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Background: We investigated the hypothesis that pretreatment with nefopam 20 mg
would influence the onset and recovery profiles of rocuronium-induced neuromuscular
block.

Methods: After Institutional Review Board approval, 134 patients, aged between 20-65
years, belonging to the American Society of Anesthesiologists physical status classifica-
tion | or Il, were randomly allocated to receive either 0.9% normal saline (control group)
or nefopam 20 mg (nefopam group), infused over one hour before induction of anesthe-
sia. Anesthesia was induced with remifentanil and propofol, followed by endotracheal
intubation with rocuronium 0.6 mg/kg. We recorded the lag time, onset time, clinical
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Results: We included 111 patients in the final analysis. The lag time, onset time, clinical
duration, recovery index, recovery time, and total recovery time of the nefopam group (n =
57) were not significantly different compared with that of the control group (n = 54).

Key Words: Drug interactions, Nefopam, Neuromuscular monitoring, Neuromuscular
nondepolarizing agents.

INTRODUCTION

Nefopam, a non-narcotic, nonsteroidal, centrally acting
analgesic, is commonly used for the treatment of nociceptive
pain and prevention of postoperative shivering and hiccups
[1,2]. Most studies on nefopam have focused on its analgesic
potency compared to that of opioids or non-steroidal anti-
inflammatory drugs. Nefopam was reported to be an effective
alternative to opioids without significant changes in the Rich-

mond Agitation Sedation Scale score, ventilatory frequency,

and oxygen saturation [3]. Therefore, we can frequently en-
counter patients with many kinds of analgesic taken via infu-
sions or single bolus injections, in the clinical setting requir-
ing the control of preoperative pain such as disease-related
pain and drug injection pain.

In general, neuromuscular blockers (NMBs) may inter-
act with several drugs, including anticonvulsants, steroids,
calcium channel blockers, antidepressants, antibiotics, and
anti-arrhythmic drugs, resulting in potentiation of action or

rapid recovery of blockade [4-8]. Hence, monitoring of neu-
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romuscular function and titration of dose are recommended
in patients who are on these drugs. Nefopam is known to
have a mechanism of action similar to that of serotonin, nor-
epinephrine, and dopamine reuptake inhibitors in addition
to inhibition of calcium influx similar to anticonvulsants.
However, its mechanism of action has not been clearly estab-
lished [1,2]. Furthermore, nefopam was initially developed as
a muscle relaxant [1,9,10]. Therefore, it may be important to
investigate its potential interaction with NMBs because of its
presumed mechanism of action and initial development as a
muscle relaxant.

To our knowledge, no study has investigated the effect of
nefopam on rocuronium-induced neuromuscular block. We
hypothesized that nefopam may influence neuromuscular
block and conducted the present study to investigate whether
nefopam pretreatment one hour before anesthesia would af-
fect the onset and recovery profiles of rocuronium-induced
neuromuscular block. The primary endpoint of the study was
the onset time, and the secondary endpoint was the total re-

covery time.

MATERIALS AND METHODS

This prospective, randomized, controlled, double-blinded
study was approved by the Institutional Review Board of the
Chosun University Hospital (IRB no. 2016-02-002-001) on
March 28, 2016 and registered with the Clinical Research
Information Service (CRIS: https://cris.nih.go.kr) on July 5,
2016. Written informed consent was obtained from all partici-
pants and legal surrogates of participants who were minors.

We enrolled 134 patients aged 20-65 years, belonging to
the American Society of Anesthesiologists physical status
classification I or II, and scheduled to undergo elective sur-
gery under general anesthesia. No significant differences in
sex, age, height, weight, American Society of Anesthesiolo-
gists physical status classification, and body mass index (BMI)
were found between groups (Table 1). We excluded patients
who were on medications known to influence neuromus-
cular function, including furosemide, magnesium, cephalo-
sporin, anticonvulsants, antidepressants, and analgesics. Pa-
tients with neuromuscular, cardiovascular, hepatic and renal
diseases, glaucoma, allergy to nefopam, and risk of urinary
retention were excluded. We also excluded breastfeeding

women, and women who were pregnant or likely to get preg-
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nant during the study period. The study protocol adhered to
the published guidelines for pharmacodynamic studies of
NMBs [11].

Patients were randomly allocated to either the normal sa-
line group (control group) or the nefopam group using a ran-
dom number table (Fig. 1). In the control group (n = 67), 102
ml of 0.9% normal saline was infused one hour before induc-
tion of anesthesia at a rate of 100 ml/h. In the nefopam group
(n = 67), nefopam 20 mg (2 ml) in 100 ml of 0.9% sodium
chloride solution was infused one hour before induction of
anesthesia at a rate of 100 ml/h. Both patients and investiga-
tors were blinded to the study medication. A nurse who was
not part of the investigating team loaded the drugs into indis-
tinguishable, numbered syringes filled with the same volume
(102 ml) of solution and randomized the medications using a
random number table.

