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Effects of warmed carrier fluid on 
nefopam injection-induced pain
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Background: Nefopam is a non-opioid, non-steroidal analgesic drug with fewer adverse effects than narcotic 
analgesics and nonsteroidal anti-inflammatory drugs, and is widely used for postoperative pain control. Because 
nefopam sometimes causes side effects such as nausea, vomiting, somnolence, hyperhidrosis and 
injection-related pain, manufacturers are advised to infuse it slowly, over a duration of 15 minutes. Nevertheless, 
pain at the injection site is very common. Therefore, we investigated the effect of warmed carrier fluid on 
nefopam injection-induced pain.

Methods: A total of 48 patients were randomly selected and allocated to either a control or a warming group. 
Warming was performed by diluting 40 mg of nefopam in 100 ml of normal saline heated to 31–32°C using 
two fluid warmers. The control group was administered 40 mg of nefopam dissolved in 100 ml of normal saline 
stored at room temperature (21–22°C) through the fluid warmers, but the fluid warmers were not activated.

Results: The pain intensity was lower in the warming group than in the control group (P ＜ 0.001). The pain 
severity and tolerance measurements also showed statistically significant differences between groups (P ＜ 

0.001). In the analysis of vital signs before and after the injection, the mean blood pressure after the injection 
differed significantly between the groups (P = 0.005), but the heart rate did not. The incidence of hypertension 
also showed a significant difference between groups (P = 0.017).

Conclusions: Use of warmed carrier fluid for nefopam injection decreased injection-induced pain compared 
to mildly cool carrier fluid. (Korean J Pain 2018; 31: 102-8)
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INTRODUCTION

Nefopam is a non-opioid, non-steroidal analgesic drug 

with fewer adverse side effects as compared to those of 

narcotic analgesics and NSAIDs, and is widely used for 

postoperative pain control [1]. 

Because nefopam sometimes causes side effects such 

as nausea, vomiting, somnolence, hyperhidrosis, head-

ache, blurred vision, and injection pain, manufacturers are 

advised to infuse it slowly, over 15 minutes. Nevertheless, 
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Fig. 1. Insertion site of the catheter based on the inclusion
criteria.

Fig. 2. Flowchart of patient recruitment, randomization and
allocation.

Table 1. Demographic Data

Parameters
Group

Control (n = 24) Warming (n = 24)

Age (y) 48.4 ± 12.9 44.6 ± 15.3
Sex (M/F) 12/12 14/10
ASA classification (I/II) 14/10 11/13
Weight (kg) 65.7 ± 10.6 70.8 ± 19.5
Height (m) 1.6 ± 0.1 1.7 ± 0.1
BMI (kg/m2) 24.3 ± 3.4 24.6 ± 5.0
Vein diameter (mm) 3.1 ± 1.0 2.9 ± 0.9

Data are presented as means ± SD values or the number of pa-
tients. There were no significant differences between the two groups.
ASA: american society of anesthesiology, BMI: body mass index.

pain at the injection site is very common. Furthermore, the 

slow infusion of nefopam can hinder the rapid resolution 

of acute pain.

In an attempt to address these problems, we inves-

tigated the effect of warmed carrier fluid on nefopam in-

jection pain.

MATERIALS AND METHODS

This prospective, randomized, single-blind, placebo-con-

trolled study was approved by the Institutional Review 

Board of our hospital, and was performed after obtaining 

consent from all participating patients. The study included 

20- to 70-year-old patients with American Society of 

Anesthesiologists physical status I and II, who underwent 

elective surgery under general anesthesia between January 

2017 and February 2017. Only the cases where the cathe-

ter was more than 3 cm away from the elbow crease and 

proximal crease of the wrist in the anterior aspect of the 

forearm were included in the study (Fig. 1). 

The exclusion criteria were as follows: American 

Society of Anesthesiologists class III or above; admin-

istration of other analgesic or vasoactive drugs; a history 

of cardiovascular, liver or kidney disease; basal heart rate 

＞ 100 beats/min; pain, redness or warm sensation in the 

intravenous catheterization site. In addition, cases in which 

the catheter was not cannulated in the anterior aspect of 

the forearm, was not an 18-gauge catheter, or was within 

3 cm of the elbow crease or the proximal crease of the 

wrist were also excluded.

A total of 78 patients participated in this study (Fig. 

2). Using a computer-generated random number table, 48 

patients were selected for testing, of which 24 were as-

signed to each group, also using a computer-generated 

random number table (www.randomization.com). There 

were no statistically significant differences in demographic 

characteristics between the control and warming groups 

(Table 1).

