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Abstract

Purpose We examined the effects of dexamethasone,
droperidol, naloxone, and a combination of these three
agents on postoperative nausea and vomiting (PONV) in
female patients.

Methods In this randomized, controlled study, 120 female
patients with ASA PS I or II undergoing laparoscopic
gynecological surgery were randomly allocated into four
groups. Patients received dexamethasone 8 mg (Dx group)
or droperidol 1 mg (Dr group) before induction of general
anesthesia. Anesthesia was induced and maintained with
propofol and remifentanil. Postoperative analgesia was
provided by intravenous patient-controlled analgesia using
a disposable infusion pump filled with fentanyl 20 pg/kg
alone (Dx group), fentanyl 20 pg/kg with droperidol 2 mg
(Dr group), fentanyl 20 pg/kg with naloxone 0.1 mg (Nx
group), or fentanyl 20 png/kg with droperidol 2 mg and
naloxone 0.1 mg (Cm group) in a total volume of 80 ml,
with a constant infusion rate of 4 ml/h and a bolus dose
2 ml with a 30-min lockout time.
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Results The number of patients who developed PONV
and required a rescue antiemetic was significantly less in
the Cm group than in the Nx group (p < 0.001 for all). The
incidence of PONV was 43, 43, 70, and 17 % in the Dx,
Dr, Nx, and Cm groups, respectively.

Conclusion A combination of naloxone, droperidol, and
dexamethasone was effective for preventing PONV in
patients receiving fentanyl for postoperative analgesia after
laparoscopic gynecological surgery, although further
investigations are required to examine the effect of adding
naloxone to other antiemetics.
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Introduction

The incidence of postoperative nausea and vomiting
(PONV) is significant after laparoscopic gynecological
surgery, affecting nearly 80 % of patients [1]. Such a high
incidence is attributable to multiple risk factors for PONV
related to patients undergoing this surgery, including
female gender, young age, nonsmoking status, type of
surgery (laparoscopic, gynecological, abdominal), use of
pneumoperitoneum, and intraoperative and postoperative
use of opioids [2, 3]. For improving patient satisfaction and
enhancing patient recovery, antiemetic therapy for PONV
prophylaxis is essential [3].

Despite extensive use of 5-hydroxytryptamine type 3
receptor (5-HT3) antagonists as a first-choice agent for
preventing PONV, no single drug therapy is completely
effective [3]. Therefore, use of combination therapy, such
as dexamethasone or droperidol combined with 5-HT;
antagonists, is recommended for patients with high risk of
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PONV [3, 4]. However, the higher cost of 5-HT; antago-
nists compared with other agents, such as dexamethasone
and droperidol, remains a major problem in clinical prac-
tice [5].

Reportedly, low-dose naloxone added to intravenous
morphine effectively reduces the incidence of nausea
without affecting the analgesic effect of morphine [6, 7].
Despite being one of the predominant risk factors for
PONV [2-4], fentanyl is still one of the most commonly
used analgesics after surgery, and naloxone is expected to
exert an antiemetic effect when used with fentanyl. How-
ever, the effect of naloxone, with a lower cost than 5-HT;
antagonists, on PONV in patients receiving fentanyl for
postoperative analgesia has not been examined.

The present prospective, randomized, controlled study
was designed to evaluate the effect of intravenous nalox-
one, used alone and in combination with other antiemetics,
on the incidence of PONV after laparoscopic gynecological
surgery.

Patients and methods
Patients

After obtaining approval from the Institutional Review
Board of Juntendo University Hospital (Tokyo, Japan) and
written informed patient consent, 120 female patients, aged
20-50 years, with American Society of Anesthesiologists
(ASA) physical status I or II undergoing gynecological
laparoscopic surgery for benign diseases during the period
from November 2011 through March 2012, were included.
Patients chronically taking psychoneurotic agents, anti-
convulsants, or analgesics, patients with infectious dis-
eases, diabetes mellitus, or an allergic history to the study
drugs, and obese patients with a body mass index of 28 kg/
m? or more were excluded. Patients were randomly allo-
cated to the dexamethasone (Dx), droperidol (Dr), nalox-
one (Nx), and combination (Cm) groups by an opaque
envelope method.

