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Abstract 

Background: While recovery from remifentanil is fast due to its rapid metabolism, it can induce 
hyperalgesia by activation of N-methyl-D-aspartic acid (NMDA) receptors. Therefore, 
administration of NMDA receptor antagonists such as ketamine is effective in relieving 
hyperalgesia caused by remifentanil. A previous study showed that nefopam administration before 
anesthesia combined with low-dose remifentanil reduced pain and analgesic consumption during 
the immediate postoperative period. We hypothesized that intraoperative infusion of nefopam 
during laparoscopic cholecystectomy would be as effective as ketamine in controlling pain during 
the acute postoperative period after sevoflurane and remifentanil based anesthesia. 
Methods: Sixty patients scheduled to undergo laparoscopic cholecystectomy were randomly 
divided into three groups. General anesthesia was maintained with sevoflurane and effect-site 
target concentration of remifentanil (4 ng/ml) in all patients. An intravenous bolus of nefopam (0.3 
mg/kg) was given, followed by continuous infusion (65 µg/kg/h) in Group N (n=20). An intravenous 
bolus of ketamine (0.3 mg/kg) was administered, followed by continuous infusion (180 µg/kg/h) in 
Group K (n=20), and Group C received a bolus and subsequent infusion of normal saline equal to 
the infusion received by Group K (n=20). We compared postoperative Visual Analogue Scale 
(VAS) scores and analgesic requirements over the first 8 postoperative hours between groups. 
Results: The pain scores (VAS) and fentanyl requirements for 1 h after surgery were significantly 
lower in the nefopam and ketamine groups compared with the control group (p<0.05). There 
were no differences between the nefopam and ketamine groups. The three groups showed no 
differences in VAS scores and number of analgesic injections from 1 to 8 h after surgery. 
Conclusion: Intraoperative nefopam infusion during laparoscopic cholecystectomy reduced 
opioid requirements and pain scores (VAS) during the early postoperative period after 
remifentanil-based anesthesia. 
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Introduction 
Laparoscopic cholecystectomy causes less 

postoperative pain than open cholecystectomy. 
However, pain control after laparoscopic 
cholecystectomy remains an unresolved issue [1, 2]. In 
laparoscopic cholecystectomy, short-acting opioids 
such as remifentanil are recommended for reducing 
the surgical stress response [2]. 

Patients recover quickly from remifentanil due 
to its rapid metabolism [3]; therefore, it is effective in 
preventing several opioid side effects, including 
respiratory depression [4]. However, remifentanil can 
induce hyperalgesia, and may trigger severe 
postoperative pain [5, 6]. Such hyperalgesia is caused 
by activation of N-methyl-D-aspartic acid (NMDA) 
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receptors. Therefore, administration of an NMDA 
receptor antagonist such as ketamine is effective in 
relieving the hyperalgesia caused by remifentanil 
[7,8]. 

Nefopam is a non-opioid analgesic that inhibits 
monoamine reuptake in the central nervous system 
[9]. In rats, nefopam indirectly modulates the NMDA 
receptor, decreasing c-Fos expression in the dorsal 
horn of the spinal cord and relieving allodynia and 
opioid-related hyperalgesia [10]. In addition, nefopam 
administered in combination with low-dose 
remifentanil before anesthesia was shown to display a 
postoperative analgesic efficacy during the acute 
phase and reduced analgesic requirements [11]. 
However, compared to intraoperative ketamine 
infusion with remifentanil-based anesthesia in 
laparoscopic cholecystectomy patients, the 
postoperative analgesic efficacy of nefopam infusion 
during surgery remains unclear [12]. 

We aimed to examine the postoperative 
analgesic efficacy of intraoperative nefopam infusion 
in patients undergoing laparoscopic cholecystectomy. 
We hypothesized that nefopam infusion during 
laparoscopic cholecystectomy was as effective as 
ketamine infusion for controlling pain caused by 
remifentanil infusion during the acute postoperative 
period.  

