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The incidence of postoperative nausea and vomiting (PONV) is 30–50% after surgery. PONV occurs frequently, especially after
craniotomy. In this study, we investigated the preventive effects on PONV in a randomized study by comparing patients who
had been administered fosaprepitant, a neurokinin-1 (NK1) receptor antagonist, or ondansetron intravenously. Sixty-four patients
undergoing craniotomy were randomly allocated to receive fosaprepitant 150mg i.v. (NK1 group, n = 32) or ondansetron 4mg i.v.
(ONS group, n= 32) before anesthesia.The incidence of vomitingwas significantly less in theNK1 group, where 2 of 32 (6%) patients
experienced vomiting compared to 16 of 32 (50%) patients in the ONS group during the first 24 and 48 hours following surgery.
Additionally, the incidence of complete response (no vomiting and no rescue antiemetic use) was significantly higher in the NK1
group than in the ONS group, and was 66% versus 41%, respectively, during the first 24 hours, and 63% versus 38%, respectively,
during the first 48 hours. In patients undergoing craniotomy, fosaprepitant is more effective than ondansetron in increasing the
rate of complete response and decreasing the incidence of vomiting at 24 and 48 hours postoperatively.

1. Introduction

Postoperative nausea and vomiting (PONV) are distressing
and frequent adverse effects of anesthesia and surgery. The
overall incidence of vomiting is about 30%, while the inci-
dence of nausea is about 50%; in a subset of high-risk patients,
the PONV rate can be as great as 70% to 80% [1–4]. Even
in patients receiving prophylactic treatment for PONV such
as ondansetron, a selective 5-hydroxytryptamine type 3 (5-
HT3) receptor antagonist, the incidence of PONV in the
first operative day is 30% to 40% [2, 5, 6]. Furthermore,
craniotomy surgery leads to changes in intracranial pressure,
cerebral intravascular pressure, hemostasis, and cerebral
perfusion, resulting in an increased risk of PONV.

Aprepitant, a neurokinin-1 (NK1) receptor antagonist,
blockades the central effects of substance P. Substance P is

a neurotransmitter found in central areas associated with
emesis such as the dorsal vagal complex and area postrema
[7, 8]. Recently, we reported that the oral administration of
aprepitant effectively diminished the severity of nausea (0–
2 hours after surgery) and PONV (2–24 hours after surgery)
in laparoscopic gynecological procedures [9]. Fosaprepitant
is a new prodrug of aprepitant, which, when administered
intravenously, is rapidly converted to aprepitant by phos-
phatase enzymes [10]. Additionally, the superior efficacy of
fosaprepitant for the prevention of chemotherapy-induced
nausea and vomiting has been reported to be much longer
in duration than other antiemetics [11].

Thus, in this study, we investigated the preventive effects
of PONV in a randomized, double-blinded study by com-
paring the 48-hour postoperative outcomes of patients who
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had been administered fosaprepitant or ondansetron intra-
venously prior to craniotomy surgery.

2. Methods

This study was approved by the Human Research Ethics
Committee of theUniversity of Tokushima and registered in a
clinical trials database (UMIN000008621). Written informed
consent was obtained from all patients, and the study was
carried out in accordance with the principles outlined in the
Declaration of Helsinki.

Patients between the ages of 20 and 80 years with an ASA
physical status of I-II who were undergoing elective cran-
iotomy under general anesthesia were enrolled in this double-
blinded, randomized, controlled study between October 1,
2012, and February 5, 2014. The following exclusion criteria
were used for the study: an ASA status of III-IV, neuronal
disease, abnormal liver and/or renal function, and patients
receiving another antiemetic. All patients were questioned
about gender, history of PONV, motion sickness, and smok-
ing status.

The patients received allocations in a randomized,
double-blinded manner using a computer-generated distri-
bution (QuickCalcs, GraphPad Inc., La Jolla, CA, USA). To
ensure blinding among the investigators, the randomization
schedule was generated by a statistician whowas not involved
in the clinical study. On the day of surgery, patients were
randomized to 1 of 2 groups: the NK1 group received i.v.
fosaprepitant 150mg, while the ONS group received i.v.
ondansetron 4mg. The antiemetic was infused over 30min
before anesthesia induction, as indicated in the approved
prescribing information for the drugs.