After premedication with intramuscular midazolam (0.05
mg/kg) 30 minutes before induction of anesthesia, patients
were transferred to the operating room. Prior to the induction
of anesthesia, standard patient monitoring devices including
electrocardiogram, non-invasive blood pressure, end-tidal
partial pressure of carbon dioxide (ETCO,), and peripheral
pulse oximetry were applied. Following this, the TOF-Watch®
SX device (Organon Ireland Ltd., Ireland) was applied for as-
sessment of neuromuscular function by acceleromyography
of the adductor pollicis muscle by Train-of-Four (TOF) moni-
toring according to the manufacturer’s recommendation.
The stimulation cables were attached to the surface elec-

trodes placed on the ulnar nerve, and the acceleration trans-

Table 1. Patient Characteristics

Variable Control group (n =54) Nefopam group (n = 57)
Sex (M/F) 26/28 18/39
ASAPS 40/14 48/9
classification (I/11)
Age (yr) 46.0 (42.5-49.6) 41.8(38.5-45.1)

( (
Height (cm) 164.7 (161.9-167.5) 162.4 (160.3-164.6)
Weight (kg) 66.5 (63.4-69.6) 63.5 (60.6-66.4)
Body mass index 24.4 (23.7-25.2) 23.9(23.1-24.7)
(keg/m?)

Values are expressed as number of patients or mean (95% confidence
interval). There are no significant differences between groups. 0.9% so-
dium chloride solution (control group) or nefopam 20 mg (2 ml) in 0.9%
sodium chloride solution 100 ml (nefopam group) was infused one
hour before surgery at a rate of 100 ml/h. ASA PS: American Society of
Anesthesiologists physical status.
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l Fig. 1. CONSORT diagram. 0.9% sodi-

Excluded (n = 13)

- Absence of any recovery profiles (n = 8)
- Additional rocuronium use (n = 1)

- Technical error of software (n = 4)

Excluded (n = 10)

- Absence of any recovery profiles (n = 7)
- Additional rocuronium use (n = 2)

- Technical error of software (n = 1)

um chloride solution (control group) or
nefopam 20 mg (2 ml) in 0.9% sodium
chloride solution 100 ml (nefopam
group) is infused one hour before sur-

)

l gery at a rate of 100 ml/h. CONSORT:

| Analyzed (n = 54) |

| Analyzed (n = 57) |

consolidated standards of reporting
trials.

ducer was attached to the thumb. All fingers except thumb
were kept immobile by means of adhesive tape and the arm
was kept in the same position during the entire procedure.
Anesthesia was induced with remifentanil and propofol at
target effect-site concentrations of 3.0 ng/ml and 3.0 pg/ml
respectively, with a target-controlled infusion pump (Orches-
tra®, Fresenius Vial, France). One minute after equilibration
of the target plasma and effect-site concentrations of propo-
fol and remifentanil, the current required for supramaximal
stimulus to achieve maximal response of the adductor pol-
licis muscle was obtained in each patient by using the auto-
matic calibration mode. A separate investigator performed
TOF stimulation to observe potentiation of the first twitch (T1)
response of TOF; TOF ratios (TOFR) were assessed at 2 Hz,
every 15 seconds, with square wave pulses of 0.2 us duration.
Endotracheal intubation was performed after injection of
rocuronium 0.6 mg/kg (ideal body weight) over 5-10 seconds
following pretreatment with lidocaine 60 mg intravenously.
For maintenance of anesthesia, the target effect-site concen-
tration of propofol and remifentanil were adjusted to main-
tain mean blood pressure within 20% of baseline levels and
a bispectral index score in the range of 40 to 60. Mechanical
ventilation was carried out with 50% oxygen-air mixture
and settings adjusted to maintain the ETCO, between 35-45
mmHg. If patients showed increased muscular activity, or the
surgeons required more muscle relaxation before obtaining a
TOEFR of 0.9, we administered an additional dose of 0.3 mg/kg
of rocuronium. These patients were excluded from the final
analysis. Patients in whom surgery was completed within 1

hour and a TOFR of 0.9 was not obtained were also excluded
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from the final analysis. Neuromuscular block was reversed
with sugammadex 2 mg/kg, following which patients were
transferred to the recovery room after confirming a TOFR of
0.9.

