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Objective : This prospective, randomized, double-blinded trial aimed to evaluate the efficacy and safety of prophylactic
ramosetron administration against postoperative nausea and vomiting (PONV) in patients undergoing microvascular
decompression (MVD).

Methods : In this study, 100 patients undergoing MVD were randomly allocated to the control (normal saline, 2 mL) or ramosetron
(ramosetron, 0.3 mg) groups at the end of surgery. The incidence and severity of PONV, need for rescue antiemetics, patient
satisfaction score, duration of hospital stay, and the occurrence of adverse events were evaluated 48 hours post-surgery.

Results : Data obtained from 97 patients were included in the final analysis. The incidence of PONV was significantly lower in the
ramosetron group than in the control group throughout the 48-hour postoperative period (29.2% vs. 51.0%, p=0.028). A similar
trend was observed with regard to PONV severity (p=0.041). The need for rescue antiemetics, satisfaction score, duration of hospital
stays, and the occurrence of adverse events did not significantly differ between the groups.

Conclusion : Prophylactic ramosetron administration reduced the incidence and severity of PONV in patients undergoing MVD
without causing serious adverse events. Thus, ramosetron use may improve patient recovery following MVD.
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INTRODUCTION

Postoperative nausea and vomiting (PONV) is one of the
most common complications reported in patients following
surgery and anesthesia, with an incidence of 30-80%'. PONV
may decrease the quality of recovery and cause aspiration, in-
tracranial hypertension, dehydration, acid-base disturbance,
electrolyte imbalance, and neurological deterioration™",
which leads to a prolonged hospital stay and increased medical
costs'”. Therefore, PONV prophylaxis has become a critical is-
sue for the enhancement of the quality of recovery and surgical
outcomes.

The pathophysiology of PONV involves stimulation of vari-
ous afferent pathways and emetic reflex activation™. Afferent
pathways associated with PONV include the chemoreceptor
trigger zone (CTZ), vagal mucosal pathway of the gastrointes-
tinal system, neuronal pathway of the vestibular system, reflex
afferent pathway of the cerebral cortex, or midbrain affer-
ents™. Several pharmacological interventions, including anti-
cholinergics, antihistamines, corticosteroids, dopamine re-
ceptor antagonists, and serotonin receptor antagonists, for
treating and preventing PONV have been assessed™”.

Microvascular decompression (MVD), a treatment of choice
for hemifacial spasm (HFS) or trigeminal neuralgia (TN) is
associated with an increased risk of PONV, which occurs in
>70% patients who undergo MVD". HFS or TN is usually
caused by the abnormal compression of a cranial nerve'”, and
surgical procedures require a close approach to neural struc-
tures by the CTZ or vestibular systems to relieve irritated
nerves'. Thus, surgical manipulation may predispose patients
to PONV after MVD™. Several studies have been conducted
to prevent PONV in patients undergoing MVD™?*

Ramosetron, a selective serotonin receptor antagonist, can
effectively reduce the incidence of PONV after various types
of surgeries, including neurosurgery'"*”. However, whether
ramosetron administration reduces the incidence of PONV
after MVD remains unclear. We hypothesized that prophylac-
tic use of ramosetron reduces the incidence of PONV after
MVD. Therefore, this study aimed to determine the efficacy
of prophylactic ramosetron administration in reducing the in-
cidence and severity of PONV in patients undergoing MVD
and to elucidate its safety.
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MATERIALS AND METHODS

The protocol of this prospective, double-blind, single-cen-
ter, randomized controlled trial was approved by the Institu-
tional Review Board of Seoul National University Bundang
Hospital (protocol code B-2003/600-005 and date of approval
April 7, 2020) and was registered within the UMIN Clinical
Trials Registry (UMIN 000040178). Written informed consent
was obtained from all eligible patients before surgery. The
study was conducted according to the guidelines of the Decla-
ration of Helsinki. Adult patients (aged >19 years) with an
American Society of Anesthesiologists physical status I/11
scheduled to undergo MVD under general anesthesia were
enrolled in this trial. We excluded the following patients : those
with a body mass index of <18.5 or >35.0 kg/m’; those with a
history of craniotomy or anticancer chemotherapy, severe re-
nal or hepatic dysfunction, or QTc prolongation; and those
who used preoperative antiemetics within the 24-hour period
before surgery, used opioids for >2 weeks, or were pregnant.

