benefit from an intervention so that eventually less patients are needed to 
detect a statistically significant difference. – Use a risk score 
 
Finally, we should assume a treatment effect that is realistic and clinically relevant. For 
prophylactically given single antiemetics this will be a relative reduction rate in the range of 30–40%.  
 
 
Patients with at least two out of the four risk factors (female gender, non-smoking status, history of 
PONV or motion sickness, and postoperative opioids) will be included (8). As a rule of thumb it can be 
assumed that if none, one, two, three or four risk factors are present the risk for PONV is  pproximately 
10, 20, 40, 60 and 80%, respectively (8). Including only patients with at least two risk factors will 
result in an average  CER of approximately 50% (assuming there will be very few patients with all four 
risk factors, i.e. with 80%). We expect with our antiemetic approach a rela-tive risk reduction of PONV 
of 40%. The absolute risk reduction would therefore be 20%, i.e. we would expect a treatment event 



rate of 30%. Being happy with a.0.05 and b.0.2 we would need 103 patients per group, i.e. 
approximately 200 patients for a simple randomized controlled trial. From the table we can 
see that for ‘realistic’ estimates usually more than 100 patients per group are needed (Table 1). It 
should be noted that sample size estimations are frequently missing in smaller studies or that the 
expected treatment effect was overestimated to suit the small number of patients. 
 
 
We know that within a group of patients with an identical risk profile, some will get symptoms 
and others will not. Further, we know that no single drug is more than 25—30% effective in 
preventing or treating PONV, and even with a multimodal drug combination approach there will 
be failures (5). Thus, there is a need to work further on identifying basic, cellular 
and biochemical mechanisms of PONV and to bridge such knowledge into improved prediction of 
PONV risk and better prevention and treatment strategies. Potential areas of interest could be 
genetic markers of PONV and better understanding of the micro milieu in the nausea-vomiting 
centre. 
 
ACTA ANAESTHESIOLOGICA SCANDINAVICA 
doi: 10.1111/j.1399-6576.2005.00903.x 

Editorial How do we move further in research on post-
operative nausea and vomiting? 
 
 
We investigated the efficacy of granisetron and dolasetron in preventing postoperative nausea and vomiting. 
Because the metabolism of the various antiemetic 5-hydroxytryptamine type 3 (5-HT3) antagonists involves 
different isoforms of the hepatic cytochrome P450 system, weexaminedthe relationshipbetweenthe clinical 
efficacy of these drugs and polymorphic cytochrome P450 2D6 (CYP2D6) genotype. This prospective, 

randomized, double-blind study involved 150 adult patients with a moderate to high 
risk for postoperative nausea and vomiting(Apfel PONV score equal or more than 2)  
 
 All subjects received dexamethasone at induction of anesthesia followed by either 12.5 mg of dolasetron or 1 mg 
of granisetron. We analyzed the number of complete responders (no vomiting or rescue medication) during the 
first 24 hours after surgery. 
 
Prevention of Postoperative Nausea and Vomiting with 
Granisetron and Dolasetron in Relation to CYP2D6 Genotype(Anesth 
Analg 2006;102:1127–33) 
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Prolongation of QTc Interval after Postoperative Nausea
and Vomiting Treatment by Droperidol or Ondansetron
Beny Charbit, M.D.,* Pierre Albaladejo, M.D., Ph.D.,† Christian Funck-Brentano, M.D., Ph.D.,‡ Mathieu Legrand, M.D.,§
Emmanuel Samain, M.D., Ph.D.,� Jean Marty, M.D., Ph.D.#

This article and its accompanying editorial have been se-
lected for the Anesthesiology CME Program. After reading
both articles, go to http://www.asahq.org/journal-cme to take
the test and apply for Category 1 credit. Complete instructions
may be found in the CME section at the back of this issue.

Background: At dosages above 0.1 mg/kg, droperidol induces
a dose-dependent QTc interval prolongation. Although subject
to controversy, low-dose droperidol has recently been sus-
pected to induce cardiac arrhythmias. Hence, 5-hydroxytrypta-
mine type 3 antagonists have become the first-line drug for
management of postoperative nausea and vomiting. These
drugs are also known to prolong the QTc interval at high dos-
ages. This study describes QTc interval changes associated with
postoperative nausea and vomiting treatment by droperidol or
ondansetron at low doses.

Methods: Eighty-five patients with postoperative nausea and
vomiting were included in this prospective, single-blind study.
Patients received either 0.75 mg intravenous droperidol (n �

43) or 4 mg intravenous ondansetron (n � 42). Electrocardio-
graphic recordings were obtained before administration of an-
tiemetic drug and then 1, 2, 3, 5, 10, and 15 min after. Electro-
cardiographic monitoring was maintained for 3 h in eight
patients in each group.

Results: The QTc interval was prolonged (> 450 ms in men,
> 470 ms in women) in 21% of the patients before antiemetic
drug administration. This was significantly correlated with
lower body temperature and longer duration of anesthesia.
Compared with predrug QTc measurement, both antiemetics
were associated with a significant QTc interval prolongation
(P < 0.0001). The mean maximal QTc interval prolongation
was 17 � 9 ms after droperidol occurring at the second

minute and 20 � 13 ms after ondansetron at the third minute
(both P < 0.0001). Compared with predrug measurement, the
QTc interval was significantly lower after the 90th minute in
both groups.

Conclusions: Droperidol and ondansetron induced similar
clinically relevant QTc interval prolongations. When used in
treatment of postoperative nausea and vomiting, a situation
where prolongation of the QTc interval seems to occur, the
safety of 5-hydroxytryptamine type 3 antagonists may not be
superior to that of low-dose droperidol.

DRUG-INDUCED prolongation of the QTc interval has
become the first cause of drug withdrawal or use restric-
tion in the past years because of the potential risk of
life-threatening polymorphic ventricular tachycardia,
torsade de pointes.1 Several drugs used during general
anesthesia induce lengthening of cardiac repolariza-
tion (thiopental, suxamethonium, and all volatile
anesthetics).2– 4

The butyrophenone droperidol and all selective 5-hy-
droxytryptamine type 3 (5-HT3) receptor antagonists are
routinely used to prevent or treat postoperative nausea
and vomiting (PONV).5 These drugs are known to pro-
long the QTc interval at high dosages.6–8 After reports of
fatal arrhythmias associated with droperidol use, in par-
ticular in high doses used in psychiatric patients, the US
Food and Drug Administration warned healthcare pro-
viders about droperidol use even in low doses in Decem-
ber 2001. Since this warning, there has been controversy
about droperidol use even at lower dosages.9–13 This
antiemetic drug is known to induce dose-dependent QTc
interval lengthening at doses above 0.1 mg/kg.8 In vitro,
droperidol induces potassium channel blockade.14 At
the low doses recommended in the prevention or treat-
ment of PONV, evidence of droperidol-induced cardiac
adverse events, in particular torsades de pointes, is
lacking.15

Hence, 5-HT3 antagonists have become the first-line
treatment both for prevention and treatment of PONV.5

However, 5-HT3 antagonists (ondansetron, granisetron,
and dolasetron) are listed among QT interval–prolonging
drugs with possible risk of torsade de pointes.** More-
over, several cases of cardiac dysrhythmias after admin-
istration of 5-HT3 antagonists have been reported.16,17

The lack of reliable QTc data in patients treated with
low doses of droperidol or 5-HT3 antagonists contributes to
the controversy about their safe use in the perioperative
period. Therefore, the aim of this study was to describe
QTc interval changes associated with administration of
low-dose droperidol or ondansetron to treat PONV.
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Materials and Methods

This study was approved by the ethics committee of
Paris Cochin (Paris, France). Each patient gave informed
consent to be included in this observational study. Pa-
tients with nausea or vomiting in the recovery room
were consecutively included. Exclusion criteria were
prophylactic antiemetic drug administration during the
operative period, a known prolonged QTc interval, a
decompensated cardiomyopathy, cardiac arrhythmia, or
bundle-branch block.

Either 0.75 mg droperidol (Droleptan®; OTL Pharma,
Cournon, France) or 4 mg ondansetron (Zophren®;
Glaxo SmithKline, Marly-le-Roi, France) was adminis-
tered as an intravenous bolus when a patient experi-
enced PONV in the recovery room according to the
attending anesthesiologist. The study was nonrandom-
ized, but electrocardiographic evaluations were made
without any knowledge of the different therapeutic in-
terventions. Standard postoperative monitoring, includ-
ing electrocardioscopy, blood pressure monitoring, and

pulse oximetry, was routinely used during the postoper-
ative room stay. Tympanic temperature was obtained
with a digital thermometer (First temp genius; Sherwood
Medical, Crawley, United Kingdom). Apart from serial
electrocardiographic recordings, care of the patients
was not modified by this study.

Electrocardiographic Recordings
Unfiltered 12-lead electrocardiograms were obtained

from all subjects immediately before administration of
antiemetic drug (baseline) and 1, 2, 3, 5, 10, and 15 min
after intravenous injection. In eight patients in both
groups, additional electrocardiographic recordings were
performed 30, 45, 60, 90, 120, and 180 min after anti-
emetic administration. Electrocardiograms were re-
corded at a paper speed of 50 mm/s and an amplitude of
2 cm/mV with a Pagewriter M1770 device (Hewlett
Packard, Andover, MA). Reading and analysis of the elec-
trocardiographic tracings were performed after comple-
tion of the study by the same investigator (B. C.) who
was blinded to the antiemetic drug received. QT and R-R
intervals were measured manually by averaging five suc-
cessive cardiac beats and using a digitizing pad (Summa-
Sketch II Professional; Summagraphics, Seymour, CN)
connected to a microcomputer. For each patient, the
chest lead with the largest T-wave amplitude at baseline
was selected for all QT interval measurements. The QT
interval was measured as described previously18 and
corrected for heart rate (QTc) according to the formula
of Bazett (QTc � QT/�R-R).

To assess spontaneous evolution of QTc interval dura-
tion in the postoperative period, serial electrocardio-
grams were performed in 10 additional patients 1 h after
arrival in the recovery room and then 1, 2, 3, 5, 10, 15,
30, and 60 min after the first electrocardiographic
recording.

Statistical Analysis
Results are expressed as mean � SD unless otherwise

specified. To detect a QTc change from baseline greater

Fig. 1. Distribution of QTc interval duration
in women (A) and men (B) with postoper-
ative nausea and vomiting before anti-
emetic drug administration. Normal, bor-
derline, and prolonged QTc intervals
according to the Committee for Propri-
etary Medicinal Products definition for
each sex (see text).

Table 1. Demographic and Clinical Characteristics of Patients
Treated with Droperidol or Ondansetron

Characteristic
Droperidol
(n � 43)

Ondansetron
(n � 42) P Value

Mean age, yr 46 � 16 44 � 16 0.6
Sex ratio, n, M/F 17/26 17/25 0.9
Operative procedure, n 0.3

Vascular 3 4
Neurosurgery 6 9
Ear, throat, and nose 8 8
Orthopedics 10 2
Gynecology 6 7
Other 10 12

Duration of anesthesia, min 187 � 114 199 � 114 0.7
Delay between end of

anesthesia and PONV,
min

67 � 63 68 � 58 0.9

Temperature, °C 36.3 � 0.8 36.2 � 0.7 0.6
Procedure during general

anesthesia, %
88 83 0.7

PONV � postoperative nausea and vomiting.
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than 5 ms with � and � risks of 0.05 and 0.20, respec-
tively, and assuming an SD of QTc change of 10 ms, a
minimum of 34 subjects were needed in each antiemetic
group. Comparison of QTc intervals at different times
was performed by one-way repeated-measures analysis
of variance and, if significant, post hoc analyses used the
Dunnett test, using baseline as the reference value for
normally distributed data, and the Wilcoxon test else-
where. Maximal QTc interval change and its time of
occurrence were determined manually by examination
of individual data until the fifth minute after drug admin-
istration. The confidence interval of proportion was cal-
culated using the Wilson method. Simple regression anal-
yses were performed by standard methods. Multiple
regression analysis was performed to assess the influ-
ence of covariates. All data passed the Kolmogorov-
Smirnov test for gaussian distribution criteria. Analyses
were performed using StatView 6.0 software (SAS insti-
tute, Cary, NC). Statistical significance was considered at
P � 0.05.

Results

Eighty-five patients with PONV were consecutively in-
cluded in the study. Among them, 43 received droperi-
dol, and 42 received ondansetron. None were taking QT
interval–prolonging drugs associated with a demon-
strated risk of torsade de pointes before anesthesia. De-
mographic and clinical characteristics are reported in
table 1.

Electrocardiographic Recordings before Drug
Administration
The mean QTc interval was 439 � 29 ms before anti-

emetic drug administration. According to sex-related
thresholds†† (QTc � 450 ms in men, � 470 ms in
women; fig. 1), a prolonged QTc interval was found in

18 of the 85 patients (9 men, 9 women), representing a
global percentage of 21% (95% confidence interval,
14–31%).

In patients who underwent surgery during general
anesthesia (n � 73), the basal QTc interval value was
inversely correlated with body temperature (r �
�0.500, P � 0.001) and positively correlated with dura-
tion of anesthesia (r � 0.341, P � 0.003). Because a
correlation was found between these two parameters,
they were tested in multivariate regression analysis.
Global prediction of a model including temperature and
duration of anesthesia as covariate was increased (r �
0.547, P � 0.001), with both temperature and duration
of anesthesia being significant.

The incidence of prolonged QTc interval was similar in
patients who later received droperidol (10 of 43) or
ondansetron (8 of 42). The baseline QTc interval was
slightly but not significantly higher in patients who later
received droperidol (droperidol: 441 � 28 ms, ondanse-
tron: 437 � 31 ms; P � 0.5). Heart rate before antiemetic
administration did not differ significantly between the
groups (droperidol: 80 � 16 beats/min, ondansetron:
76 � 14 beats/min; P � 0.3).

Electrocardiographic Recordings after Antiemetic
Drug Administration
Mean QTc interval measurements over time are shown

in figure 2 after droperidol and ondansetron administra-
tion. In both groups, we observed significant QTc
changes during the 15 min after antiemetic drug admin-
istration (P � 0.0001). As compared with baseline val-
ues, the QTc interval was significantly increased at all
measured times except for the 10th minute after admin-
istration of droperidol and the 15th minute after ondan-
setron. Maximal QTc interval lengthening was observed
at 2 and 3 min after administration of droperidol and
ondansetron, respectively. The mean maximal QTc in-
terval duration until the fifth minute was significantly
increased from baseline in both groups (P � 0.0001; fig.
3). Maximal QTc lengthening was 17 � 9 ms after
droperidol and 20 � 13 ms after ondansetron (both P �

†† Committee for Proprietary Medicinal Products: The assessment of the
potential for QT interval prolongation by non-cardiovascular medicinal products.
The European Agency for the Evaluation of Medicinal Products. Available at:
http://www.emea.eu.int/pdfs/human/swp/098696en.pdf. Accessed December
10, 2004.

Fig. 2. Mean QTc interval duration (� SE;
milliseconds; left axis) and heart rate
(� SE; beats/min; right axis, dotted line)
versus time interval (minutes) between in-
jection of antiemetic and QTc interval
measurement. (A) Droperidol, 0.75 mg, or
(B) ondansetron, 4 mg, administered in
patients with postoperative nausea and
vomiting. In both groups, analysis of vari-
ance for repeated measurement was sig-
nificant (P < 0.001). * P < 0.05 versus
baseline in the same treatment group.
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0.0001). Heart rate remained stable over time in both
study groups (the only significant change compared
with baseline was observed at 15 min in the droperidol
group; fig. 2). QTc interval changes were similar when
using the cubic root Fridericia correction formula.

To examine whether the increase in QTc interval du-
ration after antiemetic administration was influenced by
baseline QTc value, we plotted maximal QTc as a func-
tion of basal QTc. The slope of the linear regression (r �
0.93, P � 0.0001) was 0.97, with a 95% confidence

interval of 0.89–1.05, indicating that the extent of QTc
increase did not depend on its initial value.19

Prolonged Electrocardiographic Monitoring
Figure 4, which represents 3-h follow-up QTc measure-

ment after droperidol or ondansetron, shows a signifi-
cant decrease of QTc interval duration over time. From
the 90th to the 180th minute after antiemetic adminis-
tration, the QTc interval was significantly lower com-
pared with baseline in both groups (P � 0.05).

Although the study was not designed to compare QTc
interval durations during droperidol and ondansetron,
there was no statistically significant difference between
QTc interval durations at any time among patients who
received droperidol or ondansetron.

