
Introduction

Remifentanil is an ultra-short-acting analgesic which causes 
a predictable and fast recovery due to rapid metabolism [1], and 
can prevent several complications of opioid including respira-
tory depression [2].

However, many studies have shown opioid-induced hyper-
algesia (OIH) and acute opioid tolerance especially when remi-
fentanil is used [3,4]. The OIH and acute opioid tolerance may 
be related to the high-dose of remifentanil administered during 
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surgery [5,6], but some studies have shown that low-dose of 
remifentanil also could increase postoperative pain [3,7]. Conse-
quently, there is controversy about the dosage of remifentanil to 
be used in surgery. The occurrence of OIH and acute opioid tol-
erance is mainly known to be due to the activation of N-methyl-
D-aspartate (NMDA) receptors [8]. Thus, some studies have 
suggested that ketamine and magnesium prevent remifentanil-
induced OIH by blocking NMDA receptors, thereby decreasing 
postoperative pain [9,10]. 

Nefopam is a non-narcotic analgesic that acts centrally by 
inhibiting 5-hydroxytryptamine and noradrenaline uptake [11]. 
It also reduces the presynaptic release of glutamate which is as-
sociated with pain and centrally inhibits postsynaptic NMDA 
receptors [12]. Nefopam has been used for postoperative pain 
control [13] and patient-controlled analgesia [14] in several sur-
geries. Tirault et al. [15] reported that pretreatment of nefopam 
could prevent postoperative morphine overconsumption which 
occurred after a large dose of remifentanil and propofol anes-
thesia in major abdominal surgery. However, there has been no 
report about the effectiveness of nefopam in middle ear surgery 
which usually requires a low-dose remifentanil infusion instead 
of nitrous oxide. Taken together, we speculated that nefopam in-
fusion combined with low dose remifentanil could reduce early 
postoperative analgesic demand regardless of the occurrence of 
the remifentanil-induced pronociceptive effect. We investigated 
the effect of nefopam on the analgesic demand dose as a pri-
mary end point and the postoperative pain score and the time to 
first analgesic requirement as secondary end points in patients 
undergoing middle ear surgery with desflurane anesthesia and 
low dose remifentanil infusion.

Materials and Methods

The study was conducted with a prospective, randomized 
controlled and double-blinded method for postoperative assess-
ment. This study was approved by the Institutional Review Board 
and registered in the UMIN clinical trials registry. All proce-
dures were in accordance with the Declaration of Helsinki. We 
obtained informed consent from 50 patients with the American 
Society of Anesthesiologists physical status I–II, aged 20–65, 
who were scheduled to undergo elective mastoidectomy and 
tympanoplasty. The exclusion criteria included hypersensitiv-
ity to nefopam or remifentanil , both of which were used in this 
study. 

All patients were premedicated with intramuscular mid-
azolam 2 mg and glycopyrrolate 0.2 mg 1 h before surgery. In 
the operating room, patients were given a noninvasive blood 
pressure, pulse oximetry, electrocardiography and entropy 
monitor (M-Entropy plug-in module, Datex-Ohmeda, Finland). 
All patients were randomly allocated by a simple randomization 

using a computer-generated random number table into one of 
the two groups. Before patients arrived in the operating room, 
a study drug (nefopam or normal saline) solution was prepared 
by a nurse who was not involved in this study. In the nefopam 
group (Group N), nefopam 40 mg mixed with normal saline 
100 ml was slowly administered during 20 min before anesthesia 
induction [16]. In the control group (Group C), an equal amount 
of normal saline was administered during the same period. The 
study drugs were given to patients by an anesthesiologist who was 
blinded to the treatment group and who was assigned to provide 
anesthesia for the patients. There were no significant differences 
in the demographic data between the two groups (Table 1).

Anesthesia was induced with intravenous thiopental sodium 
5 mg/kg and rocuronium 0.6 mg/kg and maintained with 5–6 
vol% desflurane in 50% oxygen in air adjusted to keep entropy 
values 40–60. Remifentanil was initially administered with a 
rate of 0.1 μg/kg/min before induction and infused at 0.05–0.15 
μg/kg/min to keep hemodynamic variables suitable to induced 
hypotension (around systolic blood pressure 90–100 mmHg) in 
all patients. Muscle relaxant was only administered during the 
induction of anesthesia. 

