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Abstract: One of the most common and distressing symptoms
after craniotomy is postoperative nausea and vomiting (PONV).
PONV could generate delayed postanesthesia care and hospitalization
discharge, lower patient satisfaction, and an increase in overall hos-
pitalization costs. The incidence of reported PONV after craniotomy
is 22% to 70% without prophylaxis, and a multimodal regimen of
medication has been recommended. We conducted a comprehensive
literature review of the clinical evidence related to PONV prevention
and management after craniotomy. All clinical trials in adult pop-
ulations relevant to PONV after craniotomy available in English
language and indexed in PubMed, Google Scholar and Cochrane
Library databases from January 1997 up to September 2018 were
retrieved using a combination of free-text words related to PONV in
craniotomy. After screening manuscripts identified in the initial
search, 23 clinical trials investigating systemic pharmacological inter-
vention versus placebo or active control in patients undergoing cra-
niotomy under general anesthesia met the criteria for inclusion in this
comprehensive narrative review. The pathophysiology and mecha-
nisms of PONV after craniotomy could be multifactorial in etiology.
Therefore, based on current evidence, PONV management after
craniotomy should focus on perioperative patient assessment, surgical,
and anesthesia-related risk factors and the selection of systemic
pharmacological considerations to reduce its incidence and compli-
cations. A multimodal regimen of medication targeting different
chemoreceptors in the vomiting center is recommended. Ondansetron
and dexamethasone, or their combination, are the most frequently
used and effective agents. Further randomized clinical trials com-
paring different regimens that significantly reduce the incidence of

PONV in craniotomy would provide relevant evidence-based data for
PONV management in this patient population.
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Around 41,000 craniotomies for the treatment of intra-
cranial neoplasm were performed in 2009 in the United

States.1 The advances in surgery, oncology, anesthesiology,
and critical care in neurology are remarkable; nonetheless the
morbidity and mortality (40% and 9%, respectively) after
craniotomy for tumor surgery remains high.1 One of the
most common and distressing symptoms after craniotomy is
postoperative nausea and vomiting (PONV).2–4 Both of these
conditions generate delayed postanesthesia care and hospi-
talization discharge associated with lower patient satisfaction
and an increase in overall cost of the procedure.2–4 According
to the latest Society of Ambulatory Anesthesia guidelines,
50% of the general population is affected by postoperative
nausea (PON), 30% by postoperative vomiting (POV) and up
to 80% of high-risk patients by PONV.5 In contrast, the in-
cidence of reported PONV after craniotomy is 22% to 70%
when prophylaxis is not administered.6–13 In addition, the
literature describes PONV after craniotomy varying in in-
cidence between 6% and 60% with prophylaxis.8–30

Several patient, surgical and anesthesia-related risk
factors influence the occurrence of PONV after craniot-
omy. The pathophysiology and mechanisms of PONV mani-
fests could, therefore, be multifactorial in etiology (Table 1).19,20

PONV can result in intravascular volume depletion, electrolyte
imbalance (hyponatremia, hypokalemia, hypochloremia, etc.),
airway complications (aspirations), venous hypertension,
wound dehiscence or hematoma, neurological deterioration
and acid-base disturbances.19,20,29,30 The sympathetic
preejection phase of the vomiting reflex is associated with
systemic hypertension.4 In addition, the ejection phase of
vomiting and retching can increase intra-abdominal (>100
mmHg) and thoracic pressures, leading to increased
intracranial pressure, intracranial hemorrhage, and/or cerebral
herniation.4,30,31 An abnormal swallow reflex and neurological
deterioration in this surgical population could intensify the risk
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for postvomiting aspiration.4 PONV in the craniotomy
population could be a specific sign of intracranial
hypertension associated with dislocation of normal brain
anatomy, particularly in the posterior fossa. Therefore, the
presence of PONV, delayed awakening and neurological
focalization (anisocoria and mydriasis) are indications to
perform an emergent computed tomography scan.1

Several neurosurgical and neuroanesthesia clinical trials
have been conducted to assess the safety and efficacy of dif-
ferent regimens to prevent and treat PONV.8,19,27–30 Various
modalities have been investigated, and the ideal regimen re-
quires further research. The use of multimodal approaches to
the prevention and management of PONV has been proposed
as a possible solution to this distressing event.

We conducted a comprehensive literature review of
the clinical evidence related to PONV in patients under-
going craniotomy and discuss possible avenues to reduce
its incidences in this patient cohort.

