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ABSTRACT

Previous research assessing the role of nefopam in postoperative pain management has yielded mixed results,
with more evidence supporting a beneficial effect. This systematic review examines the efficacy of nefopam in
reducing opioid consumption in postoperative patients and includes patient satisfaction measures and the frequency
of adverse events. A comprehensive search strategy was performed in the following databases: PubMed, Web of
Science, and Cochrane Library. Search terms used included “postoperative pain management” AND “nefopam”,
“nefopam” AND “opioid consumption”, and “nefopam” AND “analgesia” OR “postoperative pain management”.
Studies involving postoperative adult patients receiving nefopam and compared with a control group were included.
A risk of bias assessment was performed using the Cochrane ROB-2 tool. 17 articles passed the inclusion criteria.
Findings indicated that nefopam significantly reduces opioid consumption in postoperative patients by an average
of 38%. The overall analgesic effect of nefopam was superior to that of opioids alone, with a good margin of safety
and a high degree of satisfaction in most patients. Nausea, sweating, and postoperative tachycardia were common in
the treatment groups. From the findings, the study concludes that nefopam is an effective adjunctive postoperative
analgesic that has a significant positive impact on pain management and reduction of opioid consumption. The study
was registered on PROSPERO (ID: CRD42022364446).
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INTRODUCTION
Postoperative pain management is crucial for

improve overall patient recovery [2,3]. Although opioids are
the most used postoperative analgesics, they increase the risk of

promoting recovery, reducing the risk of complications,
decreasing discomfort, and increasing patient satisfaction [1].
There are several approaches primarily aimed at achieving
optimal analgesia while reducing the incidence of adverse
events. These include the use of various adjunctive therapies such
as nefopam, acetaminophen, nonsteroidal anti-inflammatory
drugs (NSAIDs), and ketamine, which aim to achieve adequate
analgesia, minimize side effects and complications, and
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persistent postoperative pain [3] and the occurrence of adverse
effects [4-7].

One of the approaches to achieve balanced analgesia
is the use of nefopam alone or in combination with other
opioids. Nefopam is a drug of choice for the management of
moderate pain, especially postoperative pain and pain resulting
from nerve damage [8]. It is a benzoxazocine synthesized
from O-Benzoylbenzoic acid and has unique pharmacologic
properties unlike other analgesics [9]. Additionally, nefopam
is chemically distinct and pharmacologically unrelated to
currently known analgesics. It does not affect platelet function
and shows no anti-inflammatory effect when administered to
patients [10—12].

Previous studies, including Girard et al. [8],
Martinez et al. [13], Barazanchi et al. [14], Evans et al. [5],
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and Zhao et al. [15] examined the effects of nefopam on
opioid administration in postoperative patients [5,8,13—15].
Girard et al. [8] reviewed 10 studies that investigated the
role of nefopam in multimodal analgesia. The results in 8
of the 10 studies indicated that the combination of nefopam
with other opioid analgesics resulted in pain reduction in
patients [8]. Martinez et al. [13] evaluated the analgesic
efficacy and safety of nefopam for postoperative pain
relief. They found that nefopam provided analgesia and
was non-inferior to other analgesics, including opioids [13].
In another systematic review, Barazanchi et al. [14] also
concluded that the administration of nefopam, together with
paracetamol, provided effective pain relief in postoperative
patients [14].

Evans et al. [5] conducted a meta-analysis of the
efficacy and safety of nefopam compared with other analgesics
in the management of postoperative pain. The study showed that
nefopam was as effective as other analgesics, including opioids
and NSAIDs, in controlling postoperative pain. However,
several side effects were also mentioned [5]. The study also
indicated that nefopam was associated with an increased risk
of adverse events such as nausea, vomiting, and sweating [5].
Finally, Zhao et al. [15] examined the safety and efficacy of
nefopam for pain management in laparoscopic cholecystectomy
in a meta-analysis. Significant differences were found between
the treatment (nefopam) and placebo groups, with the former
showing lower pain scores and adverse effects compared to the
latter [15].

Although previous reviews have indicated the pain-
reducing effect of nefopam, there is no quantitative measure of
opioid reduction in postoperative patients. Additionally, there is
still an unclear explanation of the association between nefopam
use and reduction in opioid consumption and the incidence of
adverse events in postoperative patients. Therefore, this study
builds on the limitations of previous studies and attempts to fill
the existing gap by providing a comprehensive summary of the
available literature on the potential role of nefopam in reducing
opioid consumption for pain management in postoperative
patients. It also examines the level of patient satisfaction with
nefopam treatment and the potential occurrence of adverse
events during postoperative use.

METHODS

The MEDLINE®, EMBASE, Google Scholar, and
Cochrane Library databases were searched for studies that
had evaluated the efficacy and safety of nefopam in relation
to opioid consumption in postoperative patients. Open web
sources were also searched. Database searches were conducted
between January 2023 and March 2023.