Patients were randomly allocated to one of two groups (con-
trol or ramosetron group) in a 1 : 1 ratio using computer-gen-
erated random sequences with a block size of 4 (random allo-
cation software, version 2.0; Isfahan University of Medical
Sciences, Isfahan, Iran). Each group was treated at the end of
surgery, as follows : the control group, 2 mL saline; and the ra-
mosetron group, 0.3 mg ramosetron (Nasea®, Daiichi-Sankyo
Korea, Seoul, Korea). Identical 2-mL syringes containing ei-
ther saline or 0.3-mg ramosetron were prepared and adminis-
tered intravenously during dura closure. Random sequences
were sealed in an opaque envelope and opened by an anesthe-
siologist who prepared the drug but was not further involved
with the study. All patients, neurosurgeons, anesthesiologists,
and outcome assessors were blinded to the group assignments.

A 0.02 mg/kg midazolam bolus was administered intrave-
nously pre-surgery in the reception area. In the operating
room, patients were monitored using electrocardiography;,
noninvasive blood pressure measurement, pulse oximetry,
and bispectral index assessment (Medtronic, Minneapolis,
MN, USA). After preoxygenation, general anesthesia was in-
duced using propofol (4 mcg/mL) and remifentanil (3 ng/mL)
with a target-controlled infusion pump (Fresenius Vial, Brez-
ins, France). After loss of consciousness, 0.6 mg/kg rocuroni-
um was administered as a neuromuscular blockade; subse-

quently, tracheal intubation was performed. Plain endotracheal



tubes (Covidien, Mansfield, MA, USA) with inner diameters
of 7.5 and 7.0 mm were used for male and female patients, re-
spectively. Patients were ventilated with an inspired oxygen
fraction of 0.5, a tidal volume of 6—-8 mL/kg of ideal body
weight, and a positive end-expiratory pressure of 5 cmH,0.
The respiratory rate of each patient was controlled to maintain
an end-tidal carbon dioxide level of 30—35 mmHg. Anesthesia
was maintained at a bispectral index of 40—60 during surgery
by adjusting the target concentration of either propofol (3.5
5.0 mcg/mL) or remifentanil (2.0-4.0 ng/mL). No additional
rocuronium was administered for intraoperative neurophysi-
ological monitoring. Hypotension, defined in this study as a
mean blood pressure <60 mmHg, was treated with either 5 mg
ephedrine or 20 mcg phenylephrine, as appropriate. At the
end of surgery, 50 mcg/kg neostigmine and 10 mcg/kg glyco-
pyrrolate were used to reverse effects of residual neuromuscu-
lar blockade, and a patient-controlled analgesia (PCA) device
delivering 180 mg ketorolac (total volume, 100 mL) was con-
nected intravenously. The PCA device (AutoMed 3200; Ace
Medical, Seoul, Korea) was programmed to deliver a bolus
dose of 2 mL, with a continuous 2 mL/h infusion rate, and a
15-minute lockout time. After patients could breathe continu-
ously, they were extubated and transferred to the post-anes-
thesia care unit (PACU). Patients were discharged from the
PACU when they had a modified Aldrete score =9

One neurosurgeon performed all MVDs, as described pre-
viously”. Briefly, with the patient in the supine position, the
head was rotated approximately 20-30° away from the affect-
ed side without the use of head fixation. Brain retractors were
not used during the surgical procedure. A 4-5-cm curvilinear
skin incision, three quarters below the mastoid notch in pa-
tients with HFS and half above the mastoid notch in those
with TN, was performed along the hairline. Following the
identification of the digastric groove, a 2-2.5-cm craniectomy
was performed below the digastric groove for HFS and above
the digastric groove for TN. An incision of the dura mater was
made along the inferoposterior margin of the sigmoid sinus.
Subsequently, the arachnoid membrane/trabeculations along
the involved cranial nerves were dissected carefully. The of-
fending vessel(s) were decompressed from the cranial nerves
after exploration of the entire intracranial portion of each of
these involved nerves, including the root exit/entry zone and
cisternal segment. A watertight dural closure was subsequent-

ly achieved. Finally, the deep and superficial muscles and the
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skin were approximated.