Categorical Analysis
In 8 patients, the QTc interval increase from baseline

was greater than 30 ms: 2 during droperidol (39 and
43 ms) and 6 during ondansetron (31, 31, 38, 44, 52, and
69 ms). Among them, 1 patient experienced QTc length-
ening greater than 60 ms after ondansetron administra-
tion. A QTc interval greater than 500 ms was recorded in
10 patients (4 during droperidol and 6 during ondanse-
tron) within the 15 min after drug administration. Rep-
resentative electrocardiograms of two patients, one after
each antiemetic, reaching QTc values greater than 500
ms are shown in figure 5.

Spontaneous Variability of QTc Interval Duration
In patients not receiving antiemetic drug, we did not

observe a significant change in QTc interval duration
over the 15-min period after the first electrocardiogram.
The maximal QTc increase between the first and fifth
minutes of recordings was 2 � 2 ms as compared with
baseline (P � 0.03). At 30 and 60 min, QTc significantly
decreased as compared with baseline (P � 0.05; fig. 6).

No ventricular arrhythmia was noted during the study
period. In one woman, supraventricular tachycardia oc-
curred 10 min after ondansetron administration. It was
well tolerated and resolved spontaneously in approxi-
mately 5 min.

Fig. 3. Individual QTc interval values (milliseconds) at baseline
and maximal value until the fifth minute after 0.75 mg droperi-
dol (A) and 4 mg ondansetron (B). Thick line represents mean
(� SD). Mean maximal QTc increase was 17 � 9 ms after
droperidol (A) and 20 � 13 ms after ondansetron (B). * P < 0.05
versus baseline.

Fig. 4. Three-hour electrocardiographic
follow-up after 0.75 mg droperidol (A) or
4 mg ondansetron (B) for eight patients in
each group. Mean QTc interval duration
(� SE; milliseconds) versus time interval
(minutes) between injection of antiemetic
and QTc interval measurement. Dotted
line represents initial QTc value. * P <
0.05 versus baseline.
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Discussion

We have observed a high prevalence of QTc interval
prolongation in patients with PONV before antiemetic
drug administration. In these patients, we found signifi-
cant changes in QTc interval duration after administra-
tion of both droperidol and ondansetron.

QTc Interval Prolongation in the Recovery Room
According to Committee for Proprietary Medicinal

Products (London, United Kingdom), a QTc interval cor-
rected for heart rate above 450 ms in men and 470 ms in
women is considered to be prolonged. We have ob-
served a high prevalence of prolonged QTc intervals in
our patients before treatment of PONV. Although we do
not have preoperative electrocardiograms for the major-
ity of our patients, our high prevalence of long QTc
intervals does not reflect the expected 1 in 1,000 prev-
alence of long QT syndrome.20 Therefore, a periopera-
tive increase in duration of ventricular repolarization
seems the most probable explanation. We have found
significant correlations between body temperature, du-
ration of general anesthesia, and baseline QTc interval
duration. Hypothermia is a known factor of cardiac re-
polarization prolongation.21 During anesthesia, many
drugs, such as propofol,22 thiopental,23 halogenated
agents,24 or opioids,25 interact with potassium channels

involved in the repolarization process. Therefore, the
duration of anesthesia is possibly an indirect index of
impregnation of halogenated anesthetics and opioids.
Furthermore, as found in the 16 patients in whom elec-
trocardiograms were obtained up to 3 h after antiemetic
drug administration and in the 10 patients who did not
receive any antiemetic and had electrocardiographic re-
cordings up to 60 min 1 h after their arrival in the
recovery room, the QTc interval seems to decrease dur-
ing the postoperative period. Other factors, such as pain
or stress-induced sympathetic stimulation or periopera-
tive electrolytes changes, in particular potassium and
magnesium, may possibly be underestimated.20 More-
over, although vomiting is not a known factor of QTc
interval prolongation, we can hypothesize that this par-
ticular situation may also have effects on repolarization
as a consequence of sympathovagal stimulation during
vomiting efforts.

Because a decrease in repolarization reserve, as re-
flected by basal QTc interval lengthening, seems to oc-
cur in the postoperative period, a QT interval–prolong-
ing drug should be prescribed with great caution.

Evaluation of Proarrhythmic Potential of
Droperidol and Ondansetron
International guidelines have been proposed to assess

the proarrhythmic potential for nonantiarrhythmic
drugs.‡‡ Recommendations are to combine in vitro
studies, in vivo studies, and postmarketing drug surveil-
lance. In vitro studies usually assess drugs effects on
ionic currents involved in cardiac repolarization. These
studies have been performed both with droperidol14 and
with 5-HT3 antagonists.6,26 Droperidol has been found to
induce a potent block of the rapid component of the
delayed rectifier potassium current (IKr).

14 IKr is the main
repolarizing channel in the human heart, which is en-
coded by the human ether-a-go-go–related gene HERG.
Mutations of this gene are involved in congenital long
QT syndrome. Moreover, all drugs inducing torsades de
pointes block IKr current. All 5-HT3 antagonists also

‡‡ S7B Revised: The Nonclinical Evaluation of the Potential for Delayed
Ventricular Repolarization (QT Interval Prolongation) by Human Pharmaceuti-
cals. E14: The Clinical Evaluation of QT/QTc Interval Prolongation and Proar-
rhythmic Potential for Non-antiarrhythmic Drugs. International conference on
harmonisation of technical requirements for registration of pharmaceuticals for
human use. Available at: http://www.ich.org. Accessed, December 10, 2004.

Fig. 6. Mean QTc duration (� SE; milliseconds) versus time in
the postoperative period in 10 patients without antiemetic ad-
ministration. The first electrocardiogram was obtained 1 h after
the end of general anesthesia. * P < 0.05 versus baseline.

Fig. 5. Electrocardiographic recordings in two representative
subjects who received 0.75 mg droperidol (female patient, left)
or 4 mg of ondansetron (male patient, right) to treat postoper-
ative nausea and vomiting. Upper electrocardiograms were ob-
tained immediately before antiemetic administration, and the
recordings performed after 2 and 10 min are shown below. The
same chest lead is shown for each patient. Note the flattened T
wave occurring after droperidol and changes in T-wave mor-
phology after ondansetron. Electrocardiograms were recorded
at a paper speed of 50 mm/s and an amplitude of 20 mm/mV.
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block the IKr current but also Na� channels, resulting in
lengthening of both depolarization and repolarization.26

In vivo, human studies have also been conducted with
both droperidol and ondansetron, but only at high dos-
ages. QTc interval increases of 37 ms have been reported
after an intravenous bolus of 0.1 mg/kg droperidol in
patients under general anesthesia.8 In healthy volun-
teers, 32 mg ondansetron administered intravenously
was found to prolong the QTc interval, but without
assessment of initial QTc changes.6,7 No study on the
effects on QTc interval duration has been published with
both of these drugs when used in low doses in recovery
patients.

We have observed significant QTc interval changes
after administration of both antiemetics. Although for
obvious ethical reasons our study did not have a placebo
control group, many arguments support a relation be-
tween QTc interval prolongation and drug administra-
tion. First, the QTc interval was increased in almost all
subjects with QTc changes of much greater amplitude
compared with patients who did not receive any anti-
emetic. Second, the maximal observed effect was con-
sistent with the pharmacokinetic profiles of both drugs
with early peak plasma concentration after intravenous
bolus. This is consistent with the study of Lischke et al.,8

who found maximal QTc interval prolongation occur-
ring in the first minute after intravenous droperidol ad-
ministration. Furthermore, observed maximal QTc inter-
val prolongation after droperidol administration is
consistent with recently published extrapolation of avail-
able QTc data,8 concluding that 0.625 mg droperidol
would produce a QTc interval prolongation of 9 � 3 ms
in patient weighing 100 kg.27 However, our study has
some limitations. First, it describes two different thera-
peutic interventions without randomization, but electro-
cardiographic analyses were blinded to the administered
antiemetic. Moreover, both groups had similar baseline
clinical characteristics, including nonstatistically differ-
ent predrug QTc interval durations. Second, our study
did not examine electrolyte imbalances, which could
affect cardiac repolarization. However, it is unlikely that
such changes would occur in the 2 or 3 min after
antiemetic administration and last only a few minutes.
Third, the study did not assess the effects of prophylaxis,
only those of treatment.

To assess the risk of drug-induced arrhythmia, in addi-
tion to in vitro and in vivo studies, reports of adverse
events are of great clinical significance. For both droperi-
dol and ondansetron, cardiac arrhythmias have been
reported. However, there is no published report of ar-
rhythmia after low-dose droperidol in the treatment of
PONV. The only available data have been reviewed by

Habib and Gan15 and extracted from the Food and Drug
Administration safety database. For the 10 reported
cases, a causal relation of droperidol administration
seemed uncertain and has been a matter for extensive
debate.11–13 It is of interest to note that the only re-
ported case of arrhythmia immediately after droperidol
bolus occurred in one patient who received two other
5-HT3 antagonists. Among them, dolasetron was given
almost simultaneously with droperidol. Atrial fibrilla-
tion16 and two cases of dysrhythmias17 after administra-
tion of 4 mg ondansetron have also been reported.

The magnitude of average QTc interval lengthening
observed in our study is considered to be associated with
a probable potential for risk of torsade de pointes.28

Furthermore, 12% of our patients reached absolute QTc
interval values greater than 500 ms after droperidol (n �
4) or ondansetron (n � 6) administration. This criterion
is considered a good predictor for increased risk of
drug-induced torsade de pointes.1,28 However, QT inter-
val prolongation is only a surrogate marker for the risk of
torsades de pointes, and the actual risk must be further
evaluated for both drugs. Furthermore, standard criteria
to interpret QT interval prolongation in clinical studies
have been developed in patients who are different in
many aspects from our postoperative vomiting patients.

Clinical Implications
Because of an increased risk of drug-induced arrhyth-

mia, it is usually recommended to avoid QT interval–
prolonging drugs in patients who have long QT intervals
before drug administration.29 With respect to these rec-
ommendations, in our postoperative vomiting patients,
as many as 20% of them should not receive drugs that are
suspected to prolong the QT interval, such as droperidol
or 5-HT3 antagonists.

When drugs that can prolong the QT interval are used,
physicians should ensure that the potential benefits out-
weigh the risks. There are great benefits to treating
PONV,5 and from an “epidemiologic” point of view,
antiemetic drugs seem to be safe. The occurrence of
torsade de pointes is exceptional in the postanesthesia
room. Moreover, the level of risk seems to be of compa-
rable amplitude among droperidol and 5-HT3 antago-
nists. In fact, although our study was not designed to
compare both drugs, QTc interval prolongation does not
seem to be different between low-dose droperidol and
ondansetron. The rationale for measuring the QT inter-
val before administration of droperidol and possibly
5-HT3 antagonists also must be better supported by fur-
ther studies.

The Food and Drug Administration recommended that
electrocardiographic monitoring be performed for at
least 2–3 h after droperidol administration.§§ In the
eight patients in whom QTc measurements were ob-
tained up to 3 h after droperidol, we observed a decrease
in QTc interval duration over time.

§§ Food and Drug Administration: Information and warnings about droperi-
dol. Available at: http://www.fda.gov/medwatch/SAFETY/2001/inapsine.htm.
Accessed December 10, 2004.
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Controversy about the use of low-dose droperidol has
led to two approaches of the risk–benefit analysis. On
one hand, if one considers that, based on its effect on QT
interval duration, droperidol significantly increases the
risk of torsades de pointes,11,12 it can be expected that
5-HT3 antagonists will be associated with a risk of similar
amplitude because they also may produce QT interval
prolongation. Then, the precautions issued by the Food
and Drug Administration about droperidol use, i.e., ob-
taining a 12-lead electrocardiogram before drug admin-
istration followed by several hours of electrocardio-
graphic monitoring, should be extended to 5-HT3

antagonists. If this were the case, approximately 20% of
patients should be excluded from treatment for PONV
by the two drugs we studied. On the other hand, if one
considers that droperidol is associated with a very low
risk,9,10,27 except under certain circumstances that
could increase the risk of arrhythmia (bradycardia, hy-
pothermia, or hypokalemia), this cost-effective drug
could be used routinely. Particular caution should be
taken in women who are at increased risk of both PONV
and drug-induced torsades de pointes.30

In conclusion, the risk of proarrhythmias seems to be
very low after both droperidol and ondansetron. How-
ever, caution should be taken when these drugs are
administered to treat PONV, in particular in the common
situation of acquired postoperative long QT interval. Use
of 5-HT3 antagonists may not be superior to low-dose
droperidol for the safe administration of antinausea vom-
iting agents in the postoperative room.
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REVIEW ARTICLE

Risk Factors for Postoperative Nausea and Vomiting
Tong J. Gan, MB, FRCA, FFARCSI

Department of Anesthesiology, Duke University Medical Center, Durham, NC

Knowledge of postoperative nausea and vomiting
(PONV) risk factors allows anesthesiologists to opti-
mize the use of prophylactic regimens. Modern
PONV risk research began in the 1990s with publica-
tion of studies using logistic regression analysis to
simultaneously identify multiple independent
PONV predictors and publication of meta-analyses
and systematic reviews. This literature shows that fe-
male gender post-puberty, nonsmoking status, his-
tory of PONV or motion sickness, childhood after in-
fancy and younger adulthood, increasing duration of
surgery, and use of volatile anesthetics, nitrous ox-
ide, large-dose neostigmine, or intraoperative or
postoperative opioids are well established PONV
risk factors. Possible risk factors include history of
migraine, history of PONV or motion sickness in a

child’s parent or sibling, better ASA physical status,
intense preoperative anxiety, certain ethnicities or
surgery types, decreased perioperative fluids, crys-
talloid versus colloid administration, increasing du-
ration of anesthesia, general versus regional anesthe-
sia or sedation, balanced versus total IV anesthesia,
and use of longer-acting versus shorter-acting opi-
oids. Early-phase menstruation, obesity and lack of
supplemental oxygen are disproved risk factors. Cur-
rent risk scoring systems have �55%– 80% accuracy
in predicting which patient groups will suffer PONV.
Further research examining genetic and under-
investigated clinical patient characteristics as poten-
tial risk factors, and involving outpatients and chil-
dren, should improve predictive systems.

(Anesth Analg 2006;102:1884 –98)

P ostoperative nausea and vomiting (PONV) is the
most frequent side effect after anesthesia (1),
occurring in �30% of unselected inpatients and

up to 70% of “high-risk” inpatients during the 24 h
after emergence (2). Its incidence may be less frequent
in ambulatory surgery than in inpatient surgery, but
PONV may be under-recognized in the outpatient
setting, where patients quickly leave direct medical
oversight (2,3). Although PONV is almost always self-
limiting and non-fatal (4), it can cause significant mor-
bidity, including dehydration, electrolyte imbalance,
suture tension and dehiscence, venous hypertension
and bleeding, esophageal rupture, and life-
threatening airway compromise, although the more
severe complications are rare (5,6). Each vomiting ep-
isode delays discharge from the recovery room by
�20 min (7).

In a preoperative survey, patients ranked emesis as
the most undesirable and nausea as the fourth most
undesirable of 10 negative postoperative outcomes;

postoperative pain ranked third in this study (8). In
another study, patients were, on average, willing to
pay $56 out-of-pocket to avoid PONV; the figure in-
creased to $73 and $100 in patients who had experi-
enced postoperative nausea or postoperative vomit-
ing, respectively (9). Because patients find PONV so
highly unpleasant, it has been proposed that PONV
management, similar to pain management, could be
considered an end unto itself (6).

However, interventions to prevent PONV are not
needed in the majority of the general patient popula-
tion who, even without prophylaxis, will not suffer
these symptoms. In addition, current interventions
may cause side effects and may entail substantial ef-
fort or expense (7,10). Moreover, current interventions
lack universal efficacy, especially as monotherapy
(11).

Therefore, it is important to direct interventions to
the patients most likely to experience PONV (7,10),
especially in the case of combination therapy or “mul-
timodal management,” which are the most effective
management strategies now available but which are
also more costly and can have added side effects.
Knowledge of PONV risk factors is essential to this
process.

However, current understanding of risk factors for
PONV is incomplete, in part because much remains to
be elucidated about the pathophysiology of these
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symptoms, particularly their molecular biology. Ob-
taining understanding of PONV risk factors and
pathophysiology is complicated by the multifactorial
nature of PONV because of the involvement of mul-
tiple receptors and stimuli (12,13). At least 7 neuro-
transmitter types are documented, or believed to be
implicated, in PONV, namely serotonin, dopamine,
muscarine, acetylcholine, neurokinin-1, histamine,
and opioids. Stimulation of the vestibular-cochlear,
glossopharyngeal, or vagus nerves also may be
involved.