METHODS
The first article related to PONV after craniotomy was

published in 1997,14 so we searched for all clinical trials rele-
vant to PONV after craniotomy in adults available in the
English language and indexed in PubMed, Google Scholar
and Cochrane Library databases from January 1997 to Sep-
tember 2018. The search was performed using a combination
of medical subject headings and free-text words (“post-
operative nausea and vomiting (PONV),” “PONV” or “cra-
niotomy,” “anesthesia” or “craniotomy,” “prophylaxis or
PONV,” “infratentorial craniotomy” and “supratentorial cra-
niotomy”). Two independent authors screened all the articles
identified by the initial search and assessed them for eligibility,
that is, clinical trials published in English and conducted in an
adult population that underwent craniotomy where an antie-
metic medication was used to prevent or manage PONV.
Articles were excluded if they were abstract publications, case
reports or series of case reports or investigated a pediatric

population. Our final review of all databases was conducted on
September 28, 2018.

RESULTS
A total of 2450 articles discussing PONV after craniot-

omy in adults were identified in our initial search. After
duplications were removed, 1029 papers were excluded after
the title screen and another 141 after abstract screen. Then, all
manuscripts were organized according to relevance, selecting
only 300 for full-text review. A total of 277 of these manu-
scripts were excluded for the following reasons: pediatric pop-
ulation, case reports, series of case reports, non-English
language and noncraniotomy related. Following these ex-
clusions, 22 papers were identified as reliable full-text sources
pertinent to our clinical review (Fig. 132).

Anatomy and Physiology of PONV Mechanisms
The neuroanatomic areas that mediate emesis are the

vomiting center and chemoreceptor trigger zone. A significant
number of receptors and neurotransmitters are part of this
complex emetogenic pathway: dopamine type 2 (D-2), seroto-
nin type 3 (5-HT3), histamine type 1 (H1), muscarinic chol-
inergic type 1 and neurokinin type 1 (NK1).33,34 In addition,
low levels of mean arterial pressure during surgery may cause
intermittent hypoperfusion of the brainstem and vestibular
system, leading to the production of cytokines, histamine and
5-HT which may stimulate H1 and 5-HT receptors in the
chemoreceptor trigger zone.35,36 Low mean arterial pressure
may also decrease intestinal perfusion, promoting the release of
5-HT into the systemic circulation which further stimulates
5-HT receptors in the area postrema/chemoreceptor trigger
zone, favoring the occurrence of nausea and vomiting.35,37

Risk Factors for PONV
Different PONV risk factors are related to the in-

dividual patient, surgical procedure, and anesthesia technique.

Patient-related Factors
The Apfel Score38 identified 4 main risk factors for

PONV in patients undergoing general anesthesia; female sex,
history of motion sickness or PONV, nonsmoker status and
expected use of postoperative opioids. The incidence of PONV
increases by 10%, 20%, 40%, 60%, and 80% with 0, 1, 2, 3, or 4
risk factors, respectively.38 Recent publications accord with
these rates.5,39

Patient surveys studying PONV risk factors after
craniotomy concluded that female sex is the most relevant
risk factor in this surgical population.4 Additional risk
factors for PONV after craniotomy, such as duration of
surgery (> 60 min) or younger age have been studied in
predictive models with limited validation; individual patient-
associated risk factors may play a more important role in the
incidence of PONV.4 Lonjaret et al29 suggested that late
nausea and vomiting, mainly 72 hours after craniotomy, may
be related to intracranial hypertension rather than classic
PONV and should be further investigated.

TABLE 1. Postoperative Nausea and Vomiting (PONV) and
Studied Risk Factors Considerations
Risk Factors

Patient-related risk factors
Female sex
History of motion of sickness or PONV
Nonsmoker status
Younger age
Intracranial hypertension (for PONV after 72 h)
Spontaneous postoperative intracranial hypotension

Anesthesia-related risk factors
Duration of surgery> 60min
Higher postoperative analgesic requirements
Nontransphenoidal procedure
Use of volatile anesthetic agents
Neostigmine use (> 2.5 mg)

