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Abstract
The problem of postoperative nausea and vomiting (PONV) remains far from being resolved. Despite the introduction of new
classes of antiemetics and a vast amount of published research, there is a general impression that there has been little progress in
this area. The multifactorial etiology of PONV might be better addressed using a combination of drugs acting at different receptor
sites. This approach of balanced antiemesis may be the answer towards achieving a significant improvement in the management
of PONV. This article will cover the different strategies used to prevent PONV with particular emphasis on combination
antiemetics. A review of the currently available methods to manage PONV as well as the physiological and pharmacological basis
of combination therapy is presented. © 2001 Elsevier Science B.V. All rights reserved.
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The last decade has seen a dramatic increase in
day-case surgery. Up to 80% of patients in the US are
currently admitted on the day of surgery [1]. Adequate
control of postoperative pain, postoperative nausea and
vomiting (PONV), and early return to normal activity
are important anesthetic goals in the context of ambulatory surgery. Major advances have been achieved in
the field of acute pain and in the availability of short
acting anesthetic agents. However, despite the availability of new antiemetic agents, the incidence of PONV
has remained largely unchanged, although its severity
has decreased [2]. Presently, the overall incidence of
PONV for all surgeries and patient populations is estimated to be 25–30% [3]. Furthermore, it is estimated
that approximately 0.18% of all patients may experience intractable PONV, leading to a delay in postanesthesia care unit (PACU) recovery room discharge
and/or unanticipated hospital admission, thereby increasing medical costs [4]. Chung and colleagues [8]
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recently reported that PONV were responsible for increasing the duration of postoperative stay by 25 and
79% in patients undergoing ambulatory surgery, who
received general anesthesia (GA) and monitored anesthesia care (MAC) respectively [5].
Nausea and vomiting are among the most unpleasant
experiences associated with surgery and one of the most
common reasons for poor patient satisfaction rating in
the postoperative period [6]. Macario et al. [7]
quantified patients’ preferences for postoperative outcomes before surgery. Postoperative nausea and vomiting were among the ten most undesirable outcomes
following surgery. Indeed, patients allocated the highest
amount (about $30) to avoid PONV out of a total of
$100 they were allowed to spend to avoid all complications. In a recent study, Gan and colleagues demonstrated that surgical patients were willing to pay up to
$100 to avoid PONV (8). PONV may also be associated
with serious complications, such as wound dehiscence,
pulmonary aspiration of gastric contents, hematoma
formation beneath skin flaps, dehydration, electrolyte
disturbances, Mallory Weis tear and esophageal rupture
[9–11].
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1. Who should get prophylaxis?
Since, overall, only 25– 30% of the surgical patient
population will experience PONV, not all patients will
require antiemetic prophylaxis [12]. Systematic reviews
suggest that prophylaxis might have limited efficacy, be
associated with adverse drug reactions and treatment
may be more cost effective than prophylaxis [13].
Patient-, anesthesia- and surgery related risk factors
should be evaluated to identify patients who may
benefit from prophylactic antiemetics. Anesthetic related risk factors include the type of intravenous and
volatile anesthetic agents, the use of nitrous oxide in
certain patient populations, the use of higher doses of
neostigmine for the reversal of neuromuscular blockade, the use of opioids and experience of the anesthesiologist. Female gender, obesity, history of PONV or
motion sickness and high levels of anxiety are also
associated with a higher risk of PONV. Long surgical
procedures and certain types of surgery carry a greater
risk of PONV [14]. In adults, high incidences of PONV
are found in intra-abdominal surgery (70%), major
gynecological surgery (58%), laparoscopic surgery (40–
77%), breast surgery (50– 65%), eye and ENT surgery
(71%). Pediatric operations at high risk for PONV
include strabismus (up to 85%), tonsillectomy and middle ear procedures [15]. Various PONV risk scores
corresponding to the above mentioned risk factors have
been devised. Recently, Apfel et al. [16] developed a
simplified risk score consisting of four predictors: female gender, history of motion sickness or PONV,
nonsmoker and the use of postoperative 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% respectively. Prophylactic use of antiemetics is
therefore only warranted in high-risk patients and
should be part of a multimodal approach to the management of PONV.

2. Multimodal strategies for the management of PONV
As PONV are multifactorial, a multimodal strategy
should be adopted to successfully reduce the incidence.
Evidence suggests that the use of anxiolytic premedication [17], avoidance of intra- and post- operative opioids [3], use of a NG tube in GI surgery, oro- or
naso-gastric suction prior to extubation [18], adequate
intravenous hydration [19], avoidance of hypotension
[20], ensuring good pain relief [21], gentle handling of
patients, smooth ambulation, and avoiding overuse of
oral airways and oro– pharyngeal suction [3], can affect
the incidence of PONV. There is evidence from systematic reviews of randomized controlled trials, that certain
interventions may help keep the baseline risk of PONV
low: the use of propofol for induction and maintenance