Nonetheless, understanding of PONV risk factors
has dramatically improved since the advent in the
early 1990s of clinical studies that used more sophis-
ticated multivariable statistical analyses and stratifica-
tion. The wider use of meta-analyses and systematic
reviews also has added knowledge. In addition, the
development and validation of predictive scoring sys-
tems based on the results of the aforementioned clin-
ical studies, and the publication of trials using the
scoring systems to allocate and tailor prophylaxis,
provide guidance for the application of risk factors to
everyday practice.

The aim of this qualitative review is to summarize
the findings of the past decade and a half of research
on PONV risk factors in both adults and children. The
review focuses on key prospective clinical studies
(based on author opinion) involving consecutive adult
or pediatric patients or both, published in peer-
reviewed journals, that controlled for multiple vari-
ables, i.e., patient characteristics and types of anesthe-
sia or surgery, and in most cases, did not report
having given anti-PONV prophylaxis. Important
meta-analyses and systematic reviews also are dis-
cussed. These publications were identified based on
searches of the PubMed® and Medline® databases for
the period January 1990–June 2005 under the key-
words “postoperative nausea and vomiting” or “post-
operative nausea” or “postoperative vomiting” and
“risk factors.” Additional publications were identified
based on citations in papers found in the database
searches and from the author’s knowledge. The
present review also seeks to present the clinical impli-
cations of the recent PONV research and to suggest
avenues for further investigation. The review begins
by explaining key PONV terminology and
classifications.

Definition and Classification of PONV
PONV encompasses three main symptoms that may
occur separately or in combination after surgery. Nau-
sea is the subjective sensation of an urge to vomit, in
the absence of expulsive muscular movements; when
severe, it is associated with increased salivary secre-
tion, vasomotor disturbances, and sweating (14). Vom-
iting or emesis is the forcible expulsion through the

mouth of the gastric contents. Vomiting results from
coordinated activity of the abdominal, intercostal, la-
ryngeal, and pharyngeal muscles, including retro-
grade giant contraction of the intestines, relaxation of
the gastric fundus, closure of the glottis, and elevation
of the soft palate. This activity is associated with in-
creased heart rate and breathing and with sweating
(15). Retching is an unproductive effort to vomit (14).
Retching and vomiting are collectively termed emetic
episodes.

PONV may take place in single or multiple epi-
sodes, which may last minutes, hours, or even days
(6). It is classified as early, occurring up to 2 to 6 h after
surgery, or late, occurring up to 24 or 48 h after sur-
gery, with the exact cut-off times depending upon the
individual investigator’s definition. As may be in-
ferred from this lack of a standard cut-off time, the
delineation is somewhat arbitrary and is related to the
patient’s location at the time of evaluation for the
symptoms, e.g., the postanesthesia care unit, surgical
or other ward, or home. However, there are sugges-
tions that early and late PONV may differ at least
somewhat in their pathogenesis. The use of volatile
anesthetics may be a main cause of early PONV (5,6).
Opioid-induced symptoms and motion sickness
caused by transportation from the PACU to the ward
or from the hospital to the home may account for
much of late PONV (16–19). However, for the most
part, PONV research has focused on identifying risk
factors themselves rather than their time of activity.

Risk Factors for PONV

Overview. PONV risk factors have been described
in the literature since the late 1800s (20). Traditionally,
investigation focused on a single potential factor at a
time, with little to no attempt to control for other
variables, i.e., to account for the possible independent
effects of additional factors (21,22). In studies with
these drawbacks, the true influence of the investigated
risk factor remained unclear.

The modern era in PONV risk factor research began
in the early 1990s, with publication of the first studies
that attempted to simultaneously identify multiple
risk factors and, in so doing, used regression models
to control for a wide variety of variables (21,22). At
least 20 key multivariable studies have been published
in English; they are summarized in Table 1. Nearly all
these studies were prospective and relied on logistic
regression analysis (23). Logistic regression analysis
uses modeling in which a binary or dichotomous de-
pendent variable, that is, an outcome comprising two
possible categories (e.g., PONV: yes or no), is de-
scribed as a function of one or more independent
variables. Logistic regression analyses generate an
odds ratio (OR) for each factor examined. The OR is
the ratio of the likelihood of an outcome in a group
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Table 1. Characteristics of Key Multivariable PONV Risk Factor Studies

Study, year of
Publication N*

Patient and other
study characteristics

Outcome(s)
measured

Data collection
methods

PONV
incidence Comments

Junger et al. (34),
2001

27,626 Patients: inpatients and outpatients
(mean age �42 y, 43% F)
Surgery: varied (trauma, 20%,
OPHTH, 16%, EN 15%)
Study duration: 3 yrs
Setting: PACU at 1 German center
Prophylactic antiemetic use: some
patients (no 5-HT3 antagonists)

Recorded antiemetic
(given for all
queried† or
observed PONV)
use in PACU
within �90 min‡

Computerized chart
review

7.8% within
�90 min

Retrospective analysis of data
from an anesthesia
information management
system.

Sinclair et al. (17),
1999

17,638 Patients: predominantly adult (92%
age �21 y) outpatients (67% F)
Surgery: 8 main classes of
ambulatory surgery (OPHTH, 36%,
GYN, 34%, ORTHO, 18%)
Study duration: 3 yr
Setting: 1 Canadian center
Prophylactic antiemetic use: all
patients (dimenhydrinate)

PONV within 24 h:
observed or
volunteered N, V§;
(observed V: only
that treated with
rescue antiemetics)

Observation in ASU
and PACU, 24-h
phone interviews
with 30% of patients

4.6% in PACU
or ASU,
9.1% within
24 h
(interviewees
only)

Developed risk scoring
system; only study to focus
on outpatients.

Cohen et al. (22),
1994

15,992 Patients: adult inpatients
Surgery: varied
Study duration: 3 y
Setting: 4 Canadian teaching
hospitals
Prophylactic antiemetic use: not
reported

Quaried PO N or V,
presumably within
72 h

Face-to-face patient
interview within 72 h

72% N, 17% V,
presumably
within 72 h

Provides risk factor data for N
or V, but detailed data only
for N for 1 hospital

Apfel et al. (29),
1999

2722 Patients: adult (18� yr) inpatients
Surgery: 4 main classes (ENT, 34%,
OPHTH, 14%) under general
anesthesia with volatile anesthetics
Study duration: �4 mo (Finnish
center) or �1 y (German center)
Setting: 1 Finnish center (n � 520)
and 1 German (n � 2202) center
Prophylactic antiemetic use: not
reported (Finnish center) or none
(German center)

Queried PONV
within 24 h

Patient interviews: by
nurse at 2 h,
physician at 24 h

35.9% overall,
55.6% in
Finnish
center,
31.3% in
German
center,
within 24 h

Developed simplified risk
scoring systems. All
patients previously reported
in (27) or (30) or (19).

Apfel et al. (28, 80),
2002; Apfel et al.
(28, 80), 2004

1566 Patients: adult inpatients Surgery: 4
main classes (ORTHO, 57%) under
balanced anesthesia
Study duration: not reported
Setting: 2 German centers
Prophylactic antiemetic use: none

Aueried PONV
within 24 h

Patient inverviews, by
nurses or
anesthesiologists: at
6� h and 24� h

38.3% within
24 h

Initial study (28) sought to
compare various risk
scoring systems; later study
(80) sought to compare use
of site of surgery or history
of PONV as single factors
versus simplified risk factor
scoring system (29).

Van den Bosch et al.
(26, 81), 2005, (26,
81), 2005

1388 Patients: adult inpatients
Surgery: superficial (74%) or other
procedures
Study duration: 1.75 y
Setting: 1 Dutch center
Prophylactic antiemetic use: none

Queried PONV
within 24 h

Patient interviews every
15 min (4 times) in
the PACU, then
hourly in the ward

48% One study (81) sought to
validata Apfel et al. (29)
and Koivuranta et al. (19)
simplified risk scoring
systems in a distinct
population. Using the same
population, the other study
(26) sought to assess the
value of preoperative
anxiety as a risk factor, and
developed a new scoring
system. The study
population was enrolled in
a trial comparing impact on
PONV total IV anesthesia
with propofol versus
inhaled anesthesia (88).

Eberhart et al. (36),
2004

1257 Patients: pediatric (age �14 yr)
inpatients or outpatients (63% M)
Surgery: single (93%) or multiple
ENT (�34%), urologic (�24%),
OPHTH (�14%), abdominal
(�13%) or other
Study duration: 22 mo
Setting: 2 university hospitals, 1
community children’s hospital, and
1 outpatient surgical center in
Germany
Prophylactic antiemetic use: not
reported

Aueried or observed
PO V (including
retching) in the
PACU

Interviews of patients
and/or their parents
at 24 h; medical
record review

Not reported Only study published to
develop and validata a
simplified risk scoring
system in children.

Apfel et al. (5) 2001;
Kranke et al. (44),
2002

1180 Patients: adult (�50%) or pediatric
(�50%) inpatients, with a �20%
risk for PONV
Surgery: elective ENT (75%) or
strabismus
Study duration: 2 yr
Setting: 1 German center
Prophylactic antiemetic use: �80%
of patients

Queried PO V (all
patients), PO N,
PONV (adults
only) within 24 h

Patient interviews at 1,
2, 6 and 24 h after
end of anesthesia

30.1% PV
(34.7% in
children)
43.6%
PONV (n �
587 adults),

Study used 5-way factorial
design to identify anesthetic
and surgical independent
risk factors.

Continued

1886 REVIEW ARTICLE GAN ANESTH ANALG
RISK FACTORS FOR PONV 2006;102:1884–98



Table 1. Continued

Study, year of
Publication N*

Patient and other
study characteristics

Outcome(s)
measured

Data collection
methods

PONV
incidence Comments

Apfel et al. 927),
1998

1137 Patients: adult inpatients
Surgery: ENT
Study duration: �13 mo
Setting: at 1 German center
Prophylactic antiemetic use: none

Queried PO N, V
within 24 h; PO V
main outcome

Patient interviews by
nurse in PACU, by
anesthesiologist at
24� h

21.5% PV
within 24 h

Developed scoring system.
Patients also reported in
(29).

Koivuranta et al.
(19), 1997

1107 Patients: adult (�96%) and pediatric
inpatients (66% F)
Surgery: 4 main classes (59%
general, 22% GYN) under general
(74%) or regional anesthesia
Study duration: �4 mo
Setting: 1 Finnish hospital
Prophylactic antiemetic use: not
reported

Recorded and queried
PO N, V within
0–2, 2–24, 24 h

Medical record review,
patient interviews by
anesthesiologist at 24
h

18% N, 5% V
during 0–2
h, 49% N,
24% V
during 2–24
h, 52% N,
25% V from
0–24 h

Developed scoring system.
Some patients (n � 520)
also reported in (29).

Apfel et al. (30),
1998

1091 Patients: adult inpatients
Surgery: elective general (�83%) or
OPHTH under general anesthesia
Study duration: �13 mo
Setting: 1 German center
Prophylactic antiemetic use: none

Observed and
queried PO N, V
within 24 h; PV
within 24 h was
main outcome

Observed, patient
interview by
anesthesiologist at
24� h

25.5% PV
within 24 h

Tested scoring system.
Patients also reported in
(29). Droperidol used in IV
pain drip.

Eberhart et al. (48),
2004

983 Patients: pediatric (age �12 yr)
inpatients or outpatients (64% M)
Surgery: single (92%) or multiple
ENT (�42%), urologic (�24%),
OPHTH (�16%), abdominal
(�10%) or other
Study duration: 22 mo
Setting: 2 university hospitals, 1
community children’s hospital, and
1 outpatient surgical center in
Germany
Prophylactic antiemetic use: not
reported

Queried or observed
PO V (including
retching) in the
PACU

Patients and/or their
parents interviews at
24 h, medical record
review and querying
of nurses

33.2% PV
within 24 h

Only published study to seek
to validate in children risk
scoring systems developed
in adults (17,19,21,27,29).
Unclear if population also
was included in earlier
study by Eberhart et al.
(36).

Stadler et al. (18),
2003

671 Patients: adults (age �15 yr)
inpatients
Surgery: 8 main classes under
general (72%) or regional anesthesia
Study duration: 3 mo
Setting: 1 Belgian center
Prophylactic antiemetic use: none

Observed and
queried PO N, V
(included R)

Observation, patient
interview by nurse
every 2 hrs from 0–4
h. every 4 h from 4 to
72 h, except if patient
asleep

N 19%, V,
10%, PONV
19% within
72 h

Used bivariate Dale modeling,
sought to assess whether
there were differences in
independent risk favors for
PO N and PO V.

Pierce et al. (31),
2002

428 Patients: adult inpatients (90% F)
Surgery: 3 main classes (breast,
68%, ENT, 24%)
Study duration: �7 mo
Setting: 1 French center
Prophylactic antiemetic use: not
reported

Observed, recorded
and queried PO N,
V within 24 h

Observation, record
review, and patient
interview by nurses
and in some cases,
anesthesiologists at 1,
2, 4, 6 h and every 4
h from 6–24 h

49.5% PONV
at 24 h

Validated the Apfel et al.
simplified risk scoring
system (29).

Toner et al. (32),
1996

400 Patients: adult inpatients (69% F)
Surgery: 6 main classes (35% GYN,
29% general surgery)
Study duration: not reported
Setting: 1 British medical center
Prophylactic antiemetic use: not
reported

Observed and
queried PONv
within 24 h

Observation, patient
interview at 24 h

36% PONV at
24 h

Validated the Palazzo and
Evans risk scoring system
(21).

Fabling et al. (33),
1997

199 Patients; adult (ages 18–70) inpatients
Surgery: elective craniotomies
Study duration: 18 mo
Setting: 1 American center
Prophylactic antiemetic use:
intraoperative antiemetics in 7% of
patients

Recorded PO N, V
within 48 h

Chart review 16% PO N,
15% PO V,
15% PO
antiemetics
within 48
hrs

Retrospective study.

Palazzo and Evans
(21), 1993

147 Patients: adult inpatients
Surgery: minor peripheral ORTHO
Study duration: 3 yr
Setting: 1 British center
Prophylactic antiemetic use: not
reported

Observed,
volunteered,
queried PO N, V
with 24 h

Observation and
questioning by
nurses

27.2% PONV
at 24 h

First study to use
multivariable analysis to
identify independent risk
factors for PONV.

ASU � ambulatory surgery unit; ENT � ear, nose and throat; F � female; GYN � gynecology; M � male; N � nausea; OPHTH � ophthalmology or
ophthalmological; ORTH � orthopedic; PACU � postanesthesia care unit; PO � postoperative; PONV � postoperative nausea and vomiting; V � vomiting.

Table includes key prospective clinical studies (based on author opinion) involving consecutive adult or pediatric patients or both, published in peer-reviewed
journals, that controlled for multiple variables, i.e., patient, anesthesia or surgical characteristics.

* Evaluable patients.
†Queried symptoms were identified based on patient response to questioning. Studies that measured queried symptoms presumably also included (the likely

few) observed but not queried symptoms; ‡All times are postsurgery unless otherwise noted; §V was defined to include retching unless otherwise noted.
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with the given risk factor to the likelihood of the
outcome in a group lacking that factor. The statisti-
cal significance of each OR is also assessed. In ad-
dition, the 95% confidence interval (CI) of the OR,
i.e., that is, the range of values that is 95% likely to
include the true OR in the study population, is
calculated. When the lower limit of the 95% CI of its
OR exceeds 1.00, there is little doubt that a given

factor increases PONV risk. For a more detailed
statistical explanation of logistic regression and the
related terminology, readers may refer to several
published references (23,24).