 

Methods 
Patients and study design 

This prospective, randomized, placebo- 
controlled double blinded study was conducted after 
obtaining approval from our institutional review 
board, and is registered at clinical trials.gov 
(NCT02493231). This manuscript adheres to 
applicable EQUATOR guidelines. Written informed 
consent was obtained from all patients. Data were 
collected between July and December 2015. We 
selected 60 patients, aged 20–65 years, American 
Society of Anesthesiologists physical status 1 or 2 who 
were scheduled to laparoscopic cholecystectomy 
under general anesthesia. Exclusion criteria were as 
follows: patients with hepatic disease, kidney disease, 
diabetes, cardiovascular disease, airway related 
disease, recent use of opioids or beta blocking agents, 
or a known allergy to drugs. A list of random 
numbers generated by Microsoft Excel (Microsoft Co., 
Redmond, WA, USA) was used to randomize patients 
into three groups. Patients were randomly assigned to 
receive remifentanil and nefopam (N group), 
remifentanil and ketamine (K group), or remifentanil 
and normal saline (C group) during surgery. 

Anesthetic Procedures 
Three medical staff conducted the study, in the 

induction of anesthesia, anesthetic maintenance, and 
postoperative pain assessment. One anesthesiologist 
who participated in the study design was responsible 
for induction of general anesthesia and was not 
involved in other parts of the study process. Another 
anesthesiologist, who was blinded to patient 
grouping, performed maintenance of anesthesia. 
Postoperative pain assessment was performed by 
another nurse who was also blinded to patient 
grouping. As premedication, patients received 
midazolam (2 mg) and glycopyrrolate (0.2 mg 
intramuscularly). Upon arrival to the operating room, 
patients underwent standardized monitoring of 
non-invasive blood pressure, heart rate, oxygen 
saturation, and electrocardiography. In addition, the 
BIS (Bispectral Index Monitor, Aspect Medical 
Systems, Inc., Newton, MA, USA) was used, and the 
baseline value for all equipment were obtained. After 
pre-oxygenation with 100% oxygen, anesthesia was 
induced with propofol (2 mg/kg) and an effect-site 
target concentration of remifentanil (4 ng/ml) was 
infused using an Orchestra pump (Orchestra Infusion 
Workstation, Frenius Vial, France). After the 
effect-site target concentration of 4 ng/ml was 
reached, we confirmed loss of consciousness by verbal 
stimuli or eyelid reflex. Subsequently, rocuronium 
(0.6 mg/kg) was administered and when the jaw was 
relaxed tracheal intubation was performed 
approximately 2 minutes later.  

Two unlabeled syringes were prepared. For the 
first dose, a 20-ml syringe containing the study drug 
(0.4 mg/ml of nefopam or 1 mg/ml of ketamine) or 
normal saline (placebo) was used. For continuous 
infusion, a second 50-ml syringe containing the same 
concentration of study drug or isotonic saline was 
used. Based on a previous study [13], group N 
received intravenous nefopam (0.3 mg/kg) during 
anesthesia induction and nefopam (65 µg/kg/h) was 
infused continuously during surgery. Also, based on a 
previous study [14], group K received intravenous 
ketamine (0.3 mg/kg) during anesthesia induction, 
and ketamine (180 µg/kg/h) was infused 
continuously during surgery. Group C received 
normal saline at the same infusion rate as Group K. 
Anesthesia was maintained with 1.5–3.5 vol% 
sevoflurane, which was adjusted to maintain a BIS of 
40–60, and remifentanil was maintained with an 
effect-site target concentration of 4 ng/ml in all three 
groups. After induction and setting up the 
maintenance of anesthesia, the anesthesiologist was 
replaced by another anesthesiologist who was blinded 
to group assignments to maintain anesthesia per 
study protocol. When the blood pressure decreased 
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more than 20% of the baseline value, intravenous 
ephedrine (4 mg) was administered; intravenous 
atropine (0.5 mg) was utilized to treat heart rates less 
than 45 beats per minute (bpm). For blood pressure 
increases of more than 20% of the baseline value, 
intravenous nicardipine (6 µg/kg) was given. Any 
changes in the patient’s hemodynamic or respiratory 
conditions were managed promptly and recorded.  