After surgery, a blinded outcome assessor evaluated patient
outcomes at the following predefined time points : 1 hour, 24
hours, and 48 hours postoperatively. The primary outcome
was the incidence of PONV throughout the 48-hour postop-
erative period. Based on a previous study'”, nausea was de-
fined as an unpleasant feeling due to which the patient had the
urge to vomit, and vomiting was defined as forceful expulsion
of gastric contents from the mouth.

Secondary outcomes were PONV severity throughout the
48-hour postoperative period, rescue antiemetic requirements
during the 48-hour postoperative period, PONV satisfaction
score at postoperative day 2, and duration of hospital stay. The
severity of PONV was evaluated using a 4-point scale, which
was described in a previous study, as follows™ : 0, no symp-
toms; 1, few mild symptoms but no requirement for treat-
ment; 2, moderate symptoms that require treatment; and 3,
severe, persistent symptoms after treatment. Intravenous
metoclopramide (10 mg) was administered as a rescue anti-
emetic for patients who wanted treatment or experienced
more than one episode of vomiting. On postoperative day 2,
all patients were asked to provide satisfaction scores using an
11-point numerical rating scale, as follows : 0, very dissatisfied;
10, very satistied. Adverse events such as constipation, or hic-

cups were also recorded.

Statistical analysis

According to a previous study'”, the incidence of PONV
during the 48-hour postoperative period in patients undergo-
ing MVD was 78%. A 30% decrease in the incidence of PONV
was considered to be clinically significant, and 50 patients/
group were deemed necessary to achieve type 1 error of 0.05
(false positive) and type 2 error of 0.2 (false negative) with a
dropout rate of 20%.

Continuous variables are presented as means with standard
deviations or medians with interquartile ranges and were
compared using Student’s t-test or the Mann-Whitney U test
based on whether the values were normally distributed.
Whether data were normally distributed was determined us-
ing the Shapiro-Wilk test. Categorical variables are presented
as numbers and percentages and were compared using chi-
squared or Fisher’s exact test. All analyses were performed in
an intention-to-treat manner. Univariate and multivariate lo-

gistic regression analyses were performed to adjust confound-
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ing variables. Variables included in the logistic regression
model were female gender and non-smoker which are inde-
pendent risk factors for development of PONV". All statistical
analyses were performed using Statistical Package for the So-
cial Sciences, version 22, for Windows (SPSS Inc., Chicago, IL,
USA). A p-value of <0.05 was considered statistically signifi-

cant.

RESULTS

A total of 142 patients were considered for enrollment in the
study from May 2020 to March 2021, and 42 were excluded
(Fig. 1). Therefore, 100 patients were randomly placed in each
study group, and data obtained from 97 were included in final
analyses. The intervention was discontinued in one patient of
the ramosetron group owing to a PCA (use of fentanyl instead
of ketorolac), and two (one from each group) were lost to fol-
low-up due to postoperative cognitive dysfunction or postop-
erative delirium (Fig. 1). Table 1 includes characteristics of pa-

tients, surgery, and anesthesia; no significant differences

between groups were noted.

The incidence of PONV was significantly lower in the ra-
mosetron group than in the control group (p=0.028) during
the study period (Table 2). Effects of ramosetron on PONV
reduction were significant on postoperative day 1 (1-24 hours)
(p=0.040, Table 2). Additionally, the severity of PONV as-
sessed using a 4-point scale was determined to be lower in the
ramosetron group than in the control group (p=0.041, Table
2). The number of patients who received a rescue antiemetic
drug was lower in the ramosetron group than in the control
group, but the difference was not statistically significant
(p=0.068, Table 2). Patient satisfaction scores in both groups
were comparable (p=0.827, Table 2).

Duration of hospital stay did not significantly differ be-
tween the groups (p=0.731, Table 3). There was no significant
difference between groups in the incidence of adverse events
(Table 3). Six patients in the ramosetron group and two in the
control group reported constipation (p=0.159). In the ramose-
tron group, two patients complained of hiccups (p=0.242). All
symptoms were resolved by the day of discharge.

