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Postoperative nausea and vomiting, both early onset and delayed, continues to be a major
concern of patients and practitioners. Postoperative nausea and vomiting is recognized as
a debilitating and potentially dangerous occurrence during the recovery period. Extensive
studies of the serotonin subtype 5-hydroxytryptamine; receptor antagonist ondansetron
have demonstrated efficacy and safety in all age groups. Ondansetron has been shown to
be most effective in preventing early postoperative vomiting in high-risk populations.
Nausea and delayed postoperative nausea and vomiting are more effectively treated by
combination therapies. Further understanding of patient-to-patient variability in the
metabolism of ondansetron and the interaction of the different receptors in the
nausea-vomiting neuroendocrine pathway may eventually greatly decrease the incidence

of postoperative nausea and vomiting.

Postoperative nausea and vomiting (PONV) is a
well recognized adverse outcome of anesthesia
and surgery. It is one of the most common
adverse events experienced by children and
adults during the recovery period. In patient
interviews and surveys, PONV has been repeat-
edly ranked higher than all other postoperative
concerns, including pain [1,2]. Unrelieved symp-
toms have been described as disconcerting, dis-
tressing and debilitating. Persistent vomiting
may result in prolonged recovery room stays,
unanticipated hospital admissions, dehydration,
electrolyte abnormalities, recurrence of surgical
bleeding and increased risk of pulmonary aspi-
ration [3]. The dissatisfaction and economic
impact arising from these problems have been
documented extensively [4,5]. When hypotheti-
cally given the choice, children and adults are
both willing to tolerate some degree of pain
rather than experience PONV [6.7].

Although vomiting poses greater risks, the dis-
comfort and immobility frequently associated
with nausea should not be minimized [8]. These
symptoms, when lasting beyond the immediate
postoperative period, can result in extended
lengths of recovery and delayed resumption of
work, school and other daily activities. Pro-
longed recovery can lead to an increase in con-
current surgical morbidity and decrease in return
to preoperative levels of function.

Physiology

Vomiting is characterized by the expulsion of gas-
tric contents into the pharynx and mouth. Retch-
ing is described as having the same muscular
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activity as vomiting without the expulsion of
matter. Vomiting and retching can arise from
multiple etiologies involving a complex series of
humoral and neurological interactions stimulat-
ing a nucleus of cells in the medulla, referred to
as the emesis center [9]. Neurotransmitters and
receptors this process include
dopamine (D2), acetylcholine (M1), histamine
(H1), endorphins (o), serotonin (5-hydroxytryp-
tamine [5-HT];) and neurokinin (NK)1 (10).
The receptors are found in high concentration

involved in

in the emesis center, chemoreceptor trigger
zones (CTZs) and gastrointestinal (GI) tract.
The emesis center receives input from at least
four sources: the CTZ, the GI tract via the
vagus, the vestibular apparatus and the cerebral
cortex [11]. The CTZs, which lie in the brain
stem beneath the fourth ventricle, sense chemi-
cal abnormalities in the body. Distention and
inflammation of the GI tract and other internal
organs stimulates the CTZs by the release of
emetogenic substances into the systemic circu-
lation and neurotransmission via the vagus.
Vestibular and cerebral input may play a role in
patient predisposition to PONV.

Nausea is a feeling of sickness or discomfort
associated with the need or urge to vomit. The
sensation is subjective and difficult to quantify
or assess between different patients. Physio-
logically, nausea is typically associated with
decreased gastric motility, intestinal hyper-
tonia and reverse peristalsis [12]. The mecha-
nisms and pathways, which modulate this
uniquely human phenomenon, are understood
poorly.
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Incidence & prevalence
Postoperative nausea and vomiting is defined as
early (0-6 h) and delayed (6-48 h). PONV has
been reported to occur in up to 27 and 70% of
patients, respectively [13,14]. Premorbid condi-
tions (history of PONV, motion sickness and
obesity), (opioids,

cholinesterases and nitrous oxide) and types of

anesthetic agents anti-
surgical procedures (gynecological, ophthalmo-
logical and otolaryngological) have all been

implicated as causes of PONV (Box 1) [15,16].