Surgery-related risk factors
Expected use of opioid medication
Nonuse of scalp blocks
Infratentorial surgery
Microvascular decompression surgery
Retrosigmoid vestibular schwannoma
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Surgery-related Factors
Different neurosurgical procedures and locations have

been described to have a greater or lesser influence
on the incidence of PONV.40 However, recent literature
suggests that the site of surgery alone has a minimal and
unclear predictive value for the development of PONV.4,40 In
1997, Fabling et al28 identified the infratentorial surgical site
as a potential risk factor for PONV, although a significant
impact has been associated only with nausea. Other PONV
risk factors in infratentorial procedures relate to the likely
longer duration of surgery and higher postoperative analgesic
requirements.4,41 Microvascular decompression and retro-
sigmoid vestibular schwannoma procedures have been linked
to a higher incidence of PONV, with this association being
attributed to the proximity of the surgical site to the vomiting
center, in the posterior fossa, vestibular and vagus nerves.42–44

In 2006, Flynn and Nemergut45 analyzed 877 patients
who underwent microscope-assisted transsphenoidal surgery
and reported a 7.5% incidence of PONV, suggesting a pro-
tective effect when compared with standard craniotomy
approaches. In contrast, Chowdhury et al46 reported an
overall 6.7% incidence of PONV when reviewing pituitary
surgery complications in 2014; the PONV rates were lower in
Cushing disease (4%—protective effect of excessive corticoids
production) and apoplexy (0%—high-doses of corticoids ad-
ministration for optic nerve protection).

A retrospective study published by Sato et al43 consid-
ered that spontaneous intracranial hypotension might be re-
sponsible for an increase in the incidence of nausea and
vomiting and that cerebrospinal fluid (CSF) reduction after

craniotomy might be associated with PONV. Supporting
this hypothesis, cerebrovascular surgery, procedures using
a lumbar catheter and transsphenoidal surgery with
complicated CSF leaks (all procedures associated with higher
volume of CSF removal) have been linked with a higher in-
cidence of PONV.43,45

Anesthesia-related Factors
Current evidence supports the influence of anesthetic

techniques on PONV incidence after craniotomies.5 However,
the variability of anesthesia regimens, inconsistent post-
operative follow-ups among several prospective clinical trials
and the limitation of retrospective studies for the reliability of
PONV assessments limit the possibility to determine the in-
fluence of anesthesia regimens on PONV with certainty.4

The use of volatile anesthetic agents during craniotomies
has been associated with a higher incidence of PONV when
compared with total intravenous anesthesia (TIVA).44,47 A
meta-analysis conducted by Chui et al47 showed that balanced
anesthesia with volatile agents (isoflurane, sevoflurane) was
associated with an increased incidence of PONV versus pro-
pofol-based TIVA in patients undergoing craniotomies. Also, a
25% reduction of PONV incidence has been reported when
propofol and air/oxygen are used during TIVA.5 The use of
neostigmine (>2.5mg) during anesthesia management may be
a contributing factor for PONV, although there is inconsistent
evidence between studies.5,48,49

Dexmedetomidine, a selective α-2-agonist, has been
used as a complementary analgesic medication during and
after craniotomies and has been associated with a
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reduction in the incidence of PONV.50,51 In an random-
ized controlled trial (RCT) including 80 patients under-
going craniotomy with sevoflurane-fentanyl anesthesia,
Peng et al51 found that the addition of dexmedetomidine
infusion was associated with fewer events requiring PONV
rescue medication within the first 90 minutes after surgery
compared with placebo (P=0.005). A further RCT con-
ducted by Gupta et al,50 including 50 patients that underwent
supratentorial craniotomy under general anesthesia with the
administration of intraoperative infusion of dexmedetomidine
or fentanyl, reported an 8% and 0% incidence of PONV in the
fentanyl and dexmedetomidine groups, respectively.50

Several studies have shown a considerable reduction
in PONV incidence when surgical procedures are performed
with awake craniotomy techniques rather than with general
anesthesia.6,52–54 In a 2002 study of 107 patients undergoing
craniotomy for tumor surgery under general anesthesia (n=57)
or with an awake technique (n=50), Manninen and Tan52

reported a lower incidence of nausea (4% vs. 23%; P=0.012)
and vomiting (0% vs. 11%; P=0.052) in patients having awake
craniotomy compared with those having general anesthesia,
respectively. Moreover, a retrospective study by Sinha et al6

reported a low (16%) incidence of PONV in 42 patients un-
dergoing awake craniotomy. In a retrospective study of 27
patients who underwent perirolandic glioma resection, Eseonu
et al53 reported an incidence of PONV of 11.1% in those who
had awake craniotomy compared with 61.3% in those having
general anesthesia.53 Furthermore, the adjunct of scalp blocks
to the anesthesia technique in supratentorial and infratentorial
craniotomies reduces pain, leading to lower opioid con-
sumption and lower PONV incidence for up to 72 hours.55–57