Before incisional closure, fentanyl (1 µg/kg, 
maximum dose 100 µg) and ramosetron (0.3 mg) were 
injected intravenously. After completion of closure, 
sevoflurane and remifentanil, and all study drugs 
such as nefopam, ketamine, or normal saline were 
also discontinued. For reversal of neuromuscular 
relaxation, glycopyrrolate (0.4 mg) and 
pyridostigmine (20 mg) were injected and manual 
ventilation with 100% oxygen was performed with 
35–45 mmHg end-tidal carbon dioxide concentration.  

When patients responded to verbal commands 
and opened his or her eyes, and there was sufficient 
antagonism or the tidal volume was appropriate, the 
patient was extubated and moved to the 
post-anesthesia care unit (PACU). Perioperative 
hemodynamic data such as blood pressure, heart rate, 
oxygen saturation, and perioperative drug 
administration were recorded and the total amount of 
the remifentanil, nefopam, and ketamine 
administered during surgery were recorded. Time 
from expired 0.3 vol% sevoflurane to the time of 
awakening and extubation were measured. 

Postoperative pain management and patient 
assessments 

In the PACU, hemodynamic parameters, visual 
analogue scale (VAS, 0 = no pain, 10 = most severe 
possible pain), nausea, vomiting, sedation score, other 
complications, and analgesic administration were 
recorded at 5-min intervals for 1 h. Intravenous 
fentanyl (50 µg) was given when the patient’s VAS 
score was greater than 4; after 15 min the pain score 
was reevaluated. If the VAS score was still greater 
than 4, intravenous fentanyl (25 µg) was injected. A 
follow- up pain evaluation was repeated 15 min later, 
and fentanyl (25 µg) was administered for VAS scores 
remaining above 4. Additional analgesics were 
administered when deemed necessary. When the 
heart rate decreased to less than 50 bpm, intravenous 
glycopyrrolate (0.2 mg) was administered and when 
the systolic or diastolic blood pressure was higher 
than 180 120 mmHg, respectively, intravenous 
nicardipine (6 µg/kg) was given. When the blood 
pressure decreased more than 20% from threshold, 
intravenous ephedrine (4 mg) was administered. 
When nausea and vomiting developed, antiemetic 
drugs were utilized.  

When patients were moved to the general ward 
from the PACU, the ward nurse, who was blinded to 
group assignment, assessed and recorded 
hemodynamic parameters and pain score (VAS), 
nausea and vomiting, sedation score, other 
complications, and the type and amount of analgesic 
administration until 8 h postoperatively. When the 
VAS score was greater than 4, intravenous tramadol 
(50 mg) was administered. After 30 min, if the VAS 
was still greater than 4, additional analgesics 
(tramadol 25 mg) were given. After 1 h, the VAS score 
was reevaluated, and additional analgesics were 
administered if the VAS score was greater than 4. This 
assessment was continued if patients complained of 
pain. The surgery department made the decisions 
regarding type and amount of additional analgesic 
administration and this was recorded during the 
study period.  

The primary outcome measure was VAS score in 
the PACU. Secondary outcome measurements were 
total intravenous fentanyl dose in the PACU, time 
elapsed between intraoperative fentanyl bolus and the 
first analgesic request in the PACU, presence of 
postoperative nausea and vomiting (PONV), sedation 
status during the study period, VAS score in the 
ward, and total analgesic requirements in the ward. 