of anesthesia, omitting the use of nitrous oxide and
avoiding reversal of neuromuscular blockade [13].
The use of prophylactic antiemetics should be reserved for the high-risk patient and is best achieved
using a combination of drugs (balanced antiemesis).
Prophylactic antiemetic therapy is cost– effective for
operations with a high frequency of emesis, whereas
treatment of established symptoms is more cost– effective when the frequency is lower [22]. Recently, Hill and
colleagues [23] reported that the use of prophylactic
antiemetic therapy in high-risk ambulatory surgical patients (women with previous history of PONV or motion sickness undergoing emetogenic procedures) was
more effective in preventing PONV and achieved
greater patient satisfaction at a lower cost compared
with placebo.
Most published studies show that the combination of
antiemetics acting at different receptors provide significantly better efficacy in preventing PONV than a single
antiemetic acting at one receptor site. Knowledge of the
physiology of the vomiting reflex and an understanding
of the different neurotransmitters and receptors involved as well as the pharmacology and site of action of
individual antiemetics are important when using combination therapy.

3. Physiology
The complex act of vomiting involves coordination
of the respiratory, gastrointestinal and abdominal musculature. It is controlled by the vomiting center, which
is located in the lateral reticular formation of the
medulla oblongata in close proximity to the nucleus of
the solitary tract in the brain stem and has access to the
motor pathways that are responsible for the visceral
and somatic output involved in vomiting [24]. The
vomiting reflex has two main detectors of the need to
vomit: the gastrointestinal tract (GIT) and the
chemoreceptor trigger zone (CTZ) in the area postrema
[25]. The vagus is the major nerve involved in the
detection of emetic stimuli from the GIT and has two
types of afferent fibers involved in the emetic response:
mechanoreceptors, located in the muscular wall of the
gut, that are activated by contraction and distension of
the gut as well as chemoreceptors, located in the mucosa of the upper gut, that are sensitive to noxious
chemicals [26,27]. Stimulation of the vagal afferents
leads to activation of the CTZ in the area postrema.
The latter is a U-shaped structure a few millimeters
long located on the dorsal surface of the medulla
oblongata at the caudal end of the fourth ventricle. It is
one of the circumventricular organs of the brain and is
outside the blood–brain barrier and the cerebrospinal
fluid barrier, and thus can be activated by chemical
stimuli received through the blood as well as the cere-

A.S. Habib, T.J. Gan / Ambulatory Surgery 9 (2001) 59–71

brospinal fluid [28]. Several other stimuli can affect the
vomiting center including afferents from the oropharynx, mediastinum, peritoneum and genitalia as well as
afferents from the CNS (cerebral cortex, labyrinthine,
visual, vestibular apparatus) [24].
Different types of receptors are involved in the transmission of impulses to the vomiting center. Cholinergic
receptors are found in the vomiting center and vestibular nuclei. The area postrema is rich in dopamine (D2),
opioid and serotonin (5HT3) receptors [29,30]. The
nucleus tractus solitarius is rich in enkephalins and in
histaminergic (H1), muscarinic cholinergic and NK-1
receptors, the latter are also found in the dorsal motor
nucleus of the vagus nerve [31– 33]. Antiemetics may
act at the dopaminergic (D2), cholinergic, histaminergic
(H1), 5HT-3 and NK1 receptors and, when deciding
upon a combination, it is logical to choose drugs acting
at different receptors.

4. Currently used antiemetics

4.1. Older generation antiemetics
4.1.1. Phenothiazines
The antiemetic effect of phenothiazines has been
attributed to blockade of D2 receptors in the CTZ.
They also have moderate antihistaminergic and anticholinergic actions. The phenothiazines have an
aliphatic or heterocyclic ring attached to the tenth
position of a tricyclic nucleus. The aliphatic phenothiazines (promethazine, chlorpromazine) have less
antiemetic potency and more sedative effects than the
heterocyclic phenothiazines (perphenazine, prochlorperazine) [34,35]. They have been used for many years in
the prevention and treatment of postoperative emesis,
particularly if opioids have been administered. However, they are usually ineffective against motion sickness and have no effect on gastric emptying [36].
Phenothiazines can produce significant sedation (e.g.
promethazine) and some have been shown to prolong
recovery from anesthesia and delay discharge. Other
side effects include extrapyramidal symptoms (particularly with the heterocyclic phenothiazines), hypotension, restlessness, anticholinergic side effects and the
neuroleptic malignant syndrome (NMS) [15].
4.1.2. Butyrophenones
The neuroleptic drugs haloperidol and droperidol
have significant antiemetic effects. They are strong D2
receptor antagonists that act at the CTZ and area
postrema. Droperidol is the only drug in this class that
has been extensively used in anesthesia. It has a long
duration of action (as long as 24 h following administration) probably due to its strong binding affinity to
the emetic receptors [3], even though its half-life is
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relatively short (3 h) [37]. In a recently published meta
analysis, Henzi et al. [38], reported that the anti-nausea
efficacy of Droperidol was superior to its anti-vomiting
efficacy. However the anti- nausea effect was short lived
and not dose-dependent; the number-needed-to-treat
(NNT) to prevent early nausea was five with 0.25–0.30
mg. For both early and late anti-vomiting efficacy there
appeared to be dose– responsiveness; the best efficacy
was with 1.5–2.5 mg (NNT 7). In children there was
also a dose –response relationship, with best efficacy at
75 mcg/kg (NNT 4). Sedation and drowsiness are important side effects of droperidol and are dose dependent. Studies using low doses of droperidol (0.25–1.25)
did not find any increased sedation associated with its
use. Extrapyramidal reactions are recognized side effects of Droperidol, but these are rare in the doses used
to treat PONV and are more likely to occur in children.
Anxiety and restlessness developing after discharge
have been reported, suggesting that droperidol may not
be an appropriate antiemetic for ambulatory anesthesia
[39]. Other side effects may include hypotension due to
alpha-receptor blockade, NMS, visual disturbances,
nightmares and urinary retention [40,41].