PONV Prophylaxis in Craniotomy Clinical Trials
Nausea and vomiting are the results of several complex

pathways involving the gut and the brain.57 For this reason, a
multimodal regimen of medication targeting different receptors
has been recommended by the latest Society of Ambulatory
Anesthesia guidelines for PONV management.5 According to
these guidelines, the effectiveness of ondansetron (5-HT3 an-
tagonist) or the combination of aprepitant (NK1 receptor an-
tagonist) and dexamethasone (glucocorticoid) to prevent POV
following craniotomy has been confirmed.

In this narrative review, we included studies conducted in
adult populations undergoing craniotomy with general anes-
thesia, with at least 1 intervention to prevent PONV. Intra-
operative PONV prophylaxis (before dura closure) was the
main intervention in 21 studies, whereas postoperative pro-
phylaxis was reported in 2 RCTs (Table 2). The first attempt to
publish evidence on PONVmanagement following craniotomy
was made by Sinha et al.14 The use of dexamethasone in
combination with P6 acupressure or D1-D2, 5-HT3, NK1, H1
and/or muscarinic receptors antagonists have been tested as
part of multimodal strategies to reduce the incidence of
PONV.6–30 On the basis of the prophylaxis comparison
regimen utilized to prevent PONV after craniotomy, we divi-
ded the articles included in this review into pharmaco-
logical7–23,25,26,58 and nonpharmacological interventions.9,24,59

Twenty trials of systemic pharmacological intervention versus
placebo or active control (1744 subjects) and 3 nonphar-

macological studies (294 subjects) were included. Most studies
assessed the incidence of PONV following craniotomy and
reported at least 24 to 48 hours follow-up. The most frequently
used medication in these trials (in 13 studies) was ondansetron.

5-HT3 receptor antagonists, alone or in combination,
have proven effectiveness for PONV prophylaxis/treatment in
several trials of craniotomy procedures.7–15,17–21,25,26 The lack
of sedative effects makes 5-HT3 antagonists the “gold-stand-
ard” drugs for PONV prophylaxis in craniotomies when
postoperative clinical neurological assessments are required.8,20

Two trials assessed postcraniotomy administration of
ondansetron versus placebo for PONV prophylaxis.11,16

Hartsell et al11 investigated the postoperative administration
of ondansetron (4mg) twice a day for up to 72 hours in
acoustic neuroma surgical patients receiving inhaled general
anesthesia and found that ondansetron was associated with a
lower incidence of POV at 24 hours compared with placebo
(57.1% vs. 81.3%, respectively). Conversely, Jellish et al16

compared the postoperative administration of morphine
alone, morphine plus ondansetron (30mg) and placebo using
the patient-controlled analgesia technique. The addition of
ondansetron did not reduce the incidence of PONV sig-
nificantly, and these authors concluded that the use of this
technique is not justifiable.

Four RCTs comparing ondansetron to placebo for
PONV management were identified. Sinha et al14 initially
proposed ondansetron (4 mg) as an ideal prophylactic
medication for preventing PONV postcraniotomy in a
study comparing ondansetron (4 mg) with placebo in pa-
tients undergoing infratentorial craniotomy under inhaled
anesthesia; ondansetron reduced the incidence of PONV
by 40% at 24 hours when compared with placebo (PONV
incidence 10% vs. 50%, respectively (P< 0.05). Another
RCT by Kathirvel et al15 compared the use of ondanse-
tron (4 mg) and placebo in patients undergoing supra-
tentorial craniotomy under inhaled anesthesia and found
that the incidence of POV at 24 hours was 11% in the
ondansetron group compared with 39% in the placebo
group (P= 0.01). A similar study comparing ondansetron
(4 mg) with placebo in patients scheduled to undergo su-
pratentorial surgery under inhaled anesthesia found an
incidence of POV at 24 hours of 23% and 46% (P< 0.05),
respectively.12 Last, Fabling et al8 conducted an RCT
comparing the efficacy of ondansetron versus placebo for
PONV prevention in 46 patients undergoing infratentorial
craniotomy under inhaled general anesthesia. In this study
a single dose of intravenous ondansetron (4 mg) at incision
closure was moderately effective in decreasing early
PONV when compared with placebo (17% vs. 22% 8 h
after surgery), without effect on delayed PONV incidence
after 48 hours.

