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Abstract: Breast cancer surgery is known to cause severe acute

postoperative pain, which can persist for a long time. We administered

nefopam preventively to patients undergoing lumpectomy with axillary

lymph node dissection or sentinel lymph node biopsy, and evaluated its

efficacy on acute and chronic postoperative pain.

Enrolled patients were assigned to the nefopam (n¼ 41) or the

control (n¼ 42) group. Before initiating the operation, 20 mg of nefo-

pam was given to the patients of the nefopam group, and normal saline

was used in the control group. Ketorolac was given at the end of surgery,

and meloxicam was prescribed in the postoperative period to all patients

in both groups. Pain was assessed using a numerical rating scale (NRS),

and the rescue analgesic drug was given when the NRS was >5.

Implementation of postoperative chemotherapy, radiotherapy (RT),

or hormone therapy was evaluated.

The NRS of postoperative pain was significantly lower in the

nefopam than in the control group in the postanesthetic care unit

(4.5� 2.2 vs 5.7� 1.5, respectively; P¼ 0.01), at postoperative 6 h

(3.0� 1.6 vs 4.5� 1.3, respectively; P< 0.001), and at postoperative

24 h (3.1� 1.1 vs 3.8� 1.5, respectively; P¼ 0.01) with reduced use of

rescue analgesic drugs. Significantly fewer patients suffered from

chronic postoperative pain in the nefopam than in the control group

at postoperative 3 months (36.6% vs 59.5%, P¼ 0.04). Considering

only the cohort without postoperative adjuvant RT, the difference in the

proportion of patients reporting chronic pain increased (23.5% in the

nefopam group vs 61.5% in the control group, P¼ 0.04).

Preventive nefopam was helpful in reducing the acute postoperative

pain, with reduced use of rescue analgesic drugs, and it contributed to

reduced occurrence of chronic pain at postoperative 3 months after
Bon-Wook Koo, M Jin Lim, MD,
and Ji-Won Han, MD

Abbreviations: ALND = axillary lymph nodes dissection,

NMDA = N-methyl-D-aspartate, NRS = numerical rating scale,

NSAIDs = nonsteroidal anti-inflammatory drugs, PACU =

postanesthetic care unit, RT = radiotherapy, SLNB = sentinel

lymph node biopsy.

INTRODUCTION

B reast surgery is known to cause severe acute postoperative
pain in more than 50% of patients, and about 8% of those

patients suffer from persistent severe pain.1 Acute postoperative
pain evolves into chronic pain in some surgeries. In breast
surgery, moderate to severe acute postoperative pain is 1 of the
predictive factors for chronic pain.2 In thoracic surgery, patients
who had experienced severe acute postoperative pain after
thoracotomy also reported chronic pain.3 Chronic postoperative
pain may lead to functional impairment and a decline in the
quality of life over time.

Several analgesic methods have been evaluated in various
forms of surgery, and regional analgesia or several pharmaco-
logical agents, such as nonsteroidal anti-inflammatory drugs
(NSAIDs), N-methyl-D-aspartate (NMDA) receptor antagonists,
a-2-receptor agonists, and so on, are known to be helpful in
postoperative pain control by attenuating central and peripheral
sensitization.4

Nefopam has been studied in several animal models and
various clinical settings, where it was found to be an effective
analgesic adjuvant.5 Perioperative use of nefopam reduced the
postoperative consumption of morphine, with surgical pain
relief after abdominal and orthopedic surgeries,6,7 and it
enhanced the analgesic effect of NSAIDs.8 However, to our
knowledge, no reported clinical study has evaluated the analge-
sic efficacy of nefopam in breast cancer surgery. Furthermore,
insufficient studies have examined whether and how nefopam
affects the chronicity of postoperative pain. Whereas nefopam
decreased both acute and chronic pain in animal models,9,10 a
clinical result indicated that nefopam had little effect on chronic
pain after total knee arthroplasty.11 Although the exact mech-
anism of nefopam is unknown, it has properties of monoamine
reuptake inhibitor and NMDA receptor antagonist,12,13 which
are well known to be involved in managing chronic pain.14,15