The potential risk factors studied thus far (Tables
2 and 3) may be classified as patient-, surgery-, or
anesthesia-related and as fixed or variable, that is,
amenable to change by the patient’s caregivers

Table 2. Key PONV Risk Factor Findings In Adults and Children

Well-established risk actors (References) Possible risk factors (References)
Disproved risk factors

(References)

Patient-Related
Female gender from puberty* (5,17–19,21,22,26–34) Better ASA physical status (19,22) Early stage of the menstrual

cycle (40)
Nonsmoking status (5,17–19,21,22,26–30,32,34,89,90) History of migraine [nausea only]

(18,19)
Obesity (Body Mass Index)

(44)
History of PONV or motion sickness (5,17,19,21,26–

32,34,36,48)
History of PONV or motion sickness

in a parent or sibing (children
only) (36)

Childhood after infancy and younger adulthood†
(5, 17,22,26,27,30–36,48)

Preoperative anxiety (26)
Ethnicity (Dutch/English versus
Scandinavian) (42)

Surgery-Related
Increasing duration of surgical procedures‡ (17,19,

29,34,36)
Certain surgery types:
� intraabdominal (5,11,17–19,22,25,26,
28,30,33,36,45–48)

� hernia repair [children] (46)
� laparoscopic (5,11,17–19,22,25,26,28,
30,33,36,45–48) (46)

� orthopedic (5,11,17–19,22,25,26,28,
30,33,36,45–48)

� major GYN (5,11,17–19,22,25,26,28,
30,33,36,45–48)

� ENT [including adenotonsillectomy
in children] (5,11,17–19,22,25,26,28,
30,33,36,45–48)

� thyroid (28)
� strabismus [children] (5,11,17–19,22,
25,26,28,30,33,36,45–48)

� neurosurgery (5,11,17–19,22,25,26,
28,30,33,36,45–48)

� breast surgery (5,11,17–19,22,25,26,
28,30,33,36,45–48)

� plastic surgery (5,11,17–19,22,25,26,
28,30,33,36,45–48)

� orchiopexy [children] (46)
� penile surgery [children] (5,11,17–
19,22,25,26,28,30,33,36,45–48)

Less pre- or intraoperative fluid
administration (49, 50)

Introperative crystalloid versus
colloid administration (51)

Anesthesia-Related
Volatile anesthetics (5,11,26,52) Increasing duration of anesthesia (5,

17, 22, 27, 48)
Standard (30%) versus

supplemental (50% or
80%) oxygen (11,67–69)

Nitrous oxide (11,26,34,53) General versus other forms of
anesthesia (17, 18, 66)

Balanced versus total IV anesthesia (11,34,52,54) Use of longer- versus shorter-acting
opioids (64)

Large-dose (�2.5 mg) neostigmine (55)
Intraoperative opioids (34,56)
Postoperative opioids

(5,18,19,21,22,28,29,31,32,57,58)
Larger doses of perioperative (59) or postoperative

(61,63) opioids

ASA � American Society of Anesthesiologists, ENT ear, nose and throat; GYN � gynecological; PONV � postoperative nausea and vomiting.
* No significant gender differences are seen in prepubescent pediatric patients (35,36); †Children have twice the vomiting incidence as adults (5,25); ‡Each 30

min increase in duration of surgery increases baseline PONV risk by 60% (17).
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Table 3. PONV Risk Factors: Other Potential Factors Examined in Multivariable Studies and Candidates for
Future Investigation

Other potential risk factors examined [specific variables examined]
(Reference[s])*

Candidate potential risk factors† for future investigation
(Reference[s])

Patient-Related
History of morning sickness (21, 32) Expression and activity of P450 (CYP) hepatocellular enzymes

(74,77)
Preoperative anxiety (26, 28) Alcohol consumption [presurgery and chronic] 74,77)
History of starvation nausea (32) (i.e., nausea when fasting) Ethnicity (43, 74)
History of sickness in presence of pain (21) Prescription medication use (e.g., P450 enzyme inducers/

suppressors such as cimetidine, erythromycin, terfenadine)
(74)

History of sickness after alcohol consumption (21) Hepatitis C infection (91)
History of vertigo (32) Clinical depression (92)
Presence of heartburn (21) Anxiety disorder (93)
Allergies (32) Specific foods consumed before surgery [e.g., vegetables

containing P450 enzyme inducers/suppressors, such as
cabbage, brussels sprouts, cauliflower, red pappers] (74)

Height (34)
Preoperative medical conditions (22,32)
Preoperative medications (32)
Diagnosis leading to surgery (34)
Hospital where patient is treated (22,32)

Surgery-Related
Duration of surgery (5,17–19,31,32,34,36,48,81)
Prior diagnostic procedures [number] (34)
Admission status [inpatient vs. outpatient] (34)
Nonsurgical therapeutic or anxiliary methods (34)
Month of surgery (34)
Duration of preoperative fast (21, 32)
Surgery performing the operation (32)
IV fluid use (32)

Anesthesia-Related
Type of additional regional anesthesia used (e.g., caudal block,

infiltration/field block) (36,48)
Induction regimen [drug, midazolam] (31,32,36,48)
Maintenance anesthetic used (5,36,48)
Anesthetic route [difficult vs. easy tracheal intubation, use of

intubation vs. other techniques] (22,27,30,32,34,36,48)
Preinduction anxiety (21)
Preinduction nausea (21)
Preinduction thirst (21)
Preinduction hunger (21)
Intraoperative hypotension (34)
Intraoperative bradycardia (34)
Intraoperative systolic arterial blood pressure (32)
Intraoperative SaO2 (32)
Itnraoperative E_CO2 (32)
Intermittent positive pressure ventilation/spontaneous ventilation (32)
Anesthesiologist performing the anesthesia (32,94)
Presence of anesthesia resident (94)
Airway device used (36,48)
Gastric tube use (34)
Antiemetic use [drug presence or absence, timing] (5,32–34)
Barbiturate use (27,30)
IV hypnotic use (34)
Muscle relaxant use [drug, category] (27,30,32,34,36,48)
IV analgesic use (30)
Non-opioid analgesia use [drug PACU] (34)
Class of postoperative analgesics (18)
Postoperative pain level (18)
Time to first oral intake (18)
Duration of PACU stay (34)

ASA � American Society of Anesthesiologists; PACU � postanesthesia care unit; PONV � postoperative nausea and vomitting.
* Listed potential risk factors have been examined in various permutations, depending upon the study; specific variables given in brackets represent examples of the

permutations. In the author’s opinion, current evidence suggests that they are unlikely to be true risk factors, and probably do not merit further investigation. The list
of references in this table is not exhaustive, but includes the key multivariable studies summarized in Table 1. Not all studies report all risk factors that they investigated,
or describe all investigated risk factors clearly. Where the nature of a risk factor was unclear, the study or risk factor, as applicable, was omitted from this table.

†Based on author opinion.
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(16,21,25). Most patient and surgical technique-
related factors are fixed; some other surgery-related
factors and some anesthesia-related factors are
variable.

Key Risk Factor Findings to Date. Table 2 summa-
rizes key findings of modern risk factor studies. To
facilitate application of these findings to everyday
practice, Table 2 classifies risk factors as “well-
established,” “possible,” or “disproved” (according to
expert consensus and author opinion) as well as by
relationship to the patient, surgery, or anesthesia.

Patient-Related Factors Probably the strongest risk
factor identified is female gender from puberty on: all
adult studies listed in Table 1 (5,17–19,21,22,26–34)
concurred in identifying female gender as a risk factor,
and no study has contradicted this finding. All adult
risk scoring systems include this factor (Table 4). In
most studies, ORs for this predictor have ranged from
2.0–4.0, reflecting a twofold to fourfold increased
PONV risk for adolescent and adult females
(18,21,22,27–29,31,32,34). That prepubescent girls ap-
parently lack increased likelihood of PONV (35,36)
could imply that the risk relates to hormonal factors.
However, although initial studies (37,38) reported in-
creased susceptibility to PONV during the first week
of the menstrual cycle, early stage of the menstrual

cycle has been disproved as a risk factor by a subse-
quent study (39) and in a systematic review (40).

Nonsmoking status has been identified as an indepen-
dent PONV risk factor in numerous adult studies (17–
19,22,27–29,34) as has history of PONV and/or motion
sickness (5,17,19,21,27–32); intriguingly, a recent study in
children also found history of PONV in a parent or
sibling to be a risk factor (36). There have been few
contradictory reports (21,31,32). Nonsmoking status is
included in all but one adult risk scoring system, and
history of PONV or motion sickness in all risk scoring
systems (Table 4). Most studies have found ORs of �1.5–
2.5 for nonsmoking status and of �1.8–3.1 for history of
PONV, motion sickness, or both.

A number of investigators also have identified
childhood after infancy and younger adulthood as
independent PONV risk factors (5, 17, 22, 26, 27, 30,
31, 33–36). For example, 2 reports noted a �10%
decreased risk for every decade of age in adults
(17,31). A study in children age �14 yr found a
sharp increase in PONV risk around age 3, with a
0.2%– 0.8% per year increase in risk thereafter, de-
pending on the presence of other risk factors (36).
However, age is included in only a minority of risk
scoring systems (Table 4).

Table 4. Overview of Risk Factors Use in Risk Scoring Systems

Risk Factor*

Adults, simplified or semisimplified
systems Adults, nonsimplified systems Children,

simplified
system

Eberhart
et al. (36)

Number of
systems in
which risk

factor
is used

Apfel
et al.
(29)

Koivuranta
et al.
(19)

Van den
Bosch et al.

(26)

Apfel
et al.
(27)

Koivuranta
et al.
(19)

Palazzo
and Evans

(21)

Sinclair
et al.
(17)

Patient-related
Female X X X X X X X 7/8
History of PONV
or motion
sickness

X X X X X X X X 8/8

Nonsmoker X X X X X X 6/8
Age X X X 3/8

Surgery-related
Duration of
surgery

X X X X 4/8

Type of surgery X X X 3/8
Anesthesia-related
Duration of

anesthesia
X 1/8

Anesthetic
technique

X X 2/8

Postoperative
opioids

X X 2/8

Number of each
type of risk
factors

3 PR, 1 AR 4 PR, 1 SR 4 PR, 1 SR,
1 AR

4 PR, 1 AR 4 PR, 1 SR 3 PR, 1 AR 3 PR,
8 SR,
1 AR

2 PR, 2 SR

Number of risk
factors

4 5 6 5 5 4 12 4

AR � anesthesia-related; D&C � dilation and curettage; ENT � ear nose and throat; GYN � gynecologic; OPHTH � ophthalmologic; ORTHO � orthopedic;
PONV � postoperative nausea and vomiting; PR � patient-related; SR � surgery-related, X � used in the particular risk scoring system.

* For specific permutations of these risk factors in the different scoring systems, the reader is referred to Appendix, Table A1.
† Simplified scoring systems omit constants and coefficients derived from logistic reression modeling in favor of binary, yes/no scoring for each item in the

system. The semi-simplified system of Van den Bosch et al. (26) also omits constants and coefficients. However, instead of using binary scoring for its items, the
Van den Bosch system assigns different point values to particular alternative variables for each, so that a nomogram is required to use the system.
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Possible PONV risk factors include better ASA
physical status (19,22) and a history of migraine (post-
operative nausea only) (18,19). A recent adult study
found higher scores on the Spielberger State-Trait
Anxiety Inventory anxiety scale or on the Amsterdam
Preoperative Anxiety and Information Scale anxiety
section to be weak PONV risk factors (OR, 1.01; 95%
CI, 1.00–1.02; P � 0.04 and OR, 1.04; 95% CI, 1.02–1.05;
P � 0.02, respectively); their inclusion in the investi-
gators’ risk scoring system did not improve its dis-
criminating power (26). In contrast, a pediatric study
found preoperative anxiety to not be a significant
PONV risk factor (41). A meta-analysis of PONV after
gynecological surgery (42) and studies in the
laboratory-induced motion sickness setting (43) sug-
gest that ethnicity (Dutch or English versus Scandina-
vian and Chinese or Asian-American versus
Caucasian- or African-American, respectively) could
be a PONV risk factor. However, two studies using
multivariable analyses do not support a role for this
characteristic (26,32).

Besides early stage of the menstrual cycle, obesity
has been disproved as a patient-related PONV risk
factor (44). Interestingly, the systematic review that
did so found that the belief in increased body mass
index as a risk factor apparently largely stemmed
from a “chain reaction” of 14 review articles misquot-
ing or misinterpreting 4 original studies.

Surgery-Related Factors Increasing duration of sur-
gery has been shown to be an independent PONV risk
factor by a few well-conducted studies in adults
(17,19,29,34) or children (36). An outpatient study
found that each 30-min increase in surgery duration
increased baseline PONV risk by 60% (17). However,
although type of surgery has been identified as a risk
factor in numerous reports (5,17–19,22,25,28,30,33,45–
47), its status as such is still somewhat controversial;
the specific procedures implicated as particularly eme-
togenic sometimes vary among studies. Types of pro-
cedures that may be viewed as possible risk factors
include intraabdominal (5,11,17–19,22,25,26,28,
30,33,36,45–48), laparoscopic (5,11,17–19,22,25,26,
28,30,33,36,45–48), orthopedic, major gynecological
(5,11,17–19, 22, 25, 26, 28, 30, 33, 36, 45–48), ear, nose
and throat (ENT) (5,11,17–19,22,25,26,28,30,33,36,45–
48), thyroid (28), breast (5,11,17–19,22,25,26,28,30,
33,36,45–48)andplasticsurgery(5,11,17–19,22,25,26,28,
30,33,36,45–48), as well as neurosurgery (5,11,17–
19,22,25,26,28,30,33,36,45–48), and, in children, hernia
repair (46), adenotonsillectomy (46), strabismus
(5,11,17–19, 22, 25, 26, 28, 30, 33, 36, 45–48), or penile
surgery (5,11,17–19, 22, 25, 26, 28, 30, 33, 36, 45–48),
and orchiopexy (46). Half of risk scoring systems in-
clude duration of surgery, and several incorporate one
or more types of surgery (Appendix). Other possible
surgery-related PONV risk factors include less preop-
erative or intraoperative fluid administration (49,50)

or intraoperative colloid versus crystalloid adminis-
tration (51), when a large volume of crystalloid in a
prolonged surgery may result in gastrointestinal tis-
sue edema leading to an increased incidence of PONV.

Anesthesia-Related Factors Numerous anesthesia-
related variables have been well established as PONV
risk factors, including use of volatile anesthetics
(5,11,34,52), nitrous oxide (11,26,34,53), balanced in-
haled versus total IV anesthesia (11,34,52,54), and
large-dose (�2.5 mg) neostigmine (55). The choice of
volatile anesthetic, e.g., isoflurane versus sevoflurane
versus enflurane, appears not to affect the risk of
PONV (5,11). Use of intraoperative (34,56) or postop-
erative (18,19,21,22,28,29,31,32,57,58) opioids and
larger perioperative (59) and postoperative doses of
these drugs also have been implicated as associated
with PONV (60–63). However, some contradictory
findings have been reported with respect to postoper-
ative opioid use in adults (26), intraoperative or post-
operative opioid use in children (36), or intraoperative
opioid use in a mixed adult and pediatric population
(5). Interestingly, despite the relatively large number
of anesthesia-related variables identified as risk fac-
tors, most risk scoring systems do not include any,
and the remainder of the systems include only a few
(Table 4).

Administration of a long-acting rather than a short-
acting opioid is, at best, a possible PONV risk factor.
Although a small recent study observed an association
between use of fentanyl versus remifentanil as an
adjunct to propofol maintenance (64) and PONV, an-
other similarly sized study found no association of
alfentanil versus remifentanil use and PONV (65).
Moreover, a 5199-patient multinational multifactorial
designed study of anti-PONV interventions (11) failed
to find fentanyl versus remifentanil as a PONV risk
factor.

Far more likely, but not yet well established,
anesthesia-related PONV risk factors include longer
duration of anesthesia (5,17,22,27,48) or general versus
other forms of anesthesia, e.g., regional or sedation
(17,18,66). Together with postoperative opioid or
isoflurane use, they comprise the anesthesia-related
risk factors used by current risk scoring systems (Ta-
ble 4). Use of standard (30%) rather than supplemental
(50% or 80%) oxygen seems to have been disproved as
a risk factor (11,67–69), despite early evidence of its
validity as such (70,71).

Limitations of Modern Research and Suggestions for
Future Investigation. Although recent studies have
vastly improved knowledge of PONV risk factors,
identification of such factors remains imperfect
(72,73). Five limitations of research published thus far
should be borne in mind.

First, there are substantial gaps in the list of poten-
tial risk factors investigated (Table 3). Studies continue
to pursue an essentially epidemiological approach,
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focusing on readily discernible clinical factors. How-
ever, genetic and other molecular biological patient
characteristics have not been extensively examined,
and even certain clinical characteristics remain under-
investigated (Table 3).

For example, in a thought-provoking editorial (74),
Sweeney highlights as potential PONV risk factors the
degree of expression and activity of selected cyto-
chrome P (CYP) 450 hepatocellular enzymes. CYP450
enzymes metabolize many drugs, including widely
used anesthetic and analgesic drugs and antiemetics
(75,76). The greater the expression and activity of a
CYP450 enzyme, the more rapid the metabolism of its
substrate drug(s). Based on those characteristics, indi-
viduals may be classified as “poor,” “intermediate,”
“extensive,” or “ultrarapid” metabolizers of the
drug(s) (77).