Four RCTs tested the use of 5-HT3 receptor an-
tagonists versus placebo in craniotomy patients. Wang
et al9 reported that granisetron (3 mg) reduced the in-
cidence of PONV at 72 hours by 31% compared with
placebo in patients who underwent infratentorial surgery
under general anesthesia; the incidence of PONV was
25.7% and 57.1% (P< 0.01) in the granisetron and placebo
groups, respectively. Furthermore, in a 3-group RCT
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TABLE 2. Characteristics of PONV Prophylaxis Following Craniotomy Studies

References Study Design
Patient

Population
Anesthesia

Type N Intervention
Time of

Administration Dose Active/Control N/Groups Odds Ratio
Efficacy
Outcome

Sinha et al14 RCT Infratentorial
surgery

Inhaled 40 Pharmacological Intraoperative Ondansetron 4mg vs.
placebo

20/20 Not available 10%/50% of
PONV at 24 h

Fabling et al7 RCT Supratentorial
surgery

Inhaled 60 Pharmacological Intraoperative Ondansetron 4mg vs.
droperidol 0.625mg vs.

placebo

20/20/20 Not available 40%/40%/70% of
PONV at 48 h

Kathirvel
et al15

RCT Craniotomy Inhaled 152 Pharmacological Intraoperative Ondansetron 4mg vs.
placebo

78/74 Not available 11%/39% of POV
at 24 h

Wang et al9 RCT Supratentorial
surgery

Unknown 70 Pharmacological Intraoperative Granisetron 3mg vs.
placebo

35/35 Not available 25.7%/57.1% of
PONV at 72 h

Fabling et al8 RCT Infratentorial
surgery

Inhaled 46 Pharmacological Intraoperative Ondansetron 8mg vs.
placebo

23/23 OR: 3.24,
P= 0.366

40%/40% of
PON at 48 h

Madenoglu
et al10

RCT Supratentorial
surgery

Inhaled 60 Pharmacological Intraoperative Tropisetron 2 g vs. placebo 30/30 Not available 30%/46.7% of
PON and 26.7%/
60% of POV at

24 h
Hartsell
et al11

RCT Acoustic
Neuroma

Inhaled 60 Pharmacological Postoperative Ondansetron 8mg (oral)
bid vs. placebo

28/32 Not available 57.1%/81.3% of
POV at 24 h

Jellish et al16 RCT Skull base surgery Inhaled 120 Pharmacological Postoperative PCA placebo vs. PCA
morphine 5 mg/mL vs.
PCA morphine+30mg

ondansetron

40/40/40 Not available 28.6%/35.7%/
33.3% of PON at

24 h

Wig et al12 RCT Supratentorial
surgery

Inhaled 70 Pharmacological Intraoperative Ondansetron 4mg vs.
placebo

35/35 Not available 23%/46% of POV
at 24 h

Jain et al17 RCT Supratentorial
surgery

Inhaled 90 Pharmacological Intraoperative Ondansetron 4mg vs.
granisetron 1mg vs.

placebo

27/30/30 Not available 7.4%/6.6%/60%
of POV at 24 h
and 33.3%/

16.7%/53% of
PON at 24 h

Habib et al18 RCT Craniotomy Balanced 104 Pharmacological Intraoperative Aprepitant 40 mg (oral) vs.
ondansetron 4mg

51/53 Not available 16% vs. 38% of
POV at 48 h and
14% vs. 36% of
POV at 24 h

Tsutsumi
et al21

RCT Craniotomy TIVA 64 Pharmacological Intraoperative Fosaprepitant 150mg vs.
ondansetron 4mg

32/32 Vomiting:
OR= 0.067,
P< 0.001

Complete
response:

OR= 2.790,
P= 0.045

6%/50% of POV
at 24-48 h and

63%/38%
complete

response at 24 h

Gupta et al13 RCT Craniotomy Inhaled 75 Pharmacological Intraoperative Granisetron 1mg vs.
ondansetron 4mg vs.