The control group was administered nefopam 40 mg 

dissolved in 100 ml of normal saline stored at room tem-

perature (21-22°C) through the fluid warmers, but the fluid 

warming was not activated. In the warming group, the 

same procedure was carried out, but with the fluid warmer 

devices activated. Warming was performed at 32-33°C 

with two fluid warmers (RangerTM Model 245 Blood/Fluid 

Warming Unit, Augustine Medical Inc., Eden Prairie, 

Minnesota, USA, and ANIMEC AM-2S-5A, ELLTEC, Nagoya, 

Aichi-ken, Japan) (Fig. 3). The power indicators of the flu-

id warmers were covered with black tape to prevent the 

patient or experimenter from knowing their operational 

status, so that the patients would not know which group 

they belonged to. In the warming group, all devices were 

preheated for 10 minutes before use to achieve optimum 

performance. In both groups, the infusion set was equally 
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Fig. 3. Fluid warming devices used in this study. Fluid warmer
device 1: RangerTM Model 245 Blood/Fluid Warming Unit, 
Augustine Medical Inc., USA. Fluid warmer device 2: 
ANIMEC AM-2S-5A, ELLTEC, Japan.

Fig. 4. Measurement of vein diameter using ultrasono-
graphy.

primed with experimental fluid, which was administered 

dropwise at a rate of 270 ml/h. Each experimental drug 

was administered as a premedication in the post-anes-

thetic care unit prior to transfer to the operating room. 

Before starting nefopam infusion, mean blood pressure 

(MBP) and heart rate (HR) were checked; the drug was 

then administered. Each patient was asked to use a nu-

merical rating scale (NRS; 0 = no pain, 10 = worst pain 

imaginable) to rate the maximum pain experienced during 

the 5-minute period following initiation of the injection. 

Pain severity was categorized and recorded according to 

the NRS score (0 = none, 1-3 = mild, 4-6 = moderate, 

7-10 = severe). If the patient complained of pain at the 

injection site or asked to stop infusion, this was recorded 

as unendurable pain.

We noted any occurrence of redness, swelling, and 

tenderness at the intravenous injection site. Vein diameter 

was measured using ultrasonography by an anesthesiolo-

gist who was unaware of the study (Fig. 4). Also, side ef-

fects such as hypertension (systolic blood pressure ＞ 140 

mmHg or diastolic blood pressure ＜ 50 mmHg), tachy-

cardia (HR ＞ 100 beats/min), palpitation, nausea, vomit-

ing, sweating, dizziness, and headache were noted. If the 

patient complained of severe pain during the 5 min in-

jection, the injection rate was halved so that the pain 

disappeared. Pain scores, side effects, and complications 

were recorded by an anesthesiologist who was not in-

formed about the purpose of the study. 

The primary endpoint was the post-injection NRS 

score, and the secondary endpoints were the pain severity, 

tolerance, and side effects. In a pilot study conducted to 

assist in setting the sample size, the average post-in-

jection NRS scores of the control and warming groups were 

3.97 ± 1.93 and 2.10 ± 1.28, respectively. Assuming  = 

0.05 and power = 0.95, 21 patients were expected to be 

needed per group. The dropout rate was anticipated to be 

10%, therefore the study was planned with a total of 48 

patients, 24 from each group. Statistical analysis was done 

using SPSS v16.0 (SPSS Inc., Chicago, Illinois). The t-test 

or the Mann-Whitney U test were used for analyses of the 

NRS scores and changes in vital signs. A likelihood ratio 

test for trend was used for analysis of pain severity, and 

the Chi-square test or Fisher’s exact test (if cell size ≤ 

5) were used for analysis of pain tolerance and side effects. 

P values less than 0.05 were considered statistically 

significant.

RESULTS 

The pain intensity was lower in the warming group than 

in the control group (1.88 ± 1.30 vs. 4.21 ± 1.96, P ＜ 

0.001). The pain severity and tolerance measurements also 

showed statistically significant differences (P ＜ 0.001). 

In the analysis of vital signs before and after the in-

jection, the MBP after injection was significantly different 

between the groups (P = 0.005), but the HR was not (Table 

2). 

The incidence of hypertension also showed a sig-

nificant difference between groups (P = 0.017, Table 3).

