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Currently, the regimen of intravenous patient-controlled analgesia (IV-PCA) has become lowering opioid to reduce opioid-related side effects, particularly, postoperative nausea and vomiting
(PONV). Using nefopam in IV-PCA may decrease the incidence of PONV, but there is still a lack
of evidence. 178 patients undergoing laparoscopic gynecological surgery were randomly assigned into two groups. The IV-PCA regimen for group F was 20 mg/kg fentanyl and for group N
was 10 mg/kg fentanyl with 200 mg of nefopam. The severity of PONV and pain were assessed
at both 1 hour and 24 hours after surgery. Patients’ satisfaction with recovery was evaluated by
a structured questionnaire. The incidence of PONV showed no statistical difference between
group N and group F (28.2% vs. 26.8% at 1 hour, p=0.839 and 32.1% vs. 43.9% at 24 hours,
p=0.120, respectively). Also, postoperative pain intensity showed no statistical difference between the two groups. Patient recovery was similar between the two groups. The combined use
of nefopam in IV-PCA seems to effectively decrease the fentanyl dose in laparoscopic gynecological surgery. However, it did not contribute to decreasing the incidence of PONV.
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INTRODUCTION

tectomy independently increase the risk of PONV [1,4,7,8].
Opioids can provide optimal postoperative analgesia

Postoperative nausea and vomiting (PONV) has many

and patient satisfaction especially in major surgery [9,10],

risk factors, including female gender, non-smoker, previous

but also cause PONV in approximately one-third of pa-

history of PONV, and opioids use after operation [1]. Pre-

tients [11]. Considering the adverse effect of opioid such

operatively, the risk of PONV can be assessed by patient-re-

as PONV, current intravenous patient-controlled analgesia

lated factors [2-5]. General anesthesia, particularly volatile

(IV-PCA) regimen has become lowering opioid amount and

anesthetics or duration of anesthesia showed positive asso-

using non-opioid analgesics, such as nefopam. Although

ciation with PONV [1,6]. Although the type of surgery is still

nefopam showed fentanyl-sparing effect [12], in patients of

debating, laparoscopic gynecological surgery or cholecys-

higher PONV risk, the effect of using nefopam in IV-PCA is
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still lack of evidence for decreasing the incidence of PONV.

mL/hour and patient-controlled bolus injection volume of 1

In the present study, we added nefopam in IV-PCA and

mL with 15 minutes of the lock-out interval time. The max-

compared the incidence of PONV in patient with moderate

imal infusion volume was 5 mL per hour. For maintaining

to severe PONV risk.

blindness, the dose prescription label in IV-PCA machine of
both groups was marked as the study drug.

MATERIALS AND METHODS
Procedures
On arrival in the operating room, standard monitoring

Patients
We enrolled female patients who were scheduled to un-

including electrocardiogram, peripheral oxygen saturation,

dergo laparoscopic gynecological surgery between 19 and

end-tidal carbon dioxide concentration, bispectral index,

75 years of age with American Society of Anesthesiologists

and non-invasive blood pressure monitoring was applied.

(ASA) physical status classification I-III. Exclusion criteria

Then glycopyrrolate 0.2 mg and dexamethasone 5 mg were

2

2

was body mass index (BMI)<18.5 kg/m or >35.0 kg/m ,

given before anesthesia induction. After preoxygenation

current or ex-smokers, uncontrolled diabetic mellitus (re-

with 100% oxygen for 5 minutes, anesthesia was induced

cent 3-month hemoglobin A1c≥6.5%) and patients with

and maintained with target controlled infusion of propofol

severe comorbidity who need to reduce the amount of
fentanyl. According to Apfel score [2], patients are expected

(Schnider model, Ce: 4.0 mg/mL) and remifentanil (Minto
model, Ce: 4.0 ng/mL) using the Orchestra® Base Prima

to have moderate to severe PONV risk (Apfel score 3 or 4).