placebo

25/25/25 Not available 4%/12%/56% of
PONV at 24 h
and 8%/12%/8%
of PONV at 48 h

Ryu et al20 RCT Craniotomy TIVA 160 Pharmacological Intraoperative Ondansetron 4mg vs.
ondansetron 8mg vs.
ramosetron 0.3 mg

55/54/51 Not available 59%/41%/14% of
PONV at 48 h

Bergese et al22 Prospective
single-arm

study

Craniotomy Balanced 36 Pharmacological Intraoperative Scopolamine patch 1.5 mg
+ondansetron 4mg

+dexamethasone 10mg

36 Not available 31% of PONV
at 24 h

Ha et al23 RCT Microvascular
decompression

Balanced 62 Pharmacological Intraoperative Ondansetron 8mg vs.
ramosetron 0.3 mg

31/31 Not available 51.6% of
PON at 48 h
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comparing the administration of ondansetron (4 mg),
granisetron (1 mg), and placebo in patients undergoing
supratentorial surgery, Jain et al17 concluded that on-
dansetron and granisetron are similarly effective at pre-
venting vomiting without reducing the incidence of
nausea; in this study the incidence of POV was 7.4%,
6.6%, and 60% in the ondansetron, granisetron, and pla-
cebo groups, respectively (P< 0.001). Conversely, a study
by Gupta et al13 in patients undergoing craniotomy with
inhaled anesthesia found that both granisetron (1 mg) and
ondansetron (4 mg) administered at dural closure provided
superior PONV prophylaxis than placebo; PONV rates
were 4%, 12%, and 56% in the granisetron, ondansetron,
and placebo groups, respectively (P< 0.05). Last, in an
RCT including patients undergoing supratentorial tumor
resections under inhaled general anesthesia and receiving
tropisetron (2 mg) or placebo at dural closure, Madenoglu
et al10 found a similar incidence of PON in the 2 groups
(30.0% in the tropisetron group versus 46.7% in the pla-
cebo group).

In addition, 2 RCTs investigated different regimens
of 5-HT3 receptor antagonists. Ha et al23 compared the
preventive antiemetic effects of ramosetron (0.3 mg) versus
ondansetron (8 mg)—two 5-HT3 receptor antagonists—
administered at dural closure after microvascular decom-
pression with retromastoid craniotomy under balanced
anesthesia. At 48 hours postcraniotomy, the overall
PONV occurrence was similar in the 2 groups; the in-
cidence of nausea was 87.1% and 93.6% and incidence of
vomiting 51.6% and 61.3% in the ramosetron and on-
dansetron groups, respectively. However, Ryu et al20

found that ramosetron was more effective (83%) than
ondansetron (37% and 59% for ondansetron 4 and 8mg,
respectively) in providing a complete PONV response at 0
to 48 hours after surgery; ramosetron decreased the in-
cidence of PONV (14% vs. 59% to 41%) and the need for
rescue medication when compared with ondansetron at
48 hours in patients undergoing craniotomy with TIVA.
In an observational study including 229 patients under-
going craniotomy with general anesthesia (inhaled anes-
thesia, balanced anesthesia or TIVA) and receiving
granisetron (1 mg) and/or dexamethasone (4 to 8 mg),
Latz et al19 reported a PONV incidence of 47% at 24 hours
postcraniotomy.

The prophylaxis efficacy of NK1 receptor antagonist
drugs was assessed in 3 RCTs, which demonstrated the
superiority of NK1 to 5-HT3 receptor antagonist drugs
for POV prevention following craniotomies, when ad-
ministered alone or as part of multimodal therapy. Habib
et al18 reported that the combination of oral aprepitant
(40 mg) and intravenous dexamethasone (10 mg) was more
effective in preventing POV than the combination of in-
travenous ondansetron (4 mg) and dexamethasone (10 mg)
during the first 48-hour postcraniotomy (16% vs. 38%,
respectively). Similarly, Tsutsumi et al21 found that fo-
saprepitant (150 mg) administration in patients under-
going craniotomies with TIVA reduced the incidence of
POV by 44% in the first 24 to 48 hours after surgery when
compared with ondansetron (4 mg). In addition, theB
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incidence of complete response 24-hour postcraniotomy
was higher in the fosaprepitant group (63%) compared
with the ondansetron group (38%). Atsuta et al58 dem-
onstrated that the incidence of vomiting 0 to 72 hours after
craniotomy was also significantly lower in patients re-
ceiving fosaprepitant (150 mg) immediately after induction
of anesthesia than in those receiving droperidol (1.25 mg)
at the end of surgery (12.8% and 38%, respectively).