In addition, CYP450 enzyme synthesis may be stim-
ulated or suppressed by environmental influences.
Sweeney has speculated that the protective effect of
smoking against PONV might relate to the induction
of CYP450 enzymes by polycyclic aromatic hydrocar-
bons. These hydrocarbons are components of the “tar”
portion of cigarette smoke. Other clinical characteris-
tics that affect CYP450 enzyme expression, for exam-
ple, the consumption of alcohol, of commonly pre-
scribed medications such as cimetidine, erythromycin,
or terfenadine, or of vegetables including cabbage,
Brussels sprouts, cauliflower, or red pepper, should be
investigated as potential PONV risk factors. Further,
gender and racial differences have been documented
in CYP450 enzyme expression. Other suggestions that
ethnicity merits further study as a potential PONV
risk factor come from a meta-analysis of PONV after
gynecological surgery (42) and from motion sickness
studies, in which Chinese or Asian-American subjects
were significantly more susceptible to symptoms in-
duced by a standardized drum rotation procedure
than were European- or African-American subjects
(43).

A second limitation of PONV risk factor research is
the difficulty of controlling for subtle clinical factors,
particularly in smaller or single-center studies. For
example, unusual proficiency of particular anesthesi-
ologists or surgeons might mask the nature of a pro-
cedure that would be emetogenic in less skilled hands
(13).

A third limitation of recent PONV risk factor re-
search is variation in outcomes and data collection
methods. Some studies have considered nausea or
emetic events as separate outcomes, some as a com-
bined outcome. Although there is an obvious, intuitive
relationship between nausea and emetic events, there
are important pathophysiological differences between
the two. Nausea is a subjective feeling and a conscious
cortical activity; emetic episodes are an autonomic
reflex and as such, directed by the brainstem (14). The

symptoms are not inevitably linked: in a single-center,
671-patient study, Stadler et al. (18) observed nausea
or vomiting alone in 11% and 2% of patients, respec-
tively, and together in 8%. In another study, involving
587 adults (5), 18% of patients suffered only nausea,
4%, only vomiting, and 22% both.

The Stadler et al. study identified overlapping but
not identical risk factors for nausea or vomiting. Fe-
male gender, nonsmoking status, use of postoperative
morphine analgesia, general versus regional anesthe-
sia, and urological versus ENT procedures were inde-
pendent predictors of both symptoms, but abdominal
or gynecological versus ENT procedures and history
of migraine were significant or near-significant pre-
dictors only for nausea (18). On the other hand, some
argue that the rarity of postoperative vomiting in the
absence of nausea suggests that postoperative nausea
should be viewed as a symptom for potential vomit-
ing. Further research is required to clarify the relation-
ship between the two symptoms.

Moreover, some studies have defined PONV as re-
corded or volunteered symptoms, whereas many oth-
ers have included in the definition symptoms reported
in response to a specific query. One study (34) used
administration of rescue antiemetics as its sole crite-
rion for presence of PONV. Most studies have col-
lected data by asking patients about specific symp-
toms but a few have relied on chart reviews. In a large
multicenter risk factor study that examined the issue,
patients reported PONV far more often than was
shown in their charts (22), and it is believed that direct
and specific questioning captures a larger percentage
of actual PONV incidence than does spontaneous pa-
tient report (22,78). Furthermore, a heavy nursing or
anesthesiologist workload may lead to under-
observation of emetic episodes (17). The nature and
severity of the PONV noted in a study obviously may
affect the accuracy or applicability of its independent
risk factor findings.

Gaps in the patient populations studied are a fourth
limitation of PONV risk factor research. Only a single
major multivariable study has focused on outpatients
(17), and only two have focused on children (36,48).
This deficiency raises at least some questions about
the general applicability of findings that derive from
adult inpatients.

One further limitation of current PONV risk factor
research is the difficulty in separating “true” from
“surrogate” risk factors (21,79). This difficulty relates
to deficiencies in knowledge of PONV pathophysiol-
ogy and to the peril in epidemiological research of
confusing association and causality. For example, cer-
tain types of surgery, e.g., gynecological procedures,
might be surrogate risk factors for the true risk factor
of female gender. Postoperative opioid use might be a
surrogate for pain level, or vice versa, and certain types
of surgery, e.g., orthopedic shoulder procedures, also
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might be a surrogate for opioid use or pain level.
Duration of surgery might be a surrogate for duration
of anesthesia or vice versa. Thus, even if multivariable
analysis identifies an independent PONV predictor,
factors potentially underlying that predictor must be
considered when applying the finding in clinical prac-
tice (79).

Clinical Application of Risk Factor Findings

Scoring Systems. A number of groups have sought
not only to identify independent PONV risk factors
(Table 1) but to develop formulas quantifying a given
patient’s likelihood of suffering nausea, emetic events,
or both (17,19,21,27,29,36). They have introduced 8
major PONV risk scoring systems (Table 4 and Ap-
pendix). With 2 exceptions (17,36), these formulas pre-
ponderantly include patient-related factors and only 2
formulas include both surgery-related and anesthesia-
related factors (17,26) (Table 4).

Seven of the 8 systems have been validated in ad-
ditional populations, centers, or both, from those in
which the formulas originally were developed. In the
original studies devising 4 of the scoring systems, the
overall patient populations were randomly divided
into an “evaluation” subgroup, in whom the risk fac-
tors were first identified and incorporated into a for-
mula, and a “validation” subgroup in whom the sig-
nificance of the risk factors and accuracy of the scoring
system were then tested (17,27,29,36). In addition, 6 of
the 8 scoring systems have been validated in separate
populations by the original (11,28–30,32,80) and, in
some cases, also other investigators (1,31,48,81).

The accuracy of PONV scoring systems, that is, their
ability to correctly discriminate between patients who
will or will not suffer PONV, has most commonly
been tested through calculation of the area under a
given system’s receiver operating characteristic (ROC)
curve. This curve plots the scoring system’s true-
positive rate (sensitivity) against its false-positive rate
(1 � specificity). The area under the curve is expressed
as a value between 0 and 1. An area under the ROC
curve of 0.50 denotes that a scoring system is correct
half of the time, i.e., is no better than guessing. An area
of 1.0 denotes that the scoring system is correct 100%
of the time.

Given the previously discussed limitations of
PONV risk factor research, as well as the limited sta-
tistical strength of predictors identified thus far (ORs
generally 1.5–3.0) (79), it is not surprising that scoring
systems have shown only poor to moderate accuracy,
i.e., areas under the ROC curve ranging from 0.56–
0.785 (Appendix). In other words, these scoring sys-
tems achieve a 12%–57% relative improvement over
guesswork.

Despite the limitations in accuracy of PONV risk
scoring systems, their use to better tailor antiemetic

interventions has been shown to significantly reduce
the incidence of PONV in general and particularly in
high-risk patient populations, while avoiding the ex-
pense and potential side effects of prophylactic anti-
emetics in lower-risk individuals. For example, in a
recent study (n � 162) involving adult inpatients un-
dergoing surgery under general anesthesia in several
departments, the overall incidence of PONV in the
24 h after surgery was reduced from an expected 47%
historically to 36%, a 23% relative decrease (82). An-
other study in a similar population (n � 428) achieved
a significant reduction in the overall PONV rate in the
24 h after surgery from 49.5% historically to 14.3%
(P � 0.001), a 71% relative decrease (83). Moreover, the
use of a scoring system (combination of risk factors)
has been shown to have a greater discriminating
power than the use of a single risk factor (80). The
Apfel et al. (29) simplified scoring system predicted
PONV significantly more accurately than did the sin-
gle risk factors of the surgical site or a history of
PONV or motion sickness: the area under the ROC
curve was 0.68 (95% CI, 0.66–0.71) for the simplified
scoring system versus 0.53 (0.50–0.56) for surgical site
and 0.58 (0.56–0.61) (P � 0.001) for history of PONV
or motion sickness.

No scoring system yet has emerged as a “gold stan-
dard” based on accuracy. The main improvements in
scoring systems have consisted of simplification and,
hence, increased user-friendliness, rather than perfor-
mance enhancement. Koivuranta et al. (19), Apfel et al.
(29), and Eberhart et al. (36) found that omission of the
constants and coefficients derived from logistic regres-
sion modeling only minimally, if at all, diminishes
scoring system accuracy. In addition, Koivuranta et al.
and Apfel et al. came to the counter-intuitive conclu-
sion that inclusion of more than a few risk factors
attains little to no improvement in accuracy. Apfel et
al. speculate that the latter observation may be attrib-
utable to the limited number of predictive factors
identified that are applicable across populations (28).

Thus for adults, Apfel et al. (29) and Koivuranta et
al. (19) have been able to create simplified scoring
systems removing weighting of predictors and incor-
porating only 4 and 5 risk factors, respectively (Table
4, Appendix). More recently, Eberhart et al. (48) cre-
ated a 4-item simplified scoring system for children.
Van den Bosch et al. (26) have taken a somewhat
different approach that could be characterized as
“semi-simplification.” Their scoring system also omits
constants or coefficients, and it contains only 5 items.
However, rather than scoring each item 0 or 1 (“no” or
“yes”), the system assigns different point values to
particular alternative variables for each item, so that a
nomogram is required to use the system (Appendix).
Eberhart et al. (48) and Van den Bosch et al. (81)
devised their new scoring systems because they found
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what they judged to be relatively limited discriminat-
ing power of existing formulas in pediatric patients
(0.56–0.65) or in their adult patients undergoing a
wide range of procedures (0.63–0.66), respectively
(Appendix).

The simplified scoring systems obviate laborious
calculations and may reduce the scope of required
detailed history-taking but have demonstrated equiv-
alent or superior discriminating power compared with
more complex formulas (1,28,31). This has been seen
in published scoring system comparisons, although
these are limited in number. The comparisons also
have suggested some differences in accuracy among
the various systems. In adults, the Koivuranta et al.
(19) simplified system has been shown to have a sta-
tistically higher predictive value than the Palazzo and
Evans nonsimplified system (21) (0.71 versus 0.68 for
postoperative nausea; P � 0.007 and 0.70 versus 0.64
for postoperative vomiting; P � 0.05) (28) and a nu-
merically greater area under the ROC curve (0.66 ver-
sus 0.63) than does the Apfel et al. simplified system
(29). In children, the Koivuranta et al. simplified sys-
tem had a significantly larger area under the ROC
curve (0.61) than did the Palazzo and Evans system
(0.56; P � 0.001) or the Apfel et al. simplified (0.58) or
nonsimplified (0.59) systems (P � 0.003 for both Apfel
et al. systems) (48). In adults, the Apfel et al. simplified
(28) or original (1) systems exhibited significantly
greater accuracy than did the Palazzo and Evans for-
mula (0.68 versus 0.64, P � 0.05 for PONV and 0.73
versus 0.68 for postoperative vomiting, P � 0.005,
respectively). The Apfel et al. simplified system also
showed significantly greater accuracy than the Sinclair
et al. (17) nonsimplified formula in one adult study
(0.71 versus 0.64; P � 0.008), but the Sinclair et al.
system had a significantly larger area under the ROC
curve than did either of the Apfel et al. systems in a
pediatric study (0.65 versus 0.59 or 0.58; P � 0.003)
(48). In that pediatric study, the Sinclair et al. system
also had significantly greater discriminating power
than did the Palazzo and Evans formula (0.65 versus
0.56; P � 0.001). In judging these comparisons, it
should be kept in mind that unlike the other systems,
the Sinclair et al. formula was developed in outpa-
tients but all comparisons were in inpatients.

Taken as a whole, the comparisons suggest that for
inpatients, the Koivuranta et al. simplified system (19)
is perhaps the most accurate, but not vastly more
accurate than the Apfel et al. simplified (29) or original
(27) or the Sinclair et al. (17) systems. All four of these
systems do seem superior to the Palazzo and Evans
formula (21), however. The comparisons also suggest
that the use of different scoring systems for adult
versus pediatric inpatients may increase accuracy.

In conclusion, I believe that their accuracy, and,
most importantly, simplicity relative to the other scor-
ing systems make the Koivuranta et al. (19) or Apfel et

al. (28) simplified scoring systems the current pre-
ferred choice for use in adults, especially inpatients,
and the Eberhart et al. (36) simplified system the cur-
rent preferred choice for use in children, especially
inpatients. However, it should be noted that these
scoring systems are only moderately accurate in pre-
dictive ability.

Clinical and Research Implications. Modern multiva-
riable risk factor studies have strengthened the belief
in the multifactorial nature of PONV and led to the
development of a so-called “multimodal approach” to
better address this issue (52,84). The innovative fea-
ture of the multimodal approach is its reliance on risk
factor reduction, e.g., avoidance of volatile anesthetics,
in addition to prophylaxis with antiemetics.

Insofar as applying risk factor findings to PONV
management, a “decision-tree” approach has been ad-
vocated in which patients are divided into “low,”
“moderate,” “high,” or “extremely high-risk” popula-
tions based on the number or nature of their risk
factors or their score on a formula (2,85,86). Consensus
is emerging that antiemetic prophylaxis is not cost-
effective in low-risk patients (�10% or �20% expected
risk) and is appropriate in other patients. Consensus
also is emerging that antiemetic prophylaxis may be
best accomplished in moderate, high-risk, or ex-
tremely high-risk patients with combinations of drugs
from different antiemetic classes or of pharmacologi-
cal plus nonpharmacological interventions (e.g., acu-
puncture), with multimodal management, or with
both (7,11,87) [(88–94)].

Conclusions
Knowledge of independent PONV risk factors is cru-
cial for the optimal use of antiemetic prophylaxis and
multimodal management strategies. Modern multiva-
riable studies, meta-analyses, and systematic reviews
have greatly increased such knowledge. Independent
risk factors identified by modern research, such as
female gender from puberty, nonsmoking status, his-
tory of PONV or motion sickness, childhood after
infancy or younger adulthood, lengthy or emetogenic
surgery, or administration of nitrous oxide, volatile
anesthetics, or postoperative opioids, may be used in
combination to predict, with moderate accuracy, the
likelihood of PONV in a given patient. Further PONV
research examining patient genetic characteristics and
under-investigated potential clinical risk factors and
involving outpatients and children should lead to pre-
dictive systems with improved discriminating power
and applicability. This development, in turn, will en-
able anesthesiologists to better identify at-risk pa-
tients, further reduce the incidence of PONV, and
increase the safety and cost-effectiveness of PONV
prophylaxis.
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Appendix. PONV Risk Scoring Systems

Scoring system
(reference[s]) Formula

Accuracy: area under the receiver
operating characteristic curve

[95% CI] (reference[s])* Comments

Simplified (Unweighted)
Scoring Systems

Apfel et al. (29) (gender: male � 0, female � 1) �
(history of PONV or motion sickness:
no � 0, yes � 1)
� (smoking status: no � 0, yes � 1)
� anticipated use of postoperative
opioids: no � 0, yes � 1)

0.58 [0.54–0.62] in children (48)
0.63 [0.60–0.66] (81)
0.679 [0.634–0.724] (20)
0.68 [0.66–0.72] (28)
0.71 [not reported] (31)

Range of possible scores: 0–4.
Risk of PONV by score (29):
0, 10%
1, 21%
2, 39%
3, 61%
4, 79%

Eberhart et al. (36) (duration of surgery �30 min: no � 0,
yes � 1)
� (age �3 yr: no � 0, yes � 1)
� (strabismus surgery: no � 0, yes �
1)
� (history of PV in child or of PV/
PONV in a parent or sibling: no � 0,
yes � 1)

0.72 (0.68–0.77) (36) Range of possible scores: 0–4.
Only scoring system
developed for children.
Developed for vomiting only.
Risk of PV by score (36):
0, 9%
1, 10%
2, 30%
3, 55%
4, 70%

Koivuranta et al. (19) (gender: male � 0, female � 1)
� (history of PONV: no � 0, yes � 1)
� (duration of surgery �60 min: no �
0, yes � 1)
� (smoking: no � 0, yes � 1)
� (history of motion sickness: no � 0,
yes � 1)

0.61 [0.58–0.65] in children (48)
0.66 [0.63–0.69] for PONV, 0.66
[0.63–0.69] for nausea, 0.65 [0.62–
0.68] for vomiting (81)
0.692 [0.648–0.736] (29)
0.71 [0.69–0.73] (1)
0.719 for nausea, 0.695 for
vomiting [95% CIs not reported]
(19)

Range of possible scores: 0–5
Risk of PO nausea, vomiting,
respectively, by score (19):
0, 17%, 7%
1, 18%, 7%
2, 42%, 17%
3, 54%, 25%
4, 47%, 38%
5, 87%, 61%

“Semi-Simplified
Scoring System”:
requiring a
nomogram

Van den Bosch et al.
(26)

� sex (male � 0, female � 6)
� history of PONV or motion sickness
(no � 0, yes � 10)
�smoking status (no � 8, yes � 0)
�surgery type (lower abdominal or
middle ear � 8, other � 0)
�anesthetic technique (propofol � 0,
isoflurane � 9)
�age (15–19 yr � 20, 20–24 yrs � 19,
25–29 yr � 17, 30–34 yr � 16, 35–39 yr
� 14, 40–44 yr � 13, 45–49 yr � 11,
50–54 yr � 10, 55–59 yr � 9, 60–64 yr
� 7, 65–69 yr � 6, 70–74 yr � 4, 75–79
yr � 3, 80–84 yr � 1, �85 yr � 0)

0.72 [0.70–0.74] (26)
0.70 [0.68–0.72] (predicted for
other inpatient populations) (26)‡

Range of possible scores: 0–
61.
Risk of PONV by point score:
2, 10%
12, 20%
19, 30%
25, 40%
31, 50%
31, 50%
36, 60%
42, 70%
49, 80%
59, 90%

Weighted Scoring
Systems:
predicted risk �
e/1-ez when:

Apfel et al. (27) �0.92
�1.28 x (gender: male � 0, female 1)
�0.029 x (age in yr)
�0.74 x (smoking status: no � 0, yes
� 1)
�0.63 x (history of PONV or motion
sickness: no � 0, yes � 1)
�0.26 x (duration of anesthesia in
hours)

0.59 [0.56–0.63] for vomiting in
children (48)
0.62 [not reportd] (81)
0.698 [0654–0.742] (29)
0.70 [0.67–0.72] (1)
0.77 [not reported] for vomiting
(27)

Developed for vomiting only.