4.1.3. Antihistamines
Antihistamines (dimenhydrinate, diphenhydramine,
cyclizine, hydroxyzine) act by blocking acetylcholine
receptors in the vestibular apparatus and histamine H1
receptors in the nucleus of the solitary tract [3]. They
are effective for the prophylaxis and treatment of motion sickness and for the control of emesis following
middle ear surgery. The piperazine derivative cyclizine
has been used extensively for PONV. It has similar
effectiveness to promethazine in preventing and treating
PONV. Side effects include sedation and a dry mouth
[15].
4.1.4. Anticholinergics
Anticholinergics are a first generation class of
antiemetics. They block muscarinic and cholinergic
CNS emetic receptors in the cerebral cortex and pons
[42]. Atropine and scopolamine are tertiary amines that
cross the blood–brain barrier and have efficacy against
motion sickness and PONV [43,44]. The addition of
these anticholinergic agents to opioid premedication
decreases emesis [45]. Transdermal scopolamine is effective in controlling motion sickness and PONV following outpatient laparoscopy [46]. Side effects include
sedation, dry mouth, blurred vision, mydriasis, urinary
retention, hallucinations, central cholinergic syndrome,
confusion and disorientation [36,47].
4.1.5. Benzamides
Metoclopramide is the most commonly used
antiemetic in this group. It is a prokinetic agent that
blocks D2 receptors in the GI tract and centrally at the
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CTZ and area postrema. It also increases lower
esophageal sphincter tone and enhances gastric motility, which may prevent the delayed gastric emptying
caused by opioids [48]. At high concentrations, it has
been shown to have weak serotonin receptor antagonistic effect [49]. However, the efficacy of metoclopramide
in preventing PONV is uncertain, with approximately
50% of studies showing it to be no more effective than
placebo [15]. In a systematic review of randomized
placebo-controlled studies involving metoclopramide,
Henzi et al. [50] reported that there was no significant
anti nausea effect. The numbers needed to treat to
prevent early (0–6 h) and late (within 48 h) vomiting
were 9.1 and 10, respectively. In children the NNT to
prevent early vomiting was 5.8. There was no evidence
of dose –responsiveness, the best-documented dose for
adults and children being 10 mg IV and 0.25mg/kg IV
respectively. Metoclopramide has a short duration of
action (1-2 h) and should be administered at the end of
surgery or after admission to the PACU to have a
reliable antiemetic effect in the early postoperative period [9]. Side effects include sedation, restlessness and
extrapyramidal symptoms. Rapid intravenous administration may also be associated with cardiovascular side
effects (hypotension, bradycardia or tachycardia).
However the incidence of adverse events is relatively
low in the doses used for the management of PONV
[15].
Domperidone is a benzimidazole derivative pharmacologically similar to metoclopramide. However, it appears to be more effective than metoclopramide for the
treatment of active PONV and is associated with a
lower incidence of extrapyramidal symptoms [51]. It is
only available as an oral or rectal preparation. The
parenteral formulation was withdrawn following several reports of serious cardiac arrhythmias after intravenous administration [52– 54].

4.2. Newer generation antiemetics
4.2.1. Serotonin receptor antagonists
The serotonin 5-HT3 receptor is highly specific and
selective for nausea and vomiting. Members of this
group exert their effects by binding to the serotonin
5-HT3 receptor in the CTZ and at vagal afferents in the
gastrointestinal tract. Serotonin receptor antagonists
were first used in the management of radiotherapy and
chemotherapy induced nausea and vomiting. They
proved to be superior to other antiemetics in this
respect and were then investigated for the treatment of
PONV.
Ondansetron was the first member of this group to be
evaluated and approved for PONV. The optimal effective dose was found to be 4 mg intravenously at induction or 8 mg orally 1– 2 h before anesthesia [55,56]. For
children the optimal effective dose was found to be 0.1