Inclusion criteria

Studies involving postoperative adult patients who had
been given nefopam and compared with a control group were
included for review. Only studies published in peer-reviewed
journals were integrated. The review also used studies published
between 2000 and 2023 since nefopam use has increased in the
last two decades.

Exclusion criteria

Studies that either did not involve postoperative adult
patients or had not been published in peer-reviewed journals
were excluded from the current review. Additionally, studies
involving animals and those that did not compare nefopam to a
control group were excluded.

Search strategy

A literature search was conducted using precise
keywords based on a Problem/Patient, Intervention,
Comparative, and Results technique, as well as topic titles and
Boolean Operators. The phrases “opioid,” “postoperative,” and
“nefopam” were used as keywords. Search terms used included
postoperative pain management, nefopam, analgesia, and
opioid consumption.

1. Impact: (“impact” OR “impactful” OR “impacting”
OR “impacts” OR “impacted”) [All Fields] OR “impacted”
[MeSH Terms].

2. Nefopam: “nefopam” [MeSH Terms] OR “nefopam”
[All Fields].

3. Opioid: (“analgesics, opioid” [Pharmacological
Action] OR “analgesics, opioid” [MeSH Terms] OR
(“analgesics” [All Fields] AND “opioid” [All Fields]) OR
“opioid analgesics” [All Fields] OR “opioid” [All Fields] OR
“opioids” [All Fields] OR “opioid’s” [All Fields]).

4. Consumption: “consumptions” [All Fields] OR
“economics” [MeSH Terms] OR “economics” [All Fields] OR
“consumption” [All Fields].

5. Postoperative: “postoperative period” [MeSH
Terms] OR (“postoperative” [All Fields] AND “period” [All
Fields]) OR “postoperative period” [All Fields] OR “postop” [All
Fields] OR “postoperative” [All Fields] OR “postoperatively”
[All Fields] OR “postoperatives” [All Fields].

6. Patients: (“patient’s” [All Fields] OR “patients”
[MeSH Terms] OR “patients” [All Fields] OR “patient” [All
Fields] OR “patients’” [All Fields]).

Based on the research topic and search strategy, a
PICOS question was formulated as follows: Population: patients
undergoing postoperative treatment.

Intervention: administration of nefopam.

Comparison: use of opioid analgesics.

Outcome: impact on patients’ consumption and
occurrence of adverse effects.

PICOS question: In adult postoperative patients,
does nefopam administration result in a significant reduction
in opioid consumption and occurrence of adverse effects
compared to opioid analgesics without nefopam?

After screening and selection of studies for systematic
review, a risk of bias (ROB) assessment was performed using
the Cochrane ROB-2 tool. ROB-2 is a recently updated tool
that researchers can use to assess articles against six main
criteria [16].

DistillerSR  was used for data extraction and
subsequent visualization using descriptive statistics. This
software streamlines the collection, screening, and analysis
of literature using automation techniques [17]. A standardized
data extraction form was used by three reviewers to extract
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and review the data. Each reviewer assessed all the studies and
extracted data using the template, followed by a joint critical
evaluation to harmonize potential discrepancies [18]. Through
discussion and consensus, emerging discrepancies were
addressed and solved.

The most important information from the studies
in question was extracted in a separate table. The following
information was requested during data extraction: author and
year of publication; information on the participants—age,
gender, duration of the postoperative phase; response rate;
study groups and interventions; study duration; study country;
type of publication (Table 1).

Finally, the results were summarized in another
separate table. The information obtained from the eligible
studies included the following: Study groups and interventions,
indicators of postoperative pain, indicators of opioid
consumption, impact on opioid consumption, the percentage
reduction in opioid consumption, patient satisfaction with
treatment, safety, and incidence of adverse events (Table 3).

PROSPERO REGISTRATION

This systematic review was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO) with the registration number CRD42022364446.
Details of the protocol can be accessed at: https://www.crd.
york.ac.uk/prospero/.

RESULTS

Characteristics and summary of the eligible studies

The study selection process was conducted under
strictadherence to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines. A total of
454 studies were identified through initial database searches,
with another four identified from web sources. Eight studies
were removed as duplicates, with the remaining 450 studies
screened. 401 studies that did not meet the inclusion criteria
were excluded upon screening. Only 49 studies were evaluated
for eligibility, with 32 being excluded for overlapping data
and involvement of adults without postoperative pain. The
remaining 17 studies were included for analysis. Figure 1
shows the PRISMA flow diagram of the systematic review
strategy.

The low number of eligible studies (n = 17) reflects
the stringent inclusion criteria applied to ensure the selection of
high-quality and relevant data. Several studies were excluded
due to limited methodological rigor, small sample sizes, or non-
alignment with the research objective. This careful selection
was essential to ensure robust findings and minimize bias,
despite the limited pool of suitable studies.