Management of anesthesia and postoperative analgesia

No premedication was given. With standard monitoring
including the bispectral index, general anesthesia was
induced with propofol following a target-controlled man-
ner with an effect site concentration 3.5 pg/ml and remif-
entanil (0.5 pg/kg/min for 2 min followed by 0.2 pg/kg/
min). Tracheal intubation was done after rocuronium 1 mg/
kg IV. General anesthesia was maintained with propofol
with target concentrations between 2 and 5 pg/ml for
maintaining the bispectral index between 40 and 60, and
remifentanil 0.1-0.5 pg/kg/min for maintaining systolic
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blood pressure between 90 and 120 mmHg and heart rate
of 75 bpm or less. Fentanyl 100 pg was administered
immediately before and at the end of pneumoperitoneum.
Flurbiprofen 50 mg was administered at the end of pneu-
moperitoneum. Residual neuromuscular blockade was
reversed with sugammadex 0.3 mg/kg on completion of
surgery, and the tracheal tube was removed. Pain was
assessed by verbal pain ratings (no/mild/moderate/severe)
after extubation. If a patient complained of moderate or
severe pain, fentanyl 50 pg IV was repeatedly administered
until the level of pain decreased to mild or none in the
operating room as reported previously [1].

Postoperative analgesia was provided with intravenous
fentanyl patient-controlled analgesia (IV-PCA) using a
disposable infusion pump (Baxter Infusor, BB30LV4;
Baxter Limited, Tokyo, Japan), filled with fentanyl 20 pg/
kg and the study drug(s), if any, in a total volume of 80 ml.
A constant infusion rate was 4 ml/h (fentanyl 1 pg/kg/h)
and a bolus dose was 2 ml (fentanyl 0.5 pg/kg) with a
30-min lockout time. Postoperatively, diclofenac supposi-
tory 50 mg or flurbiprofen 50 mg IV was administered as a
rescue analgesic. Metoclopramide 10 mg IV was used as a
rescue antiemetic. Continuous infusion was terminated
after infusing 80 ml of the test solution, irrespective of the
volume of bolus doses.

Study drugs

In the Dx group, dexamethasone 8 mg was administered
IV before inducing anesthesia. In the Dr group, droperidol
1 mg was administered IV before inducing anesthesia and
2 mg was added to the PCA pump. In the Nx group,
naloxone 0.1 mg was added to the PCA pump. In the Cm
group, dexamethasone 8 mg and droperidol 1 mg were
administered IV before inducing anesthesia and droperi-
dol 2 mg and naloxone 0.1 mg were added to the PCA
pump. Patients were blinded to the group allocation.
Anesthetists responsible for intraoperative management
were aware of the group allocation but were not invol-
ved in evaluation of outcome measures associated with
PONV.

The dose of dexamethasone was determined based on
previous reports [3, 4, 8]. The total dose of droperidol
(3 mg) was determined based on a study [9] showing that
the total dose of droperidol of 4 mg/day or more increases
the incidence of side effects such as sedation, dizziness,
and restlessness, although it does not enhance the antie-
metic effect. We adjusted the total dose to the body weight
of our subjects. The dose of naloxone was determined
based on a previous study [7], showing that naloxone given
at a rate of approximately 0.05 pg/kg/h with intravenous
morphine exerted the antiemetic effect without antagoniz-
ing morphine analgesia.
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Outcome measures

Postoperatively, electrocardiogram, heart rate, respiratory
rate by transthoracic impedance pneumography, and per-
cutaneous oxygen saturation (SpO,) by pulse oximetry
were continuously monitored. IV fentanyl PCA would be
discontinued whenever the respiratory rate remained
<8 bpm, SpO, remained <95 % without supplemental
oxygen, or a patient remained unresponsive to a call or was
intolerant of PONV.

Pain at rest, nausea, and drowsiness were evaluated
using an Ill-point numeric rating score (0 = none,
10 = worst imaginable) as reported previously [10]; 3 and
6 h after surgery, at the time of the patient’s awakening in
the next morning, and 20 h after surgery. Patients with
nausea score (-2 without developing vomiting nor
requiring metoclopramide during the study period were
assumed to be no PONV. The amount of breakfast con-
sumed the next morning was also recorded.