mg/kg [57]. In a quantitative systematic review of randomized placebo controlled trials involving Ondansetron, Tramer reported that the best NNT to prevent
PONV with the best-documented regimes was between
5 and 6. This was achieved with an intravenous dose of
8 mg and an oral dose of 16 mg. In all published
studies, the antiemesis efficacy of Ondansetron was
consistently better than antinausea efficacy [58]. In 1997
Sun et al. suggested that the efficacy of Ondansetron
may be improved by administration at the end of the
surgical procedure compared with at induction of anesthesia. This was confirmed in another study by Tang
and colleagues, [59,60].
Three other serotonin receptor antagonists (Tropisetron, Granisetron and Dolasetron) have been studied
for the prevention and treatment of PONV. Dolasetron
is available in intravenous and oral forms. The recommended intravenous dose for prophylaxis and treatment of PONV is 12.5 mg. The prophylactic dose
should be given 15– 30 min before the end of anesthesia, as the active compound is hydro-dolasetron, a
metabolite of the parent drug. The oral prophylactic
dose is 100 mg [3]. In a multicenter trial it was demonstrated that 2 mg tropisetron intravenously had similar
efficacy and side effect profiles to those of 4 Ondansetron mg [61]. The longer half-life of Tropisetron
(7–30 h) compared with Ondansetron (3.5 h) did not
result in a clinically beneficial effect in clinical studies.
The recommended prophylactic dose is 5 mg given at
induction of anesthesia [62]. The optimum effective
dose of intravenous Granisetron was found to be 1mg
and 40 mcg/kg in different studies [63,64].
The reported side effects of serotonin receptor antagonists include headache (3:100), dizziness, flushing and
elevated liver enzymes (3:100) [58].

4.2.2. NK-1 receptor antagonists
NK-1 receptor antagonists demonstrated broad spectrum antiemetic activity in animals and have recently
been found to be effective in the treatment of established PONV and superior to ondansetron for the
prophylaxis of PONV in females undergoing major
gynecological surgery under general anesthesia [65,66].
4.3. Non-traditional antiemetics
4.3.1. Steroids
The mechanism of the antiemetic action of corticosteroids is not well understood. An anti-inflammatory
and/or membrane stabilizing effect may play a role [3].
The release of endorphins resulting in mood elevation,
a sense of well-being and appetite stimulation may also
underlie the antiemetic properties of corticosteroids
[67]. Following the successful use of dexamethasone in
the prevention and treatment of chemotherapy induced
nausea and vomiting, this agent has been evaluated for
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the management of PONV. A single prophylactic dose
of Dexamethasone was found to be superior to placebo
[68,69]. The most commonly used dose regimen is 8–10
mg in adults and 1– 1.5 mg/kg in children. A dose–response relationship for dexamethasone could not be
established. In a meta-analysis, Henzi and colleagues
reported that dexamethasone is particularly effective
against late PONV. The NNT in children to prevent
early (0–6 h) and late (0– 24 h) vomiting was 7.1 and
3.8 respectively. In adults the NNT to prevent late
nausea was 4.3. The combination of dexamethasone
with 5-HT3 receptor antagonists further increases its
efficacy. There are no reports on dexamethasone related
adverse effects in the doses used for the management of
PONV [70].

4.3.2. Propofol
The possible antiemetic effects of propofol have been
the focus of much interest. Propofol-based anesthetics
were associated with a lower incidence of PONV compared with enflurane [71], isoflurane [72] or desflurane
anesthesia [73]. The findings from these studies show a
low incidence of PONV only when propofol was used
throughout the procedure. Intraoperative propofol
anesthetics have been shown to be as efficacious in the
reduction of postoperative nausea as ondansetron 4 mg
[74]. The beneficial effect on PONV, however, is likely
to be of short duration after surgery. The protective
effect of propofol against PONV was not evident when
it was used as an induction drug only [75]. More
recently, continuous subhypnotic propofol infusion has
been shown to be effective in the prophylactic treatment of PONV [76]. The use of patient-controlled
antiemesis (PCAE) with propofol has also been investigated. Patients self-administered 20 mg (2 ml) of propofol with a lockout interval of 5 min. This technique was
found to be effective in the treatment of PONV and
associated with great degree of patient satisfaction,
oversedation did not appear to be a problem in this
dose range [77].
The effective plasma concentrations of propofol for
the 50% reduction in nausea scores has been found to
be 343 ng/ml [78]. This is much lower than the range
required for sedation (900–1300 ng/ml) and anesthesia
(3000–10 000 ng/ml).
The mechanism of the antiemetic action of propofol
is not known. It is not due to the intralipid emulsion in
the formulation and propofol appears to have direct
antiemetic property [79]. It has been postulated that
propofol may act via an antidopaminergic pathway
[80]. However, two recent studies have not substantiated this claim [81,82]. Several other mechanisms have
been postulated including a depressant effect on the
CTZ, the vagal nuclei and a decreased concentration of
serotonin in the area postrema following prolonged
infusion of propofol [78].
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4.3.3. Other therapies
Two studies have shown that intramuscular
ephedrine was superior to placebo and had similar
antiemetic effectiveness to droperidol and propofol following outpatient gynecological laparoscopy [83,84].
Recently, Grief and colleagues [85] have shown that,
after colonic resection, supplemental oxygen reduced
the incidence of PONV nearly twofold. A number of
studies have shown a reduction in PONV associated
with the use of benzodiazepines [86,87]. They do not
appear to show true antiemetic receptor binding
affinity, but decrease the production of catecholamines,
thereby decreasing anxiety.
4.4. Nonpharmacologic techniques
Nonpharmacologic techniques that have been used to
prevent PONV include acupuncture, electroacupuncture, laser stimulation of the P6 point, transcutaneous
electrical nerve stimulation, acupoint stimulation and
acupressure. Acupuncture has been used as a medical
modality for over 3000 years in China. In 1996, the
FDA reclassified acupuncture needles from class III
(experimental) medical devices to class II (nonexperimental, but regulated) [88]. Several investigators have
shown a useful effect of these nonpharmacological
methods in the management of PONV. A few studies,
however, failed to demonstrate a beneficial effect. Lee
and Done in 1999 performed a meta-analysis to assess
the efficacy of nonpharmacologic techniques in the
prevention of PONV. Their main findings were that
there was a significant reduction in early PONV in
adults using nonpharmacologic methods compared with
placebo and that antiemetics (metoclopramide, cyclizine, droperidol, prochlorperazine) versus nonpharmacologic techniques were comparable in preventing
early or late PONV in adults. In children, however, no
benefit was found. There were no studies comparing
nonpharmacologic techniques with 5-HT3 receptor antagonists [89].