Anesthesia was induced with 0.3 to 0.5𝜇g/kg/min of
remifentanil, 1 to 2mg/kg of propofol, and 0.8mg/kg rocuro-
nium to facilitate endotracheal intubation. Anesthesia was
maintained with propofol (TCI: 2.0–4.0𝜇g/mL) in an oxygen
and air mixture and 0.1 to 0.5 𝜇g/kg/min remifentanil, and
incremental doses of rocuronium were used as necessary for
muscle relaxation. Sugammadex 2mg/kgwas used formuscle
relaxation reversal at the end of surgery. A rescue antiemetic
(10mg metoclopramide) and/or analgesic was administered
at the patient’s request.

An anesthesiologist unaware of the patients’ randomiza-
tion collected the data.The incidence of nausea and vomiting,
use of rescue antiemetics, and severity of pain were evaluated
at 2, 24, and 48 hours after surgery. Patient pain was recorded
using a visual analog scale (VAS) pain score (0 = no pain
to 10 = the worst pain imaginable). All adverse events were
recorded during the first 48 hours postoperatively.

Statistical analyses were performed using Prism version
6.0 software (GraphPad Inc.). Data are expressed as the mean
± SD. Values of 𝑃 < 0.05 were considered statistically
significant. For the end points and exploratory analysis, a
𝜒
2 test was used for analyzing the cumulative incidence of

vomiting at each time point, incidence of nausea, use of
rescue antiemetics, and complete response (no vomiting and
no rescue) for 0 to 2 hours, 0 to 24 hours, and 0 to 48 hours
postoperatively. Mann-Whitney𝑈-tests were used to analyze

VAS pain scores during the same time periods. Kaplan-Meier
curves were generated for time to first vomiting during the
first 48 hours, and log-rank tests were used to compare
treatments.

A previous study reported that oral aprepitant was
superior to i.v. ondansetron for the prevention of vomiting,
but not for nausea, use of rescue antiemetics, or complete
response in the first 24 and 48 hours [12]. As a study
using i.v. fosaprepitant has not been previously reported, we
estimated the effect size prior to this trial as measured using
the same methods based on 10 participants per group to
detect a reduction in the incidence of vomiting in the i.v.
fosaprepitant group compared to that of the i.v. ondansetron
group. A power analysis performed using a test of equality
of 2 proportions suggested that 32 patients per group would
have an 80% power to detect a 30% absolute reduction in the
incidence of vomiting from40% in the i.v. ondansetron group
to 10% in the i.v. fosaprepitant group at 𝛼 = 0.05.

3. Results

Of 70 randomized patients, 68 received study medications
and 64 completed the trial: 32 in the NK1 group and 32 in
the ONS group (Figure 1). There was no difference in patient
demographics, risk factors for PONV, duration of surgery
and anesthesia, intraoperative opioid usage, or postoperative
analgesic consumption between the 2 groups (Table 1).

The incidence of PONV and vomiting, the complete
response rate, the need for rescue antiemetics, and VAS pain
scores were not significantly different between the 2 groups
during the first 2 postoperative hours (Table 2).

For the period from 0 to 24 hours, the percentage of
patients who experienced vomiting (6% versus 50%, 𝑃 <
0.001, odds ratio = 0.067, 95% confidence interval [CI] 0.014
to 0.327) and the complete response rate (66% versus 41%,
𝑃 = 0.045, odds ratio = 2.790, 95% CI 1.011 to 7.698) were
significantly different in the NK1 group compared to the
ONS group. However, there were no statistically significant
differences between the 2 groups in the incidence of PONV
or the need for rescue antiemetics during this time period
(Table 2). The incidence of vomiting and complete response
from 0 to 48 hours were similar to rates from 0 to 24 hours
(𝑃 < 0.05).

In the time-to-event analysis of first vomiting within
48 hours, 30 patients were censored at the 48-hour time
point. The Kaplan-Meier plot of time to vomiting is shown
in Figure 2. The patients in the NK1 group had a longer time
to vomiting than patients in the ONS group (𝑃 < 0.001 based
on a log-rank test).