Statistical analysis

Based on a previous study in which the incidence of PONV
in patients undergoing laparoscopic surgery was 65 %,
required sample size was 30 per group to detect a 30 %
reduction in the incidence of PONV with o = 0.05 and
p = 0.8 [11]. Results were expressed as mean + SD,
median (range), or median and 10th, 25th, 75th, and 90th
percentiles. Patient characteristics, duration of anesthesia,
surgery, and pneumoperitoneum, and dose of fentanyl in

Table 1 Baseline characteristics and details of surgery

the operating room were compared among the four groups
by one-way analysis of variance. Numbers of patients with
motion sickness and smoking history, numbers of patients
who developed PONV and vomiting and who required
metoclopramide and rescue analgesics, and types of sur-
gery were compared by chi square test followed by Tu-
key’s multiple comparisons. Pain, nausea, and drowsiness
scores, frequency of vomiting, use of analgesics, dose of
metoclopramide required, and amount of breakfast con-
sumed the next morning were compared among the four
groups by Kruskal-Wallis test, followed by the Steel-
Dwass test for multiple comparisons. p < 0.05 was con-
sidered statistically significant.

Results

All patients completed the study with no clinically signif-
icant adverse effects and without discontinuation of IV
fentanyl PCA. There were no differences among the four
groups with respect to patient characteristics, number of
patients with PONYV risk factors, types of surgery, or total
dose of fentanyl administered in the operating room
(Table 1).

The numbers of patients who developed PONV and
vomiting, and who required metoclopramide, the frequency
of vomiting, and the dose of metoclopramide were signif-
icantly less in the Cm group than in the Nx group
(»p < 0.001 for all; Table 2). There were no differences in
the nausea score among the four groups 3 h after surgery

Dx group Dr group Nx group Cm group p value

Age (years) 37+6 36 £ 6 38+ 7 36 £5 0.61
Height (cm) 159 £ 5 159 + 4 159 £ 5 158 £ 5 0.95
Body weight (kg) 53.6 +£9.8 530+ 7.1 544 £59 52.7 £ 6.0 0.83
Number of patients with

Motion sickness 18 16 15 13 0.63

Smoking history 2 4 4 4 0.81
Duration of

Anesthesia (min) 157 £ 53 136 & 46 154 + 50 141 + 37 0.23

Surgery (min) 114 £+ 49 95 + 39 111 + 49 101 &+ 36 0.30

Pneumoperitoneum (min) 100 £ 47 83 + 42 97 + 48 86 £ 36 0.35
Types of surgery 0.38

Total hysterectomy 3 2

Cystectomy 12 8

Myomectomy 21 14 18 20
Dose of fentanyl in operating room (j1g) 208 + 35 207 £ 25 203 £ 18 205 £ 27 0.90

Data are presented as absolute numbers of cases or mean = SD
There are no differences among the four groups
Dx dexamethasone, Dr droperidol, Nx naloxone, Cm combination
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Table 2 Number of patients with postoperative nausea and vomiting (PONV) and antiemetics and analgesics required

Dx group Dr group Nx group Cm group p value

Number of patients

With PONV 13 13 21 Sk <0.001

With vomiting 7 10 17 2%k <0.001

Required metoclopramide 10 9 16 2%% 0.0015

Required NSAID 14 15 15 12 0.85
Frequency of vomiting 0 (0-5) 0 (0-06) 1 (0-4) 0 (0-3)** 0.001
Dose of metoclopramide (mg) 0 (0-20) 0 (0-40) 10 (0-30) 0 (0-20)** 0.002
Frequency of use of analgesics 0 (0-3) 1 (0-2) 1(0-2) 0 (0-2) 0.71
Consumption of breakfast (%) 30 (0-100)* 10 (0-100) 10 (0-100) 35 (0-100)* 0.006

Data are expressed as absolute numbers or median (range). Consumption of breakfast is expressed as percent (%) of total amount of food served

Dx dexamethasone, Dr droperidol, Nx naloxone, Cm combination groups

*p <0.05, ** p < 0.001 compared with naloxone (Nx) Group

(Fig. 1). However, the score was lower in the Cm group
than in the Nx group 6 h after surgery (p = 0.042), and
lower in the Dr and Cm groups than in the Nx group the
next morning (p = 0.023 and 0.005, respectively) and 20 h
after surgery (p = 0.026 and 0.002, respectively) (Fig. 1).
The amount of breakfast consumed in the next morning (%
ratio of consumed to served amount) was larger in the Dx
and Cm groups than in the Nx group (p = 0.042 and 0.019,
respectively) (Table 2).