4.5. Combination antiemetics
None of the available antiemetics is entirely effective
for preventing PONV, especially in high-risk patients,
probably because most of them act through blockade of
mainly one receptor. The etiology of PONV is multifactorial and a better prophylaxis might be achieved using
a combination approach. The concept of combination
therapy was introduced by Parikh in chemotherapy
induced vomiting [90]. The use of a combination of
antiemetics from different pharmacological classes
might provide enhanced antiemetic efficacy with a reduced side-effect profile. A number of combinations
have been studied.
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A summary of the published papers comparing combination therapy versus monotherapy is shown in Tables 1–3.

4.5.1. Ondansetron and droperidol
This was the most commonly studied combination.
This combination is theoretically attractive for several

reasons. Both agents proved to be superior to placebo
for the prevention and treatment of PONV while acting
at different receptor sites. Droperidol has greater antinausea efficacy, whereas ondansetron has better effect
on preventing vomiting [38]. The protective effect of
droperidol against postoperative headache combined
with an increased risk of headache with 5-HT3 receptor

Table 1
Efficacies of combination of 5-HT3 receptor antagonists and droperidol versus single agent studiesa,b
Reference

Surgery

Regimen

Pueyo et al. [92]

Abdominal

Bugendo et al. [93]

Gyn&bilary

Wu et al. [94]

Gyn
laparoscopy

McKenzie et al. [95]

Tubal banding

Riley et al. [96]

Major Gyn

Peixoto et al. [97]

Major Gyn

Wrench et al. [98]

Major Gyn

Warrick et al. [99]

Gyn
laparoscopy

P
D2.5mg+D1.25mg
O4mg
O4mg+D2.5mg+D1.25mg
P
D2.5mg
O4mg
O4mg+D2.5mg
O4mg+D1.2
O4mg
D1.25mg
P
D1.25mg+O4mg
D1.25mg
D1.25mg+O4mg
D1.25mg
D1.25mg
O4mg
O4mg+D1.25mg
O4mg+8mg/60ml/PCA
D1.25mg+3mg/60ml/PCA
O+D
D1.25mg then P

Klockgether-Radke et al.
[100]

Strabismus

Fujii et al. [106]

Laparoscopic
cholecystectomy

Fujii et al. [107]

Breast surgery

Fujii et al. [108]

Tonsillectomy

Fujii et al. [109]

Strabismus

a

D1.25mg then D1.25mg
D1.25mg+O4mg then P
D1.25mg+O4mg then P
D1.25mg+O4mg then
D1.25mg+ O4mg
D75mcg/kg
O0.1mg/kg
D75mcg/kg+O0.1mg/kg
P
G3mg
D1.25mg
G3mg+D1.25mg
G3mg
D1.25mg
G3mg+D1.25mg
G40mcg/kg
D50mcg/kg
G40mcg/kg+D50mcg/kg
G40mcg/kg
D50mcg/kg
G40mcg/kg+D50mcg/kg

Complete response
(%)c

No ponv 24h

Result

28
60*
56*
92
77
83
91
95*
77*
54*
39*
29

O+D\O=D\P

91.6*
78.3
45
38

O+D\D\P
O+D= O\P

O+D\O=D\P

O+D\D
O+D=D
67
60
57
65
85
80
59

O+D=O = D

O+D=O = D

O+D= D

48
65
69

73.5*
60*
55*
5
86
64
98*
82
62
96*
83*
55
97*
78*
38
98*

O+D= O =D\P

G+D\G,D

G+D\G,D

G+D\G\D

G+D\G\D

P, placebo; D, droperidol; O, ondansetron; G, granisetron
= indicates no difference; \indicates significantly (PB0.05) more effective; * indicates PB0.05 versus other group or placebo.
c
Complete response = no PONV and no rescue.
b
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Table 2
Efficacies of combination of 5-HT3 receptor antagonists and dexamethasone versus single agent studiesa,b
Reference