Most studies (n = 4) were conducted in South Korea,
whereas others were conducted in the United States (n = 3),
the Republic of Korea (n = 3), Thailand (n = 3), and France
[2]. Two studies were wider than one country. The remaining
two studies were designated as “global” because they were
conducted in different regions. A total of 2,617 adults were
included in 16 studies. However, in one of the systematic
reviews, the exact number of participants in the integrated

studies was not provided [8]. All participants underwent
postoperative pain management. Table 1 lists all study
characteristics of the included articles.

Mimoz et al. [6] found that pain relief and reduced
opioid consumption were higher when nefopam was
administered together with other analgesics, especially
paracetamol. Adverse effects such as nausea and dizziness also
occurred [6]. du Manoir ef al. [4] found that significantly less
morphine was administered via patient-controlled analgesia
(PCA) in the nefopam group [4]. On the other hand, Kapfer et
al. [19] concluded that tachycardia and excessive sweating were
more common in patients receiving nefopam than in the other
two groups (isotonic saline and ketamine). Pain relief was faster
in the nefopam and ketamine groups than in the control group
after the additional morphine infusion was initiated [19]. Evans
et al. [5] showed that opioid consumption and pain intensity
decreased significantly in the nefopam group [5].

Richebé et al. [20] found significant changes in
opioid consumption between the treatment and control
groups. No adverse effects were reported [20]. Kim and Abdi
[10] found a significant decrease in opioid consumption in the
treatment groups receiving either nefopam alone or nefopam
and fentanyl. Choi ef al. [1] also showed that concomitant
administration of nefopam or ketamine significantly
decreased consumption of remifentanil and morphine [1].
Girard et al. [8] showed lower morphine consumption,
with no adverse effects reported in the nefopam group [8].
Moon et al. [21] found no difference in satisfaction between
patients receiving fentanyl and those receiving fentanyl with
nefopam [21].

Son et al. [22] reported side effects such as
postoperative nausea and vomiting [22]. Likewise, Zhao et
al. [15] reported opioid-related side effects such as nausea,
vomiting, and pruritus [15]. According to Nair [23] and Na et
al. [24], there was lower opioid consumption and lower levels
of chronic pain after nefopam use [23,24]. Pasutharnchat et al.
[25] reported that patients in the nefopam group experienced
significant pain reduction. Adverse events such as dizziness,
drowsiness, sweating, dry mouth, and nausea occurred in both
groups [25]. In a separate study, Lekprasert et al. [26] found
that the nefopam group had similar postoperative pain scores
compared to the control group [26]. According to Jung et al.
[12], there was no statistically significant difference in numeric
rating scale (NRS) scores between groups throughout the
postoperative period [12].

Chalermkitpanit et al. [27] showed that there was
no significant difference in morphine consumption between
the nefopam group and the control group. There was also no
significant difference in postoperative pain scores between the
two groups. However, morphine consumption was slightly
lower in the nefopam group [27]. On the other hand, Yoon
et al. [28] found that the nefopam group had significantly
lower fentanyl consumption compared with the control
group. The nefopam group also had a significantly lower pain
score. However, there were no significant differences in the
occurrence of side effects, quality of recovery, and length of
hospital stay [28].



027

024-039

Bader et al. / Journal of Applied Pharmaceutical Science 2025;15(05)

(ponuiuod)

(uonosowrel Sw 9°() + [AueIuQy

31 0oL + wedojou Sw () [Auejuo,|
+ wedojoN M yDd—¢ dnoin
(uonosowrel Sw 9°() + [Auejudy 3
005°1) Aueyud ym yod— dnorn