target-controlled infusion system (Fresenius Kabi, Bad Hom-

All patients received instruction before the day of surgery

burg, Germany). Anesthesia depth was maintained using

about the study protocol and the 10-point numeric rating

bispectral index between 40-60 during surgery. After loss of

scale (NRS) for nausea and pain (0=nausea or pain-free and

consciousness, rocuronium bromide 0.6 mg/kg was given

10=the most severe nausea or pain ever). A written informed

and airway was maintained with tracheal tube and the lungs

consent was obtained from all the participants. This investi-

were ventilated with a mix of oxygen and medical air. Tidal

gation was approved by the Kyung Hee University Hospital

volume 6-8 mL/kg and respiratory rate 10-16/minute was

at Gangdong Institutional Review Board (IRB#: KHNMC

set to maintain end-tidal carbon dioxide concentration be-

2018-10-018-001) and registered at national clinical re-

tween 35 and 40 mmHg. At the end of surgery, neuromus-

search registry (KCT0003659, http://cris.nih.go.kr) prior to

cular blockade was reversed using sugammadex or mixture

patient enrollment.

of glycopyrrolate and neostigmine.
In both groups, 20 mg of nefopam was given over 10
minutes when skin closure begins. For maintaining dou-

Randomization, allocation, and blindness
The enrolled patients were randomly assigned into one

ble-blindness, IV-PCA was prepared and connected to the

of two groups, group N for using nefopam in IV-PCA and

patient by an independent physician who did not partici-

group F for fentanyl-only in IV-PCA. For randomization, a

pated with the study.

computer-generated, the random 4 and 6 blocks technique

In the post-anesthesia care unit (PACU), PONV assessed

was used. An independent investigator kept the random as-

with NRS was assessed at 1 hour after admission. Patients

signment table for participants before surgery, and noticed

experiencing PONV score ≥4 was given 4 mg of ondan-

to research team, of the patient allocation, on the day of the

setron for the first rescue drug. The second rescue drug,

surgery.

10 mg metoclopramide was slowly infused intravenously if

The IV-PCA regimen for group N was 10 mg/kg fentanyl
with 200 mg of nefopam and for group F was 20 mg/kg fen-

PONV score was still ≥4 at 20 minutes after the first rescue

tanyl. Ramosetron 0.6 mg was added and remained volume

time of PACU admission and 1 hour later. If pain score was

was replaced with 0.9% NaCl to make total volume 100 mL

<6 and patient wanted pain control, 1 g of intravenous acet-

®

in the both regimens. The IV-PCA machine (AutoMed3200 ,
Ace Medical, Seoul, Korea) was set to basal infusion rate of 1
www.embse.org

drug administration. Pain score assessed with NRS at the

aminophen was given. If pain score ≥7, fentanyl 0.5 mg/kg
was given intravenously. If pain score was not relieved after
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20 minutes, the same amount of fentanyl was administered

PCA regimen reduces PONV incidence by 50% than fentan-

repeatedly.

yl-only regimen, 81 patients per group would be required
for an experimental design, using a type 1 error of 5% and

Outcome measurement
The primary outcomes were PONV score at 1 hour and
24 hours after surgery with the number of vomiting events

desired power of 80%. With a possibility of 10% loss due to
any unexpected circumstances, we elected to recruit 89 patients per group into the study.

during each time interval. Secondary endpoints in this

All patients were analyzed on an intention-to-treat anal-

study were pain score at 1 and 24 hours after surgery, total

ysis. If there was any critical missing data or drop-out of

amount and kinds of analgesics and antiemetics given in

any participant, the reason of exclusion was clarified and

PACU and at ward, the amount of IV-PCA consumption

summarized in the clinical study report. Continuous data

during postoperative 24 hours, and patient satisfaction eval-

were analyzed by the Student t-test or the Mann-Whitney

uated by Quality of Recovery 15 (QoR-15) questionnaire [13]

U test depending on the presence of normality. Categorical

at 24 hours after surgery.

data were analyzed using Chi-square analysis or Fisher’s exact test where applicable. Statistical analysis was performed

Sample size calculation and statistical analysis

using a standard statistical program (Medcalc, Version

Sample size was estimated on the basis of the previous

18.11.3). All values are expressed as a mean±standard devi-

study by Apfel et al. [2] which reported approximately 40%

ation, median [quartiles] (minimum, maximum), or number

of PONV incidence with patient who has more than 2

(percentage).