The remifentanil infusion and desflurane were stopped at the 
end of surgery. Intraoperative remifentanil infusion dose, end-
tidal desflurane concentration (Et DES) at the end of surgery, and 
the duration of the surgery were recorded. Recovery profiles (the 
times from desflurane stop to eye opening and extubation) were 
also checked. To reverse the neuromuscular block, pyridostig-
mine 10 mg and glycopyrrolate 0.4 mg were intravenously ad-
ministered when self-respiration was recovered. Extubation was 
performed when the patient obeyed commands and recovered a 

Table 1. Demographic and Clinical Data

Group C  
(n = 22)

Group N  
(n = 22)

Age (yr)
Gender (M/F)
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Surgical and anesthetic data
    Surgical time (min)
    Remifentanil infusion time (min)
    Remifentanil infusion dose (µg)
    Remifentanil mean infusion rate
      (µg/kg/min)
    Et DES (vol%) at the end of surgery

  49.2 ± 11.5
  10/12

161.5 ± 7.8
 60.2 ± 8.4
 22.5 ± 2.6

  89.8 ± 16.8
 107.6 ± 12.2
  360.5 ± 215.1 

  0.05 ± 0.03

  5.1 ± 0.9

  48.0 ± 10.0
  7/15

161.7 ± 7.5
  59.7 ± 10.9
 22.2 ± 3.1

  96.8 ± 22.9
 120.9 ± 25.9
  523.0 ± 324.3

  0.07 ± 0.03

  4.7 ± 2.1

Values are mean ± SD or number of patients. There were no significant 
differences between the two groups. Group C: the control group which 
was given only remifentanil 5 min before anesthesia induction.  Group N: 
the nefopam group which was given nefopam together with remifentanil 
5 min before anesthesia induction. Et DES: end-tidal desflurane con cen-
tration.
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regular self-respiration. 
In a postanesthesia care unit (PACU), a pain score was taken 

using a numeric rating scale (NRS) every 10 min for 1 h by an-
other anesthesiologist, blinded to the treatment group. Postop-
erative pain (a NRS ≥ 4) was controlled by repetitive intravenous 
injections of ketorolac 10 mg according to the NRS which was 
examined every 10 min in a PACU. In a ward, the same blinded 
anesthesiologist obtained pain scores using NRS at postopera-
tive 6, 12, 18, and 24 h, and if patients complained of pain that 
required analgesics, ketorolac 30 mg was administered intrave-
nously. No one who was involved in patient management or data 
collection were aware of the group assignment.

The time to first analgesic requirement and a ketorolac de-
mand dose were assessed in a PACU and ward, respectively. 
Adverse events including nausea and vomiting, dizziness, head-
ache, sedation, respiratory depression, sweating, dry mouth, 
tachycardia, hypertension, and restlessness were also assessed in 
a PACU and ward during the postoperative 24 h.

A primary endpoint in this study was the ketorolac demand 
dose in a PACU after surgery. A sample size calculation was 
based on a pilot study performed with 5 cases in each group. In 
the pilot study, a ketorolac demand dose in a PACU after surgery 
in Group N was 30% less than that in Group C. Therefore, as-
suming that nefopam would reduce a ketorolac demand dose by 
30%, the required number of patients for each group was 22 (α = 

0.05, power = 0.8). Considering a 10% drop-out rate, we enrolled 
25 patients in each group, resulting in a total of 50 patients.

Statistical analysis

Statistical analyses were performed with SigmaStat software 
version 4.0 (Systat Software, Inc., Point Richmond, CA, USA). 
Student’s t-test or Mann-Whitney U test was used to compare 
mean values of age, height, weight, body mass index, surgical 
time, total infusion time and dose of remifentanil, Et DES at the 
end of surgery, ketorolac demand doses and the times to first 
analgesic requirement in a PACU and ward, the times from des-
flurane stop to eye opening and extubation between the groups. 
Sex and incidences of adverse events during the postoperative 
24 h between the groups were compared using a chi-squared 
test or Fisher’s exact test. Pain scores, assessed using a NRS, in a 
PACU and ward were compared using a two-way repeated mea-
sures analysis of variance. The data are expressed as a mean ± 
standard deviation, median (range), or number of patients. A P 
value < 0.05 was considered statistically significant.

Results 

Of the 50 patients originally enrolled in the study, 6 patients 
were excluded for violations of the study protocol. The results 

Fig. 1. A flow chart describing patient 
re cruit ment, randomization, and with-
drawal. Initially, 50 patients were ran-
domly assigned to either the nefopam 
group which was given nefopam together 
with remifentanil 5 min before anesthesia 
induction (Group N) or the control group 
which was given only remifentanil 5 min 
before anesthesia induction (Group C). 
Finally, 44 patients (22 in Group N and 
22 in Group C) completed this study.
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from the remaining 44 patients were evaluated, with 22 patients 
finally included in Group N, and 22 patients in Group C (Fig. 1). 