Koivuranta et al. (19) �2.21†
�0.93 x (gender: male � 0, female �
1)
�0.82 x (history of PONV: no � 0, yes
� 1)
�0.75 x (duration of surgery �60 min:
no � 0, yes � 1)
�0.61 x (smoking status: no � 1, yes
� 0) �
0.59 x (history of motion sickness: no
� 0, yes � 1)
�0.92

0.689 [0.645–0.733] (29)
0.66 [not reported] (81)
0.695 for vomiting, 0.719 for
nausea [95% CI is not reported]
(19)

(Continued)
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Scoring system
(reference[s]) Formula

Accuracy: area under the receiver
operating characteristic curve

[95% CI] (reference[s])* Comments

Palazzo and Evans
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CI � confidence interval; ENT � ear, nose and throat; PO � postoperative; PONV � postoperative nausea and vomiting; PV � postoperative vomiting.
*All values are for PONV in adults unless indicated otherwise; †Published in (26); ‡Estimated by using bootstrapping techniques, adjusted for over-optimism
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Serotonin syndrome is an under-reported and under-recog-
nised condition that occurs on administration of selective
serotonin re-uptake inhibitors alone, or in combination with
other medication known to increase levels of 5-hydroxytrypta-
mine.
This case report demonstrates signs and symptoms associated
with their overdose and illustrates the importance of recognition
of this syndrome to instigate appropriate treatment for the
patient.

S
erotonin syndrome is an iatrogenic condition resulting
from an excess of intrasynaptic 5-hydoxytryptamine (5-
HT). It is most commonly the result of a drug interaction

where two or more agents that enhance serotonergic neuro-
transmission by different mechanisms are administered in
combination or in overdose. It can go unrecognised and may
rarely occur following overdose of a single serotonergic agent,
as shown in the following case.

CASE REPORT
A 38-year-old woman presented to the accident andemergency
department, having taken a significant overdose of 1.8 g of
paroxetine, 280 mg of temezapam and 400 mg of diphenhy-
dramine with 4 litres of cider 2 hours previously. She was
drowsy with a Glasgow Coma Scale of 10/15 (E2, V3, M5), a
respiratory rate of 24/min, a pulse rate of 70/min and a blood
pressure of 128/81 mmHg. Blood gas analysis on 60% oxygen
showed a pH of 7.36, PaO2 of 9.54 kPa and PaCo2 of 3.77 Pa.
ECG showed sinus rhythm with a prolonged QT interval. Blood
investigations showed a blood glucose of 5.1 mmol/l and blood
alcohol level of 1658 mg/ml, but were otherwise unremarkable.

Over the next 30 min, the patient’s Glasgow Coma Scale
dropped to 7 (E1, V1, M5), and she showed signs of airway
obstruction and was therefore intubated by means of a rapid
sequence induction using a size 7.5 cuffed endotracheal tube
and 200 mg of propofol and 100 mg of suxamethonium.
Sedation was maintained using a propofol infusion.

Following transfer to the intensive care unit, she developed
short episodes of tonic clonic seizures affecting all four limbs
and self-terminating within a minute. The patient had a
tachycardia and was hypertensive, with a systolic blood
pressure .200 mm Hg. She also looked flushed, was sweating
profusely and had a persistently high fever of over 38 C̊ in the
absence of any obvious focus of infection. After 24 h, and again
after 48 h, when sedation was weaned, the patient was found
confused and agitated with profound shivering and occasional
vomiting. Neurological examination revealed dilated pupils,
increased tone in all four limbs with global hyper-reflexia, and
marked clonus in both lower limbs and upgoing plantars
bilaterally. Further investigations including a CT brain, blood,
urine and sputum cultures, and serum creatinine kinase and
urinary myoglobin were performed and were all normal.

On day three of her ITU admission, these symptoms and
signs had subsided and the patient was extubated and
transferred to a general ward, where she received a psychiatric
assessment. She was discharged from hospital 2 days later.

DISCUSSION
The term serotonin syndrome is used to describe the constella-
tion of symptoms observed within hours to days following the
administration of drugs that elevated serotonin concentration
in combination or in overdose. The drugs most frequently
contributing to this condition are the combination of a mono-
amine oxidase inhibitor and a selective serotonin reuptake
inhibitor.

The clinical features include a change of mental status,
neuromuscular hyperactivity and autonomic instability.1

Mental status changes range from confusion, agitation, anxiety,
delirium and hallucinations to drowsiness and coma. The
neuromuscular features include myoclonus, hyper-reflexia,
muscle rigidity, tremor and severe shivering. Autonomic
instability is seen in approximately 50% of the patients and
includes most commonly hyperthermia, diaphoresis, sinus
tachycardia, hypertension or hypotension, flushing of the skin,
diarrhoea and vomiting. Life-threatening acute complications
include coma, seizures, rhabdomyolysis and disseminated
intravascular coagulation.

There are no specific tests to confirm the diagnosis of
serotonin syndrome.2 Measurement of the serum concentration
of the drug(s) is unhelpful. Treatment consists of discontinuing
the offending drug(s) and supportive care, including adminis-
tration of intravenous fluids, benzodiazepines to control
delirium, and cooling measures to treat hyperthermia. In severe
cases, intubation and ventilation are warranted to control the
airway and ensure oxygenation. Although it was not demon-
strated conclusively, specific pharmacological agents have been
advocated in the treatment of this condition, including
cyproheptadine given orally4 and chlorpromazine parenterally,5

both of which are 5-HT2 bockers. Most patients improve within
24 h, although in 40% of the patients some symptoms persist
longer.

The principal differential diagnosis is the neuroleptic
malignant syndrome,3 which shares similar features. The main
difference is that with the neuroleptic malignant syndrome the
onset of symptoms and resolution of symptoms usually takes
days to weeks, the muscular rigidity is often ‘‘lead pipe’’, and
rhabdomyolysis and metabolic acidosis are more common.

CONCLUSION
Our report illustrates a severe case of serotonin syndrome
unusually resulting from the overdose of a single serotonergic
agent, paroxetine. Our patient developed the classic signs and
symptoms within hours of ingestion, which initially puzzled the
clinicians involved. The incidence of this condition is unknown,
but is likely to be under-reported because it is not recognised or
is confused with neuroleptic malignant syndrome. This
potentially life-threatening condition requires a heightened
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clinical awareness in order to recognise and treat the condition
promptly.

SUMMARY
Serotonin syndrome is an under-reported and under-recognised
condition that occurs on administration of selective serotonin
re-uptake inhibitors alone or in combination with other
medication known to increase levels of 5- HT. This case
demonstrates the signs and symptoms associated with this
condition, and illustrates the importance of recognition of this
syndrome in order to instigate appropriate treatment for the
patient.

The report illustrates a severe case of serotonin syndrome
unusually resulting from the overdose of a single serotonergic
agent, paroxetine. The patient developed the classic signs and
symptoms which include changes in mental status, neuromus-
cular hyperactivity and autonomic instability within hours of
ingestion, which initially puzzled the clinicians involved. The
incidence of this condition is unknown, but is likely to be
under-reported because it is not recognised or is confused with
neuroleptic malignant syndrome. This potentially life-threaten-
ing condition requires a heightened clinical awareness in order
to recognise and treat the condition promptly.
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PRESCRIBING INFORMATION 
ZOFRAN® 
(ondansetron hydrochloride) 
Tablets 
 
ZOFRAN ODT® 
(ondansetron) 
Orally Disintegrating Tablets 
 
ZOFRAN® 
(ondansetron hydrochloride) 
Oral Solution 

DESCRIPTION 
 The active ingredient in ZOFRAN Tablets and ZOFRAN Oral Solution is ondansetron 
hydrochloride (HCl) as the dihydrate, the racemic form of ondansetron and a selective blocking 
agent of the serotonin 5-HT3 receptor type. Chemically it is (±) 1, 2, 3, 9-tetrahydro-9-methyl-3-
[(2-methyl-1H-imidazol-1-yl)methyl]-4H-carbazol-4-one, monohydrochloride, dihydrate. It has 
the following structural formula: 
 

 
 
 The empirical formula is C18H19N3O•HCl•2H2O, representing a molecular weight of 365.9. 
 Ondansetron HCl dihydrate is a white to off-white powder that is soluble in water and normal 
saline. 
 The active ingredient in ZOFRAN ODT Orally Disintegrating Tablets is ondansetron base, the 
racemic form of ondansetron, and a selective blocking agent of the serotonin 5-HT3 receptor type. 
Chemically it is (±) 1, 2, 3, 9-tetrahydro-9-methyl-3-[(2-methyl-1H-imidazol-1-yl)methyl]-4H-
carbazol-4-one. It has the following structural formula: 
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 The empirical formula is C18H19N3O representing a molecular weight of 293.4. 
 Each 4-mg ZOFRAN Tablet for oral administration contains ondansetron HCl dihydrate 
equivalent to 4 mg of ondansetron. Each 8-mg ZOFRAN Tablet for oral administration contains 
ondansetron HCl dihydrate equivalent to 8 mg of ondansetron. Each tablet also contains the 
inactive ingredients lactose, microcrystalline cellulose, pregelatinized starch, hypromellose, 
magnesium stearate, titanium dioxide, triacetin, and iron oxide yellow (8-mg tablet only). 
 Each 4-mg ZOFRAN ODT Orally Disintegrating Tablet for oral administration contains 4 mg 
ondansetron base. Each 8-mg ZOFRAN ODT Orally Disintegrating Tablet for oral administration 
contains 8 mg ondansetron base. Each ZOFRAN ODT Tablet also contains the inactive 
ingredients aspartame, gelatin, mannitol, methylparaben sodium, propylparaben sodium, and 
strawberry flavor. ZOFRAN ODT Tablets are a freeze-dried, orally administered formulation of 
ondansetron which rapidly disintegrates on the tongue and does not require water to aid 
dissolution or swallowing. 
 Each 5 mL of ZOFRAN Oral Solution contains 5 mg of ondansetron HCl dihydrate equivalent 
to 4 mg of ondansetron. ZOFRAN Oral Solution contains the inactive ingredients citric acid 
anhydrous, purified water, sodium benzoate, sodium citrate, sorbitol, and strawberry flavor. 

CLINICAL PHARMACOLOGY 
Pharmacodynamics: Ondansetron is a selective 5-HT3 receptor antagonist. While its 
mechanism of action has not been fully characterized, ondansetron is not a dopamine-receptor 
antagonist. Serotonin receptors of the 5-HT3 type are present both peripherally on vagal nerve 
terminals and centrally in the chemoreceptor trigger zone of the area postrema. It is not certain 
whether ondansetron’s antiemetic action is mediated centrally, peripherally, or in both sites. 
However, cytotoxic chemotherapy appears to be associated with release of serotonin from the 
enterochromaffin cells of the small intestine. In humans, urinary 5-HIAA (5-hydroxyindoleacetic 
acid) excretion increases after cisplatin administration in parallel with the onset of emesis. The 
released serotonin may stimulate the vagal afferents through the 5-HT3 receptors and initiate the 
vomiting reflex. 
 In animals, the emetic response to cisplatin can be prevented by pretreatment with an inhibitor 
of serotonin synthesis, bilateral abdominal vagotomy and greater splanchnic nerve section, or 
pretreatment with a serotonin 5-HT3 receptor antagonist. 
 In normal volunteers, single intravenous doses of 0.15 mg/kg of ondansetron had no effect on 
esophageal motility, gastric motility, lower esophageal sphincter pressure, or small intestinal 
transit time. Multiday administration of ondansetron has been shown to slow colonic transit in 
normal volunteers. Ondansetron has no effect on plasma prolactin concentrations. 
 Ondansetron does not alter the respiratory depressant effects produced by alfentanil or the 
degree of neuromuscular blockade produced by atracurium. Interactions with general or local 
anesthetics have not been studied. 
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Pharmacokinetics: Ondansetron is well absorbed from the gastrointestinal tract and undergoes 
some first-pass metabolism. Mean bioavailability in healthy subjects, following administration of 
a single 8-mg tablet, is approximately 56%. 
 Ondansetron systemic exposure does not increase proportionately to dose. AUC from a 16-mg 
tablet was 24% greater than predicted from an 8-mg tablet dose. This may reflect some reduction 
of first-pass metabolism at higher oral doses. Bioavailability is also slightly enhanced by the 
presence of food but unaffected by antacids. 
 Ondansetron is extensively metabolized in humans, with approximately 5% of a radiolabeled 
dose recovered as the parent compound from the urine. The primary metabolic pathway is 
hydroxylation on the indole ring followed by subsequent glucuronide or sulfate conjugation. 
Although some nonconjugated metabolites have pharmacologic activity, these are not found in 
plasma at concentrations likely to significantly contribute to the biological activity of ondansetron. 
 In vitro metabolism studies have shown that ondansetron is a substrate for human hepatic 
cytochrome P-450 enzymes, including CYP1A2, CYP2D6, and CYP3A4. In terms of overall 
ondansetron turnover, CYP3A4 played the predominant role. Because of the multiplicity of 
metabolic enzymes capable of metabolizing ondansetron, it is likely that inhibition or loss of one 
enzyme (e.g., CYP2D6 genetic deficiency) will be compensated by others and may result in little 
change in overall rates of ondansetron elimination. Ondansetron elimination may be affected by 
cytochrome P-450 inducers. In a pharmacokinetic study of 16 epileptic patients maintained 
chronically on CYP3A4 inducers, carbamazepine, or phenytoin, reduction in AUC, Cmax, and T½ 
of ondansetron was observed.1 This resulted in a significant increase in clearance. However, on 
the basis of available data, no dosage adjustment for ondansetron is recommended (see 
PRECAUTIONS: Drug Interactions). 
 In humans, carmustine, etoposide, and cisplatin do not affect the pharmacokinetics of 
ondansetron. 
 Gender differences were shown in the disposition of ondansetron given as a single dose. The 
extent and rate of ondansetron's absorption is greater in women than men. Slower clearance in 
women, a smaller apparent volume of distribution (adjusted for weight), and higher absolute 
bioavailability resulted in higher plasma ondansetron levels. These higher plasma levels may in 
part be explained by differences in body weight between men and women. It is not known whether 
these gender-related differences were clinically important. More detailed pharmacokinetic 
information is contained in Tables 1 and 2 taken from 2 studies. 
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Table 1. Pharmacokinetics in Normal Volunteers: Single 8-mg ZOFRAN Tablet Dose 
 
 

Age-group 
(years) 

 
Mean 

Weight 
(kg) 

 
 
 
n 

 
Peak Plasma 

Concentration 
(ng/mL) 

Time of 
Peak Plasma 

Concentration 
(h) 

Mean 
Elimination

Half-life 
(h) 

Systemic 
Plasma 

Clearance 
L/h/kg 

 
 