Although the control group has more female patients com-

Enrollment

Assessed for eligibility (n=142)

Excluded (n=42)
| *Not meeting inclusion criteria (n=12)

* Declined to participate (n=27)
* Co-operation (n=1)

Randomized (n=100)

v Allocation v

Allocated to control group (n=50)
* Received allocated intervention (n=50)
* Did not receive allocated intervention (n=0)

Allocated to ramosetron group (n=50)
* Received allocated intervention (n=50)
* Did not receive allocated intervention (n=0)

v Follow-up v

Lost to follow-up (n=1)
* Postoperative delirium
Discontinued intervention (n=0)

Lost to follow-up (n=1)

« Postoperative cognitive dysfunction
Discontinued intervention (n=1)

* Fentanyl PCA

v Analysis v

Analysed (n=49)
* Excluded from analysis (n=0)

Analysed (n=48)
* Excluded from analysis (n=0)

Fig. 1. Consort diagram of included and excluded patients. PCA : patient-controlled analgesia.
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pared to the ramosetron group (57% vs. 50%), multivariate dently prevent the development of PONV (p=0.039, Table 4).
analysis revealed that the use of ramosetron could indepen-

Table 1. Demographic characteristics of patients, surgery, and anesthesia

Patient
Sex ratio, M/F 21/28 24/24 0481
Age (years) 541116 56.1+11.6 0.387
Weight (kg) 63.1 (549-70.3) 63.0 (56.8-71.5) 0.511
Height (cm) 161.6+9.5 161.748.9 0957
BMI (kg/m’) 239 (224-26.9) 24.3(22.8-26.5) 0.756
Smoker 7(14.3) 11229 0.307
ASA physical status, I/1l 26/23 20/28 0.261
HTN 18 (36.7) 17 (35.4) 0.892
DM 4(8.2) 5(104) 0.274
Surgery
Hemifacial spasm 24 (49.0) 26 (54.2) 0.609
Trigeminal neuralgia 25 (51.0) 22 (45.8) 0.609
Duration of surgery (minutes) 115 (95.0-135.0) 110 (92.5-130) 0.515
Anesthesia
Duration of anesthesia (minutes) 155 (140-180) 152.5 (135-175) 04N
Propofol (mg) 1294 (1066-1623) 1328.5 (1100.5-1547) 0.724
Remifentanil (mcg) 823 (691-1200) 922.5 (703-1007.5) 0.729
Crystalloid (mL) 700 (600-800) 700 (600-825) 0.986
Urine (mL) 300 (140-300) 260 (155-425) 0.726
Estimated blood loss (mL) 150 (0-250) 125 (50-200) 0.781
Cumulative PCA consumption (mL) 95.1 (78.25-100) 100 (82.1-100) 0.287

Values are presented as mean+standard deviation, median (interquartile range), or number (%) unless otherwise indicated. M : male, F : female, BMI :
body mass index, ASA : American Society of Anesthesiologists, HTN : hypertension, DM : diabetes mellitus, PCA : patient-controlled analgesia

Table 2. Postoperative nausea and vomiting

Incidence of PONV 25(51.0) 14 (29.2) 0.028*
0-1 hour 11(224) 5(104) 0.110
1-24 hours 22 (44.9) 12 (25.0) 0.040%
24-48 hours 10 (20.4) 8(16.7) 0.636

Severity of PONV 1(0-2) 0(0-1) 0.041"

Rescue antiemetics’

Number of requirements 0(0-1) 0(0-0) 0.073
Number of patients 16 (32.7) 8(16.7) 0.068
Satisfaction score 10 (8-10) 9.5 (8-10) 0.827

Values are presented as median (interquartile range) or number (%). *Chi-squared test. "Mann-Whitney U test. *Metoclopramide 10 mg was used as a
rescue antiemetics. PONV : postoperative nausea and vomiting

J Korean Neurosurg Soc 65 (6) : 853-860 857
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Table 3. Duration of hospital stay, and adverse events

Control group (n=49) Ramosetron group (n=48) p-value

Duration of hospital stay (days) 3(3-4) 3(3-4) 0.731
Adverse events

Constipation 2(4.1) 6 (12.5) 0.159

Hiccups 0(0.0) 2(4.2) 0.242
Values are presented as median (interquartile range) or number (%)
Table 4. Logistic regression analysis for postoperative nausea and vomiting

Univariate analysis Multivariate analysis
OR 95% Cl p-value OR 95% Cl p-value

Female 546 2.19-13.31 <0.001* 554 2.17-14.17 <0.001%
Ramosetron 040 0.17-0.91 0.030* 0.39 0.16-0.95 0.039*
Non-Smoker 278 0.84-9.21 0.094

*Indicates statistical significance. OR : odds ratio, Cl : confidence interval

DISCUSSION

This is the first randomized clinical trial to assess the effi-
cacy and safety of ramosetron, a 5SHT3 antagonist, against
PONV in patients undergoing MVD. Findings of the study
suggest that prophylactic administration of ramosetron re-
duces the incidence and severity of PONV after MVD without
causing any adverse events. However, the administration of
ramosetron at the end of surgery did not affect rescue anti-
emetic use, or duration of hospital stay.