Thus, under the hypothesis that nefopam given prior to
surgery as a preventive analgesic would alleviate not only acute
but also chronic postoperative pain, we evaluated the analgesic
efficacy of nefopam on postoperative pain associated with
breast cancer surgery.
IALS AND METHODS
randomized, and controlled study was
tional Review Board of Seoul National
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University Bundang Hospital (B-1503/292-008) and registered
at ClinicalTrials.gov. (NCT02561468). Female patients sched-
uled to undergo lumpectomy with axillary lymph nodes dis-
section (ALND) or sentinel lymph node biopsy (SLNB) were
first recruited. Their American Society of Anesthesiologist
physical status was limited to I or II. Excluded patients were
as follows: refusal to participate, medical history of seizure,
myocardial infarction, urinary tract disease causing urinary
retention, and angle-closure glaucoma, current medication with
monoamine oxidase inhibitors or any kinds of analgesic drug,
pregnancy or lactation, and reoperations due to the existence of
cancer cells on the resection margin or cancer recurrence after
a previous breast cancer surgery. Each eligible patient had
signed the written informed consent before participating in this
clinical study.

One anesthesiologist who did not take anesthetic care of
patients was in charge of the randomization and the preparation
of the nefopam. According to the computer-generated random-
ization table, each patient was assigned to either the nefopam
group or the control group. The anesthesiologist prepared 20 mg
of nefopam in 100 mL of normal saline or 100 mL of normal
saline alone for the nefopam or the control group, respectively.
Both solutions were clear; thus, the other anesthesiologist
who took care of patients in the operating room could not
distinguish them.

All patients received 0.05 mg/kg of midazolam intrave-
nously to relieve preoperative anxiety. When they arrived at the
operating room, routine monitoring with electrocardiogram,
pulse oximetry, and noninvasive arterial pressure was initiated.
Alfentanil, propofol, and rocuronium were used for the induc-
tion of general anesthesia. While the patient was breathing with
100% oxygen, 5 mg/kg of alfentanil and 2 mg/kg of propofol
were injected. After confirming loss of patient consciousness,
0.6 mg/kg of rocuronium was given. Patient lungs were venti-
lated manually with 6 vol% of sevoflurane in 100% oxygen for a
few minutes. A supraglottic airway was inserted to secure the
airway, and mechanical ventilation was initiated. During skin
preparation and surgical draping, each patient was given the
prepared drug, which was administered intravenously over
15 min.

Additional 5 mg/kg of alfentanil was given immediately
before starting the operation, and sevoflurane in an oxygen and
air mixture (inspired fraction of oxygen¼ 0.5) was controlled to
maintain arterial pressure and heart rate within 80% to 120% of
baseline values during the operation. At the end of the main
procedure, 30 mg of intravenous ketorolac was given to all the
patients preventively. At the end of surgery, after confirming
recovery of muscle power and consciousness, the supraglottic
airway was removed, and the patient was transferred to the
postanesthetic care unit (PACU).

We asked patients to rate their pain intensity on an 11-point
numerical rating scale (NRS), from 0 to 10. When patients
reported NRS of 5 or higher, 0.5 mg/kg of fentanyl was admi-
nistered at the PACU. In the general ward, 30 mg of ketorolac
was given intravenously to patients whose NRS for pain was 5
or more up to twice a day and with a 4-h window. An oral
analgesic drug, 7.5 mg of meloxicam, was prescribed to all
patients as soon as they started eating at postoperative 6 h.
Patients took meloxicam daily during the next 5 days.

The primary outcomes were the NRS for pain and the
administration of rescue analgesic drugs. The NRS was
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recorded at the PACU, and postoperative 6 and 24 h during
the hospitalization period. The number of times each patient
received the rescue analgesic drug in each time frame was also
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recorded. On postoperative 10 days and at 3 months, the NRS
was evaluated in an outpatient clinic. As secondary outcomes,
we investigated the following factors: the implementation of
postoperative adjuvant chemotherapy, radiotherapy (RT), or
hormone therapy, and any complication following the breast
surgery, such as lymphedema, infection, seroma, hematoma,
and axillary web syndrome.

Statistical Analysis
The proportion of patients who received fentanyl at the

PACU due to NRS of 5 or higher was regarded as the main effect
variable used for power analysis. In our pilot survey, the
proportion was �60%, and 42 patients in each group would
be sufficient to detect a decrease of 30% (a¼ 0.05, b ¼ 80%).
Assuming an overall rate of attrition of 10%, we calculated that
47 patients per group were needed.