Absolute 
Bioavailability 

18-40 M 
F 

69.0 
62.7 

6 
5 

26.2 
42.7 

2.0 
1.7 

3.1 
3.5 

0.403 
0.354 

0.483 
0.663 

61-74 M 
F 

77.5 
60.2 

6 
6 

24.1 
52.4 

2.1 
1.9 

4.1 
4.9 

0.384 
0.255 

0.585 
0.643 

≥75 M 
F 

78.0 
67.6 

5 
6 

37.0 
46.1 

2.2 
2.1 

4.5 
6.2 

0.277 
0.249 

0.619 
0.747 

 
Table 2. Pharmacokinetics in Normal Volunteers: Single 24-mg ZOFRAN Tablet Dose 

 
 

Age-group 
(years) 

 
Mean 

Weight 
(kg) 

 
 
 
n 

 
Peak Plasma 

Concentration 
(ng/mL) 

Time of 
Peak Plasma 

Concentration 
(h) 

Mean 
Elimination 

Half-life 
(h) 

18-43 M 
F 

84.1 
71.8 

8 
8 

125.8 
194.4 

1.9 
1.6 

4.7 
5.8 

 
 A reduction in clearance and increase in elimination half-life are seen in patients over 75 years 
of age. In clinical trials with cancer patients, safety and efficacy was similar in patients over 
65 years of age and those under 65 years of age; there was an insufficient number of patients over 
75 years of age to permit conclusions in that age-group. No dosage adjustment is recommended 
in the elderly. 
 In patients with mild-to-moderate hepatic impairment, clearance is reduced 2-fold and mean 
half-life is increased to 11.6 hours compared to 5.7 hours in normals. In patients with severe 
hepatic impairment (Child-Pugh2 score of 10 or greater), clearance is reduced 2-fold to 3-fold and 
apparent volume of distribution is increased with a resultant increase in half-life to 20 hours. In 
patients with severe hepatic impairment, a total daily dose of 8 mg should not be exceeded. 
 Due to the very small contribution (5%) of renal clearance to the overall clearance, renal 
impairment was not expected to significantly influence the total clearance of ondansetron. 
However, ondansetron oral mean plasma clearance was reduced by about 50% in patients with 
severe renal impairment (creatinine clearance <30 mL/min). This reduction in clearance is 
variable and was not consistent with an increase in half-life. No reduction in dose or dosing 
frequency in these patients is warranted. 
 Plasma protein binding of ondansetron as measured in vitro was 70% to 76% over the 
concentration range of 10 to 500 ng/mL. Circulating drug also distributes into erythrocytes. 
 Four- and 8-mg doses of either ZOFRAN Oral Solution or ZOFRAN ODT Orally 
Disintegrating Tablets are bioequivalent to corresponding doses of ZOFRAN Tablets and may be 
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used interchangeably. One 24-mg ZOFRAN Tablet is bioequivalent to and interchangeable with 
three 8-mg ZOFRAN Tablets. 

CLINICAL TRIALS 
Chemotherapy-Induced Nausea and Vomiting: Highly Emetogenic Chemotherapy: 
In 2 randomized, double-blind, monotherapy trials, a single 24-mg ZOFRAN Tablet was superior 
to a relevant historical placebo control in the prevention of nausea and vomiting associated with 
highly emetogenic cancer chemotherapy, including cisplatin ≥50 mg/m2. Steroid administration 
was excluded from these clinical trials. More than 90% of patients receiving a cisplatin dose 
≥50 mg/m2 in the historical placebo comparator experienced vomiting in the absence of antiemetic 
therapy. 
 The first trial compared oral doses of ondansetron 24 mg once a day, 8 mg twice a day, and 
32 mg once a day in 357 adult cancer patients receiving chemotherapy regimens containing 
cisplatin ≥50 mg/m2. A total of 66% of patients in the ondansetron 24-mg once-a-day group, 55% 
in the ondansetron 8-mg twice-a-day group, and 55% in the ondansetron 32-mg once-a-day group 
completed the 24-hour study period with 0 emetic episodes and no rescue antiemetic medications, 
the primary endpoint of efficacy. Each of the 3 treatment groups was shown to be statistically 
significantly superior to a historical placebo control. 
 In the same trial, 56% of patients receiving oral ondansetron 24 mg once a day experienced no 
nausea during the 24-hour study period, compared with 36% of patients in the oral ondansetron 
8-mg twice-a-day group (p = 0.001) and 50% in the oral ondansetron 32-mg once-a-day group.  
 In a second trial, efficacy of the oral ondansetron 24-mg once-a-day regimen in the prevention 
of nausea and vomiting associated with highly emetogenic cancer chemotherapy, including 
cisplatin ≥50 mg/m2, was confirmed.  
 Moderately Emetogenic Chemotherapy: In 1 double-blind US study in 67 patients, 
ZOFRAN Tablets 8 mg administered twice a day were significantly more effective than placebo 
in preventing vomiting induced by cyclophosphamide-based chemotherapy containing 
doxorubicin. Treatment response is based on the total number of emetic episodes over the 3-day 
study period. The results of this study are summarized in Table 3: 
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Table 3. Emetic Episodes: Treatment Response 
 Ondansetron 8-mg b.i.d. 

ZOFRAN Tablets* 
 

Placebo 
 

p Value 
Number of patients 33 34  

Treatment response 
0 Emetic episodes 
1-2 Emetic episodes 
More than 2 emetic 
episodes/withdrawn 

 
20 (61%) 
6 (18%) 
7 (21%) 

 
2 (6%) 
8 (24%) 
24 (71%) 

 
<0.001 

 
<0.001 

Median number of 
emetic episodes 

0.0 
 

Undefined† 
 

 

Median time to first 
emetic episode (h) 

Undefined‡ 
 

6.5 
 

 

* The first dose was administered 30 minutes before the start of emetogenic chemotherapy, with a 
subsequent dose 8 hours after the first dose. An 8-mg ZOFRAN Tablet was administered twice a 
day for 2 days after completion of chemotherapy. 

† Median undefined since at least 50% of the patients were withdrawn or had more than 2 emetic 
episodes. 

‡ Median undefined since at least 50% of patients did not have any emetic episodes. 
 
 In 1 double-blind US study in 336 patients, ZOFRAN Tablets 8 mg administered twice a day 
were as effective as ZOFRAN Tablets 8 mg administered 3 times a day in preventing nausea and 
vomiting induced by cyclophosphamide-based chemotherapy containing either methotrexate or 
doxorubicin. Treatment response is based on the total number of emetic episodes over the 3-day 
study period. The results of this study are summarized in Table 4: 
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Table 4. Emetic Episodes: Treatment Response 
 Ondansetron 
 8-mg b.i.d. 

ZOFRAN Tablets* 
8-mg t.i.d. 

ZOFRAN Tablets† 
Number of patients 165 171 

Treatment response 
0 Emetic episodes 
1-2 Emetic episodes 
More than 2 emetic episodes/withdrawn 

 
101 (61%) 
16 (10%) 
48 (29%) 

 
99 (58%) 
17 (10%) 
55 (32%) 

Median number of emetic episodes 0.0 0.0 
Median time to first emetic episode (h) Undefined‡ Undefined‡ 
Median nausea scores (0-100)§ 6 6 

* The first dose was administered 30 minutes before the start of emetogenic chemotherapy, with a 
subsequent dose 8 hours after the first dose. An 8-mg ZOFRAN Tablet was administered twice a 
day for 2 days after completion of chemotherapy. 

† The first dose was administered 30 minutes before the start of emetogenic chemotherapy, with 
subsequent doses 4 and 8 hours after the first dose. An 8-mg ZOFRAN Tablet was administered 
3 times a day for 2 days after completion of chemotherapy. 

‡ Median undefined since at least 50% of patients did not have any emetic episodes. 
§ Visual analog scale assessment: 0 = no nausea, 100 = nausea as bad as it can be. 
 
 Re-treatment: In uncontrolled trials, 148 patients receiving cyclophosphamide-based 
chemotherapy were re-treated with ZOFRAN Tablets 8 mg 3 times daily during subsequent 
chemotherapy for a total of 396 re-treatment courses. No emetic episodes occurred in 314 (79%) 
of the re-treatment courses, and only 1 to 2 emetic episodes occurred in 43 (11%) of the 
re-treatment courses. 
 Pediatric Studies: Three open-label, uncontrolled, foreign trials have been performed with 
182 pediatric patients 4 to 18 years old with cancer who were given a variety of cisplatin or 
noncisplatin regimens. In these foreign trials, the initial dose of ZOFRAN® (ondansetron HCl) 
Injection ranged from 0.04 to 0.87 mg/kg for a total dose of 2.16 to 12 mg. This was followed by 
the administration of ZOFRAN Tablets ranging from 4 to 24 mg daily for 3 days. In these studies, 
58% of the 170 evaluable patients had a complete response (no emetic episodes) on day 1. Two 
studies showed the response rates for patients less than 12 years of age who received ZOFRAN 
Tablets 4 mg 3 times a day to be similar to those in patients 12 to 18 years of age who received 
ZOFRAN Tablets 8 mg 3 times daily. Thus, prevention of emesis in these pediatric patients was 
essentially the same as for patients older than 18 years of age. Overall, ZOFRAN Tablets were 
well tolerated in these pediatric patients. 
Radiation-Induced Nausea and Vomiting: Total Body Irradiation: In a randomized, 
double-blind study in 20 patients, ZOFRAN Tablets (8 mg given 1.5 hours before each fraction of 
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radiotherapy for 4 days) were significantly more effective than placebo in preventing vomiting 
induced by total body irradiation. Total body irradiation consisted of 11 fractions (120 cGy per 
fraction) over 4 days for a total of 1,320 cGy. Patients received 3 fractions for 3 days, then 
2 fractions on day 4. 
 Single High-Dose Fraction Radiotherapy: Ondansetron was significantly more effective 
than metoclopramide with respect to complete control of emesis (0 emetic episodes) in a 
double-blind trial in 105 patients receiving single high-dose radiotherapy (800 to 1,000 cGy) over 
an anterior or posterior field size of ≥80 cm2 to the abdomen. Patients received the first dose of 
ZOFRAN Tablets (8 mg) or metoclopramide (10 mg) 1 to 2 hours before radiotherapy. If 
radiotherapy was given in the morning, 2 additional doses of study treatment were given (1 tablet 
late afternoon and 1 tablet before bedtime). If radiotherapy was given in the afternoon, patients 
took only 1 further tablet that day before bedtime. Patients continued the oral medication on a 
3 times a day basis for 3 days. 
 Daily Fractionated Radiotherapy: Ondansetron was significantly more effective than 
prochlorperazine with respect to complete control of emesis (0 emetic episodes) in a double-blind 
trial in 135 patients receiving a 1- to 4-week course of fractionated radiotherapy (180 cGy doses) 
over a field size of ≥100 cm2 to the abdomen. Patients received the first dose of ZOFRAN Tablets 
(8 mg) or prochlorperazine (10 mg) 1 to 2 hours before the patient received the first daily 
radiotherapy fraction, with 2 subsequent doses on a 3 times a day basis. Patients continued the oral 
medication on a 3 times a day basis on each day of radiotherapy. 
Postoperative Nausea and Vomiting: Surgical patients who received ondansetron 1 hour 
before the induction of general balanced anesthesia (barbiturate: thiopental, methohexital, or 
thiamylal; opioid: alfentanil, sufentanil, morphine, or fentanyl; nitrous oxide; neuromuscular 
blockade: succinylcholine/curare or gallamine and/or vecuronium, pancuronium, or atracurium; 
and supplemental isoflurane or enflurane) were evaluated in 2 double-blind studies (1 US study, 
1 foreign) involving 865 patients. ZOFRAN Tablets (16 mg) were significantly more effective 
than placebo in preventing postoperative nausea and vomiting. 
 The study populations in all trials thus far consisted of women undergoing inpatient surgical 
procedures. No studies have been performed in males. No controlled clinical study comparing 
ZOFRAN Tablets to ZOFRAN Injection has been performed. 

INDICATIONS AND USAGE 
1. Prevention of nausea and vomiting associated with highly emetogenic cancer chemotherapy, 

including cisplatin ≥50 mg/m2. 
2. Prevention of nausea and vomiting associated with initial and repeat courses of moderately 

emetogenic cancer chemotherapy. 
3. Prevention of nausea and vomiting associated with radiotherapy in patients receiving either 

total body irradiation, single high-dose fraction to the abdomen, or daily fractions to the 
abdomen. 
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4. Prevention of postoperative nausea and/or vomiting. As with other antiemetics, routine 
prophylaxis is not recommended for patients in whom there is little expectation that nausea 
and/or vomiting will occur postoperatively. In patients where nausea and/or vomiting must be 
avoided postoperatively, ZOFRAN Tablets, ZOFRAN ODT Orally Disintegrating Tablets, 
and ZOFRAN Oral Solution are recommended even where the incidence of postoperative 
nausea and/or vomiting is low. 

CONTRAINDICATIONS  
 ZOFRAN Tablets, ZOFRAN ODT Orally Disintegrating Tablets, and ZOFRAN Oral Solution 
are contraindicated for patients known to have hypersensitivity to the drug. 

WARNINGS  
 Hypersensitivity reactions have been reported in patients who have exhibited hypersensitivity 
to other selective 5-HT3 receptor antagonists. 

PRECAUTIONS  
General: Ondansetron is not a drug that stimulates gastric or intestinal peristalsis. It should not 
be used instead of nasogastric suction. The use of ondansetron in patients following abdominal 
surgery or in patients with chemotherapy-induced nausea and vomiting may mask a progressive 
ileus and/or gastric distension. 
 Rarely and predominantly with intravenous ondansetron, transient ECG changes including QT 
interval prolongation have been reported. 
Information for Patients: Phenylketonurics: Phenylketonuric patients should be informed 
that ZOFRAN ODT Orally Disintegrating Tablets contain phenylalanine (a component of 
aspartame). Each 4-mg and 8-mg orally disintegrating tablet contains <0.03 mg phenylalanine. 
 Patients should be instructed not to remove ZOFRAN ODT Tablets from the blister until just 
prior to dosing. The tablet should not be pushed through the foil. With dry hands, the blister 
backing should be peeled completely off the blister. The tablet should be gently removed and 
immediately placed on the tongue to dissolve and be swallowed with the saliva. Peelable 
illustrated stickers are affixed to the product carton that can be provided with the prescription to 
ensure proper use and handling of the product. 
Drug Interactions: Ondansetron does not itself appear to induce or inhibit the cytochrome 
P-450 drug-metabolizing enzyme system of the liver (see CLINICAL PHARMACOLOGY, 
Pharmacokinetics). Because ondansetron is metabolized by hepatic cytochrome P-450 
drug-metabolizing enzymes (CYP3A4, CYP2D6, CYP1A2), inducers or inhibitors of these 
enzymes may change the clearance and, hence, the half-life of ondansetron. On the basis of 
available data, no dosage adjustment is recommended for patients on these drugs.  
 Phenytoin, Carbamazepine, and Rifampicin: In patients treated with potent inducers of 
CYP3A4 (i.e., phenytoin, carbamazepine, and rifampicin), the clearance of ondansetron was 
significantly increased and ondansetron blood concentrations were decreased. However, on the 
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basis of available data, no dosage adjustment for ondansetron is recommended for patients on 
these drugs.1,3 
 Tramadol: Although no pharmacokinetic drug interaction between ondansetron and tramadol 
has been observed, data from 2 small studies indicate that ondansetron may be associated with an 
increase in patient controlled administration of tramadol.4,5 
 Chemotherapy: Tumor response to chemotherapy in the P-388 mouse leukemia model is not 
affected by ondansetron. In humans, carmustine, etoposide, and cisplatin do not affect the 
pharmacokinetics of ondansetron. 
 In a crossover study in 76 pediatric patients, I.V. ondansetron did not increase blood levels of 
high-dose methotrexate. 
Use in Surgical Patients: The coadministration of ondansetron had no effect on the 
pharmacokinetics and pharmacodynamics of temazepam. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenic effects were not 
seen in 2-year studies in rats and mice with oral ondansetron doses up to 10 and 30 mg/kg/day, 
respectively. Ondansetron was not mutagenic in standard tests for mutagenicity. Oral 
administration of ondansetron up to 15 mg/kg/day did not affect fertility or general reproductive 
performance of male and female rats. 
Pregnancy: Teratogenic Effects: Pregnancy Category B. Reproduction studies have been 
performed in pregnant rats and rabbits at daily oral doses up to 15 and 30 mg/kg/day, respectively, 
and have revealed no evidence of impaired fertility or harm to the fetus due to ondansetron. There 
are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 
Nursing Mothers: Ondansetron is excreted in the breast milk of rats. It is not known whether 
ondansetron is excreted in human milk. Because many drugs are excreted in human milk, caution 
should be exercised when ondansetron is administered to a nursing woman. 
Pediatric Use: Little information is available about dosage in pediatric patients 4 years of age or 
younger (see CLINICAL PHARMACOLOGY and DOSAGE AND ADMINISTRATION 
sections for use in pediatric patients 4 to 18 years of age). 
Geriatric Use: Of the total number of subjects enrolled in cancer chemotherapy-induced and 
postoperative nausea and vomiting in US- and foreign-controlled clinical trials, for which there 
were subgroup analyses, 938 were 65 years of age and over. No overall differences in safety or 
effectiveness were observed between these subjects and younger subjects, and other reported 
clinical experience has not identified differences in responses between the elderly and younger 
patients, but greater sensitivity of some older individuals cannot be ruled out. Dosage adjustment 
is not needed in patients over the age of 65 (see CLINICAL PHARMACOLOGY). 
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ADVERSE REACTIONS 
 The following have been reported as adverse events in clinical trials of patients treated with 
ondansetron, the active ingredient of ZOFRAN. A causal relationship to therapy with ZOFRAN 
has been unclear in many cases. 
Chemotherapy-Induced Nausea and Vomiting: The adverse events in Table 5 have been 
reported in ≥5% of adult patients receiving a single 24-mg ZOFRAN Tablet in 2 trials. These 
patients were receiving concurrent highly emetogenic cisplatin-based chemotherapy regimens 
(cisplatin dose ≥50 mg/m2). 
 