There were no differences in pain score, the number of
patients who required rescue analgesics, or the frequency
of its use among the four groups during the study period
(Table 2, Fig. 2). Drowsiness score was higher in the Dr
group than in the Dx and Nx groups (p = 0.001 and 0.008,
respectively) 3 h after surgery, but with no significant
differences among the four groups 6 h after surgery or the
next day (Fig. 3).

Discussion

In the present study, incidences of PONV were 43, 43, 70,
and 17 % in patients receiving dexamethasone, droperidol,
naloxone, and a combination of these three drugs, respec-
tively. Including this, all variables related to PONYV, i.e.,
incidence of PONYV, nausea score, number of patients with
vomiting and its frequency, and the number of patients
requiring metoclopramide and its dose, were significantly
less in patients receiving a combination of dexamethasone,
droperidol, and naloxone than those receiving naloxone
alone. Notably, there were no differences in the pain score
or the number of doses of rescue analgesics among the four
groups, suggesting that adding naloxone would not have
antagonized the analgesic effect of fentanyl.

Incidences of PONV and vomiting were 70 % and
57 %, respectively, in patients receiving only naloxone,
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Fig. 1 Nausea score during the first 20 postoperative hours. Postop-
erative nausea was evaluated using an 11-point numeric rating score
(0 = none, 10 = worst imaginable). The bold horizontal bars, box
boundaries, and whiskers represent the median values, interquartile
ranges, and 10th to 90th percentiles, respectively. The Dx, Dr, Nx, and
Cm groups indicate groups of patients treated with dexamethasone,
droperidol, naloxone, and a combination of these three drugs,
respectively. p values depicted above the nadir were calculated by
comparing the four groups. *p < 0.05, **p < 0.01 between the
indicated two groups

comparable with the previously reported data in patients
undergoing laparoscopic gynecological surgery without
receiving prophylactic antiemetics [1]. Although there was
not a control group without any antiemetics in our study,
these results suggest that naloxone alone unlikely exerted an
antiemetic effect, in contrast with the results reported by
Cepeda et al. [7], showing that low-dose naloxone (0.05 pg/
kg/h for 2 h followed by 0.009 pg/kg/h) added to morphine
in postoperative IV-PCA reduced the number of patients
who complained of nausea by approximately 20 %. Gan
et al. [6] also reported that naloxone 0.25 pg/kg/h added to
morphine also decreased the incidence of PONV. Although
the reason for these differences is unclear, a dose of



J Anesth (2013) 27:879-884

883

Pain score

. i

DxDrNxCm DxDrNxCm DxDrNxCm DxDrNxCm
p=0.31 p=0.68 p=0.71 p=0.30
3 hours 6 hours next morning 20 hours

Fig. 2 Pain score at rest during the first 20 postoperative hours.
Postoperative pain was evaluated using an 11-point numeric rating
score (0 = none, 10 = worst imaginable). The bold horizontal bars,
box boundaries, and whiskers represent the median values, interquar-
tile ranges, and 10th to 90th percentiles, respectively. The Dx, Dr, Nx,
and Cm groups indicate groups of patients treated with dexametha-
sone, droperidol, naloxone, and a combination of these three drugs,
respectively. p values depicted above the nadir were calculated by
comparing the four groups. There were no differences among the four
groups at any time point
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Fig. 3 Drowsiness score during first 20 h postoperatively. Drowsi-
ness was evaluated using an 11-point numeric rating score (0 = none,
10 = worst imaginable). The bold horizontal bars, box boundaries,
and whiskers represent the median values, interquartile ranges, and
10th to 90th percentiles, respectively. The Dx, Dr, Nx, and Cm groups
indicate groups of patients treated with dexamethasone, droperidol,
naloxone, and a combination of these three agents, respectively.
p values depicted above the nadir were calculated by comparing the
four groups. **p < 0.01 between the indicated two groups

naloxone required to exert an antiemetic effect when used
with fentanyl might be different from that used with mor-
phine, because these effects may result from blockade of
presynaptic opioid receptors [12]. Different profiles of the
study subjects might also be one of the reasons. In contrast
to female patients undergoing gynecological laparoscopic
surgery associated with high risk of PONV in our study [3],
patients receiving various types of surgery without

pneumoperitoneum were included in the study by Cepeda
et al. [7]. On the other hand, Gan et al. [6] used 500-600 pg
fentanyl during anesthesia, which may account for the
higher dose of naloxone required for preventing PONV
compared with the study by Cepeda et al. Despite contro-
versies about the relationships between laparoscopic
surgery and an increased risk of PONV [2, 3], pneumo-
peritoneum with carbon dioxide might contribute to the
increased incidence of PONV [13].