We performed the Shapiro–Wilk test to determine the
distribution of each variable (results not shown). Student t test
or the Mann–Whitney U test, repeated-measures ANOVA,
and the x2 test were performed as appropriate. We used the
SPSS software for analysis (ver. 21; IBM Co., Armonk, NY),
and P values< 0.05 were considered to indicate statistical
significance.

RESULTS
In total, 94 patients were enrolled, and each was initially

assigned to the control group or the nefopam group according to
the predetermined random order. Of these, 11 patients dropped
out of the study, and the control and the nefopam groups finally
included 42 and 41 patients, respectively (Figure 1). Basal
characteristics of patients, surgery, and anesthesia were com-
parable between the 2 groups (Table 1).

Postoperative Pain and Consumption of Rescue
Analgesic Drugs

The NRS for postoperative pain was significantly lower in
the nefopam group than in the control group in the PACU
(4.5� 2.2 vs 5.7� 1.5, respectively; P¼ 0.005), at postopera-
tive 6 h (3.0� 1.6 vs 4.5� 1.3, respectively; P< 0.001), and at
postoperative 24 h (3.1� 1.1 vs 3.8� 1.5, respectively;
P¼ 0.01). However, it was comparable between the 2 groups
at postoperative 10 days (1.0� 1.2 vs 1.2� 1.6, respectively;
P¼ 0.55) and at postoperative 3 months (0.6� 1.0 in the
nefopam group vs 0.8 � 1.0 in the control group, respectively;
P¼ 0.31; Figure 2).

When we sorted patients who reported any postoperative
discomfort regardless of the NRS value for postoperative pain,
the proportion was not significantly different between groups at
postoperative 10 days (53.7% in the nefopam group vs 61.9% in
the control group, P¼ 0.45). However, significantly fewer
patients suffered from postoperative pain in the nefopam group
than in the control group at postoperative 3 months (36.6% vs
59.5%, P¼ 0.04) (Table 2), even though the NRS for pain was
low and comparable between the 2 groups at this time.

Patients in each group were subdivided into the RT or non-
RT group by whether they had undergone postoperative radi-
ation therapy at postoperative 3 months. In the cohort with
postoperative adjuvant RT, the proportion of patients presenting
with chronic pain were not different between the 2 treatment

Medicine � Volume 95, Number 20, May 2016
groups (45.8% in the nefopam group vs 58.6% in the control
group, P¼ 0.35); however, in the non-RT subgroups, signifi-
cantly fewer patients experienced chronic pain in the nefopam

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



ont

Medicine � Volume 95, Number 20, May 2016 Nefopam for Preventive Analgesia
group than in the control group (23.5% in the nefopam group vs
61.5% in the control group, P¼ 0.04; Table 2).

Significantly fewer patients in the nefopam group received
fentanyl in the PACU compared with the control group (41.5%
vs 64.3%, respectively, P¼ 0.04). Comparable numbers of
patients in both groups were given ketorolac until postoperative
6 h after being discharged from the PACU (39.0% in the
nefopam group vs 42.9% in the control group, P¼ 0.72).
However, the number of patients, who received ketorolac from
postoperative 6 h until postoperative 24 h, was significantly
lower in the nefopam group than in the control group (2.4%
vs 16.7%, respectively, P¼ 0.03; Table 3).

Postoperative Adjuvant Therapy
There was no significant difference between the 2 groups

in the number of patients who underwent postoperative che-
motherapy (39.0% in the nefopam group vs 31.0% in the control
group, P¼ 0.44), radiation therapy (58.5% in the nefopam

FIGURE 1. Flow diagram of patients’ enrollment. PCA¼patient-c
group vs 69.0% in the control group, P¼ 0.32), or hormone
treatment (31.7% in the nefopam group vs 40.5% in the control
group, P¼ 0.41).