4. Discussion

The main findings of the present study were that intra-
venously administered fosaprepitant can effectively decrease
vomiting after craniotomy. For the period between 0 and 2
hours, the number of patients with a complete response and
no vomiting did not differ between the groups. However,
the intravenously administered fosaprepitant group showed
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Figure 1: A CONSORT flow chart showing the flow of patients enrolled in the study.

a significantly higher complete response ratio and an effec-
tively lowered incidence of vomiting at the 24-hour and 48-
hour time points. These results suggest that an NK1 blockade
may be advantageous in suppressing vomiting and may be
beneficial if administered prior to this type of surgery.

Substance P is one of the neurotransmitters found in both
the central and peripheral nervous systems, and it is known
to bind to NK1 receptors. NK1 receptor antagonists also
work against both peripherally and centrally induced eme-
sis, although 5-HT3 receptor antagonists have questionable
efficacy against centrally induced emesis [13–16]. However,
the currently available antiemetics, including aprepitant, do
not provide complete protection, and the mechanisms of the
presentational effects of PONV are not fully understood.

AnNK1 antagonist has already been proven to be an effec-
tive treatment for the prevention of chemotherapy-induced
nausea and vomiting [17]. Our previous study provided
evidence that orally administered aprepitantwas also effective
in reducing the incidence of these symptoms after surgery
[9]. Diemunsch et al. [18–20] compared the antiemetic effects
of aprepitant and ondansetron. In their studies, aprepitant

was more effective in preventing PONV than ondansetron
[18] and aprepitant was significantly more effective than
ondansetron for the prevention of vomiting [19]. Gan et al.
[12] also determined that aprepitant and ondansetron were
similar in their effects on nausea reduction, but aprepitant
was more effective in the prevention of vomiting than
ondansetron in a study comparing the 2 drugs. Recently,
Vallejo et al. [21] reported that the addition of aprepitant to
ondansetron significantly decreased postoperative vomiting
rates and nausea severity for up to 48 hours postoperatively
in patients undergoing plastic surgery. However, the mecha-
nisms of action of intravenous NK1 receptor antagonists such
as fosaprepitant in preventing postoperative emesis are not
known.

In the present study, we demonstrated that intra-
venous fosaprepitant was significantly more effective than
ondansetron for the prevention of vomiting during both the
first 24 and 48 hours after craniotomy. Postoperative vomiting
was reduced by 6% in the NK1 group, and these episodes
occurred in the first 2 hours. These results are similar to
those of previous studies demonstrating a 90% reduction in
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Table 1: Patient demographics.

NK1 group ONS group
Patients 𝑛 = 32 𝑛 = 32

Age, years 62 ± 10 58 ± 14

Height, cm 158 ± 9 158 ± 6

Weight, kg 59 ± 11 62 ± 9

ASA physical state (𝑛), I/II 2/30 1/31
Risk factor

Tobacco use (𝑛) 2 4
History of motion
sickness/PONV (𝑛) 2 2

Women 17 21
Duration of anesthesia, min 460 ± 138 513 ± 166

Duration of surgery, min 366 ± 137 403 ± 197

Intraoperative remifentanil,
mg 6.8 ± 4.6 8.0 ± 4.3

Blood loss, mL 291 ± 372 303 ± 287

Fluid volume, mL 3259 ± 1341 3362 ± 1130

Analgesics used
postoperatively

Diclofenac sodium
(25mg sup) 5 4

Pentazocine (15mg i.v.) 1 1
Loxoprofen sodium
(60mg p.o.) 11 12

Dates are expressed as mean ± SD or number of patients.
NK1 group = i.v. fosaprepitant. ONS group = i.v. ondansetron.
PONV = postoperative nausea and vomiting.