'sImoy g/ 10J APJuepnIuIo)ul

(uonuaaaid easneu 1oy UONISOWel ‘(e oy passasse uoneinp aAnerddoisod
‘Apnys aAndadsord Sw 9'( + qw/Sw 7 wedojou Sw pajordwos syuedionaed *9A0QE pue SIBIA ()7 Pagde ‘oJewdy
poziwopuey  ©aI10Y Jo drjqndoy syoam ¢ 00€) wedojoN yim yDJ—1 dnoin 00€ JO M0 9.7) %T6 pue ojew ‘syuedoned go¢ (11l wpewy  9apnIy
"0qeoe[d—(¢D) ¢ dnoin
‘SINOY 84 103 Inoy/3y/Bw 9(°(
JO uoIsnjur snonuuod £q pamoj[of
‘A1931ns Jo puo ay) Je wedojou Jo
snjoq 8y/5uw ¢'0—(¢D) ¢ dnoi
'Sn0Y gy 10§ MOU/SY/BW $90°0 'sioy g4 :uoneInp aanerodoisoq
JO uoISnyuI SNONUIIUOd £q POMO][0F
‘Aprys 9an0adsord ‘ersoyjsaue Jo jIess ay) je wedojou 'sIedk g1 9A0qe pagde
paziwopuey] S9JBIS PANUN sypuow 9¢ Jo snjoq 3y/8w ¢'0—(1D) [ dnoin (syuapuodsar 06) %001 ‘orewrd) pue drew ‘syuedioned (g [0z] v 12 9goyory S dpPNIYy
“JUQW)EAT) [01U0D dAdRU[—¢ dnoin)
) ‘(ouoydAxodoid 10 ‘Quipiy woween o1 pepuodsar
vsi ‘Jowrejadered ‘OvuJO[IIP ‘QUILIELIAY) (quatmpax 03 pp
pue ‘wnisjog : : pue pozIwopuer
o1sa3[eue Joypouy—7g dnoin
MOIAJI OIJBUIRISAS ‘wop3ury a1om syuedionred ‘g1 9A0qe page
JAneIIUENQ) panun ‘Qduel "SOIM 6 wedojoN—T1 dnoin LY8TIV) %001  ‘orewdy pue orewr ‘syuedronted /48 [s] v 12 sueaqg ¥ NIy
(wedojoN) Sw (g wedojoN—r¢ dnoin
(ourweyay])  (SIsAjeue ayj ur papnjour
812} pafjox0D Sw (] sunweydy—yg dnoin  syuedronaed 7/ jo o G9) ey P
pazruopuey VSN SYoOM /] (1onuo)) aurfes o1uojos[—] dnoin %L8 ‘orewrd) pue orew ‘syudnjed £/ [61] 77 12 193dey] € IpnIy
foaer (ot oG € dhotd (e13110 norsTout 343 'SINO 0 uonenp 9AneIado)so
“Jodal [e1n (uopeInp  WOIJ SUOT)BIAGD SUIMO[[O] 4y 3O UoREImp SAL 180d
paziwopuel ‘purjq INOY-4 B I9A0 § AI0AD 1018 Swi ()7)  papn[oxe g1 ‘syuedionied 'S1BOK G/ pue §] uoamjaq pase
-o[qnop ‘0anoadsord ERlAR sypom 9] wedojoN—(dnoin wedojoN) | dnoin 1029 JO €81) %16  ‘orewdy pue ofewr ‘syuedronaed 1oz [{] v 72 Iouey np 7IpPNIY
'SInoy 9
K19A9 3 7 Jowrejooedoid + ourydiowr
vOd—(dnoi3 jowryooedoiq) ¢ dnoin
'SINoY 4 A19A2
1016 3w ()7 wedojou + ourydiow
VOd—(dnoi3 wedojoN) 7 dnoiny
"Apmys pa[jonuod -ouofe ourydiow  (parpnys a1om syuedionted 'SIBOA G/ pue §] U0IMIOq pade
paziwopuey Qouel] syuow ()| VDOd—(dnoi3 jonuo)) | dnoin 071300 Z[]) %¢E6  ‘Orewdy pue orew ‘syuedroned oz [9] v 12 zZownN 1 3pnIY
(syudapuodsaux jo (por1ad daneaadojsod jo uoneanp  aedf uonedqnd Jdquinu
adAy uonednqng Anunod Apm)S  uopneanp Apn)S S sUORUIAI)UI pue sdnoasd Apn)§  JIquny) oned Isuodsay ‘19puds 93y) syuedpnaed 3 Joyny PRIy

*SQIPNIS PApN[oul J0J ATBWWNS UONIBIIXD BIR(] T QB



024-039

Bader et al. / Journal of Applied Pharmaceutical Science 2025;15(05)

028

(panunuoo)

“Aprys
aanoadsoxd purjq

-dnoi3 wredojou ot se [090301d owres
Ay Suisn SSN [w o [—dnoi3 oqase[d

‘uoneInp
Apmis Inoy-4Z oy} ulmp sioy §
K19A9 9% ‘soynurw (¢ 10§ dund

uorsnjur ue ySnoiy A[snousAenur

“(SSND ures Jewsou [w Q[ Ul

(sdnoi3 om) ur

PISSISSE 9I0M PUE BLIJLIO

uorsnjour ay) passed

o[ewoY pue dJew
‘a8 Jo s1eak g1 10AQ

[s2]