There were no significant differences in the surgical time, 
total infusion time, dose and rate of remifentanil, and Et DES 
at the end of surgery (Table 1). Ketorolac demand in the PACU 
was significantly lower in Group N than that in Group C (P 
= 0.005) and the time to the first analgesic requirement in the 
PACU was significantly longer in Group N than in Group C (P 
= 0.046).

However, there were no significant differences in the time to 
first analgesic requirement and ketorolac demand in the ward 
between the groups (P = 0.608, P = 0.794, respectively). Eye 
opening time after surgery was significantly shorter in Group C 
than that in Group N (P = 0.027), but the extubation time was 

not different between the groups (P = 0.167, Table 2). The NRS 
score in the PACU was significantly lower in Group N than in 
Group C (P = 0.002, Fig. 2). But there was no significant differ-
ence in the NRS score in the ward between the groups (P = 0.494, 
Fig. 3). A pattern of change over time in the NRS score in both 
groups was similar in the PACU (P = 0.322, Fig. 2) and ward (P 
= 0.210, Fig. 3).

In descending order of incidence rate, nausea and vomiting, 
dizziness, and headache occurred as adverse events during the 
postoperative 24 h. But there were no significant differences be-
tween the groups regarding adverse events (Table 3).

Discussion

In this study, the ketorolac demand dose was larger, the NRS 
score was higher, and the time to first analgesic requirement was 
shorter in Group C than in Group N in the PACU. These results 
indicate that remifentanil infusion under desflurane anesthesia 

Fig. 2. The numeric rating scale (NRS) for pain in the postanesthesia 
care unit. A similar pattern of changes over time in the NRS was 
observed in both groups (P = 0.322). There was a significant difference 
between Group N and Group C (P = 0.002). Group C: the control group 
which was given only remifentanil 5 min before anesthesia induction. 
Group N: the nefopam group which was given nefopam together with 
remifentanil 5 min before anesthesia induction. 
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Table 2. Recovery Profiles and Analgesic Profiles in the PACU and Ward

Group C  
(n = 22)

Group N  
(n = 22)

Recovery profiles
    Eye opening time (min)
    Extubation time (min)
Analgesic profiles (in PACU)
    Time to first analgesic demand (min)
    Total ketorolac demand (mg)
Analgesic profiles (in ward)
    Time to first analgesic demand (min)
    Total ketorolac demand (mg)

6.8 ± 2.4
8.1 ± 2.3

11.4 ± 10.4
30.9 ± 21.1

5.5 ± 8.3
20.5 ± 29.8

 8.6 ± 2.4*
9.1 ± 2.5

13.6 ± 14.0*
12.7 ± 13.2*

5.9 ± 7.3
19.1 ± 21.8

Values are mean ± SD or number of patients. Group C: the control group 
which was given only remifentanil 5 min before anesthesia induction. 
Group N: the nefopam group which was given nefopam together with 
remifentanil 5 min before anesthesia induction. PACU: postanesthesia 
care unit. *P < 0.05 vs. group C.  

Table 3. Adverse Events during Postoperative 24 h

Group C  
(n = 22)

Group N  
(n = 22)

Nausea and Vomiting
Dizziness
Headache
Respiratory depression
Tachycardia
Restlessness

7
3
1
0
0
0

5
1
1
0
0
0

Values are number of patients. There were no significant differences 
between the groups. 
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may cause pain sensitization in the immediate postoperative 
period and thus require of the first postoperative analgesic ear-
lier. In addition, the administration of nefopam combined with 
remifentanil infusion can reduce the degree of pain and decrease 
analgesic demand in the same period. Thus we suggest that ne-
fopam may prevent remifentanil from increasing pain sensitiv-
ity, which may be caused by blocking central sensitization due to 
the inhibition of NMDA receptors.