We recorded the onset and recovery profiles as follows: 1)
the duration in seconds from the start of rocuronium injec-
tion until a change was observed in the T1 response of TOF
(lag time, LT), 2) the duration in seconds from the start of ro-
curonium injection until maximum or 95% depression of the
T1 response (onset time, OT), 3) the duration in minutes be-
tween the start of rocuronium injection and 25% recovery of
twitch height of the T1 response (clinical duration, CD), 4) the
duration in minutes between 25 and 75% recovery of twitch
height of the T1 response (recovery index, RI), 5) the duration
in minutes between the 25% recovery of twitch height recov-
ery of the T1 response and recovery of neuromuscular block
to a TOFR of 0.9 (recovery time, RT), 6) the duration between
the start of rocuronium injection till recovery of neuromuscu-
lar block to a TOFR of 0.9 (total recovery time, TRT). The age,
sex, American Society of Anesthesiologists physical status

classification, height, weight, and BMI were also noted.

Statistical analysis

The primary endpoint was the onset time, and the second-
ary endpoint was the total recovery time. The sample size
required was calculated using ¢-tests with G*Power software
(ver. 3.1.9.1, Heinrich-Heine-Universitit Diisseldorf, Ger-
many) at a level of statistical significance of o = 0.05 and 8 =

0.2 using an expected effect size of 0.5, which is the medium
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effect size (0.5) suggested by Cohen; this was due to lack of
clinical evidence in literature to calculate effect size [12]. We
required a total of 128 patients; 134 patients were enrolled,
assuming a 5% dropout rate.

We used SPSS (Windows ver. 21.0, IBM Corp., USA) soft-
ware for statistical analysis. All measured values are present-
ed as mean (95% confidence interval) or number of patients
(n).

We excluded data of patients from whom we could not get
any results of the onset and recovery profiles. The LT, OT, CD,
RI, RT, TRT, age, height, weight, and BMI were analyzed us-
ing the student #-test after confirming normal distributions by
the Levine’s test. Sex and American Society of Anesthesiolo-
gists physical status classification were analyzed using the y*

test. P values < 0.05 were considered statistically significant.

RESULTS

We included 111 patients in the final analysis. Twenty-
three patients (13 in the control group, and 10 in the nefopam
group) were excluded from the final analysis because of
incomplete collection of recovery profiles (Fig. 1). No signifi-
cant differences in sex, age, height, weight, American Society
of Anesthesiologists physical status classification, and BMI
were found between groups (Table 1).

There was no significant difference in LT between the ne-
fopam group and the control group (P = 0.949, Table 2). The
OT and CD were not significantly different between groups
(P =0.609 and 0.447 respectively, Table 2). Similarly, the RI,

Table 2. Onset and Recovery Profiles of Rocuronium-induced Neuro-
muscular Block

Profiles  Control group (n =54) Nefopam group (n =57) P value
LT (s) 57.5 (51.8-63.1) 56.2 (51.0-61.4) 0.949
QT (s) 121.4 (108.1-134.6) 116.9(106.3-127.4) 0.609
CD (min) 36.0 (31.8-40.2) 36.7 (33.6-39.9) 0.447
RI (min) 15.1 (12.7-17.5) 14.4 (12.5-16.3) 0.737
RT (min) 27.1(24.4-29.8) 29.1(26.2-32.0) 0.444
TRT (min) 63.0 (57.9-68.1) 65.6 (61.0-70.2) 0.530

Values are expressed as mean (95% confidence interval). There are
no significant differences on the onset and recovery profiles between
groups. 0.9% sodium chloride solution (control group) or nefopam 20
mg (2 ml) in 0.9% sodium chloride solution 100 ml (nefopam group) is
infused one hour before surgery at a rate of 100 ml/h. LT: lag time, OT:
onset time, CD: clinical duration, RI: recovery index, RT: recovery time,
TRT: total recovery time.
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RT, and TRT of the nefopam group were also not significantly
different compared with that of the control group (P = 0.737,
0.444, and 0.530 respectively, Table 2).

DISCUSSION

Our results show that pretreatment with nefopam 20 mg
does not affect the onset and recovery profiles of rocuronium-
induced neuromuscular block.

Nefopam produces analgesic effect by inhibitory mecha-
nisms similar to serotonin reuptake inhibitors and anticon-
vulsants, which may affect NMBs-induced neuromuscular
block [1,13].