Surgery

Regimen

Complete response
(%)c

Fujii

Major Gyn

D1.25mg

49

et al. [68]

D1.25mg+Dex8mg
M10mg
M10mg+Dex8mg
G40mcg/kg
G40mcg/kg+Dex8mg
Gyn
O4mg+Dex8mg
laparoscopy
O4mg
Major Gyn
O4mg
O4mg+Dex20mg
Major Gyn
P
O4mg
Dex8mg
O4mg+Dex8mg
Major Gyn
O4mg
O4mg+Dex8mg
Strabismus
O150mcg/kg
O50mcg/kg
+ Dex150mcg/kg
Major Gyn
P
G20mcg/kg
Dex8mg
G20mcg/kg+Dex8mg
Breast
P
G40mcg/kg
G40mcg/kg+Dex8mg
Middle ear
G3mg
Dex8mg
G3mg+Dex8mg
Laparoscopic
G40mcg/kg
cholecystectomy G40mcg/kg+Dex8mg
Thyroidectomy
G40mcg/kg
G40mcg/kg+Dex8mg
Cesarean section G3mg
G3mg+Dex8mg
Abdominal/Gyn D1.25mg
Breast/ENT
G1mg
G1mg+Dex5mg
P
Tonsillectomy
T0.1mg/kg
T0.1mg/kg
+Dex0.5mg/kg

Rajeeva
et al. [101]
McKenzie
et al. [102]
Lopez-Orlando
et al. [103]

McKenzie
et al. [105]
Splinter
et al. [104]
Fujii
et al. [110]

Fujii
et al. [111]
Fujii
et al. [112]
Fujii
et al. [113]
Fujii
et al. [114]
Fujii
et al. [115]
Janknegt
et al. [116]

Holt
et al. [127]

No PONV 24 h
(%)

Result

G+Dex\G\D= D+Dex= M
=M+Dex

60
51
62
80*
96*
92*
65
37.5
52.5
20
52
60
84*
38
52*

O+Dex\Dex
O+Dex=O
O+Dex\O= Dex\P

O+Dex\O
72
91*

O+Dex\O

77
77
77
95*

G+D\G=Dex= P

56
84
98*
80*
55
98*
83
98*
86
98*
85
98*

G+Dex\G\P

G+Dex\G\Dex

G+Dex\G
G+Dex\G
G+Dex\G
58
78*
82*
5
39
61*

G+Dex= G\D\P

T+Dex\T

a

O, ondansetron; Dex, dexamethasone; P, placebo; G, granisetron; D, droperidol; T, tropisetron.
= indicates no difference;\indicates significantly (PB0.05) more effective; * indicates PB0.05 versus other group or placebo.
c
Complete response = no PONV and no rescue.
b

antagonists provides another reason for this combination [58,91]. Pueyo et al. [92] studied the intravenous
combination of 4 mg ondansetron and 2.5 mg droperidol at induction of anesthesia followed by 1.25 mg
droperidol 12 h later for the prevention of PONV in
elective abdominal surgery. The combination was more
effective than each individual drug or placebo with a
complete response (no PONV in 48 h) of 92% compared with 28, 60 and 56% in the placebo, droperidol
and ondansetron groups respectively. However sedation
was greater in patients receiving droperidol.

The combination of 4 mg ondansetron and 2.5 mg
droperidol was also studied by Bugedo et al. [93] in
patients undergoing biliary or gynecological surgery.
The combination was better than placebo and droperidol but not ondansetron. Sedation scores were also
higher in patients receiving droperidol or the combination. These studies suggest that droperidol in doses
above 1.25 mg should be avoided. In another study, a
combination of 4 mg ondansetron and 1.25 mg droperidol was found to be superior to each drug alone
especially in the first 3.5 postoperative hours following
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outpatient gynecological laparoscopy. Drowsiness was
more severe in the group receiving droperidol alone, but
not in the combination group [94]. The same doses were
used by Mckenzie et al. in two studies comparing the
combination with droperidol in females undergoing
laparoscopic tubal banding and abdominal hysterectomy. The combination was significantly superior to
droperidol in achieving a complete response (no emesis,
no rescue) and in reducing the incidence and severity of
nausea in the tubal banding study, but not in the
hysterectomy study. However, in both studies the combination was significantly better that droperidol in reducing the time to and the number of emetic episodes [95,96].
Similar doses were used by Peixoto and colleagues in
females undergoing major gynecological surgery. The
combination was significantly better than either drug
alone in the first 2 h, the incidence of PONV
was, however similar in all groups over the 24 h period
[97].