TABLE 1. Characteristics of Patient, Surgery, and Anesthesia

Nefopam (n¼ 41)

Age, y 52.5� 9.5
Height, cm 157.8� 6.1
Weight, kg 57.0� 9.5
ASA (1/2) 32/9 (78.0/22.0)
Total operation time, min 69.3� 21.8
Total anesthesia time, min 90.4� 23.3
Operation

Lumpectomy with SLNB 7 (17.1)
Lumpectomy with ALND 34 (82.9)

Surgeon (A/B) 22/19 (46.3/53.7)

Data were presented as mean� standard deviation or number (proportio
ALND¼ axillary lymph node dissection, ASA¼American Society of A
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Postoperative Complications After Breast Cancer
Surgery

During the first 3 months postoperatively, some patients
presented postoperative complications as follows: seroma at the
operation site (8 in the nefopam group, 6 in the control group),
lymphedema of the ipsilateral arm (1 in the nefopam group);
surgical site infection (1 in the control group), axillary web
syndrome (1 in the nefopam group), and intercostobrachial
neuralgia (1 in the control group). The overall incidence of
surgical complications was not significantly different between
the groups (24.4% in the nefopam group vs 19.0% in the control
group, P¼ 0.56).

DISCUSSION
In this study, we found that acute postoperative pain after

breast cancer surgery was relieved by preventive nefopam
analgesia. Additionally, nefopam reduced the persistence of

rolled analgesia.
chronic pain at postoperative 3 months, a difference that
was more definite in patients who had not undergone
postoperative RT.

Control (n¼ 42) P

53.9� 12.0 0.57
156.6� 6.7 0.41
58.2� 7.8 0.54

27/15 (64.3/35.7) 0.17
64.3� 19.3 0.28
85.2� 22.1 0.31

0.96
7 (16.7)
35 (83.3)

21/21 (50.0/50.0) 0.74

n).
nesthesiologist physical status, SLNB¼ sentinel lymph node biopsy.

www.md-journal.com | 3
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This is the first study to verify the analgesic efficacy of
nefopam for acute and chronic pain after breast cancer surgery,
and it provides a basis for integrating preventive nefopam as
part of procedure-specific pain control, especially in lumpect-
omy with ALND or SLNB.

The analgesic efficacy of nefopam during the acute post-
operative period was known from several preclinical and
clinical studies.5–7 Our results were also similar to previous
studies examining acute postoperative pain, which showed that
patients treated with nefopam reported severe pain less often.
All patients received ketorolac routinely at the end of the
surgery and meloxicam in the acute postoperative period.
Delage et al8 reported that nefopam and ketoprofen showed
synergistic effects when they were given together. In our study,
nefopam was expected to enhance the action of NSAIDs,
intravenous ketorolac, and oral meloxicam. Unexpectedly,
the proportion of patients who were given rescue analgesics
was comparable during the first postoperative 6 h regardless of
nefopam treatment. However, fentanyl use in the PACU was
reduced significantly with nefopam, and the effects of fentanyl
seemed to last to a certain extent.

Although several studies have reported better acute post-
operative pain control by nefopam,6,7 whether preventive nefo-
pam can affect the chronicity of postsurgical pain has rarely
been studied. According to description from our patients,

FIGURE 2. Numerical rating scale of postoperative pain. PACU ¼
postanesthetic care unit, postop ¼ postoperative. �P<0.05.
chronic bothersome discomfort or pain came in different forms,
such as tenderness, throbbing, stinging, burning, or piercing
pain, intermittently or constantly. Patients showed relatively

TABLE 2. Number of Patients Who Complained of Postoperative

Nefopam (n¼ 41)

RT (n¼ 24) Non-RT (n¼ 17)

Postop 10 d 22 (53.7)
Postop 3 mo 15 (36.6)

11 (45.8) 4 (23.5)

Data were presented as number (proportion).
P1¼ comparison in RT subgroups, P2¼ comparison in non-RT subgrou
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low NRS values for these symptoms at postoperative 3 months
independent of the administration of nefopam. This could result
from a less complex operation, that is, lumpectomy with ALND
or SLNB. More complex operations are known to contribute to
chronic postoperative pain in breast cancer surgery.1 However,
it is noteworthy that the proportion of patients who presented
with any chronic symptom was still low in the nefopam group,
regardless of the NRS level. This long-term efficacy of nefopam
was maximized in patients without postoperative adjuvant RT;
it showed no measurable benefit for patients with adjuvant RT.
Postsurgical adjuvant RT on the breast itself can cause acute
skin toxicity and breast pain,16,17 which seemed to deprive the
RT group patients of the long-term effects of nefopam.