-9[qnop ‘paziwopuey puejrey], sypom 9] wedojou Jo Sw gz—dnoiS wedojoN  syuedronred o4 [18) %001 ‘syuedionyed o  7p 72 jeyoureyinsed €] PRIV
"IOYIPa A1} 0} “Sursstw uonjep aaneradoysod
passaippe y1odar [ern (ouI[es [euLIow) 0gaoeld—g dnoin pue ‘1opuds ‘oSe uo uorewIojul
paziwopuel ‘purfq : [euonippy ‘Apmis 9jeredos e
9[qnop ‘dandadsord o1qndoy ea10y] SNOIM § wedojou AJ Sw (z—1] dnoin %001 ul paAIdsqo sjuedronied ¢g [ez]lmeN 1 9ponay
e "plo sreak 051
[outioN—(dnos3 jouoo) g dnoin sem sjudned 10J 95 oFeIoAY “S[ELn
3w oz wedojoN PI[[01}UOI-WOPUEI § SSOIOR
sIsA[eue-eIA VSN payoads joN —(dnoi3 uonuaaioyuy) | dnoin  (syuapuodsar G17) %001 pazAjeue syuoned g1z [¢1] w2 oeyz 1y 93pBIY
‘Sw oz wedojou + 31 009
[Auejuay Surureuod uonnjos dIsAJeuy
— (dno13 wedogoN) N dnoin
‘Aprys ‘Sw (08 0€[01033Y + 31 009 “(pozATeue a1om ANIQISIO 'sinoy gy :uoneInp 2AneIadoisod
aAnadsoxd purjq [AuBjuay SururL)uOd UOIIN[OS JISAT[eUY 10J passasse syuaned 's1eak (),—(07 pasSe
-9[qQnop ‘pazrwiopuey BII0Y YINOS SyoIMm § —(dnoi3 oe[01039]) 3 dno1iny (9] 9Y) JO INO TH 1) %68 ‘orewrd) pue drew ‘syudned (9| [zz] w12 uog O 9pBIY
‘Afoaneradojsod
SINOY 81 38113 9} 19A0 VO [W 001
BIA PAIISIUTWPE 2I9M SIUUIILAT) [V
“Sw 00f
wedojau + 31 0¢ [Aueyuoj—)) dnoiny
Sw 007 ‘pouiad aanjeradoisod anoy-gy
‘Apmys purjq 110T 12qUIDAON wredogou + 3 00§ [Aueiuog—g dnoin ‘(syuedionaed -3k Jo sIeak
-9[qQnop pazZIwopuey o1qnday ea10Y wolj 1eak | 31 0001 [AueIUL J—Yy dnoin 06 J0 N0 8) %06 0.-81 ‘orewdy ‘syuedionred g [12] 77 12 vOOIN 6 dPNIY
*SOTPNYS TEOTUI[O ‘papraoid jou
pue [esrurjoaid jo (pamaraal are syuedronted jo Joquinu [ejo],
MITADI OIRWIAISAS "JesIoATU() 'S30aM 9 SAIpmys dATpdadsar ur sdnoid juarepiq SaIpMIS 01 1) %001 "MOIAQI JOJ POPNJOUT SAIPNIS ()] [8] 7 12 prenn 8 d[NIYy
‘uowidax
onayisaue prepue)s—dnoid jonuo) — Y
£pms sapoadsosd “durue)d}—(dnoin 3) sureoy] pue 8] USIMJDQ ‘O[BW PUE J[BW ]
paziwopuey] B2I0Y] JINOS SYOOM T ‘wedojou—(dnoin N) wedojoN %001 ‘syuedionred {¢ [1] v 12 104D L 3Ny
(syudpuodsax yo (por1ad aanesddojsod jo uoneanp  aedk uonedrqnd Jdquinu
ad£y uonednqng Anunod Apm)S  uopeinp Apn)S S SUOPUIAI)UI pue sdnoas Apn)§  JIqunN) oned dsuodsay ‘1apuds 98y) syuedpnaed 2 Joyny PRIy




Publication type

Study country

Study duration

Response ratio (Number  Study groups and interventions s

Participants (Age, gender,
duration of postoperative period)

Author &
publication year

Article
number
Article 14

of respondents)

99% (71 out of 72

Randomized, double-
blind, prospective

study.

Thailand

Group 1 (Study group)—Parecoxib 40 6 weeks

mg + Nefopam 20 mg.

72 participants, male and female,

aged 20-65 years.

Lekprasert et al. [26]

patients. 1 excluded due

to patient refusal).

Group 2 (Control group)—Parecoxib
40 mg + normal saline solution).

Postoperative duration: 24 hours.

Randomized, double-
blind, prospective

South Korea
study.

12 weeks

Group NF—PCA with combination of
fentanyl 600 pg and nefopam 120 mg
(nefopam-fentanyl polytherapy).

78 patients, male and female, 90% (A dropout rate of

Jung et al. [12]

Article 15

20-70 years. 24-hour postoperative approximately 10%).

duration.

Group N240—PCA with nefopam 240
mg alone (nefopam monotherapy).

Bader et al. / Journal of Applied Pharmaceutical Science 2025;15(05):024-039 029

Randomized, double-

blind study.

Thailand

15 months

Nefopam Group—20 mg of

100% (all 100 patients

assessed)

100 patients, aged between 20 and

80 years, male and female.

Chalermkitpanit et

al. [27]

Article 16

intravenous nefopam diluted in 100 ml

of normal saline.