PONV risk factors. Assuming lowering fentanyl dose in IV-

Fig. 1. A CONSORT flow diagram.
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RESULTS

26.8% at 1 hour, p=0.839 and 32.1% vs. 43.9% at 24 hours,
p=0.120, respectively). The severity of nausea and the inci-

In a total of 178 enrolled patients, 5 patients were droppedout and the data of 6 patients was missed. Finally, 167

dence of rescue antiemetic use were similar between two
groups (Table 2).

vpatients were analyzed (Fig. 1). Patients’ demographics are

Postoperative pain was no significant difference between

shown in Table 1. No significant difference was observed

group N and F (Table 3). The incidence of rescue analge-

between two groups. Intraoperative data were similar be-

sics (number needed to treat=18.2), total infused IV-PCA

tween the two groups (Table 1).

amount, the discontinuation rate of PCA before 24 hours,

The overall incidence of PONV within postoperative 24
hours was 38.0%. The incidence of PONV showed no sta-

and the quality of recovery showed no significant difference
between the two groups (Table 3).

tistical difference between group N and group F (28.2% vs.

DISCUSSION
Table 1. Patients’ demographics and intraoperative data
Variables

Group N (n=86)

Group F (n=81) p value

did not reduce PONV incidence compared to conventional

Patient demographics
Age, yrs
Height, cm

44±10

ASA PS I/II/III

43±11

0.406

fentanyl-based regimen in patients with moderate to severe

0.755

PONV risk. However, the two IV-PCA regimens showed

61±11

60±10

0.712

similar effect on postoperative pain.

23.6±4.1

23.2±3.4

0.976

Regardless of several undesirable adverse effects, opi-

70/13/2
62/18/2
0.354
(82.4/15.3/2.4%) (75.6/22.0/2.4%)

oid based IV-PCA has been widely used for postoperative

159±6

Weight, kg
BMI, kg/cm2

In the present study, IV-PCA regimen with using nefopam

159±6

analgesia in patients with moderate to severe pain [10].

Intraoperative data
83±39

92±46

0.175

However, it also can be a major cause of PONV [1]. Growing

Anesthesia duration, min

118±41

126±49

0.207

body of literatures have explored to reduce opioid amount

Propofol amount, mg

802±278

865±434

0.258

1,918±1,001

0.081

by co-administration of drugs such as non-steroidal an-

602±279

701±469

0.095

Urine output, mL

82±66

108±135

0.506

Estimated blood loss, mL

80±129

93±172

0.980

Operation time, min

Remifentanil amount, mg
Intraoperative fluid input,
mL

1,677±762

Data presented as mean±standard deviation or number (%). BMI: body
mass index, ASA PS: American Society of Anesthesiologists physical
status.

Table 2. Incidence of postoperative nausea and vomiting and antiemetics
Variables

Group N (n=86)

Group F (n=81)

p value

ti-inflammatory drugs, paracetamol and ketamine [14,15].

Table 3. Postoperative outcomes
Variables

Group N
(n=86)

Group F
(n=81)

p value

0.252

At postoperative 1 hour
Pain_VAS

5 [3-6]

5 [4-6]

Rescue analgesics

71 (83.5)

73 (89.0)

0.117
(NNT=18.2)

Rescue opioid amount, mg

50 [30-70]

55 [30-90]

0.240

4 [2-5]

3 [2-5]

0.428

28 (32.9)

28 (34.1)

At postoperative 1 hour
Nausea
Nausea_NRS
Vomiting
Antiemetics

24 (28.2)
0 [0-1] (0, 9)
0

22 (26.8)
0 [0-1] (0, 6)

0.839
0.542

0

Nausea_NRS

Rescue analgesics

3 (3.6)

0.071

27 (32.1)

36 (43.9)

0.120

QoR-15

0 [0-1] (0, 8)

0.459

Total infused PCA, mL

0 [0-1] (0, 8)
4 (4.7)

9 (11.0)

0.132

Antiemetics

5 (5.9)

13 (15.8)

0.026

Data presented as nunber (%) or median [quartiles] (minimum, maximum).
NRS: numerical rating scale.

