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Abstract

Background: The incidence of postoperative nausea and vomiting (PONV) is 50% to 80% after neurosurgery. The
common prophylactic treatment for postoperative nausea and vomiting is a triple therapy of droperidol,
promethazine and dexamethasone. Newer, more effectives methods of prophylaxis are being investigated. We
designed this prospective, double-blind, single-center study to compare the efficacy of ondansetron, a neurokinin-1
antagonist, and aprepitant, as a substitute for droperidol, in the prophylactic treatment of postoperative nausea and
vomiting after neurosurgery.

Methods: After obtaining institutional review board approval; 176 patients, 18 to 85 years of age with American
Society of Anesthesiologists (ASA) classifications I to III, who did not receive antiemetics 24 h before surgery and
were expected to undergo general anesthesia for neurosurgery lasting longer than 2 h were included in this study.
After meeting the inclusion and exclusion criteria and providing written informed consent, patients were randomly
assigned in a 1:1 ratio to one of two treatment groups: aprepitant or ondansetron. The objective of this study was
to conduct a randomized, double-blind, double-dummy, parallel-group and single-center trial to compare and
evaluate the efficacies of aprepitant versus ondansetron. Patients received oral aprepitant 40 mg OR oral dummy
pill within 2 h prior to induction. At induction, a combination of intravenous dexamethasone 10 mg, promethazine
25 mg, and ondansetron 4 mg OR dummy injection was administered. Therefore, all patients received one dummy
treatment and three active PONV prophylactic medications: dexamethasone 10 mg, promethazine 25 mg, and
either aprepitant 40 mg OR ondansetron 4 mg infusion. The primary outcome measures were the episodes and
severity of nausea and vomiting; administration of rescue antiemetic; and opioid consumption for 120 h
postoperatively. Standard safety assessments included adverse event reports, physical and laboratory data,
awakening time and duration of recovery from anesthesia.

Discussion: The results of this comparative study could potentially identify an improved treatment regimen that
may decrease the incidence and severity of postoperative nausea and vomiting in patients undergoing
neurosurgery. Also, this will serve to enhance patient recovery and overall satisfaction of neurosurgical patients in
the immediate postoperative period.

Trial registration: Registered at The Ohio State University Biomedical Sciences Institutional Review Board: Protocol
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Background
The overall incidence of postoperative nausea and
vomiting (PONV) is around 30% and as great as 70% to
80% in high-risk individuals [1]. For patients undergoing
neurosurgery the PONV incidence is about 50% to 80%.
Indicators for increased risk of PONV with craniotomy
surgery includes: infratentorial lesion, female gender and
children older than 2 years of age [2]. Although PONV
is rarely fatal, it does increase morbidity by threatening
wound dehiscence, hematoma formation, aspiration,
esophageal rupture, dehydration, and increases in intrao-
cular and intracranial pressures due to acute blood pres-
sure elevations [1]. In addition, patients in the early
postoperative period after craniotomy surgery experien-
cing hypertension have an increased mortality if they de-
velop intracranial hemorrhage [3]. Multiple willingness
to pay studies have shown that patients desire most to
avoid pain and nausea or vomiting, and this has over-
ridden even the fear of a catastrophic anesthetic out-
come [4,5]. Research shows patients are willing to pay
$100 out of pocket to prevent nausea and vomiting [6].
Therefore, PONV results in patient discomfort and dis-
satisfaction, the need for a larger nurse-to-patient ratio,
increased post-anesthesia care unit (PACU) times, unin-
tended admissions, extended postoperative stays and
increased overall healthcare costs [1].
PONV risk can be predicted from three characteristics:

the patient, the procedure and the pharmacotherapy/
anesthesia technique. The patient qualities that increase
PONV risk are: female gender (after puberty), younger
age (which tapers after puberty), non-smoking status,
obesity, anxiety, and a history of PONV/motion sickness
[1]. Length of surgery increases the incidence by approxi-
mately 60% from baseline for each 30 minutes of opera-
tive time [1]. Surgical procedures that increase risk
include: plastic surgery/breast augmentation, middle ear,
tonsillectomy, strabismus, laparoscopic, gynecological,
and neurosurgery (particularly infratentorial cranioto-
mies) [1,2]. Anesthesia techniques can augment PONV
outcomes. General anesthesia increases risk of PONV
11-fold compared with regional anesthesia [1]. Likewise,
less PONV is associated with awake craniotomy com-
pared to general anesthesia [7]. Induction and mainten-
ance of anesthesia with propofol and/or avoiding
inhalational anesthetics reduces PONV. Presurgical hy-
dration with 15 to 20 ml/kg of crystalloid can reduce
the incidence of PONV. Neuromuscular reversal with
neostigmine, especially in doses greater than 2.5 mg
can cause PONV. Avoiding opioids and using alterna-
tive modalities for analgesia (that is, non-steroidal anti-
inflammatory drugs (NSAIDs) such as acetaminophen
and ibuprofen) can reduce the risk of PONV. Oxygen
supplementation during the intraoperative period can
cut the risk of PONV by half [1]. A PONV risk factor
chart was developed by Apfel et al. in 1999, identifying
four main risks: female gender, non-smoker, history of
PONV, and the use of perioperative opioids [8]. The
presence of zero, one, two, three, or four of these risk
factors equates to 10%, 20%, 40%, 60%, and 80% risk of
PONV, respectively [8]. The general consensus is to
prophylactically treat those patients with moderate to
high risk for PONV [9].
Despite these findings, PONV is still a common