Guidelines

Guidelines for the prevention of PONV are
based on these risk factors. Adult patients at
moderate to high risk of PONV, determined by
two or greater patient-specific risks and surgical
procedure, should receive regional anesthesia or
a 5-HT}; receptor antagonist at the end of gen-
eral anesthesia. Low-dose droperidol may also be
considered in lieu of a 5-HT} receptor antago-
nist, however its side-effect profile must be taken
into account [15].

Since pediatric patients are 50-75% more
likely to develop PONV than their adult coun-
terparts, factors specific to this age group are
highlighted in Box 1. It is recommended that
children at moderate to high risk of PONV

should receive a long-acting corticosteroid after

Box 1. Risk factors for postoperative nausea and

vomiting [13-16].
Patient specific

¢ + Female gender

e + History of postoperative nausea and vomiting (patient and/or family)
¢ + History of motion sickness

e + Nonsmoker
* + Age >3 years”

Anesthetic specific

¢ + \olatile agents
¢ + Nitrous oxide

* + Opioid use (postoperative administration*)

e + Duration 230 min
Surgery specific

e + Strabismus*

e + Laparoscopy

¢ + Gynecological

e Ear-nose-throat*

e Plastics*

e Laparotomy*

¢ Neurosurgery*

“Pediatric age group-specific.

$Nausea specific.
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induction and a 5-HT; receptor antagonist
near the completion of general anesthesia.
Droperidol is not recommended in children,
secondary to the risk of extrapyramidal symp-
toms and high level of sedation associated with
its use [15].

Overview of the market

Prior to the introduction of 5-HTj receptor
antagonists, prophylaxis and treatment of
PONV was attempted with several classes of
agents with limited success. Studies of anti-
cholinergics (scopolamine) [17], antihistamines
(pro-
methazine) [19], butyrophenones (droperidol)

(dimenhydrinate) (18], phenothiazines
[20-22], benzamides (metoclopramide) (23] and
[24,25]
demonstrated a wide range of responses and side

corticosteroids (dexamethasone) have
effects. These medications are compared with 5-
HT; receptor antagonists in Table 1. Clinical effi-
cacy of each medication, in their standard intra-
venous dose, is presented as the number needed
to treat (NNT), which is the number of treated
subjects required to avoid a single additional
adverse outcome. The NNT for early and
delayed PONV is included for medications in
which data are available.

Adverse drug events (ADEs) are common in
these older classes of used antiemetics. In
ambulatory patients, ADEs, such as sedation,
dizziness and blurred vision, are of particular
concern, delaying or preventing hospital dis-
charge. Extrapyramidal symptoms can be dis-
concerting to patients and healthcare providers,
but are typically ameliorated by intravenous
administration of diphenhydramine. Prolonga-
tion of the QT interval is reported with
droperidol use, and is included on the package
insert as a Black Box Warning. Although pro-
longed QT is associated with an increased risk
of developing the arrhythmia Torsade des
Pointes, there are no known incidents of this
phenomenon occurring with droperidol.

The incidence of PONV in high-risk
patients receiving ondansetron prophylaxis
(~25-30%) is clinically significant and of con-
cern [26,27]. Treatment of breakthrough PONV
with ondansetron has been studied less exten-
sively than its prophylactic use. Analysis of
existing studies has determined that follow-up
doses of ondansetron are no more effective
than placebo in patients with established
PONV. Since repeat dosing with ondansetron
is ineffective, medications with greater recep-
tor affinity or different mechanisms of action
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Table 1. Antiemetic medications for the prevention of postoperative nausea and vomiting.