Control Group—100 ml

of normal saline.

Randomized, double-

blind study.

South Korea

3 months

Group N (Nefopam)—20 mg

nefopam.

100%

90 patients. male and female, aged

19-70 years.

Yoon et al. [28]

Article 17

Group C (Control)—Normal saline.

Table 2. Summary of average reduction in opioid consumption and ClIs.

Study % Reduction in ClIs
opioid consumption

Mimoz et al. [6] 50% 0.05 to 0.41
du Manoir et al. [4] 40% 0.15t00.72
Evans et al. [5] 25% —1.62 t0 0.785
Richebé et al. [20] 50% —1.296 to —0.176
Kim ez al. [11] 30% 0.952 t0 2.743
Moon et al. [21] 40% —1.16t0 0.76
Zhao et al. [15] 35% —0.05to —1.27
Pasutharnchat ef al. [25] 30% 0.15t0 0.52
Jung et al. [12] 40% —0.73 t0 0.63

The overall range of confidence intervals (CI) from all the readings is —1.62.
t0 2.743.

Overall, this systematic review showed that nefopam
generally reduced opioid consumption in postoperative patients.
No adverse effects were reported in 9 of the 17 studies. In the
remaining seven studies, various adverse effects were reported,
mostly in the treatment groups, but with a relatively low
frequency. The results of the individual studies are summarized
in Table 3.

Quality assessment and ROB

Cochrane’s ROB-2 tool was used to assess the ROB
in individual studies. Based on the ROB assessment, the overall
quality of the included articles was good. Only one article [23]
had a high risk. The majority of the remaining 16 articles had
low risk. A summary of the assessment performed is presented
in Table 4 for each study, based on the average of the authors’
ratings.

A high ROB was reported in the report by Nair [23]
because the summative report had no explicit research methods
included. However, the report was important in the current
study as it also contributed knowledge on the use of nefopam
in postoperative pain management. The overall goal of the
current study was to find literature surrounding the topic and
evaluate evidence in line with the set objectives. Therefore,
while some of the domains included in Cochrane’s ROB-2 tool
revealed some issues creating the bias, it was still included as
a relevant source of literature given that it was a report of a
previous study.

Impact of nefopam on opioid consumption

This review found a significant decrease in opioid
consumption in 12 of the 17 studies, whereas the remaining 5
studies found no significant difference in opioid consumption
between the nefopam and control groups. Of the 12 studies
that reported reductions in opioid consumption, 9 reported
specific percentage reduction values as follows: Mimoz
et al. [6]—50%, du Manoir et al. [4]—40%, Evans et al.
[5]—25%, Richebé et al. [20]—50%, Kim et al. [11]—30%,
Moon et al. [21]1—40%, Zhao et al. [15]—35%, Jung et al.
[12]—40%, Pasutharnchat et al. [25]—30%. Based on the
above values from studies reporting specific values, the
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Identification of studies via databases and other sources J

Records removed before
screening:
Duplicate records

v

removed (n =4)
Records marked as
ineligible by automation
tools (n =4)

Records excluded (n = 401)
Non-relevance to the study
focus, duplicate publications,
Incomplete data, and non-
original studies.

v

Reports not retrieved
(n=0)

c
.g Records identified
8 from Databases (n =
= 454)
b= Other sources (n = 4)
[}
=
—
i Records screened
(n = 450)
o)) l
£
o Reports sought for
(4] .
% retrieval (n = 49)
n
\4
Reports assessed for
—— | eligibility (n = 49)
Studies included in
review (n = 17)

"| Reports excluded

n=32)
Reason 1: Overlapping
data (n=21)

Reason 2: Involvement of
adults without
postoperative pain (n = 11)

Figure 1. PRISMA flow diagram of the systematic review strategy.

summary of the calculation of the percentage reduction in
opioid use is: (50+40+25+50+30+40+35+40+30)/9 = 37.77 =
38%. The average reduction in opioid consumption due to the
postoperative use of nefopam was, therefore, 38%.

The reported percentage decrease in opioid
consumption ranged from 25% to 50% across the studies.
This variation could be attributed to differences in study
populations, interventions, and methodologies. Some
studies had confidence intervals (CIs) that included zero or
negative values, suggesting that the observed effect may not
be statistically significant or may favor the control group
as shown in Table 2. The overall range of ClIs from all the
readings was (—1.62-2.743). The forest plot in Figure 2 also
shares findings of the calculated CIs. While most studies
reported a positive effect (reduction in opioid consumption),
some studies, such as Evans et al. [5] and Richebé et al.