complication of anesthesia and the number one cause
of unanticipated admission after surgery [1,10]. Emesis
pathophysiology is multifactorial, incited by drugs, en-
vironment, radiation and disease states [11,12]. The act
of vomiting is controlled by multiple areas within the
central nervous system (CNS), including the medulla,
vestibular apparatus, and cerebral cortex [12]. The me-
dulla contains the area postrema (AP), the dorsal motor
nucleus of the vagus, and the nucleus tractussolitarius
(NTS), collectively referred to as the ‘emesis center’.
Additionally, the vestibular apparatus feeds auditory
stimuli and positional changes into the vomiting center,
while cortical structures allow emotions, tastes, sights
and smells to play a role [11]. Numerous signals must
arrive at the emesis center in an appropriate sequence
to stimulate emesis [12]. When these stimuli converge,
outputs activate the lower esophageal sphincter (LES)
and stomach, sympathetic ganglia, respiration, swallow-
ing, and baroreceptors. The resulting sensation of nau-
sea is thought to originate in the cerebral cortex.
Vomiting is a complex process that empties the gastro-
intestinal tract by retrograde phasic contractions [12].
At least 17 neurotransmitters have been detected in the
AP and NTS.
Specific receptors including opioid, dopamine, hista-

mine, cannabinoid, serotonin, acetylcholine, and neuro-
kinin 1 (NK-1) are associated with the vomiting reflex
[12]. Therapeutic options have been aimed at blocking
or augmenting many of these receptors. The first class
of antiemetics is dopamine antagonists of which meto-
clopramide and droperidol are examples. Metoclopra-
mide (Reglan), a prokinetic agent that increases muscle
tone of the lower esophagus sphincter and enhance gas-
tric emptying, is likely to cause nervous system side
effects such as jitteriness, insomnia, sedation, or anxiety
with large doses. Droperidol, a very effective antiemetic,
received a US Food and Drug Administration (FDA)
‘black box’ warning due to potential life threatening
arrhythmias and clinically relevant prolongation of the
QTc interval at high doses [1,13]. Antihistamines (that
is, promethazine, cycline, hydroxyzine, and diphenhydra-
mine) block histamine receptors in the vomiting center,
but frequently cause sedation and dry mouth. Anti-
cholinergic scopolamine patches have the ability to pre-
vent emesis for up to 72 h, but frequently cause
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sedation, blurred vision, dry mouth and confusion [6,14].
Serotonin antagonists (that is, ondansetron, dolasetron,
and granisetron) are most effective when given towards
the end of surgery, though rare side effects include head-
ache, constipation and increased liver enzymes [1,14].
The anti-inflammatory agent dexamethasone a synthetic
adrenocortical steroid, used prophylactically before the
induction of anesthesia appears to be an effective antie-
metic. Side effects similar to chronic steroid use, adrenal
insufficiency and immunosuppression, have not been
associated with a single dose [1,15].
For those patients at moderate to high risk, combin-

ation therapy has shown to be more efficacious for
PONV prophylaxis. A common triple therapy regimen
includes droperidol, promethazine, and dexamethasone,
which allows smaller doses to be as effective when dosed
together [1]. Triple therapy practice was affected by the
increased warnings and contraindications for droperidol
issued by the FDA. Droperidol is not currently recom-
mended or used in standard combination therapy for
PONV. Furthermore, PONV can occur up to 5 days after
surgery, and most antiemetic therapy would need fre-
quent redosing [14].
A future approach to preventing PONV is blockade

of substance P and NK-1 receptors. Substance P, named
for the powdered product discovered by Gaddum and
Schild, has been studied since the early 1900s [16].
Current research has established substance P as a
prominent neurotransmitter released from both the
CNS and the peripheral nervous system (PNS) afferent
neurons. Substance P interacts with NK receptors,
which are rhodopsin-like structures coupled to G-pro-
teins. This interaction of neurotransmitter and receptor
is involved in many disease processes including: asthma,
chronic bronchitis, inflammatory bowel disease, cystitis,
migraines, seizures, pain, depression, and emesis [16].
Substance P activity occurs at primary sensory neurons
in the PNS, and produces an inflammatory reaction re-
ferred to as neurogenic inflammation.
More recent research is targeting the relationship be-