Previous studies have shown that both dexamethasone
and droperidol are effective for preventing PONV in high-
risk patients, to some extent [3, 4]. In the present study,
although the absolute numbers of patients receiving dexa-
methasone alone or droperidol alone who developed PONV
and required metoclopramide were smaller than those
receiving naloxone alone, there were no statistical differ-
ences in the incidence of PONV among those groups,
probably because of the decreased power of detection of
the differences resulting from multiple comparisons and a
relatively small number of patients in each group.

Besides decreased incidence of PONV and nausea score,
we found that patients receiving a combination of these
three agents consumed a larger amount of food than those
receiving naloxone alone, probably resulting from
decreased level of nausea. An increase in the food intake
was also noted in patients receiving dexamethasone, con-
sistent with the results reported previously [14]. This effect
seems to be beneficial for enhancing recovery after surgery,
targeting reduction of the hospitalization period by making
early oral food intake possible. Of importance, side effects
of dexamethasone such as infection and hyperglycemia
were not detected, consistent with previous studies [8, 15].

Effectiveness of a small dose of droperidol for pre-
venting PONV has been extensively reported [4, 16]. In
addition to 1 mg before induction of anesthesia, we con-
tinuously administered droperidol after surgery, based on a
report showing that addition of droperidol after surgery
further reduces the severity of nausea and the requirement
of rescue antiemetics [16]. In the present study, the nausea
score the next morning and at 20 h after surgery in patients
receiving droperidol was significantly lower than those
receiving only naloxone, suggesting that droperidol also
exhibited an antiemetic effect, although the drowsiness
score was significantly higher than in those receiving only
dexamethasone or naloxone 3 h after surgery. Drowsiness
seems to be a minor and transient side effect of droperidol
[16], which was counteracted by concomitantly adminis-
tered dexamethasone. Improvement of quality of recovery
score, including emotional state and physical comfort, after
surgery by small-dose dexamethasone was also reported
previously [17].

Combinations of agents, particularly adding droperidol
or corticosteroids to 5-HT; antagonists, are effective for
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preventing PONV, and have been studied extensively [3,
4]. However, the high cost of 5-HT; antagonists [ondan-
setron, 4 mg 4,749 Japanese yen (JPY), granisetron, 3 mg
4,731 JPY, and ramosetron 0.3 mg, 5,149 JPY] as well as
regulation by the national health insurance system in Japan
prohibits its use for preventing PONV. Agents in the
present study were safely used with no significant side
effects, and the total combined cost of dexamethasone
(8 mg, 367 JPY), droperidol (3 mg, 150 JPY), and nalox-
one (0.2 mg, 944 JPY) is still much lower than that of a
single 5-HT3 antagonist. As naloxone alone at a dose used
in our study was unlikely to exert an antiemetic effect, the
effect of its addition to the combination of droperidol and
dexamethasone, together with its effective dose range,
should be examined in further studies.

There were several limitations of the present study.
First, we did not set up a control group with no antiemetics.
However, we found a remarkable difference in the inci-
dence and degree of PONV between patients receiving a
combination of the three agents and naloxone alone, sug-
gesting that the concomitant administration of these three
agents exhibited an excellent antiemetic effect. Second, we
used a disposable infusion pump instead of an electric
infusion device. Despite its reliable performance and easier
handling compared with an electric infusion device [18],
the number of bolus injections of PCA was unknown.
However, there were no differences in the total dose of
fentanyl or rescue analgesics or pain score among the four
groups, indicating that similar levels of analgesia could be
achieved with PCA in these groups.

In conclusion, a combination of dexamethasone, dro-
peridol, and naloxone was effective for preventing PONV
in patients receiving fentanyl following gynecological
laparoscopic surgery; however, naloxone alone was unli-
kely to have prevented PONV. Further investigations are
required for examining the antiemetic effect of adding
naloxone to other antiemetics.
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