Nonpharmacological interventions for PONV pre-
vention, such as transcutaneous electrical acupoint stim-
ulation at the P6 meridian points, can be effective adjuncts
to standard PONV prophylaxis medication in patients
undergoing craniotomy under general anesthesia.9,24,59,60

In a 2014 meta-analysis, including 3 RCTs incorporating 3
to 6 acupuncture points on the same side of the craniot-
omy, Asmussen at al61 reported a PONV incidence of
6.9% in the acupuncture groups versus 14.8% in control
groups (P= 0.017).

As previously noted, the mechanism of nausea and
vomiting is complex, involving receptors and pathways lo-
cated in the gut and brain.57 For this reason, a multimodal
regimen of medication targeting different receptors has been
recommended for the prevention of PONV in consensus
guidelines for the management of PONV.5 Three clinical
trials conducted by our group demonstrated an acceptable
incidence of PONV following craniotomies when a novel
triple therapy regimen was implemented.22,25,26 This multi-
modal regimen, which includes transdermal scopolamine
(1.5mg) administration before surgery and the combination
of ondansetron (4mg) and dexamethasone (10mg) at anes-
thesia induction, has proven to be effective in PONV pre-
vention (with an incidence of 33%) during the first 24 hours
postcraniotomy.22 When discussing the potential benefits of
transdermal scopolamine in reducing PONV incidence, we
should consider the risk:benefit ratio of its use in craniotomy
patients due to the potential for side effects (mydriasis
and sedation) which could limit postoperative neurological
evaluation and differential diagnosis of intracranial
hypertension.1,22,62 Furthermore, in a single-arm study using
a triple therapy of palonosetron (0.075mg), dexamethasone
(10mg), and promethazine (25mg) we reported a 30% in-
cidence of PON and 7.5% incidence of PONV after cra-
niotomy, without evidence of QT interval prolongation, a
common adverse effect associated with palonosetron use.25

Last, an RCT conducted by our group found that the
combination of intravenous promethazine (25mg) and dex-
amethasone (10mg) with oral aprepitant (40mg) had similar
efficacy in the prevention of PONV to intravenous prom-
ethazine (25mg), dexamethasone (10mg) and ondansetron
(4mg) (PONV rates of 31% and 36.2%, respectively).26 The
use of promethazine in the craniotomy population should
also be considered cautiously when immediate postoperative
neurological evaluation is required because of its potential
sedating effect.1,25 The results of the aforementioned trials
using triple therapy are consistent in reporting significantly
lower rates of PONV following craniotomy when compared
with previously published data.7–15,17–21,25,26

This comprehensive narrative literature review has
highlighted several limitations with published clinical

studies that impact efforts to create specific guidelines or
strategies to manage PONV. The diversity of study method-
ology, systemic pharmacological interventions, multipoint
electroacupunctures, and follow-up times restricted our review
from reaching a definitive conclusion. We identified several
factors that could influence a higher incidence of PONV after
craniotomy, but there are no comparable estimates among
all the reviewed clinical trials due to the variability of patient
population and regimens used.

CONCLUSIONS
The pathophysiology and mechanisms of postcra-

niotomy PONV are multifactorial in etiology and related
to factors associated with anatomic-physiological mecha-
nisms, patient populations, surgery type, and anesthesia
technique. The literature reports that infratentorial cra-
niotomies require a longer duration of surgery and higher
exposure to anesthetic drugs and analgesics, and con-
sequently are associated with higher rates of PONV. In
addition, anesthesia technique can play an important role
in reducing the incidence of PONV after craniotomy; there
is robust evidence of lower rates of PONV with TIVA or
awake craniotomy compared with inhalational anesthesia.
On the basis of current evidence, prevention and man-
agement of PONV after craniotomy should focus on
perioperative patient assessment, surgical, and anesthesia-
related risk factors and the selection of systemic pharma-
cological agents to reduce its incidence and potential
complications. In addition, a multimodal regimen of
medication targeting different chemoreceptors in the
vomiting center has been recommended. Ondansetron and
dexamethasone, or their combination, are the most fre-
quently used and effective. Further randomized clinical
trials comparing different regimens that significantly re-
duce the incidence of PONV in craniotomy are required to
provide relevant evidence-based data for PONV manage-
ment in patients undergoing craniotomy.
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