tween substance P and the CNS. Animal studies demon-
strated that application of substance P to the emesis
center induced vomiting. Substance P is likely involved
in decreasing gastric pressures, slowing antral motility
and relaxing the LES, all involved in the act of regurgita-
tion [12]. Few human trials exist examining NK-1
antagonists in the prevention of PONV, showing a
decreased incidence. Of further interest, the NK-1 antag-
onist aprepitant may have antiemetic effects as far out
from surgery as 48 h, important with post-discharge
nausea and vomiting and opioid induced emesis [14,17].
The FDA-approved aprepitant, an oral NK-1 antagonist,
for treatment and prevention of cisplatin-induced nausea
and vomiting.
Methods
We conducted a randomized, double-blind, double-
dummy, parallel-group, single-center study of high risk
for PONV patients to investigate the administration of
triple antiemetic prophylactic therapy. The objective of
this study was to compare and evaluate the efficacies of
aprepitant versus ondansetron for prophylactic combin-
ation therapy in preventing nausea and vomiting in
neurosurgery patients. The safety of the two triple ther-
apies in these patients was also assessed.
The standard PONV prophylaxis regimen for high-risk

patients at Ohio State University Medical Center
(OSUMC) consists of dexamethasone, promethazine,
and ondansetron. In this study, we used a double-
dummy design to substitute aprepitant for ondansetron
in a 1:1 ratio to determine the relative efficacies of these
two drugs in combination therapy. The study groups
were compared for the number of patients that develop
PONV, the number and total dose of rescue from PONV
medications given postoperatively, and patient satisfac-
tion with their treatment. We hypothesized a signifi-
cantly greater percentage of neurosurgery patients will
experience no vomiting during the immediate 48-h post-
operative period in the prophylactic aprepitant triple
therapy group.
Adult patients, 18 to 85 years of age, scheduled for

neurosurgery requiring opening of the cranium and dura
at OSUMC and who consent in writing to participate in
this study were eligible. Patients who were (1) prisoners,
(2) pregnant women, (3) mentally ill, (4) under the age
of 18 or over the age of 85, (5) graded as American Soci-
ety of Anesthesiologists (ASA) classification V (6) alco-
hol or drug abusers or (7) had a cerebral perfusion
pressure (CPP) greater than 150 mmHg or less than
50 mmHg were excluded from this study.
After receiving approval from The Ohio State Univer-

sity institutional review board, 176 consecutive patients
who meet the inclusion and exclusion criteria and who
give written informed consent to participate in the study
were randomly assigned by the research pharmacist to 1
of 2 experimental groups using a 1:1 ratio. All study
personnel were blinded to group assignment. Patients in
group I received 25 mg promethazine intravenously,
10 mg dexamethasone intravenously, 4 mg ondansetron
intravenously, and an inactive oral dummy pill. Patients
in group II received 25 mg promethazine intravenously,
10 mg dexamethasone intravenously, 40 mg aprepitant
orally, and an inactive dummy intravenous injection.
Thus, all patients received 25 mg promethazine and
10 mg dexamethasone. Because this is a double-blind,
double-dummy study and ondansetron was given intra-
venously whereas aprepitant was given orally, it was ne-
cessary to give patients an oral or intravenous placebo,
depending on their group assignment, for uniformity



Table 2 Demographic and preoperative data

Demographic data Preoperative data

Gender Systolic, diastolic and median
blood pressure

Age Electrocardiography (ECG) recording

History of postoperative nausea
and vomiting (PONV)

Anesthesia modality

Surgery Renal function

Smoking history Hepatic function

Race Cerebral perfusion pressure (CPP)

Motion sickness history

Past reactions to the study drugs
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and to maintain the double-blindedness. This study does
not contain a placebo arm, though dummy treatment
using placebo was necessary due to the different routes
of medications. Therefore, each patient received the
three drugs in the PONV prophylactic triple cocktail,
plus an intravenous or oral dummy treatment prior to
induction of anesthesia (Table 1). Funding for these
medications was provided internally, through the De-
partment of Anesthesiology.and preoperative data about
each patient in the two groups were recorded (Table 2).
The duration of each surgery (anesthesia time) will be
recorded for each patient. Patients were continuously
monitored in the PACU, surgical intensive care unit
(SICU) and the medical floor for a total of 120 h post-
operatively. Episodes of nausea, vomiting and adminis-
tration of rescue therapy for either nausea or vomiting
were recorded and time stamped by blinded personnel.
In addition, the severity of the nausea or vomiting was
recorded. Nausea will be reported by the patient and
evaluated by the blinded personnel utilizing a standard
verbal response scale (VRS) ranging from 0 to 10, 0
being no nausea and 10 being severe nausea. Vomiting
will be evaluated numerically by the blinded personnel
as either 0, no vomiting, 1, mild vomiting, 2, moderate
vomiting, or 3, severe vomiting. Rescue therapy for
PONV episodes consisted of 4 mg ondansetron. After
the first 24 h of starting the triple therapy antiemetic, an
electrocardiogram (ECG) was recorded as well as blood
drawn for analysis.