[20], had CIs that included negative values, suggesting the
possibility of increased opioid consumption or no effect.
More recent studies such as Moon et al. [21], Zhao et al.
[15]), Pasutharnchat et al. [25], and Jung ef al. [12], generally
showed a consistent trend of decreased opioid consumption,
with narrower Cls, indicating more precise estimates of the
effect. Overall, the results indicate that the treatments or
interventions evaluated in these studies may reduce opioid
consumption, but the magnitude of the effect varies across
studies, as shown in the forest plot in Figure 2.

The study also showed that nefopam administration
was associated with pain reduction in most patients. While the
included studies used different pain scores, including Verbal
analogue scale (VAS), Verbal Rating Scale (VRS), NRS, and
Verbal analogue scale at rest (VAS-R), most of the studies
reported that patients had better pain relief when postoperative
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% Reduction in Opioid Consumption
Mimoz et al. (2001) *>r—
du Manoir et al. (2003) ——
Evans et al. (2008) &
Richebé et al. (2013) *r—
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Zhao et al. (2018) _—
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-150% -100% -50% 50% 100% 150% 200% 250% 300% 350%

Figure 2. Forest plot for reduction in opioid consumption.

nefopam was administered. Using NRS, Jung et al. [12],
Moon ef al. [21], and Son et al. [22] all reported scores below
5, showing significant pain reduction in the nefopam groups
[27,29]. Both Choi ef al. [1] and Zhao et al. [15] also recorded
reduced pain scores using the VAS [22,26]. However, Kapfer et
al. [19] indicated that there were no major differences between
the nefopam group and the control group when pain scores were
measured using VRS.

Patient satisfaction with treatment

Most patients were satisfied with the treatment
administered. In 13 out of the 17 studies included in the review,
patient satisfaction was reported, ranging from moderate to
significantly high levels of satisfaction with the use of nefopam
in postoperative pain management. Two studies did not report the
eventual level of satisfaction, while the remaining two studies
reported similar satisfaction levels between the treatment group
and the control group. As such, the researcher concluded that
nefopam administration in postoperative pain management is
positively correlated with patient satisfaction.

Safety and incidence of adverse effects

No adverse effects were reported in 9 out of the 17
studies. In the remaining seven studies, various adverse effects

were reported, mostly in the treatment groups but with arelatively
low incidence. The most common adverse effects included
tachycardia, sweating, nausea, and drowsiness. Two pruritus
cases were also reported in one of the studies, with one case of
respiratory depression also reported. Hypoventilation, malaise,
and general cutaneous allergy also occurred in three patients in
the treatment group of one of the randomized controlled studies.
In cases where nausea, vomiting, and sweating were reported,
the cases were relatively mild. However, there were cases of
profuse sweating in two participants.

DISCUSSION

Nefopam use in postoperative pain management

Although opioids have long been used in postoperative
pain management, the prevalence of associated side effects
has led to increased research into non-opioid analgesics.
According to Stephan and Parsa [30], opioid analgesics relieve
postoperative pain but also have distressing negative effects
on the body. Opioids not only impair the release of p opioid
receptors but also prevent the release of beta-endorphin,
which is crucial for pain management. In addition, Li et al.
[31] noted that opioids complicate pain management by
causing adverse effects such as postoperative nausea/vomiting,
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Table 4. ROB assessment.

Study

Dla D1b

=}
Py

D5 Overall

Mimoz et al. [6]

du Manoir et al. [4]

Kapfer et al. [19]

Evans et al. [5]

Richebé et al. [20]

Kim ez al. [11]

Choi et al. [1]

Girard et al. 8]

Moon et al. [21]

Son et al. [22]

Zhao et al. [15]

Nair [23]

Pasutharnchat et al. [25]

Lekprasert et al. [26]

Jung et al. [12]

Chalermkitpanit ez al. [27]

Yoon et al. [28]

~
- . . - . - . U
-

000000-000-0000COH-HO

pruritus, respiratory depression, and urinary retention.
Because of the adverse side effects of opioids, multimodal
analgesia is increasingly being considered for postoperative
pain management, including various approaches such as
preemptive analgesia, PCA, neuraxial anesthesia, and non-

opioid medications.

Another important problem in the postoperative use
of opioids is neuroadaptation. According to Lavand’homme

and Steyaert [29], while opioids are the most effective drugs
currently used to treat chronic pain, they have limited ability
to provide long-term analgesia due to neuroadaptation.
Further evidence suggests that neuroadaptation occurs
mainly through opioid-induced hyperalgesia and tolerance
[29]. In some cases, opioids also have opposite effects, such
as enhancing postoperative pain. To mitigate the potential
occurrence of neuroadaptation and opposite effects, different
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Table 5. Incidence of adverse effects.