DISCUSSION 

This study showed that mildly warmed carrier fluid (31- 

32°C) significantly reduced pain during injection of 
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Table 2. Comparisons between Control and Warming Groups, of Pain and Vital Signs after Nefopam Injection

Control group (n = 24) Warming group (n = 24) OR or MD 95% CI P value

Pain intensity (NRS) 4.21 ± 1.96 1.88 ± 1.30 2.33 1.37–3.30 ＜ 0.001
Pain severity ＜ 0.001

None 0 5
Mild 10 18
Moderate 10 1
Severe 4 0

Pain tolerance ＜ 0.001
Endurable 11 24
Unendurable 13 0

MBP
Before injection 88.36 ± 10.16 88.53 ± 10.97 −0.17 −6.31–5.98 0.957
After injection 110.46 ± 11.84 100.64 ± 11.39 9.82 3.07–16.57 0.005

HR
Before injection 73.04 ± 10.41 71.62 ± 8.29 1.42 −4.051–6.88 0.604
After injection 81.38 ± 13.70 84.79 ± 9.10 −3.42 −10.20–3.37 0.315

Data are presented as means ± SD values or the number of patients (%). NRS: numerical rating scale, OR: odds ratio, MD: median
difference, MPB: mean blood pressure, HR: heart rate. A P value ＜ 0.05 was considered statistically significant.

Table 3. Incidence of Side Effects and Complications at the Intra-
venous Injection Site

Control group 
(n = 24)

Warming group 
(n = 24)

Side effects
Hypertension* 19 (79.2) 10 (41.7)
Tachycardia 1 (4.2) 1 (4.2)
Nausea 3 (12.5) 3 (12.5)
Vomiting 1 (4.2) 1 (4.2)
Palpitation 1 (4.2) 1 (4.2)
Sweating 2 (8.3) 1 (4.2)
Dizziness 1 (4.2) 1 (4.2)
Headache 1 (4.2) 0

Complications at injection site
Redness 0 0
Swelling 0 0
Tenderness 0 0

Data are presented as the number of patients (%). *P ＜ 0.05.

nefopam. Compared to Kim et al.’s study [2], the use of 

warmed carrier fluid in this study allowed the same nefo-

pam dose to be administered over less time (for 30 mg, 

15 min vs. 20 min), and resulted in a faster infusion rate 

of nefopam, leading to minimal pain.

Nefopam has been widely used for the treatment and 

prevention of postoperative pain, because it has no effect 

on platelet function and no respiratory depression effect 

[3-5]. The mechanism of action of nefopam has not been 

fully explained; however, its central analgesic effect might 

be mediated by inhibiting the reuptake of serotonin, dop-

amine, and norepinephrine [6,7]. Since nefopam has sev-

eral side effects, manufacturers are advised to infuse it 

slowly over 15 minutes to prevent side effects [8]. However, 

even this slow infusion rate causes side effects such as 

injection site pain, and furthermore makes it difficult to 

control acute pain, making clinicians reluctant to use the 

drug. 

There have been many studies aimed at reducing the 

pain caused by injection of drugs such as propofol and ro-

curonium [9-11]. Nefopam also causes injection pain, but 

research on it has not been sufficient. To date, only one 

study has been conducted to find the most rapid infusion 

rate of nefopam that does not cause injection pain and se-

vere side effects. Kim et al. [2] compared infusion rates 

of 60 ml/h, 120 ml/h and 180 ml/h, and reported that the 

injection pain was lowest at 60 ml/h. They used 30 mg 

of nefopam diluted in 20 ml of normal saline (1.5 mg/ml), 

but the infusion rate was 60 ml/h, which required 20 mi-

nutes for complete infusion. The calculated rate (90 mg/h) 

was insufficient to control acute pain and was lower than 

that used in this study (108 mg/h). We referred to previous 

studies of the relationship between temperature and pain 

during injection [12-14], in hopes of finding a way to infuse 

quickly with minimal pain. 

All previous studies had used a temperature of about 
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Fig. 5. Illustration of a fluid warmer and measurement of
infusion fluid temperature using an infrared thermometer.
This picture is from a pilot study. In the study itself, the 
power indicator of the ANIMEC warmer was covered with
black tape.

Fig. 6. Diagram illustrating hypothesis concerning linkage 
between platelet activation and vascular pain.

40°C, so we also designed the study to use a warming fluid 

of 40°C. First, however, we needed to consider two factors 

related to patient safety: skin burns, and deterioration of 

the drug, caused by factors such as formation of precip-

itates or reduction of efficacy. Fortunately, previous stud-

ies have shown that a temperature of 40-43°C does not 

cause skin burns or hyperthermia. In order to confirm the 

drug stability, we conducted the experiments and the ex-

periments confirmed that the potency was not affected, 

and that denaturing did not occur at a temperature of 

41°C. 