Efficacy variables
Efficacy variables were collected based on previously
designed PONV studies [18,19]. The primary efficacy
variable is the percentage of patients with no vomiting
over 0 to 72 h postoperatively across the two treatment
groups.
The secondary efficacy variables are as follows: (1)

proportion of patients with a complete response during
delayed (24 to 120 h; days 2 to 5) and overall (0 to
120 h; days 1 to 5) after neurological surgery and general
anesthesia; (2) proportion of patients with complete con-
trol, defined as no emetic episode, no need for rescue
Table 1 Postoperative nausea and vomiting (PONV)
medications and administration

Group I Group II

Preoperative PONV medications:

4 mg ondansetron intravenously
+ placebo PO

40 mg aprepitant PO
+ intravenous placebo

25 mg Promethazine intravenous 25 mg Promethazine intravenous

10 mg dexamethasone intravenous 10 mg dexamethasone intravenous

Postoperative PONV rescue therapy:

Multiple 4 mg ondansetron Multiple 4 mg ondansetron
medication and no more than mild nausea overall (0 to
120 h; days 1 to 5) after neurological surgery and general
anesthesia; (3) assessment of the severity of nausea and
vomiting during acute (0 to 24 h), delayed (24 to 120 h)
and overall (0 to 120 h) intervals after neurological sur-
gery and general anesthesia; (4) assessment of the time
to treatment failure (defined as time to first emetic epi-
sode and/or to first use of rescue medication); (5) assess-
ment of the time to first emetic episode; (6) assessment
the time to significant nausea (defined as nausea rated
≥4 on a 0 to 10 verbal response scale or nausea that
required rescue therapy).
The incidence of any adverse reaction to treatment in

our two experimental groups was recorded. In the
ondansetron-treated patients (group I), all cardiovascu-
lar, gastrointestinal, hepatic, integumentary and neuro-
logic postoperative adverse events was recorded and
analyzed for cause. For instance, treatment-related diar-
rhea, headaches, fever, akathisia and acute dystonic reac-
tions was also recorded and analyzed. Similarly, in the
aprepitant patients (group II) all adverse events related
to the digestive, hemic, lymphatic, nervous, cardiovascu-
lar and respiratory systems was recorded and analyzed
for cause.
Statistical methods
From Gan et al. [18] who compared the use of aprepi-
tant 40 mg to ondansetron 4 mg in a similar PONV
study involving patients undergoing open abdominal
surgeries and an overnight hospitalization, 85% of the
patients experienced no vomiting to aprepitant treat-
ment and 67% to ondansetron treatment. For a two-
sided test to compare the two proportions at 0.05 signifi-
cance level, we need n= 88 per group to achieve 80%
power. We sought n = 100 subjects per group to account
for screening and attrition in the study.
The efficacy data was analyzed based on the intention-

to-treat principal. Demographic and other patient char-
acteristics for all randomized patients were reported by
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descriptive statistics, such as: mean, standard deviation,
and so on. Also, we examined the comparability of the
two treatment groups with respect to important pre-
operative factors. Logistic regression was used to test the
primary hypothesis with demographic characteristics as
potential covariates in the model. For the number of
rescue therapy treatments used during the 120-h post-
operative period, Wilcoxon rank sum test was per-
formed. For other secondary endpoints, the analysis
plan was similar to the one for the primary endpoint.
Standard safety assessments included adverse event
reports, physical and laboratory data, awakening time
and duration of recovery from anesthesia.

Discussion
This study could potentially identify an improved
prophylaxis for PONV for patients undergoing neurosur-
gery. This treatment will decrease the incidence and se-
verity of PONV and enhance the overall comfort and
satisfaction of neurosurgical patients in the immediate
postoperative period. We anticipate that this study
would have a moderate to high rate of screen failures
not only due to changes or lack of adherence to the
triple therapy, but due to changes in patients’ condition,
physician preferences, or intolerance to the medications.
Another issue is referred to the lack of adequate assess-
ments for postoperative nausea and vomiting due to
patients lost to follow-up.

Trial status
100 patients were enrolled for this study. Of the 100
patients, were 24 screening failures. Data collection for
the 76 eligible patients was completed and recorded.
Since this a double blind study, statistics and data ana-
lysis on this study need to be completed.
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