It is worth noting that ramosetron reduced both the inci-
dence and severity of PONV after neurosurgery. In addition
to causing postoperative pain, the occurrence of PONV is
highly concerning after surgeries performed under anesthesia.
Especially in patients undergoing neurosurgery, PONV may
increase arterial and intracranial pressure, which can be con-
fused with neurologic complications. The etiology of PONV
is associated with patient traits, the anesthetic used, and surgi-
cal factors”, although MVD has not been determined to be a
surgical risk factor for PONV. However, many studies have
suggested that MVD is a type of neurosurgery associated with
a high risk of PONV. This is likely because the cranial nerve
dissected during MVD is close to the vestibular nerve and nu-
cleus of the brainstem'™"”.

The incidence of PONV after MVD has been reported to be
approximately 70%, and in this study, its incidence rate in the

control and ramosetron groups was approximately 51% and
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29%, respectively. The relatively low incidence of PONV in
the control group may be explained by the fact that the PCA
regimen used in this study included non-steroidal anti-in-
flammatory drugs (ketorolac) instead of opioids. A previous
univariate analysis that included PONYV patients revealed that
the use of a ketorolac-based PCA was not significantly associ-
ated with PONV*”. Prophylactic antiemetic treatment with
ramosetron decreased the incidence of PONV by >20% rela-
tive to that by control treatment. Few studies on the effects of
other 5HT3 antagonists on PONV in patients who underwent
MVD have been conducted thus far'”*”. Thongrong et al.””
conducted a prospective, randomized, controlled trial to as-
sess the use of ondansetron with dexamethasone in patients
who underwent MVD and found that intraoperative adminis-
tration of the drug combination decreased the incidence of
PONYV 24 hours post-surgery by 15% versus control treatment
(66.7% vs. 81.5%, respectively). Another retrospective obser-
vational study that assessed palonosetron use revealed that
decreases in the incidence of PONV were higher when a com-
bination of prophylactic palonosetron and sugammadex (re-
verses neuromuscular blockade) was administered versus
control treatment (incidence, 19.3% vs. 37.2%, respectively)m).
The incidence of PONV in this study was significantly lower
than that previously reported in patients following MVD. Un-
derreporting due to the retrospective nature of the study is
possible. Lee et al.”” studied the effect of transdermal scopol-
amine on PONV after MVD and found that treatment de-



creased the severity of PONV and rescue antiemetics use
throughout the 48-hour postoperative period without affect-
ing PONV incidence, which was high (approximately 70%).

Although PONV may prolong the duration of the hospital
stay'”, the hospital stay duration did not significantly differ
between the two groups assessed in this study. A possible ex-
planation for this may be that only three patients (two in the
control group and one in the ramosetron group) had severe
and refractory PONV symptoms on postoperative day 2.

This study has some limitations. First, we did not record
headaches, drowsiness, and dizziness, which are common ad-

14,20 .
). However, it

verse events related to ramosetron treatment
is difficult to distinguish between the adverse events associat-
ed with ramosetron and post-neurosurgical complications.
Second, the severity of PONV was assessed using a 4-point
scale, although an 11-point numerical rating scale might have
provided more detailed information regarding the severity of
PONV in the individuals included in this study. Third, the
prophylactic effect of ramosetron seems to be significant up to
postoperative day 1 (24 hours after surgery) although ramose-
tron is known to be effective up to 48 hours after surgery”.
This waning effect of ramosetron after one day may explain
the non-superiority in satisfaction scores of the ramosetron
group. Additionally, it was difficult to validate the effect of ra-
mosetron between the two groups after 24 hours due to low
incidence of PONV during this period.