vomiting with 40mg of aprepitant as shown by Gan et al.
[12] and an 84% reduction as shown by Diemunsch et al.
[19]. In addition, the incidence of PONV in our study was
38% in the NK1 group compared to 56% in the ONS group
during the first 48 hours (𝑃 = 0.13). In a similar study by
Gan et al. [12], there was an incidence of 50% with aprepitant
compared to 43% with ondansetron. When used in com-
bination, aprepitant and dexamethasone are more effective
than the combination of ondansetron and dexamethasone
in preventing vomiting after craniotomy [22]. However, no
difference was observed in the incidence of nausea between
the groups in the first 48 hours (69% versus 60%, resp.)
[22]. Taken together, we suggest that fosaprepitant is effective
in preventing postoperative vomiting and improved efficacy
was maintained over 48 hours, consistent with the short
half-life of ondansetron and longer duration of action of
fosaprepitant; however, fosaprepitant was not more effective
in preventing nausea than ondansetron.

Our study has some limitations. Adverse events associ-
ated with fosaprepitant and ondansetron are extremely rare
and generally minor. Headache and dizziness are the most
common known side effects of these drugs. However, in the
present study, we could not analyze the incidence of headache
and dizziness because of the neurosurgical postcraniotomy
status of the patients. One patient in the ONS group had
tobe excluded from the analysis because of an adverse event

Table 2: Postoperative values.

NK1 group,
𝑛 = 32

ONS group,
𝑛 = 32

0–2 hours
PONV 8 (25%) 12 (38%)
Complete response 23 (72%) 20 (63%)
Vomiting 2 (6%) 8 (25%)
Rescue antiemetic 6 8
VAS pain score 3 (0–5) 4 (0–6)

0–24 hours
PONV 11 (34%) 18 (56%)
Complete response 21 (66%)∗ 13 (41%)
Vomiting 2 (6%)∗ 16 (50%)
Rescue antiemetic 8 14
VAS pain score 3 (0–4.75) 3 (0–4)

0–48 hours
PONV 12 (38%) 18 (56%)
Complete response 20 (63%)∗ 12 (38%)
Vomiting 2 (6%)∗ 16 (50%)
Rescue antiemetic 10 14
VAS pain score 2 (0–3.75) 2 (0–2.75)

Dates are expressed as number of patients (percentile) or median (interquar-
tile range). NK1 group = i.v. fosaprepitant. ONS group = i.v. ondansetron.
PONV = postoperative nausea and vomiting. VAS pain score = visual analog
pain score (0 = no pain to 10 = the worst pain imaginable). ∗𝑃 < 0.05
compared to ONS group.
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Figure 2: Kaplan-Meier curves for the time to first vomiting during
the first 48 hours after surgery. NK1 group = i.v. fosaprepitant. ONS
group = i.v. ondansetron.

consistent with abnormal liver function, which was not
related to the study drug.

Another possible limitation is the dose and timing of the
administered drugs. Oral aprepitant doses of 125mg tended
to show a similar reduction in effects compared to oral doses
of 40mg, suggesting a plateau in response; the recommended
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and approved dose of oral aprepitant for PONV prophylaxis
is 40mg [12, 18]. The intravenously administered prodrug
fosaprepitant is converted to aprepitant within 30min: 115mg
i.v. fosaprepitant is equivalent to 125mg oral aprepitant [10].
However, the use of fosaprepitant in patients undergoing
neurosurgery has not been previously studied. In the current
study, the 150mg i.v. dose was selected, because it is well
tolerated and is within the range of previously evaluated
fosaprepitant doses [23–25]. Additionally, antiemetics have
been shown to bemore efficaciouswhen administered toward
the endof surgery rather than at anesthesia induction [26, 27].
Further study is needed to characterize the clinical profile
of fosaprepitant in other settings such as the treatment of
established nausea and vomiting in surgical patients and its
potential usefulness in combination with other antiemetics.

5. Conclusion

The present study suggests that fosaprepitant showed superi-
ority in complete response and was superior to ondansetron
in the prevention of vomiting during the periods 0–24 hours
and 0–48 hours after surgery, but no significant differences
were observed between fosaprepitant and ondansetron in
PONV, in the need for rescue antiemetics, or in the VAS pain
scores in patients that underwent craniotomy.

Conflict of Interests

Theauthors do not have any conflict of interests regarding the
content of the paper.