0.869
(NNT=83.3)

Rescue opioid amount, mg

Vomiting

www.embse.org

Pain_VAS

11 (12.9)

Until postoperative 24 hours
Nausea

Until postoperative 24 hours

PCA discontinuation

50 [0-75]

50 [25-75]

0.978

104 [84-120]

94 [78-110]

0.196

28.9
[26.3-33.1]

29.1
[28.3-33.8]

0.487

5 (5.9)

7 (8.5)

0.508

Data presented as number (%) or median [quartiles]. NNT: number needed
to treat, QoR-15: quality of recovery 15.
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Nefopam is a non-opioid, non-steroidal, centrally acting

PONV and postoperative pain has been controversial. Al-

analgesics and does not bind to opioid receptors [16-19],

though previous reports compared the analgesic or adverse

which shows different inherent analgesic mechanism from

effect between nefopam and opioids, each study showed

opioids. Because of nefopam has been reported to be 20-

an incoherency in their methods, particularly in the study

50% of opioids-sparing effect [20-22], using nefopam to

population, anesthetic setting, the type of surgery, etc. [23].

IV-PCA may decrease PONV incidence by reducing opioid

Merle et al. suggested that in the less painful surgery, the an-

amount.

algesic effect of nefopam could be limited, and even cause

Our result revealed that the using nefopam in IV-PCA did

adverse effect [24]. In Choi et al. with maxillofacial surgery,

not reduce PONV incidence, compared to the conventional

nefopam did not reduce PONV incidence compared with

fentanyl-based regimen in the patient with moderate to se-

fentanyl, despite of similar analgesic effect [25]. Howev-

vere PONV risk. It may suggest that reducing opioid amount

er, several studies showed that nefopam was effective for

in IV-PCA solely is not sufficient to decrease PONV, because

moderate to high postoperative pain control [26-29]. In our

PONV is affected by various factors such as sex, laparo-

result, as is consistent with previous results, using nefopam

scopic surgery, pain, etc. [1]. Also, to control breakthrough

in IV-PCA showed similar effectiveness to conventional fen-

pain, non-opioid analgesics other than opioids seemed to

tanyl-based regimen.

be less effective, thereby opioids being inevitably needed.

There are several limitations in the present study. First,

Moreover, strictly followed the consensus PONV guideline

we followed up patients only twice during the entire study

[5] may contribute to lower the overall PONV incidence, and

period. Because nausea is a subjective symptom, it could

diminish the inter-group difference. Effective PONV pro-

be insufficient to investigate with single or short-term fol-

phylaxis needs multidisciplinary approach such as adequate

low-up. Also, until postoperative 24 hours, the patient was

hydration, using dexamethasone, and propofol for anesthe-

not be fully recovered, thereby may not provide accurate

sia maintenance, etc., which were all included in this study

information. Second, because our data at postoperative 24

protocol [5]. Due to our multidisciplinary prophylaxis, the

hours was mainly based on nursing report in the electron-

overall incidence of PONV was only 38%, despite of known

ic medical record system, those may have inter-individual

incidence of 60% in patients with the similar risk [2].

differences or increased risk of human errors. For exam-

Considering the balance between analgesic effect and

ple, some nurse recorded patient information in detail, but

adverse effects of opioid, proper use of nefopam to reduce

others even did not remember precisely or omit recording.

opioid amount would be a critical issue. Balanced combina-

Third, in contrast to the PACU, the patient evaluation can be

tion of analgesics with different mechanism can effectively

less controlled and be incoherent in general ward. In PACU,

decrease pain intensity without adverse effects of individual

single investigator consistently followed the patients, and the

drugs. However, excessive amount of total analgesics could

study protocol can be well controlled. However, in the ward,

exert or deepen the side effect of each drugs even though

nursing staffs generally rotate, thereby the study protocol

they do not share analgesic mechanism. Without dose re-

cannot be strictly followed up.

duction of fentanyl, additional use of nefopam increased

In conclusion, although its similar analgesic effect, using

PONV incidence [12]. It may suggest that, for an appropriate

nefopam as an adjuvant to opioids in IV-PCA did not reduce

opioid sparing effect of nefopam, the deliberately calculated

the incidence of PONV in laparoscopic gynecological sur-

dose would be necessary. In our result, we added nefopam

gery.

under calculation considering fentanyl-equivalent dose.
Consequently, the regimen using nefopam in IV-PCA pro-
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