Medication Number needed to treat
Dose (mg/kg)  Early vomiting Early nausea Delayed vomiting Delayed nausea
Ondansetron 0.1-0.15 2.5-45 7 13
Dolasetron” 1.8 3-4 13 3-5
Granisetron 0.02 3-5 NS
Dexamethasone 0.5 4 (7)1 4 4 4
Dimenhydrinate 0.5-1 8 5
Droperidol 0.05-0.075 6 (4)n 5 7-12
Metoclopramide 0.15 9 13 10 12
Promethazine 0.25-0.5 7
Propofol* 2-3 3 3 NA NA
Scopolamines NA 7 5 NA NA
Ondansetron and 2.5 4 6 4
dexamethasone
*Metabolite is activate component.
*Propofol versus sevoflurane for induction of anesthesia.
$Transdermal patch.
TPediatric results.
are indicated. Granisetron and promethazine Pharmacodynamics
have been suggested to be more effective in  Pharmacodynamics  are  mediated by

this setting [28,29].

Chemical properties
Ondansetron (2, 3-dihydro-9-methyl- 3-[(2-
methylimidazol-1-yl)methyl] carbazol-4) is a
competitive antagonist of induced 5-HTj;
receptor depolarization. It has the chemical
formula C,gH,yN;O (Figure 1) and a molecular
weight of 325.9. R- and S-isomers are approx-
imately equipotent with pKB values ranging
from 8.0 to 8.7 (30]. Ondansetron has a bioa-
vailability of 60-90%, depending on commer-
which include tablet,
syrup, suppository and
intravenous preparations.

cial formulations,

dissolving wafer,

Figure 1. Serotonin and ondanestron.
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drug—receptor and receptor—cell interactions.
Theoretically, activation of 5-HT; serotonin
receptors leads to the opening of Na* channels,
which in turn results in further release of serot-
onin and activation of afferent neurons [31].
Blockade of these receptors will prevent direct
and indirect stimulation of vagal structures,
brain stem nuclei and the CTZ, decreasing
stimulation of the vomiting centers. Structural
difference in known 5-HTj receptor antago-
nists may give rise to differences in receptor
affinity and specificity. Ondansetron binds to
several types of serotonin receptors, although its
affinity to 5-HT; is 250-500-times greater.
The relative looser binding by ondansetron may
be the reason why repeat treatment for break-
through vomiting with ondansetron is unsuc-
with
granisetron is successful in establishing control

cessful, while crossover treatment

of vomiting.

Pharmacokinetics & metabolism

The pharmacokinetics of ondansetron are
summarized in Table 2 [32-34]. Hepatic oxidation
via the cytochrome P450 system accounts for
95% of drug metabolism. The major metabo-
lites are 7-hydroxy and 8-hydroxyondansetron,
which appear to have little pharmacodynamic
activity when compared with the parent drug.
Excretion of metabolites in humans is almost
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Table 2. Ondansetron pharmacokinetics by age groups.

Parameter

Cl (Mh/kg)
Vp (Ikg)
ty, (h)

Preschool School age Adult Older adult Aged adult
3-7 years 7-12 years 18-60 years 61-74 years 75-82 years
0.5 0.40 0.35 0.28 0.21
1.7 1.61 1.81 1.94 1.71
2.6 3.10 3.50 4.50 5.50

Cl: Clearance; t,,: Half life; V,: Volume of distribution.

Data from [33-35].
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exclusively renal. Metabolism of ondansetron
tends be slower in females and older patients,
accounting for slightly longer elimination
times but minimal clinical affect. In patients
with severe hepatic insufficiency, clearance
decreases and half-life increases.

Metabolism of ondansetron can also be
altered by medications that induce or inhibit
the cytochrome P450 system. Cytochrome
2D6 enzyme (CYP2DO6) is inhibited by the
following medications: amiodarone, bupro-
pion, chlorpheniramine, cimetidine, doxoru-
bicin, methadone, ranitidine,
ritonavir and selective serotonin reuptake
inhibitors, and is induced by dexamethasone
and rifampin. Several pharmacogenetic studies

quinidine,

have revealed a patient subpopulation that rap-
idly metabolism ondansetron, negating its
antiemetic action [35-37]. Ultrarapid metaboliz-
ers have been shown to have an increased
number of the alleles that code for CYP2D6.
Patients with three or more copies of the
CYP2D6 allele experience treatment failure
with ondansetron.