Acknowledgments

This work was supported by JSPS KAKENHI Grants nos.
24791598 and 25861378. This study was approved by the
Human Research Ethics Committee of the University of
Tokushima and registered in a clinical trials database
(UMIN000008621).

References
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[2] C. C. Apfel, E. Läärä, M. Koivuranta, C.-A. Greim, and N.
Roewer, “A simplified risk score for predicting postopera-
tive nausea and vomiting: conclusions from cross-validations
between two centers,”Anesthesiology, vol. 91, no. 3, pp. 693–700,
1999.

[3] D. R. Sinclair, F. Chung, and G. Mezei, “Can postoperative
nausea and vomiting be predicted?” Anesthesiology, vol. 91, no.
1, pp. 109–118, 1999.

[4] T. J. Gan, P. Diemunsch, A. S. Habib et al., “Consensus
guidelines for the management of postoperative nausea and
vomiting,” Anesthesia & Analgesia, vol. 118, no. 1, pp. 85–113,
2014.

[5] M. Rust and L. A. Cohen, “Single oral dose ondansetron in the
prevention of postoperative nausea and emesis,” Anaesthesia,
vol. 49, pp. 16–23, 1994.

[6] T. J. Gan, B. Ginsberg, A. P. Grant, and P. S. A. Glass,
“Double-blind, randomized comparison of ondansetron and
intraoperative propofol to prevent postoperative nausea and
vomiting,” Anesthesiology, vol. 85, no. 5, pp. 1036–1042, 1996.

[7] R. A. Leslie, “Neuroactive substances in the dorsal vagal
complex of the medulla oblongata: nucleus of the tractus
solitarius, area postrema, and dorsal motor nucleus of the
vagus,” Neurochemistry International, vol. 7, no. 2, pp. 191–211,
1985.

[8] C. Veyrat-Follet, R. Farinotti, and J. L. Palmer, “Physiology of
chemotherapy-induced emesis and antiemetic therapy. Predic-
tive models for evaluation of new compounds,” Drugs, vol. 53,
no. 2, pp. 206–234, 1997.

[9] N. Kakuta, Y. M. Tsutsumi, Y. T. Horikawa et al., “Neurokinin-
1 receptor antagonism, aprepitant, effectively diminishes post-
operative nausea and vomiting while increasing analgesic tol-
erance in laparoscopic gynecological procedures,” Journal of
Medical Investigation, vol. 58, no. 3-4, pp. 246–251, 2011.

[10] K. C. Lasseter, J. Gambale, D. Pharm et al., “Tolerability
of fosaprepitant and bioequivalency to aprepitant in healthy
subjects,” Journal of Clinical Pharmacology, vol. 47, no. 7, pp.
834–840, 2007.

[11] P. Langford and P. Chrisp, “Fosaprepitant and aprepitant: an
update of the evidence for their place in the prevention of
chemotherapy-induced nausea and vomiting,” Core Evidence,
vol. 5, pp. 77–90, 2010.

[12] T. J. Gan, C. C. Apfel, A. Kovac et al., “A randomized, double-
blind comparison of the NK1 antagonist, aprepitant, versus
ondansetron for the prevention of postoperative nausea and
vomiting,” Anesthesia and Analgesia, vol. 104, no. 5, pp. 1082–
1089, 2007.

[13] F. D. Tattersall, W. Rycroft, R. G. Hill, and R. J. Hargreaves,
“Enantioselective inhibition of ampomorphine-induced emesis
in the ferret by the neurokinin1 receptor antagonist CP-99,994,”
Neuropharmacology, vol. 33, no. 2, pp. 259–260, 1994.

[14] S. Gonsalves, J. Watson, and C. Ashton, “Broad spectrum
antiemetic effects of CP-122,721, a tachykinin NK1 receptor
antagonist, in ferrets,” European Journal of Pharmacology, vol.
305, no. 1–3, pp. 181–185, 1996.

[15] F. D. Tattersall, W. Rycroft, B. Francis et al., “Tachykinin NK1
receptor antagonists act centrally to inhibit emesis induced by
the chemotherapeutic agent cisplatin in ferrets,” Neuropharma-
cology, vol. 35, no. 8, pp. 1121–1129, 1996.