Statistical Analysis 
All statistical analyses were performed using 

SAS version 9.2 (SAS Institute Inc., Cary, NC, USA). 
Comparisons for each demographic and clinical 
variable among the three groups were performed 
using the analysis of variance (ANOVA) test for 
normally distributed variables or the Kruskal–Wallis 
test for non-normally distributed variables. The 
chi-squared test or Fisher’s exact test were performed 
for categorical variables. The ANOVA test and 
Kruskal–Wallis test were performed to compare VAS 
scores and fentanyl requirements between the three 
groups at each time point after surgery, respectively, 
with post-hoc analysis. The changes in VAS, 
analgesic-free time, and fentanyl consumption over 
time were analyzed using a linear mixed model 
considering repeated measurements. Data were 
expressed as the mean ± standard deviation and a 
p-value of less than 0.05 was considered statistically 
significant. The sample size estimate was based on a 
previous study [15]. We assumed that mean VAS 
scores in group N, group K and group C were 3.6, 3.6, 
and 5.5, respectively with a standard deviation of 2.0 
and the calculated sample size for each group was 18 
(α =0.05, β= 0.8). Therefore, 20 subjects were included 
in each group considering a 10% drop-out rate. 
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Results 
There were 60 patients who participated in this 

study; no one was excluded (Figure 1). Table 1 shows 
the comparison between the three groups in terms of 
demographic characteristics, operative and anesthesia 
duration, and the amount of remifentanil injected 
during surgery. There was no difference in the dose of 

additional medications during surgery. However, the 
three groups showed differences in the time between 
the moment when sevoflurane was measured from 0.3 
vol% expiratory concentration to patient awakening. 
Group K showed longer times than Group N and 
Group C (p=0.013, p<0.001), while there was no 
difference between Group N and Group C (p=0.145).  

 

 
Figure 1. Flow diagram Group C, control group; Group N, nefopam group; Group K, ketamine group 

 

Table 1. Characteristics of Patients and Anesthesia. 

 Group N (n = 20) Group K (n = 20) Group C (n = 20) Overall P-value 
Age (yr) 40.8± 12.1 43.0 ± 11.7 47.2 ± 11.3 0.223 
Sex (M/F) 6/14 10/10 6/14 0.317 
Body mass index (BMI) (kg/m2) 24.2 ± 2.6 24.7 ± 2.8 23.7 ± 3.2 0.557 
Operation time (min) 86.8 ± 28.8 100.3 ± 30.7 100.3 ± 30.7 0.091 
Anesthesia time (min) 153.3 ± 33.2 160.3 ± 31.8 160.3 ± 31.8 0.471 
Sevo 0.3 (min)* 3.7 ± 1.5 5.0 ± 1.9* 2.9 ± 1.2 <0.001 
Total amount of remifentanil (µg) 558.7 ± 115.0 559.8 ± 192.2 602.1 ± 162.2 0.621 
Total amount nefopam (mg) 22.3 ± 3.2 - -  
Total amount ketamine (mg) - 31.6 ± 8.1 - - 
Abbreviations: Sevo 0.3 (min), time taken from measuring 0.3 vol% sevoflurane in patient expiration to patient awakening.  
Values are presented as the mean ± standard deviation. There were significant differences among the three groups in the time taken from measuring 0.3 vol% sevoflurane in patient 
expiration to patient awakening (*p <0.001). The Group K took more time than the group N and group C (p = 0.013, p<0.001), while the Group N and Group C showed no significant 
difference (P = 0.145) (post-hoc test).  
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During surgery, there was no significant 
difference in blood pressure, heart rate, and oxygen 
saturation between groups. This finding was the same 
during the 8 h period after surgery. During the first 
hour after surgery in the PACU, Group N and Group 
K had lower average VAS scores than Group C 
(*p<0.001 and 0.033, Figure 2). Group N had lower 
VAS scores than Group C at the 1, 5, and 45 min time 
points in the PACU (*p=0.001, 0.026, and <0.001; 
Figure 2). Group K had lower VAS scores than Group 
C at the 1 and 5 min time points in the PACU 
(*p=0.011, 0.034, Figure 2). Patients in Group N also 
showed lower VAS scores than Group K at 5 and 45 
minutes, as well as lower average VAS scores in the 
PACU (†p=0.046, 0.002, and 0.009; Figure 2). Group N 
(36.3±37.6 µg) and Group K (52.8±37.3 µg) had less 
fentanyl requirements after surgery than Group C 
(76.3±31.9 µg) (p=0.001, 0.042). No statistically 