Animal studies

Preclinical safety studies conducted in rats and
dogs using ondansetron doses 30—100-times
those used in humans demonstrated no end-
organ toxicity. Only at near lethal doses did
animals developed neurological signs, such as
sedation, ataxia and seizures (38]. Subsequent
evaluations including multiple dosing, repro-
ductive, oncogenicity and allergy studies have
confirmed the excellent safety profile of
ondansetron [39].

Stables and colleagues reported the efficacy
of ondansetron in reducing the incidence of cis-
platin-induced vomiting in ferrets [40]. Based on
the evidence that cisplatin selectively increases
the levels of 5-HT and 5-hydroxyindoleacetic
acid (5-HIAA) in the small intestine, they con-
cluded that ondansetron selectively blocks
5-HT; receptors on vagal afferents. Further

investigations demonstrated the efficacy of
ondansetron in reducing emesis in ferrets, dogs
and rats exposed to other emetogenic agents,
including  cyclophosphamide, doxorubicin,
radiation and morphine (41]. [z vitro, ondanset-
ron has been shown to interact with serotonin
receptors found in the rat vagus nerve and supe-
rior cervical ganglion and in the guinea pig
ileum longitudinal smooth muscle [42].

Clinical efficacy &

postmarketing surveillance

Phase I and II trials for ondansetron were per-
formed in populations at risk of nausea and
vomiting secondary to treatment with eme-
togenic antineoplastic medications. Since
establishing the dose, effectiveness and safety
profile of ondansetron in this setting, 90 rand-
omized clinical trials and eight meta-analyses
have examined ondansetron efficacy in reduc-
ing and treating PONV [20,24,29.43-47]. Clinical
studies, which initially focused on the early
phase of PONV, have now extended their
focus to include patient data regarding delayed
PONV. The safety and efficacy of ondansetron
in infants aged 1-24 months has confirmed
recently [48]. The effectiveness of ondansetron
against nausea and delayed vomiting is
enhanced, in high-risk patients and surgical
procedures, when combined with long-acting
corticosteroids

Safety & tolerability

Adverse drug events associated with ondanset-
ron compared with antiemetics (Table 3) are rare
and, when reported, mild and transitory. Head-
aches are the most common side effect of
ondansetron. Rare complications include con-
stipation, diarrhea, fever, tremors, dizziness,
nervousness and thirst. Ondansetron, as with
droperidol, has been shown to cause prolonga-
tion of electrocardiographic intervals. Pro-
longed QT segments may arise from alteration in
cardiac muscle Na* and K* channels secondary

Therapy (2006) 3(5)
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Table 3. Antiemetic medications — adverse events, cost and half life.

Medication Adverse drug events Cost (US$/dose) t, (h)

Common/infrequent

(perioperative use)
Ondansetron Headache/dizziness 12.00 3-5
Dolasetron Headache/dizziness 25.00 6
Granisetron Headache/dizziness 50.00 7
Dexamethasone Euphoria, dysphoria 0.50 36-56
Dimenhydrinate Sedation, Dizziness 0.50 1-4
Droperidol Sedation, Dysphoria,/eps 1.50 1-2
Metoclopramide Sedation, EPS/dizziness 2.00 3-6
Promethazine Sedation, YBP/dizziness, dry mouth  4.00 9-16
Propofol Sedation, {BP 10.00 2-4
Scopolamine Dry mouth, blurred vision/dysphoria ~ 3.00 Patch

JBP: Hypotension; EPS: Extrapyramidal symptoms; t,,: Half-life.

Data from [22,103].

to blockade in serotonin receptors [49-51]. The

clinical significance of these changes is

unclear [52].

Regulatory affairs

Ondansetron first received US FDA approval in
1991 for the treatment of chemotherapy-
1997,
approval was extend to children aged 2-12

induced nausea and vomiting. In

years and in 2005 to children aged as young as
6 months. Ondansetron is the only 5-HTj;
antagonist approved for use in infants. On
November 18, 2005, the FDA approved a
generic formulation of ondansetron oral disin-
tegrating tablets but later rescinded this action
when the US District Court for the District of
New Jersey found the medication patent was
still active. The patent on ondansetron is set to
expire on June 24, 2006. On December 15,
2005, February 24, 2006 and April 14, 2006,
the FDA granted tentative approval for generic
formulations of ondansetron [101]. The antici-
pated decrease in drug cost should allow for a
wider range of clinical application.