We designed this study in consideration of the following 
several issues associated with patients undergoing middle ear 
surgeries. First, middle ear surgeries usually cause mild to mod-
erate pain to patients [17]. Second, the surgeries usually require 
remifentanil infusion instead of nitrous oxide for a good surgical 
outcome and the induced hypotension associated with a good 
surgical field [18]. But, remifentanil infusion can develop para-
doxical and severe pain after opioid administration [4]. Many 
studies have been conducted regarding the prevention of this 
severe pain due to remifentanil infusion. Continuous infusion 
of low dose ketamine, a non-competitive NMDA receptor an-
tagonist decreased early postoperative pain by preventing remi-
fentanil-induced hyperalgesia [9]. Pretreatment with pregabalin 
which is a close structure of gabapentin and wound infiltration 
with magnesium sulfate prevented OIH due to remifentanil by 
blocking NMDA receptors [10,19]. Nefopam is widely used as 
an analgesic agent for postoperative pain control and it is also 
a NMDA receptor antagonist [12]. Third, the surgeries are fre-
quently associated with postoperative nausea and vomiting [20]. 
Therefore, considering the possibility of increased pain due to 
remifentanil-induced pronociceptive effects and a tendency to 
induce nausea and vomiting of due to the surgeries, we chose ne-
fopam as a proper analgesic for middle ear surgery in this study. 
The dose of nefopam was set at 40 mg due to a concern about 
remifentanil-induced pronociceptive effect and a reference that 
the median effective analgesic dose of nefopam after moderately 
painful surgery was 28 mg [21]. As a result, nefopam adminis-
tration combined with remifentanil infusion reduced pain and 
analgesic consumption in the immediate postoperative period, 
which indicates that nefopam may prevent the remifentanil-
induced pronociceptive effect. Although several studies reported 
that OIH or acute opioid tolerance occurs more in cases of high-
dose remifentanil infusion [8,22], a small dose of remifentanil in-
fusion of effect-site target concentration 2 ng/ml (an infusion rate 
of 0.1 μg/kg/min) could cause early postoperative pain increase 
[23]. Angst et al. [3] also reported that withdrawal after remifen-
tanil exposure with an infusion rate of 0.1 μg/kg/min (plasma 
concentration ranging between 2.7 and 2.9 ng/ml) increased 
the pain response compared to before remifentanil infusion. 
In this study, all patients were given a small dose of remifent-
anil infusion during the surgery and especially the patients of 
Group C were given a very small dose of 0.05 ± 0.03 μg/kg/min. 

Nevertheless, interestingly, they complained of more pain and 
required higher analgesic dose associated with pain sensitization 
compared to the patients of Group N.

The exact mechanism of OIH or acute opioid tolerance has 
not been clearly demonstrated yet [24], although many reports 
mainly support that it may involve a central sensitization in the 
spinal cord through activation of dorsal horn NMDA systems 
[25,26]. Likewise, nefopam is a serotonin and catecholamine 
reuptake inhibitor [27] as well as a noncompetitive NMDA re-
ceptor antagonist [28]. Nefopam also directly interacts with α2-
adrenoceptors [27]. Taken together, further detailed and com-
plex studies will be needed to determine the exact mechanism 
of the analgesic effect of nefopam combined with remifentanil 
as well as the relation between remifentanil dosage and OIH or 
acute opioid tolerance.

In this study, eye opening time after surgery was significantly 
shorter in Group C than in Group N. This result may originate 
from the use of nefopam because there were no differences in 
the demographic and anesthetic data including the dose and 
rate of remifentanil, and Et DES at the end of surgery between 
the groups in our study. In light of some studies using other 
NMDA antagonists that reported that there were no differences 
in recovery times of the groups, one mechanism of action of ne-
fopam may be associated with the delayed eye opening time, but 
it remains to be examined.

Adverse events associated with the drugs used in this study 
rarely uncommonly occurred. They were easily treatable and 
the incidences of them were comparable between the groups. 
In particular, adverse events associated with nefopam including 
sweating, dry mouth, tachycardia, hypertension, malaise, nausea 
or vomiting and restlessness were not observed or were only mi-
nor, in agreement with the study by Durrieu et al. [29].

A limitation in this study is that the reduced pain and analge-
sic consumption in Group N could have been caused by the an-
algesic effect of nefopam, and not its anti-pronociceptive effect, 
and a low dose of remifentanil infusion could not have induced 
OIH. The plasma half-life of nefopam ranges from 3 to 5 hours, 
and peak plasma concentrations are reached 15-20 min after 
intravenous injection [30]. In this study, the NRS score and the 
time to first analgesic requirement of Group N were significantly 
lower than those of Group C in the PACU (that is, in an imme-
diate postoperative period) but not in the ward. The difference 
may be due to the analgesic effect of nefopam considering that 
its half-life of 3–5 h almost corresponded precisely with the time 
from the start of nefopam infusion to the patient’s arrival in 
the ward. If we had designed another patient group which was 
given only desflurane anesthesia without remifentanil infusion 
in this study, we would have been able to identify a remifentanil-
induced pronociceptive effect by comparing the desflurane only 
group and the desflurane with remifentanil group as some stud-
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ies did [10,19].
Another limitation in this study is that it could not determine 

the most effective dose of nefopam for reduction of pain sensi-
tized by remifentanil. Thus, further studies designed with dif-
ferent doses of nefopam groups will be needed to elucidate the 

optimal dosage.
In conclusion, nefopam administration combined with low 

dose remifentanil infusion reduces pain and analgesic consump-
tion in an immediate postoperative period in patients undergo-
ing middle ear surgery under desflurane anesthesia. 
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