This combination was also studied during patient-controlled analgesia (PCA) using morphine. Ondansetron (4
mg bolus) followed by 0.13 mg/ml mixed in the morphine
solution was compared to droperidol (1.25 mg bolus)
and 0.05 mg/ml in the morphine solution and with the
combination of ondansetron and droperidol. The combination provided better control of nausea in the first 12
h postoperatively, however there was no difference in
vomiting or in nausea beyond 12 h. There was no
increased sedation in patients receiving droperidol [98].
These results were not confirmed by Warrick et al. who
compared a single dose of 1.25 mg droperidol with
and without 4 mg ondansetron and two doses of 1.25 mg
droperidol with and without 4 mg ondansetron. The first
dose of droperidol was given at induction followed
by a second dose 4 h later. Although the combination
regimen did not show greater efficacy in reducing
the incidence of PONV, a reduction in the severity of
nausea was noted up to 24 h postoperatively in the

Table 3
Efficacies of other combination antiemetic studies for PONV prophylaxisa
Reference

Surgery

Regimen

No PONV 24h (%)

Result

Michaloudis
et al. [117]
Kymer
et al. [118]

Laparoscopy

D0.5mg+M5mg+H0.1mg
D1.25mg
D300mcg/kg
M0.15mg/kg
D300mcg/kg+M0.15mg/kg
P
P
D10mcg/kg
M0.1mg/kg
D10mcg/kg+M0.1mg/kg
P
M250mcg/kg
O150mcg/kg
O100mcg/kg+M150mcg/kg
O4mg
D0.625mg+M10mg
P
Di1mg/kg
D15mcg/kg
Di1mg/kg+D15mcg/kg
O4mg
PR25mg
O2mg+PR12.5mg
P
P
M0.3mg/kg
Di1mg/kg
M+Di0.3mg/kg+1mg/kg
O0.1mg/kg+PRO120–140mcg/kg/min
P+Pro120-140mcg/kg/min
O4mg
O4mg+C50mg
P

53
37
73*
38
78*
44

D+M+H=D

Strabismus

Pendeville
et al. [119]

Strabismus

Kathirvel
et al. [120]

Strabismus

Steinbrook
et al. [121]
Eberhart
et al. [122]

Laparoscopic
cholecystectomy
Nasal

Khalil
et al. [123]

Middle ear

Eberhart
et al. [124]

Endonasal

Barst
et al. [125]
Ahmed
et al. [126]

Tonsillectomy
Gyn laparoscopy

D+M=D\M,P

D+M=D =M =P

28
40
60*
56*
55.2
75.6*
62.9
77.1
82.9
94.3*
52
61*
71*
26
62.5
72.5
75
85*
93.3*
77.8
15
27*
2

O+M=O\M,P

D+M\O(nausea)
Di+D\D,Di,P

O+PR= PR\O,P

Di+M\P(not Di, M)

O+PRO+\PRO
O+C\O\P

a
D, droperidol, M, metoclopramide; H, hyoscine; P, placebo; O, ondansetron; Di, dimenhydrinate; PR, promethazine; PRO, propofol;
=indicates no difference; \indicates significantly (PB0.05) more effective; * indicates PB0.05 versus other group or placebo.
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combination groups versus the droperidol groups [99].
However, in children undergoing surgery for strabismus, ondansetron and droperidol combination did not
provide any advantage over either agent alone [100].

4.5.2. Ondansetron and dexamethasone
Rajeeva et al. [101] reported better control of delayed
vomiting using a combination of 4 mg ondansetron and
8 mg dexamethasone when compared with ondansetron
alone, in females having a diagnostic laparoscopy. Patients in the combination group also had significantly
lower nausea scores. Similar results were obtained by
McKenzie and colleagues [102] in women undergoing
major gynecologic procedures using the same dosage.
Lopez and colleagues [103] used similar doses and
reported that the combination was more effective than
ondansetron for nausea and vomiting, and better than
dexamethasone for vomiting but not for nausea in
females undergoing major gynecologic surgery. The
incidence of vomiting was also significantly lower in the
combination group compared with ondansetron alone
in children undergoing strabismus surgery [104].
A study by McKenzie et al. [105] however, did not
find a reduction in PONV when 20 mg dexamethasone
was added to 4 mg ondansetron in patients undergoing
major gynecologic surgery. Patients in this study had a
low incidence of vomiting (17.5 and 12.5% in the
ondansetron and combination groups, respectively).
The use of droperidol with the first complaint of nausea
in about 50% of patients may have contributed to this
reduction in vomiting and the lack of a difference
between the groups. These studies did not report any
difference in adverse events when using a combination
or each agent alone, headache being the most commonly reported side effect.
4.5.3. Granisetron and droperidol
Fujii et al. compared a combination of 3 mg
granisetron plus 1.25 mg droperidol with each agent
alone in patients undergoing laparoscopic cholecystectomy and breast surgery.
In both studies, the combination was found to be
superior to each agent alone in achieving a complete
response (no PONV and no rescue antiemetic during
the 24 h study period) and better than droperidol when
nausea and vomiting are analyzed separately [106,107].
The same group found similar results in children undergoing tonsillectomy and strabismus surgery [108,109].
Excessive sedation was not observed in these studies
and there was no difference in adverse events between
the groups.
4.5.4. Granisetron and dexamethasone
This combination was studied extensively by one
group from Japan. Fujii et al. published six papers
comparing the combination with either agent alone.
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The doses of granisetron were 20 mcg/kg in one study,
40 mcg/kg in three studies and 3 mg in two studies.
Eight milligrams of dexamethasone were used in all
studies. They included patients undergoing breast
surgery, thyroidectomy, middle ear surgery, laparoscopic cholecystectomy, cesarean section and major gynecological procedures. In all these studies they
reported that the combination was superior to each
agent alone with a complete response (no PONV and
no rescue for 24 h) of 98% compared with 50% in the
dexamethasone group and 83– 86% in the granisetron
group. They postulated that dexamethasone enhances
the efficacy of granisetron by inhibiting stimulation of
5-HT3 receptors where granisetron exerts its effects.
There was no difference in adverse events between the
combination and either agent alone [110–115].
Janknegt et al. also compared the combination of 1
mg granisetron plus 5 mg dexamethasone with 1 mg
granisetron and 1.25 mg droperidol in patients undergoing gynecological, breast, abdominal and ENT
surgery. Both granisetron and the granisetron/dexamethasone combination performed better than droperidol
alone in reducing the incidence of vomiting and combined nausea and vomiting. The combination was also
more effective than the other groups against nausea
[116].