[16] F. D. Tattersall, W. Rycroft, M. Cumberbatch et al., “The
novel NK1 receptor antagonist MK-0869 (L-754,030) and its
water soluble phosphoryl prodrug, L-758,298, inhibit acute and
delayed cisplatin- induced emesis in ferrets,” Neuropharmacol-
ogy, vol. 39, no. 4, pp. 652–663, 2000.

[17] F. Roila, J. Herrstedt, M. Aapro et al., “Guideline update
for MASCC and ESMO in the prevention of chemotherapy-
and radiotherapy-induced nausea and vomiting: results of the
Perugia consensus conference,” Annals of Oncology, vol. 21, no.
5, pp. v232–v243, 2010.

[18] P. Diemunsch, C. Apfel, T. J. Gan et al., “Preventing postopera-
tive nausea and vomiting: post hoc analysis of pooled data from
two randomized active-controlled trials of aprepitant,” Current
Medical Research and Opinion, vol. 23, no. 10, pp. 2559–2565,
2007.

[19] P. Diemunsch, T. J. Gan, B. K. Philip et al., “Single-dose
aprepitant vs ondansetron for the prevention of postoperative
nausea and vomiting: a randomized, double-blindPhase III trial



6 BioMed Research International

in patients undergoing open abdominal surgery,”British Journal
of Anaesthesia, vol. 99, no. 2, pp. 202–211, 2007.

[20] P. Diemunsch, G. P. Joshi, and J.-F. Brichant, “Neurokinin-1
receptor antagonists in the prevention of postoperative nausea
and vomiting,” British Journal of Anaesthesia, vol. 103, no. 1, pp.
7–13, 2009.

[21] M. C. Vallejo, A. L. Phelps, J. W. Ibinson et al., “Aprepitant plus
ondansetron compared with ondansetron alone in reducing
postoperative nausea and vomiting in ambulatory patients
undergoing plastic surgery,” Plastic and Reconstructive Surgery,
vol. 129, no. 2, pp. 519–526, 2012.

[22] A. S. Habib, J. C. Keifer, C. O. Borel, W. D. White, and T.
J. Gan, “A comparison of the combination of aprepitant and
dexamethasone versus the combination of ondansetron and
dexamethasone for the prevention of postoperative nausea and
vomiting in patients undergoing craniotomy,” Anesthesia and
Analgesia, vol. 112, no. 4, pp. 813–818, 2011.

[23] S. Grunberg, D. Chua, A.Maru et al., “Single-dose fosaprepitant
for the prevention of chemotherapy-induced nausea and vomit-
ing associatedwith cisplatin therapy: randomized, double-blind
study protocol-EASE,” Journal of Clinical Oncology, vol. 29, no.
11, pp. 1495–1501, 2011.

[24] T. C. Marbury, P. L. Ngo, C. R. Shadle et al., “Pharmacokinetics
of oral dexamethasone andmidazolamwhen administeredwith
single-dose intravenous 150mg fosaprepitant in healthy adult
subjects,” Journal of Clinical Pharmacology, vol. 51, no. 12, pp.
1712–1720, 2011.

[25] H. Saito, H. Yoshizawa, K. Yoshimori et al., “Efficacy and safety
of single-dose fosaprepitant in the prevention of chemotherapy-
induced nausea and vomiting in patients receiving high-dose
cisplatin: a multicentre, randomised, double-blind, placebo-
controlled phase 3 trial,” Annals of Oncology, vol. 24, no. 4, pp.
1067–1073, 2013.

[26] R. Sun, K. W. Klein, and P. F. White, “The effect of timing
of ondansetron administration in outpatients undergoing oto-
laryngologic surgery,” Anesthesia and Analgesia, vol. 84, no. 2,
pp. 331–336, 1997.

[27] J. Tang, B. Wang, P. F. White, M. F. Watcha, J. Qi, and R. H.
Wender, “The effect of timing of ondansetron administration on
its efficacy, cost-effectiveness, and cost-benefit as a prophylactic
antiemetic in the ambulatory setting,” Anesthesia & Analgesia,
vol. 86, no. 2, pp. 274–282, 1998.