We can raise the question of how a single treatment of
nefopam could affect both acute and chronic postoperative pain.
First, 1 of the characteristics of preventive analgesia is that the
analgesic action can last longer than expected.18 Although the
preventive analgesic method differed from ours, it has been
reported that a preoperative single thoracic paravertebral block
could reduce chronic postmastectomy pain as well as acute
postoperative pain.19,20 Blumenthal et al also found that post-
operative local analgesia at the surgical site could relieve pain
and the analgesic effect continued until postoperative
3 months.21 Second, Fecho et al1 found that a high dose of
opioid in the PACU could result in greater pain at postopeative 1
month. Our patients treated with nefopam received less opioid
in the PACU, which may have contributed to the lower occur-
rence of chronic pain.

Although the efficacy of preventive analgesia is incon-
clusive, some information is available supporting our results.
NMDA receptor antagonists have been shown to be favorable
for preventive analgesia.22 We still do not fully understand the
analgesic mechanism of nefopam; however, nefopam has been
reported to block NMDA receptor-mediated excitation.23 More-
over, triple neurotransmitter (serotonin, dopamine, and norepi-
nephrine) reuptake inhibition has been proposed as 1 of the
analgesic mechanisms of nefopam,24 which offers the possib-
ility that nefopam could be used to treat other neuropathic
pain.25 Persistent neuropathic pain can develop after breast
cancer surgery26; thus, nefopam could show efficacy in redu-
cing persistent pain.

Our patients showed quite a low rate of surgical compli-
cations, such as lymphedema or axillary web syndrome, which
are known to be common after breast cancer surgery and to be
related with postoperative pain.27,28 For lymphedema, the inci-
dence has been reported to be 4% to 47%, depending in part on
whether the surgery included SLNB or ALND.29–31 Only

Medicine � Volume 95, Number 20, May 2016
1 patient in our study suffered from lymphedema, comprising
only 1.2% of the whole enrolled group. We attributed this low
incidence to the short follow-up time, as the average onset time

Pain

Control (n¼ 42)

RT (n¼ 29) Non-RT (n¼ 13) P

26 (61.9) 0.45
25 (59.5) 0.04

17 (58.6) 8 (61.5) P1: 0.35; P2: 0.04

ps, Postop¼ postoperative, RT¼ radiotherapy.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Administration of Rescue Analgesic Drugs at Post-
operative Period

Nefopam
(n¼ 41)

Control
(n¼ 42) P

PACU 17 (41.5) 27 (64.3) 0.04
Until postop 6 h 16 (39.0) 18 (42.9) 0.72
From postop 6 h until

postop 24 h
1 (2.4) 7 (16.7) 0.03

Medicine � Volume 95, Number 20, May 2016
of lymphedema is 7 months after surgery.32 According to
Lacomba et al,33 axillary web syndrome developed within
2 weeks postoperatively, and it resolved by postoperative
3 months. However, Koehler et al34 reported that axillary
web syndrome continued in �27% of patients until postopera-
tive 12 weeks. Given these very different time frame in previous
studies, it is possible that we might have missed axillary web
syndrome.

This study has several limitations. First, we included only
patients undergoing lumpectomy with ALND or SLNB. This
sort of breast-conserving surgery may cause less pain or fewer
complications than a mastectomy would. The NRS for pain was
quite low at 10 days after surgery, as expected. However, we
could find that the proportion of patients reporting any chronic
pain was reduced by nefopam. Further studies will be required
to assess our current outcome in patients undergoing mastect-
omy. Second, our findings showed a lower incidence of chronic
pain in the non-RT subgroup with preventive nefopam analge-
sia. However, the populations in these subgroups were quite
small. When we calculated the power with reference to our
results, the power was approximately 56% at a¼ 0.05. A study
including a larger sample size should be performed to reach a
firmer conclusion for this population.

In conclusion, preventive nefopam was helpful in reducing
acute postoperative pain with reduced use of rescue analgesic
drugs, and it contributed to reduction in chronic pain after breast
cancer surgery.
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