significant difference was observed between Group N 
and Group K in terms of fentanyl requirements for 1 h 
after surgery in the PACU (Table 2). Patients in Group 
C had a shorter time to the first fentanyl injection than 
Group N and Group K (p<0.001, p=0.002, post-hoc 
test; Table 2).  

The three groups showed no differences in pain 
scores (VAS) between 1 and 8 h after surgery (Figure 
3). However, patients in Group N had fewer analgesic 
injections 1 to 2 h after surgery compared to Group K 
and Group C (p=0.018, 0.003, post-hoc test; Table 3). 
The three groups showed no significant differences in 
the number of analgesic injections from 2 to 8 h after 
surgery (Table 3). 

When intraoperative nefopam was administered, 
no tachycardia or profuse sweating developed, and no 
groups had hemodynamic or respiratory disorders, 
excessive sedation, or PONV after surgery.  

 

 
Figure 2. Postoperative pain scores up to first 1 h in PACU. Abbreviations: PACU, post-anesthesia care unit; VAS, visual analogue scale. Values are presented 
as the mean ± standard deviation. Group N and Group K had lower average VAS scores than Group C (*p<0.001 and 0.033). Group N had lower VAS scores than 
Group C at the 1, 5, and 45 min time points in the PACU (*p=0.001, 0.026, and <0.001). Group K had lower VAS scores than Group C at the 1 and 5 min time points 
in the PACU (*p=0.011, 0.034). Patients in Group N also showed lower VAS scores than Group K at 5 and 45 minutes, as well as lower average VAS scores in the 
PACU (†p=0.046, 0.002, and 0.009). 

 

Table 2. Total fentanyl requirement and Time to the first fentanyl demand during 1 h after surgery in PACU. 

 Group N (n = 20) Group K (n = 20) Group C (n = 20) Overall P-value 
Total fentanyl requirement (µg) 36.3±37.6* 52.8±37.3* 76.3±31.9 0.003 
Time to the first fentanyl demand (min) 39.5±22.7* 27.7±22.4* 7.6±13.5 <0.001 
Abbreviations: PACU, post-anesthesia care unit. Values are presented as the mean ± standard deviation. The time to the first fentanyl demand was defined as the time elapsed between 
intraoperative fentanyl bolus and the first analgesic request in the PACU. Group N (36.3±37.6 µg) and Group K (52.8±37.3 µg) had less fentanyl requirements after surgery than Group C 
(76.3±31.9 µg) (p=0.001, p=0.042). No statistically significant difference was observed between Group N and Group K in terms of fentanyl requirements for 1 h after surgery in the PACU. 
Patients in Group C had a shorter time to the first fentanyl injection than Group N and Group K (p<0.001, p=0.002) (post-hoc test). 

 

Table 3. The number of patients received analgesics from 1 to 8 h after surgery. 

patients received analgesics Group N (n=20) Group K (n=20) Group C (n=20) Overall p-value 
1-2h 3(15.00%)*† 10(50.00%) 12(60.00%) 0.010 
2-4h 3(15.00%) 6(30.00%) 1(5.00%) 0.130 
4-6h 3(15.00%) 3(15.00%) 3(15.00%) >0.999 
6-8h 1(5.00%) 1(5.00%) 1(5.00%) >0.999 
Values are expressed as number (%). Patients in Group N had fewer analgesic injections 1 to 2 h after surgery compared to Group K† and Group C* (†p=0.018, *p=0.003, post-hoc test). The 
three groups showed no significant differences in the number of analgesic injections from 2 to 8 h after surgery. 