In the pilot study, we observed that the temperature 

of the fluid, injected at a rate of 270 ml/h in a 21°C oper-

ating room environment, dropped sharply as it passed 

through a relatively short 70 cm IV line (from 41°C to 

28°C). We found that carrier fluid at a temperature ＜ 28°C 

did not significantly reduce nefopam injection-induced pain 

(data not shown). The limitations of this RangerTM fluid 

warmer have already been demonstrated in a previous 

study [15]. To solve this problem, an additional fluid warmer 

(ANIMEC) was installed in the IV line closer to the cathe-

terized vein. We also needed to consider which type of ex-

ternal measurement would best reflect the actual temper-

ature of the infused fluid. After several attempts, we found 

that the temperature of the IV line measured with an in-

frared thermometer 1.5 cm distal to the catheter best re-

flected the temperature at which it was actually injected 

(Fig. 5). Although no data were formally collected, the dif-

ference between the actual temperature of the infused fluid 

and the measured external temperature was observed to 

be ＜ 1°C.

For propofol and rocuronium, it is known that injection 

pain is caused by inflammatory mediators such as hista-

mine and kinin, or by activation of C-nociceptive fibers due 

to non-physiological osmotic pressure or pH [12,16]. 

However, nefopam is almost isotonic, and has a pH of more 

than 5, which makes it difficult to attribute the pain it 

causes to non-physiological osmotic pressure or pH [2]. 

This suggests that consideration should be given to the re-

ceptor affinities of nefopam. A recent study showed that 

nefopam has a strong affinity for the 5-HT2A receptor 

[17]. Nefopam binds to the 5-HT2A receptors of platelets, 

and activates them without causing aggregation [3,18]. 

Activated platelets induce secretion of interleukin-1 (IL-1) 

and IL-8 in vascular endothelial cells, and at the same 

time bind to leukocytes that secrete IL-6 and tumor ne-

crosis factor-alpha [19,20]. Because these two pathways 

promote localized inflammation, it can be inferred that this 

is a mechanism by which nefopam induces vascular pain 

(Fig. 6). In our knowledge, this hypothesis is the first at-

tempt to explain the mechanism of nefopam-induced pain.

Previous studies have suggested that injection pain is 

reduced by thermal vasodilation [12-14]. While several 

studies reported vasodilatory effects after heating for 

more than 20 minutes [21-23], it is doubtful whether heat-

ing for less than 5 minutes caused vasodilatory effects in 

previous studies, or in this study. On the other hand, we 

know that mildly cool fluid (＜ 22°C) induces sustained 
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vasoconstriction, while a thermoneutral temperature (24- 

32°C) is expected to alleviate vasoconstriction [24,25]. It 

is presumed that the relative coolness of the fluid en-

hanced vasoconstriction, allowing activated platelets and 

platelet-leukocyte complexes to make better contact with 

the endothelium, thereby resulting in more severe pain 

than that in the warming group.

In a quantitative systematic review, the use of nefo-

pam increased the risks of tachycardia and sweating: the 

incidences were 21.3% and 8.8%, respectively [5]. In this 

study, the incidence of tachycardia was about 4%, sug-

gesting that either the concentration or infusion rate of 

nefopam were different. Patients in both groups from this 

study showed a high incidence of hypertension (＞ 40%), 

probably due to a slight inotropic effect of nefopam [26]. 

MBP was significantly higher in the control group after ne-

fopam injection than in the warming group; it is presumed 

that the sympathetic nervous system was further stimu-

lated by the greater pain intensity [27]. Therefore, the use 

of nefopam in patients requiring precise blood pressure 

control deserves caution.

Previous studies have suggested ways to reduce in-

jection pain, but they had limitations. First, the diameter 

of vessels and the catheter insertion site were not 

controlled. These two factors need to be controlled because 

they affect the pain experienced during injection. Second, 

the actual injection temperature was not measured, or the 

measurement site was not specified in detail. Because we 

eliminated variability by controlling these factors, we can 

assert that this study had significantly advantages over 

previous studies. However, our research design also had 

drawbacks: it did not evaluate the changes in vessel diam-

eter caused by heating or cooling. Future research will be 

needed to directly measure and verify the vasomotor ef-

fects produced by temperature. In addition, it is difficult 

to use several heating devices simultaneously in clinical 

practice. Since the beneficial effect of warmed carrier fluid 

has been demonstrated in this study, development of an 

efficient IV-line heating device would help reduce in-

jection-related pain.

In conclusion, use of warmed carrier fluid for nefopam 

injection decreased injection-induced pain compared to 

mildly cool carrier fluid.
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