CONCLUSION

In conclusion, prophylactic administration of ramosetron
reduced the incidence and severity of PONV in patients with
MVD without causing serious adverse events. Thus, ramose-
tron administration may improve the quality of recovery in
patients undergoing MVD. Further studies using a multimod-
al antiemetic approach are needed in patients with MVD to

assess the enhancement in their quality of recovery.

AUTHORS’ DECLARATION

Conflicts of interest
No potential conflict of interest relevant to this article was

reported. The funders had no role in the design of the study;

Antiemetic Prophylaxis for MVD Patients | Koo CH, et al.

in the collection, analyses, or interpretation of data; in the
writing of the manuscript, or in the decision to publish the re-

sults.

Informed consent
Informed consent was obtained from all subjects involved
in the study.

Author contributions

Conceptualization : JHR, JHH; Data curation : YKB, YTJ;
Formal analysis : CHK, SYJ; Funding acquisition : JHR; Meth-
odology : CHK, SYJ; Project administration : Y17, JHR, JHH;
Visualization : CHK; Writing - original draft : CHK, SYJ,
YKB; Writing - review & editing : YT, JHR, JHH

Data sharing
The datasets generated and analyzed during the current
study are available on request to the corresponding authors on

a reasonable request.

Preprint

None

ORCID

Chang-Hoon Koo  https://orcid.org/0000-0001-8567-5514
https://orcid.org/0000-0003-0939-3130
https://orcid.org/0000-0002-3396-3140
https://orcid.org/0000-0002-4157-2609
https://orcid.org/0000-0001-9331-5658
https://orcid.org/0000-0003-1748-6898

So Young Ji

Yu Kyung Bae
Young-Tae Jeon
Jung-Hee Ryu
Jung Ho Han

* Acknowledgements

This research was funded by Daiichi Sankyo Korea Co. Ltd.

References

1. Apfel CC, Laéra E, Koivuranta M, Greim CA, Roewer N : A simplified
risk score for predicting postoperative nausea and vomiting: conclusions
from cross-validations between two centers. Anesthesiology 91 :
693-700, 1999

J Korean Neurosurg Soc 65 (6) : 853-860 859



J Korean Neurosurg Soc 65 | November 2022

860

Chandrakantan A, Glass PS : Multimodal therapies for postoperative
nausea and vomiting, and pain. Br J Anaesth 107 : i27-i40, 2011

Cho YJ, Choi GJ, Ahn EJ, Kang H : Pharmacologic interventions for post-
operative nausea and vomiting after thyroidectomy: a systematic review
and network meta-analysis. PLoS One 16 : e0243865, 2021

Choi YS, Shim JK, Yoon DH, Jeon DH, Lee JY, Kwak YL : Effect of ramo-
setron on patient-controlled analgesia related nausea and vomiting after
spine surgery in highly susceptible patients: comparison with ondanse-
tron. Spine (Phila Pa 1976) 33 : E602-E606, 2008

Fabling JM, Gan TJ, El-Moalem HE, Warner DS, Borel CO : A randomized,
double-blinded comparison of ondansetron, droperidol, and placebo for
prevention of postoperative nausea and vomiting after supratentorial
craniotomy. Anesth Analg 91 : 358-361, 2000

Fabling JM, Gan TJ, El-Moalem HE, Warner DS, Borel CO : A randomized,
double-blind comparison of ondansetron versus placebo for prevention
of nausea and vomiting after infratentorial craniotomy. J Neurosurg
Anesthesiol 14 : 102-107, 2002

Fabling JM, Gan TJ, Guy J, Borel CO, El-Moalem HE, Warner DS : Post-
operative nausea and vomiting. a retrospective analysis in patients un-
dergoing elective craniotomy. J Neurosurg Anesthesiol 9 : 308-312,
1997

Gan TJ, Belani KG, Bergese S, Chung F, Diemunsch P, Habib AS, et al. :
Fourth consensus guidelines for the management of postoperative nau-
sea and vomiting. Anesth Analg 131 : 411-448, 2020

Go KO, Hwang K, Han JH : Surgical nuances to reduce and manage
cerebrospinal fluid leaks after microvascular decompression. J Clin Med 9 :
902, 2020

Kang HY, Park SW, Lee S, Jeon JM, Oh ID, Choi JH : Effect of prophylac-
tic palonosetron and sugammadex on postoperative nausea and vomit-
ing in patients undergoing microvascular decompression under propofol-
maintained anesthesia: a retrospective observational study. Medicine
(Baltimore) 97 : 13237, 2018