 



Int. J. Med. Sci. 2017, Vol. 14 

 
http://www.medsci.org 

575 

 

 
Figure 3. Postoperative pain scores up to 8 h after surgery in the ward. Abbreviations: VAS, visual analogue scale. Values are presented as the mean ± 
standard deviation. No significant differences were observed among the three groups (p > 0.05). 

 

Discussion 
In this randomized controlled study, patients in 

the intraoperative nefopam infusion group (Group N) 
showed reductions in VAS scores and opioid 
requirements for 1 h after laparoscopic 
cholecystectomy with a target controlled infusion of 4 
ng/ml of remifentanil. This was not a different 
finding from the group injected with ketamine (Group 
K), a known NMDA receptor antagonist that prevents 
opioid-induced hyperalgesia. 

We evaluated patients undergoing laparoscopic 
cholecystectomy who received an effect site 
concentration of 4 ng/ml of intravenous remifentanil. 
Remifentanil is a rapid-acting opioid with a short 
action time and substantial effects; it effectively 
controls pain and reduces unwanted cardiovascular 
reactions [16]. In addition, remifentanil with an 
anesthetic-sparing effect may result in rapid 
consciousness after laparoscopic cholecystectomy 
[17]. However, some studies found that remifentanil 
is associated with acute tolerance and hyperalgesia. In 
one study [18], intravenous remifentanil with a 3–4 
ng/ml effect-site concentration for 60 to 100 min led to 
a 180% rise in capsaicin-induced hyperalgesia. 
Luginbühl et al. [19] argued that remifentanil with a 
3–4 ng/ml effect-site concentration can cause 
hyperalgesia. Joly et al. [8] stated that determining the 
appropriate amount of remifentanil used during 
surgery is critical in post-surgery pain control. 
Although whether remifentanil triggers hyperalgesia 
remains controversial, NMDA receptor activation is 
known to play a critical role [20]. 

Ketamine is an NMDA receptor antagonist that 
attenuates opioid-induced hyperalgesia [14, 21, 22]. In 
our present study, patients in Group K continuously 
received a low dose of ketamine known to prevent 

remifentanil-induced hyperalgesia. A bolus of 
ketamine (0.3 mg/kg) was injected intravenously at 
induction followed by a continuous infusion of 
ketamine (3 mcg/kg/min) [14]. Compared with the 
control group (Group C, receiving normal saline), 
there were no differences observed in blood pressure, 
heart rate, or oxygen saturation during and after 
surgery in Group K. There were also no differences in 
postoperative sedation, hallucinations, or PONV in 
the PACU or the ward. However, for 1 h after surgery, 
Group K showed lower VAS scores and decreased 
fentanyl requirements than Group C. These results 
indicate that ketamine is effective for a shorter period 
than shown in a previous study [14], which used the 
same dose but demonstrated a drop in pain scores 
and patient-controlled analgesia (PCA) requirements 
for 180 min. However, in the abovementioned study, 
intravenous PCA including morphine and ketorolac 
was also used to control post-surgery pain. The three 
groups of our present study received 1.0 µg/kg of 
fentanyl just prior to the end of surgery. As patients in 
our present study received a fentanyl bolus injection 
according to the study protocol, reduced pain scores 
and fentanyl requirements were found for only an 
hour after surgery. 