4.5.5. Combinations in6ol6ing metoclopramide
Three studies involving a combination of metoclopramide with droperidol did not show an improved
outcome over droperidol alone [117–119]. The combination of metoclopramide with ondansetron was also
not superior to ondansetron alone in children undergoing surgery for strabismus [120], however a combination of droperidol and metoclopramide was found to be
more effective than ondansetron in preventing postoperative nausea in patients undergoing laparoscopic
cholecystectomy [121]. Eberhart et al., found that the
incidence of patients free from PONV, in males undergoing endonasal surgery, was significantly higher compared with placebo using a combination of
dimenhydrinate and metoclopramide but not with each
agent alone [122].
4.5.6. Other combinations
In a study comparing the ondansetron plus
promethazine combination versus each agent alone in
adult patients undergoing middle ear surgery, Khalil et
al. reported that the combination and promethazine
alone, but not ondansetron reduced the incidence of
PONV compared with placebo; the combination was
also superior to individual antiemetic groups in reducing the severity of vomiting [123]. In male patients
undergoing nasal surgery, Eberhart et al. found that a
complete response (no PONV for 24 h) was significantly greater (94%) using a combination of droperidol
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and dimenhydrinate, compared with each agent alone
and with placebo [124]. A combination of ondansetron
and propofol infusion was also superior to propofol
alone in reducing the incidence of emesis in children
following tonsillectomy [125]. Recently, Ahmed and
colleagues have shown that a combination of ondansetron and cyclizine was significantly better than ondansetron alone in reducing the incidence of vomiting,
the incidence and severity of nausea as well as the need
for rescue [126]. Holt and colleagues have also found
that a combination of tropisetron and dexamethasone
was more effective than tropisetron alone in reducing
the incidence of PONV following pediatric tonsillectomy [127]. More recently, a combination of Ondansetron and the NK-1 receptor antagonist [CP-122,721]
was shown to significantly prolong the time of the first
administration of the first rescue antiemetic, compared
with either drug alone, and almost completely prevented the occurrence of emesis (2% of patients vomited) when used as a prophylaxis in patients undergoing
abdominal hysterectomy [66].

4.6. Multiple antiemetic combination
Scuderi et al., investigated a multimodal approach to
the management of PONV in female patients undergoing outpatient laparoscopy. Their multimodal clinical
care algorithm consisted of total intravenous anesthesia
(propofol and remifentanil), no nitrous oxide, no neuromuscular blockade, aggressive intravenous hydration
(25 ml/kg), triple prophylactic antiemetics (ondansetron
1 mg, droperidol 0.625 mg and dexamethasone 10 mg),
and 30 mg ketorolac. Control groups included standard
balanced outpatient anesthetic with or without 4 mg
ondansetron prophylaxis. Multimodal management
demonstrated superior efficacy in preventing symptomatic PONV compared to routine monotherapy prophylaxis; no patients in the multimodal group vomited
prior to discharge and time to readiness for discharge
was significantly shorter in this group compared to the
other groups [128].
Recently, a triple antiemetic combination with ondansetron and droperidol in the presence of propofol
maintained anesthetic was also associated with a lower
incidence of PONV and greater patient satisfaction
compared with similar antiemetic combination without
propofol [129].

5. Conclusion
There is a strong evidence from published work that
a much better prophylaxis against PONV may be
achieved by using a combination of antiemetic agents
acting at different receptor sites. Such prophylaxis
should be considered for patients at high risk for

PONV. There is, however, a striking lack of data on the
efficacy of combination therapy for the treatment of
established PONV. Further work is required to identify
the optimal combination of antiemetic drugs that is
most efficacious, least likely to be associated with adverse effects and cost–effective. Minimal effective doses
of these combinations need to be established. More
studies are needed to explore the potential of additional
benefit of combining more than two antiemetics.
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