In 2004, sales of ondansetron were
US$1.2 billion in the USA and US$1.6 billion
(£837 million) worldwide [102]. Ondansetron was
the 42nd top-selling prescribed drug in the USA,
a remarkable statistic in light of the fact that most
of the other top-selling drugs were daily at-home
medications. Owing to the relative expense of
ondansetron compared with older antiemetics,
investigators have compared the financial reward
and burden of its prophylactic use [53-56). Taking
into account efficacy, antiemetic acquisition cost,
duration of action, rescue medication costs,

recovery room stay charges and hospital staff
labor and

conclusions have been reached:

salaries, several economic-based

* Antiemetic prophylaxis for PONV is only jus-
tified in moderate- to high-risk patients;

* ‘Older and less expensive antiemetics are
more cost effective;

* The major expense incurred secondary to
PONYV is recovery room charges and staff
salary;

* Datient satisfaction and willingness to bear the
expense for PONV prophylaxis is difficult to
quantify and measure consistently.

Conclusion

The introduction of 5-HT; receptor antago-
nists, in general, and ondansetron in particular,
has revolutionized the prevention of PONV.
Ondansetron has been studied extensively over
the past 10 years across all age groups and in a
multitude of settings. It has been shown to be
extremely effective and superior to other availa-
ble antiemetics by significantly reducing the
incidence of early postoperative vomiting in
high-risk populations. Side effects are infrequent
and rarely problematic. Concomitant use of
intraoperative corticosteroids greatly enhances
effectiveness of ondansetron in preventing early
nausea and delayed PONV. The remarkable suc-
cess of 5-HT}; receptor antagonists in reducing
the incidence of PONV has dramatically
changed patient outcome. A reduction in the
acquisition cost secondary to the availability of a
generic form of ondansetron may result in an
even use in this setting.
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Outlook

Three broad areas of ongoing study offer the
possibility for an extensive reduction in the inci-
dence of postoperative nausea and vomiting:
pharmacogenetics, selective receptor therapy and
nonpharmacologic interventions. Identification
of genetic differences among patients that lead to
treatment failures or greater susceptibility for
PONV will, in the future, enable physicians to
specifically select anesthetics and antiemetics tai-
lored to their patient’s genetic make up. The
identification of patiens with multiple alleles for
CYP2DG6 is only the beginning. Greater under-
standing of the different receptors and their
interactions in the nausea—vomiting pathway
will help design multidrug modalities that will
help patients avoid PONV successfully. For

example, initial experience with the NK; recep-
tor antagonist aprepitant suggests an additive or
synergic action with ondansetron (57,58]. The
ability to selectively block receptors and path-
ways will enable practitioners to fine-tune
antiemetic therapy. An approach that blocks spe-
cific receptors being stimulated by specific eme-
togenic substances may result in superior
management. Nonpharmacological approaches,
including acupuncture, acupressure and acus-
timulation, have shown great promise in adults.
(59-611 These new approaches (genetic analyses,
selective receptor blockade and complementary
medicine treatments), along with continued
refinement of anesthetics [62] and intraoperative
management, offer great hope to banish PONV

to oblivion.

Highlights

¢ Postoperative nausea and vomiting (PONV) continues to be a major concern for patients and
healthcare providers.

¢ Serotonin subtype 5-hydroxytryptamine (5-HT)3 receptor antagonists have dramatically improved
patient outcome.

¢ Ondansetron, extensively studied in pediatric and adult patients, has an excellent therapeutic index for
early postoperative vomiting.

¢ Combination therapy, specifically with long-acting corticosteroids, is effective in reducing the
incidence of nausea and delayed vomiting.

e From a cost-effective prospective, 5-HT3 receptors should be reserved for patients at moderate to high
risk of PONV.

¢ Generic formulations of ondansetron have received approval by the US FDA.
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