Nefopam is a potent non-narcotic analgesic with 
supraspinal and spinal sites of action [23] and is not 
reversed by naloxone [24–26]. It inhibits 
5-hydroxytriptamine and noradrenaline uptake [27], 
controls descending serotonergic pain [28], and 
interacts with dopaminergic pathways [29]. In 
addition, nefopam has analgesic effects in a rat model 
of neuropathy [30] with activated NMDA receptors 
[31]. However, while ketamine acts as an NMDA 
receptor antagonist to control pain, nefopam inhibits 
voltage-sensitive sodium channels to modulate 
presynaptic glutaminergic transmission [32].  
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In our present study, nefopam and ketamine 
equally reduced VAS and the need for fentanyl 
during the acute postoperative period. In addition, 
Group N showed a longer the time to the first 
analgesic injection in the PACU than Group C. Group 
N showed fewer analgesic injections in the ward 1 to 2 
h after surgery, compared to Group K and Group C. 
These results are similar to those of other 
postoperative studies [33–35]. Nefopam is said to 
have a 30%–50% morphine-sparing effect and to be 
effective in reducing pain scores [34, 35]. In addition, 
nefopam is reported to reduce thermal hyperalgesia 
induced by plantaris muscle incision of the hind legs 
in rodents [36]. As described previously with 
ketamine, nefopam is also known to have 
antihyperalgesic effects [33].  

However, whether the effect site concentration 
of 4 ng/ml remifentanil is sufficient to cause 
hyperalgesia remains unclear. Many studies have 
reported that opioid-induced hyperalgesia or acute 
opioid tolerance frequently occur with high-dose 
remifentanil infusion [37]. However, low-dose 
remifentanil infusion with an effect site concentration 
of 2 ng/ml can amplify pain in the immediate 
postoperative period [38]. In addition, Angst et al. [5] 
argued that withdrawal after exposure to a plasma 
concentration of remifentanil in the range of 2.7 and 
2.9 ng/ml increased the pain response compared to 
before remifentanil was infused. Thus, remifentanil 
infusion according to our protocol may lead to 
hyperalgesia. As a result, intraoperavie nefopam 
infusion reduced pain and analgesic consumption in 
the immediate postoperative period, indicating that it 
may prevent remifentanil-induded pronociceptive 
effects.  

In the previous studies, side effects including 
nefopam-related tachycardia, profuse sweating, and 
ketamine-related sedation were reported [26, 33, 35]. 
In our present study, Group K had a longer period 
between respiration recovery and awakening than 
Group N and Group C (p=0.0132, 0.0002), while no 
statistically significant difference was observed 
between Group N and Group C (p=0.145). 
Nonetheless, all patients in Group K regained 
consciousness easily and it was simple to measure 
pain levels with VAS scores. Furthermore, no 
problems occurred with recovery. No differences 
were found between Group N and Group C in terms 
of intraoperative hemodynamic changes, PONV, 
postoperative sedation, sweating, and other 
complications. Mimoz et al. [35] claimed that 
tachycardia is less likely to develop with more than 30 
min of continuous infusion of nefopam; and in our 
present study, the average time for anesthesia was 153 
min, decreasing the possibility of tachycardia. 

Therefore, continuous intraoperative infusion may be 
superior to shorter nefopam infusion for reducing 
complications.  

There are several limitations to this study. We 
did not verify whether nefopam is effective in 
reducing VAS scores and fentanyl requirements due 
to its analgesic effect or its antihyperalgesic effect. The 
plasma half-life of nefopam is 3 to 5 h and the peak 
plasma concentration is reached 15 to 20 min after 
intravenous injection [39]. In this study, for the first 
hour in the PACU, Group N had fewer VAS scores 
and showed less time to the first analgesic injection 
when compared to Group C, but the effects of 
nefopam were not continued throughout the 8 h on 
the ward. However, ketamine dosage has been known 
to have antihyperalgesic effects in 
remifentanil-induced hyperalgesia [14, 21, 22] and 
nefopam infusion was as effective as ketamine 
infusion in the present study. In addition, from 1 to 2 
h after surgery in the ward, patients in Group N had 
fewer analgesic injections than Group K. Based on 
these results, intraoperative nefopam infusion should 
be effective for preventing remifentanil-induced 
hyperalgesia.  

In conclusion, intraoperative nefopam infusion is 
as effective as intraoperative ketamine in reducing 
pain scores and fentanyl requirements during the 
acute postoperative period after remifentanil infusion 
in laparoscopic cholecystectomy. 
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