Table 5. Principal Adverse Events in US Trials: Single Day Therapy With 24-mg ZOFRAN 
Tablets (Highly Emetogenic Chemotherapy) 

 
 
Event 

Ondansetron  
24 mg q.d. 

n = 300 

Ondansetron  
8 mg b.i.d. 

n = 124 

Ondansetron 
32 mg q.d. 

n = 117 
Headache 33 (11%) 16 (13%) 17 (15%) 
Diarrhea 13 (4%) 9 (7%) 3 (3%) 

 
 The adverse events in Table 6 have been reported in ≥5% of adults receiving either 8 mg of 
ZOFRAN Tablets 2 or 3 times a day for 3 days or placebo in 4 trials. These patients were 
receiving concurrent moderately emetogenic chemotherapy, primarily cyclophosphamide-based 
regimens. 
 
Table 6. Principal Adverse Events in US Trials: 3 Days of Therapy With 8-mg ZOFRAN 
Tablets (Moderately Emetogenic Chemotherapy) 
 
Event 

Ondansetron 8 mg b.i.d. 
n = 242 

Ondansetron 8 mg t.i.d. 
n = 415 

Placebo 
n = 262 

Headache 58 (24%) 113 (27%) 34 (13%) 
Malaise/fatigue 32 (13%) 37 (9%) 6 (2%) 
Constipation 22 (9%) 26 (6%) 1 (<1%) 
Diarrhea 15 (6%) 16 (4%) 10 (4%) 
Dizziness 13 (5%) 18 (4%) 12 (5%) 
 
 Central Nervous System: There have been rare reports consistent with, but not diagnostic 
of, extrapyramidal reactions in patients receiving ondansetron. 
 Hepatic: In 723 patients receiving cyclophosphamide-based chemotherapy in US clinical 
trials, AST and/or ALT values have been reported to exceed twice the upper limit of normal in 
approximately 1% to 2% of patients receiving ZOFRAN Tablets. The increases were transient and 
did not appear to be related to dose or duration of therapy. On repeat exposure, similar transient 
elevations in transaminase values occurred in some courses, but symptomatic hepatic disease did 
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not occur. The role of cancer chemotherapy in these biochemical changes cannot be clearly 
determined. 
 There have been reports of liver failure and death in patients with cancer receiving concurrent 
medications including potentially hepatotoxic cytotoxic chemotherapy and antibiotics. The 
etiology of the liver failure is unclear. 
 Integumentary: Rash has occurred in approximately 1% of patients receiving ondansetron. 
 Other: Rare cases of anaphylaxis, bronchospasm, tachycardia, angina (chest pain), 
hypokalemia, electrocardiographic alterations, vascular occlusive events, and grand mal seizures 
have been reported. Except for bronchospasm and anaphylaxis, the relationship to ZOFRAN was 
unclear. 
Radiation-Induced Nausea and Vomiting: The adverse events reported in patients receiving 
ZOFRAN Tablets and concurrent radiotherapy were similar to those reported in patients receiving 
ZOFRAN Tablets and concurrent chemotherapy. The most frequently reported adverse events 
were headache, constipation, and diarrhea. 
Postoperative Nausea and Vomiting: The adverse events in Table 7 have been reported in 
≥5% of patients receiving ZOFRAN Tablets at a dosage of 16 mg orally in clinical trials. With the 
exception of headache, rates of these events were not significantly different in the ondansetron and 
placebo groups. These patients were receiving multiple concomitant perioperative and 
postoperative medications. 
 
Table 7. Frequency of Adverse Events From Controlled Studies With ZOFRAN Tablets 
(Postoperative Nausea and Vomiting) 
 
Adverse Event 

Ondansetron 16 mg 
(n = 550) 

Placebo 
(n = 531) 

Wound problem 152 (28%) 162 (31%) 
Drowsiness/sedation 112 (20%) 122 (23%) 
Headache 49 (9%) 27 (5%) 
Hypoxia 49 (9%) 35 (7%) 
Pyrexia 45 (8%) 34 (6%) 
Dizziness 36 (7%) 34 (6%) 
Gynecological disorder 36 (7%) 33 (6%) 
Anxiety/agitation 33 (6%) 29 (5%) 
Bradycardia 32 (6%) 30 (6%) 
Shiver(s) 28 (5%) 30 (6%) 
Urinary retention 28 (5%) 18 (3%) 
Hypotension 27 (5%) 32 (6%) 
Pruritus 27 (5%) 20 (4%) 
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 Preliminary observations in a small number of subjects suggest a higher incidence of 
headache when ZOFRAN ODT Orally Disintegrating Tablets are taken with water, when 
compared to without water. 
Observed During Clinical Practice: In addition to adverse events reported from clinical 
trials, the following events have been identified during post-approval use of oral formulations of 
ZOFRAN. Because they are reported voluntarily from a population of unknown size, estimates of 
frequency cannot be made. The events have been chosen for inclusion due to a combination of 
their seriousness, frequency of reporting, or potential causal connection to ZOFRAN. 
 Cardiovascular: Rarely and predominantly with intravenous ondansetron, transient ECG 
changes including QT interval prolongation have been reported. 
 General: Flushing. Rare cases of hypersensitivity reactions, sometimes severe (e.g., 
anaphylaxis/anaphylactoid reactions, angioedema, bronchospasm, shortness of breath, 
hypotension, laryngeal edema, stridor) have also been reported. Laryngospasm, shock, and 
cardiopulmonary arrest have occurred during allergic reactions in patients receiving injectable 
ondansetron. 
 Hepatobiliary: Liver enzyme abnormalities 
 Lower Respiratory: Hiccups 
 Neurology: Oculogyric crisis, appearing alone, as well as with other dystonic reactions 
 Skin: Urticaria 
 Special Senses: Eye Disorders: Cases of transient blindness, predominantly during 
intravenous administration, have been reported. These cases of transient blindness were reported 
to resolve within a few minutes up to 48 hours.  

DRUG ABUSE AND DEPENDENCE 
 Animal studies have shown that ondansetron is not discriminated as a benzodiazepine nor does 
it substitute for benzodiazepines in direct addiction studies. 

OVERDOSAGE 
 There is no specific antidote for ondansetron overdose. Patients should be managed with 
appropriate supportive therapy. Individual intravenous doses as large as 150 mg and total daily 
intravenous doses as large as 252 mg have been inadvertently administered without significant 
adverse events. These doses are more than 10 times the recommended daily dose. 
 In addition to the adverse events listed above, the following events have been described in the 
setting of ondansetron overdose: “Sudden blindness” (amaurosis) of 2 to 3 minutes’ duration plus 
severe constipation occurred in 1 patient that was administered 72 mg of ondansetron 
intravenously as a single dose. Hypotension (and faintness) occurred in a patient that took 48 mg 
of ZOFRAN Tablets. Following infusion of 32 mg over only a 4-minute period, a vasovagal 
episode with transient second-degree heart block was observed. In all instances, the events 
resolved completely. 
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DOSAGE AND ADMINISTRATION 
Instructions for Use/Handling ZOFRAN ODT Orally Disintegrating Tablets: Do not 
attempt to push ZOFRAN ODT Tablets through the foil backing. With dry hands, PEEL BACK 
the foil backing of 1 blister and GENTLY remove the tablet. IMMEDIATELY place the 
ZOFRAN ODT Tablet on top of the tongue where it will dissolve in seconds, then swallow with 
saliva. Administration with liquid is not necessary. 
Prevention of Nausea and Vomiting Associated With Highly Emetogenic Cancer 
Chemotherapy: The recommended adult oral dosage of ZOFRAN is 24 mg given as three 8-mg 
tablets administered 30 minutes before the start of single-day highly emetogenic chemotherapy, 
including cisplatin ≥50 mg/m2. Multiday, single-dose administration of a 24 mg dosage has not 
been studied. 
 Pediatric Use: There is no experience with the use of  a 24 mg dosage in pediatric patients. 
 Geriatric Use: The dosage recommendation is the same as for the general population. 
Prevention of Nausea and Vomiting Associated With Moderately Emetogenic 
Cancer Chemotherapy: The recommended adult oral dosage is one 8-mg ZOFRAN Tablet or 
one 8-mg ZOFRAN ODT Tablet or 10 mL (2 teaspoonfuls equivalent to 8 mg of ondansetron) of 
ZOFRAN Oral Solution given twice a day. The first dose should be administered 30 minutes 
before the start of emetogenic chemotherapy, with a subsequent dose 8 hours after the first dose. 
One 8-mg ZOFRAN Tablet or one 8-mg ZOFRAN ODT Tablet or 10 mL (2 teaspoonfuls 
equivalent to 8 mg of ondansetron) of ZOFRAN Oral Solution should be administered twice a day 
(every 12 hours) for 1 to 2 days after completion of chemotherapy. 
 Pediatric Use: For pediatric patients 12 years of age and older, the dosage is the same as for 
adults. For pediatric patients 4 through 11 years of age, the dosage is one 4-mg ZOFRAN Tablet 
or one 4-mg ZOFRAN ODT Tablet or 5 mL (1 teaspoonful equivalent to 4 mg of ondansetron) of 
ZOFRAN Oral Solution given 3 times a day. The first dose should be administered 30 minutes 
before the start of emetogenic chemotherapy, with subsequent doses 4 and 8 hours after the first 
dose. One 4-mg ZOFRAN Tablet or one 4-mg ZOFRAN ODT Tablet or 5 mL (1 teaspoonful 
equivalent to 4 mg of ondansetron) of ZOFRAN Oral Solution should be administered 3 times a 
day (every 8 hours) for 1 to 2 days after completion of chemotherapy. 
 Geriatric Use: The dosage is the same as for the general population. 
Prevention of Nausea and Vomiting Associated With Radiotherapy, Either Total 
Body Irradiation, or Single High-Dose Fraction or Daily Fractions to the Abdomen: 
The recommended oral dosage is one 8-mg ZOFRAN Tablet or one 8-mg ZOFRAN ODT Tablet 
or 10 mL (2 teaspoonfuls equivalent to 8 mg of ondansetron) of ZOFRAN Oral Solution given 
3 times a day. 
 For total body irradiation, one 8-mg ZOFRAN Tablet or one 8-mg ZOFRAN ODT Tablet or 
10 mL (2 teaspoonfuls equivalent to 8 mg of ondansetron) of ZOFRAN Oral Solution should be 
administered 1 to 2 hours before each fraction of radiotherapy administered each day. 
 For single high-dose fraction radiotherapy to the abdomen, one 8-mg ZOFRAN Tablet or one 
8-mg ZOFRAN ODT Tablet or 10 mL (2 teaspoonfuls equivalent to 8 mg of ondansetron) of 
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ZOFRAN Oral Solution should be administered 1 to 2 hours before radiotherapy, with subsequent 
doses every 8 hours after the first dose for 1 to 2 days after completion of radiotherapy. 
 For daily fractionated radiotherapy to the abdomen, one 8-mg ZOFRAN Tablet or one 8-mg 
ZOFRAN ODT Tablet or 10 mL (2 teaspoonfuls equivalent to 8 mg of ondansetron) of ZOFRAN 
Oral Solution should be administered 1 to 2 hours before radiotherapy, with subsequent doses 
every 8 hours after the first dose for each day radiotherapy is given. 
 Pediatric Use: There is no experience with the use of ZOFRAN Tablets, ZOFRAN ODT 
Tablets, or ZOFRAN Oral Solution in the prevention of radiation-induced nausea and vomiting 
in pediatric patients. 
 Geriatric Use: The dosage recommendation is the same as for the general population. 
Postoperative Nausea and Vomiting: The recommended dosage is 16 mg given as two 8-mg 
ZOFRAN Tablets or two 8-mg ZOFRAN ODT Tablets or 20 mL (4 teaspoonfuls equivalent to 
16 mg of ondansetron) of ZOFRAN Oral Solution 1 hour before induction of anesthesia. 
 Pediatric Use: There is no experience with the use of ZOFRAN Tablets, ZOFRAN ODT 
Tablets, or ZOFRAN Oral Solution in the prevention of postoperative nausea and vomiting in 
pediatric patients. 
 Geriatric Use: The dosage is the same as for the general population. 
Dosage Adjustment for Patients With Impaired Renal Function: The dosage 
recommendation is the same as for the general population. There is no experience beyond first-day 
administration of ondansetron. 
Dosage Adjustment for Patients With Impaired Hepatic Function: In patients with 
severe hepatic impairment (Child-Pugh2 score of 10 or greater), clearance is reduced and apparent 
volume of distribution is increased with a resultant increase in plasma half-life. In such patients, a 
total daily dose of 8 mg should not be exceeded. 

HOW SUPPLIED  
 ZOFRAN Tablets, 4 mg (ondansetron HCl dihydrate equivalent to 4 mg of ondansetron), are 
white, oval, film-coated tablets engraved with "Zofran" on one side and "4" on the other in daily 
unit dose packs of 3 tablets (NDC 0173-0446-04), bottles of 30 tablets (NDC 0173-0446-00), and 
unit dose packs of 100 tablets (NDC 0173-0446-02). 
 Bottles: Store between 2° and 30°C (36° and 86°F). Protect from light. Dispense in tight, 
light-resistant container as defined in the USP. 
 Unit Dose Packs: Store between 2° and 30°C (36° and 86°F). Protect from light. Store 
blisters in cartons. 
 ZOFRAN Tablets, 8 mg (ondansetron HCl dihydrate equivalent to 8 mg of ondansetron), are 
yellow, oval, film-coated tablets engraved with "Zofran" on one side and "8" on the other in daily 
unit dose packs of 3 tablets (NDC 0173-0447-04), bottles of 30 tablets (NDC 0173-0447-00), and 
unit dose packs of 100 tablets (NDC 0173-0447-02). 
 Bottles: Store between 2° and 30°C (36° and 86°F). Dispense in tight container as defined 
in the USP. 
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 Unit Dose Packs: Store between 2° and 30°C (36° and 86°F).  
 ZOFRAN ODT Orally Disintegrating Tablets, 4 mg (as 4 mg ondansetron base) are white, 
round and plano-convex tablets debossed with a“Z4” on one side in unit dose packs of 30 tablets 
(NDC 0173-0569-00). 
 ZOFRAN ODT Orally Disintegrating Tablets, 8 mg (as 8 mg ondansetron base) are white, 
round and plano-convex tablets debossed with a “Z8” on one side in unit dose packs of 10 tablets 
(NDC 0173-0570-04) and 30 tablets (NDC 0173-0570-00). 
 Store between 2° and 30°C (36° and 86°F). 
 ZOFRAN Oral Solution, a clear, colorless to light yellow liquid with a characteristic 
strawberry odor, contains 5 mg of ondansetron HCl dihydrate equivalent to 4 mg of ondansetron 
per 5 mL in amber glass bottles of 50 mL with child-resistant closures (NDC 0173-0489-00). 
 Store upright between 15° and 30°C (59° and 86°F). Protect from light. Store bottles 
upright in cartons.  
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