5-hydroxytryptamine 3 (5-HT;) receptor antagonists have
an inhibitory effect on nicotinic acetylcholine receptors and
affect neuromuscular transmission, because of the struc-
tural similarities and common evolutionary origin of muscle
nicotinic acetylcholine and 5-HT,, receptors [7,8]. Therefore,
serotonin reuptake inhibitors may interact with non-depo-
larizing NMBs. In an animal study, Patel et al. [7] showed that
serotonin reuptake inhibitors significantly inhibited twitch
responses by blocking neuromuscular transmission and
increasing the potency of rocuronium-induced neuromus-
cular block. The interaction of 5-HT, receptor antagonists
with non-depolarizing NMBs is related to antiemetic potency
[14]. Nefopam may have possible drug interaction with
NMBs because it inhibits the uptake of triple neurotransmit-
ters (serotonin, dopamine, and norepinephrine) as order of
binding potency [1]. However, there are no reports on drug
interaction with nefopam, although it is bound minimally to
the 5-HT, receptor [1]. This may explain the absence of drug
interaction between nefopam and rocuronium that we ob-
served in our study.

Acute or chronic anticonvulsant therapy significantly has-
tens recovery from, but does not affect the onset and duration
of non-depolarizing NMBs [5,15]. Preoperative chronic ad-
ministration of anticonvulsants significantly hastens recov-
ery index of non-depolarizing NMBs, and a higher infusion
rate is required to maintain 95% twitch depression [6,16,17].
Rapid recovery of non-depolarizing NMBs occurs due to
enhanced clearance and reduced sensitivity to circulating
concentrations following chronic anticonvulsant therapy
[16,18]. However, acute administration of anticonvulsants

may increase sensitivity to non-depolarizing NMBs as a result

289

SUNM



Anesth Pain Med Vol. 13 No. 3

of direct pre- and post-junctional effects; anticonvulsants
have only mild neuromuscular effects of their own [17,19]. In
this study, nefopam, with a mechanism of action similar to
anticonvulsants, did not affect onset and recovery profiles of
rocuronium-induced neuromuscular block. A possible expla-
nation for this finding may be induction of hepatic enzymes
by anticonvulsants, which can increase the elimination of
non-depolarizing NMBs. Nefopam is a non-enzyme inducing
drug [20]; this may explain why a single dose may not hasten
recovery index from neuromuscular block, or lead to more
rapid recovery from non-depolarizing NMBs.

Cardiac output and blood pressure also influence onset
and recovery profiles of non-depolarizing NMBs [13]. Ephed-
rine leads to a rapid onset of action of NMBs by increasing the
cardiac output, while beta blockers with negative inotropic
and chronotropic effects delay onset of action [13]. Nefopam
also increases cardiac output, but this effect is offset by the
tachycardia that it induces, hypotension, and decreased sys-
temic vascular resistance [3]. This may also be one of the rea-
sons that we could not demonstrate any interaction between
nefopam and rocuronium.

Intravenous nefopam may cause adverse effects such as
dry mouth, sedation, dizziness, sweating, tachycardia, nau-
sea and vomiting, diplopia, and dysphoria [1,21-24]. Kim
and Abdi [1] report that adverse drug reactions and the need
for cessation of administration are rare if nefopam is given
in single doses of 20 mg slowly over 15-20 minutes or as a
continuous infusion of 60-120 mg/d. The manufacturer also
recommends slow injection in order to prevent adverse reac-
tions. Hence, we infused nefopam 20 mg one hour before
induction of anesthesia at 100 ml/h; we did not observe sig-
nificant adverse reactions during or after administration.

There are some limitations associated with the present
study. First, we did not evaluate the effect of nefopam on on-
set and recovery profiles of rocuronium in patients receiving
long-term nefopam treatment. Second, we cannot ignore that
nefopam may influence the effect of NMBs depending on the
time to maximal plasma concentration and elimination half-
life time, which are 0.63 hour and close to 5 hours, respec-
tively, after a single dose intravenous infusion of 20 mg over
30 minutes [25]. Furthermore, the more rapid the rate of infu-
sion of nefopam, the higher the peak plasma concentration
and longer the elimination half-life time [26]. However, we

recorded the characteristics of rocuronium-induced neuro-
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muscular block immediately after infusion of 20 mg nefopam
over 1 hour; we did not wait until the peak plasma concen-
tration was attained. This may have reduced the likelihood
of any effect on rocuronium-induced neuromuscular block.
Considering these limitations, further studies are required to
investigate whether nefopam has any interaction with NMBs.
Finally, in our search of literature, we could not find any
information on the interaction between NMBs and skeletal
muscle relaxants, although nefopam exhibited a direct mus-
cle relaxant action in the treatment of chronic hiccups [27].

In conclusion, nefopam 20 mg infused slowly over one
hour before induction of anesthesia does not interact with
rocuronium. This is probably because it is minimally bound
to the 5-HT, receptor and does not induce hepatic enzymes;
hence it does not influence the elimination of non-depolariz-
ing NMBs.
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