Kim WO, Koo BN, Kim YK, Kil HK : Ramosetron for the prevention of
postoperative nausea and vomiting (PONV): a meta-analysis. Korean J
Anesthesiol 61 : 405-412, 2011

Kovac AL : Prevention and treatment of postoperative nausea and vom-
iting. Drugs 59 : 213-243, 2000

Lee HH, Kim HM, Lee JE, Jeon YT, Park S, Hwang K, et al. : The effect of
a transdermal scopolamine patch on postoperative nausea and vomit-
ing after retromastoid craniectomy with microvascular decompression:
a preliminary single center, double-blind, randomized controlled trial. J
Clin Med 9 : 156, 2020

Lee SY, Lee JY, Park SY, Kim JH, Cho OG, Kim JS, et al. : Prophylactic
antiemetic efficacy of granisetron or ramosetron in patients undergoing
thyroidectomy. Asian J Surg 25 : 309-314, 2002

Madenoglu H, Yildiz K, Dogru K, Kurtsoy A, Giiler G, Boyaci A : Ran-

https://doi.org/10.3340/jkns.2021.0288

20.

21.

22.

23.

24,

25.

26.

domized, double-blinded comparison of tropisetron and placebo for
prevention of postoperative nausea and vomiting after supratentorial
craniotomy. J Neurosurg Anesthesiol 15 : 82-86, 2003

McLaughlin MR, Jannetta PJ, Clyde BL, Subach BR, Comey CH, Resnick
DK : Microvascular decompression of cranial nerves: lessons learned
after 4400 operations. J Neurosurg 90 : 1-8, 1999

Meng L, Quinlan JJ : Assessing risk factors for postoperative nausea and
vomiting: a retrospective study in patients undergoing retromastoid cra-
niectomy with microvascular decompression of cranial nerves. J Neuro-
surg Anesthesiol 18 : 235-239, 2006

Neufeld SM, Newburn-Cook CV : The efficacy of 5-HT3 receptor an-
tagonists for the prevention of postoperative nausea and vomiting after
craniotomy: a meta-analysis. J Neurosurg Anesthesiol 19 : 10-17,
2007

Pierre S, Whelan R : Nausea and vomiting after surgery. CEACCP 13 :
28-32, 2013

Ryu JH, Lee JE, Lim YJ, Hong DM, Park HP, Han JI, et al. : A prospective,
randomized, double-blind, and multicenter trial of prophylactic effects
of ramosetronon postoperative nausea and vomiting (PONV) after cra-
niotomy: comparison with ondansetron. BMC Anesthesiol 14 : 63,
2014

Sato K, Sai S, Adachi T : Is microvascular decompression surgery a high
risk for postoperative nausea and vomiting in patients undergoing crani-
otomy? J Anesth 27 : 725-730, 2013

Shaikh SI, Nagarekha D, Hegade G, Marutheesh M : Postoperative nau-
sea and vomiting: a simple yet complex problem. Anesth Essays Res
10 : 388-396, 2016

Thongrong C, Chullabodhi P, Kasemsiri P, Kitkhuandee A, Plailaharn
N, Sabangban L, et al. : Effects of intraoperative dexamethasone and
ondansetron on postoperative nausea and vomiting in microvascular de-
compression surgery: a randomized controlled study. Anesthesiol Res
Pract 2018 : 6297362, 2018

Trevisani L, Cifala V, Gilli G, Matarese V, Zelante A, Sartori S : Post-
anaesthetic discharge scoring system to assess patient recovery and
discharge after colonoscopy. World J Gastrointest Endosc 5 : 502-
507, 2013

Xu G, Zhao J, Liu Z, Liu G, Liu L, Ren C, et al. : Dexmedetomidine
combined with butorphanol or sufentanil for the prevention of post-
operative nausea and vomiting in patients undergoing microvascular
decompression: a randomized controlled trial. Front Med (Lausanne)
71583031, 2020

Yi MS, Kang H, Kim MK, Choi GJ, Park YH, Baek CW, et al. : Relation-
ship between the incidence and risk factors of postoperative nausea
and vomiting in patients with intravenous patient-controlled analgesia.
Asian J Surg 41 : 301-306, 2018