Article number

Incidence of adverse events

Article 1

Mimoz et al. [6]
Article 2

du Manoir et al. [4]
Article 3

Kapfer et al. [19]
Article 4

Evans et al. [5]
Article 5

Richebé et al. [20]
Article 6
Kimetal [11]
Article 7

Choi et al. [1]
Article 8

Girard et al. [8]
Article 9

Moon et al. [21]
Article 10

Son et al. [22]
Article 11

Zhao et al. [15]
Article 12

Nair [23]

Article 13
Pasutharnchat et al. [25]
Article 14
Lekprasert ef al. [26]
Article 15

Jung et al. [12]
Article 16

Chalermkitpanit ez al. [27]
Atrticle 17 Yoon et al. [28]

No adverse effects were reported in all three groups.
No adverse effects were reported in the study group and the placebo group.
Tachycardia and profuse sweating reported in six patients in the nefopam group. No adverse effects reported in the

control group.

Postoperative tachycardia was reported in two patients in Groups 1 and 2. One patient in the placebo group had profuse
sweating.

No adverse effects were reported in all the study groups.
Tachycardia, respiratory depression, sedation, and other common postoperative outcomes like nausea and vomiting
were reported in some patients in the two treatment groups as well as the control group.

No critical effects reported in either group.

No adverse effects discussed in the article.

No adverse side effects reported in Group A, Group B, and Group C.

Post-operative nausea and vomiting, with minimal incidence of other postoperative adverse effects were reported in
three patients in the Group K and Group N.

Pruritus, nausea, and vomiting were relatively mild in the nefopam group and the control group.

No adverse effects reported in the nefopam group and control (placebo) group.

Side effects including nausea, dizziness, dry mouth, sweating, vomiting, drowsiness, and tachycardia were low in both
the nefopam group and placebo group.

No adverse effects save for nausea and vomiting in two patients in the study group.

No postoperative adverse effects were reported in both groups, save for postoperative nausea and vomiting (PONV),
whose incidence was high in Group NF.

No serious adverse effects of nefopam were reported.

Nausea, vomiting, rescue anti-emetic use, and hydrosis reported in an almost even proportion between the nefopam
group and control group.

opioids, dose limitations, and non-opioid analgesics can be
used [32].

Nefopam exerts its analgesic effect through various
pharmacological mechanisms. Its central analgesic effect helps
to modulate pain perception by acting centrally in the brain and
spinal cord [8]. Some of the key attributes include preventing
the reuptake of neurotransmitters such as norepinephrine,
dopamine, and serotonin, increasing their concentration in the
synaptic cleft, thereby enhancing various descending inhibitory
pain pathways [8]. Although nefopam’s analgesic effect is
primarily centrally mediated, it also has a peripheral analgesic
effect by inhibiting the release of inflammatory mediators and

prostaglandins. Nefopam also exhibits N-Methyl-D-aspartate
(NMDA) receptor antagonism, which modulates pain perception
and reduces the transmission of pain signals by blocking NMDA
receptors [31]. Overall, the above pharmacological mechanisms
enhance nefopam’s pain relief abilities while reducing opioid
consumption, as revealed by findings of the current study
involving postoperative patients.

The current study found that nefopam is a viable
non-opioid analgesic for postoperative pain management.
Recent studies on the efficacy of nefopam in postoperative
pain management suggest that patients’ pain is reduced due to
the morphine-sparing effect of nefopam [28]. In this systematic
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review, nefopam significantly reduced opioid consumption in
postoperative patients, justifying its morphine-sparing effect.
The mean decrease in opioid consumption across studies was
38%. Overall, the attained average figure suggests that patients
receiving nefopam to supplement an analgesic regimen with
opioids are likely to experience almost as much reduction in pain
intensity as patients receiving high doses of opioids. Thirteen
studies reported lower opioid consumption when nefopam was
administered postoperatively. In the studies that reported pain
reduction, there was a strong statistical correlation between
nefopam use, reduced morphine consumption, and pain reduction
in participating patients. In contrast, five studies reported no
significant difference in opioid consumption and postoperative
pain management after nefopam administration [12,15,21,26,27].

In addition, the overall analgesic effect of nefopam
was found to be superior to that of opioids alone. Greater pain
reliefwas reported in cases where nefopam was co-administered
with other analgesic adjuvants such as acetaminophen [6]
and fentanyl [22,29], as well as ketamine [1]. Because the
doses of nefopam administered varied, researchers were
unable to identify specific doses associated with nefopam’s
morphine-sparing effects. In the past, the role of nefopam in
the management of postoperative pain has been questioned
because of the limited characterization of the regimens and
doses used, particularly in combination with other analgesic
adjuvants [2].

Previous studies examining the analgesic effects
of nefopam have shown that it has nearly similar efficacy
compared with opioid alternatives. According to Tramoni ef al.
[33], 20 mg of nefopam shows efficacy equivalent to that of
6—12 mg of morphine. Yoon et al. [28] also indicated that 20
mg of nefopam is equivalent to about 7.5 mg of ketorolac and
morphine in postoperative pain control [28]. In sum, the results
of the current study are consistent with the existing literature
on analgesic efficacy. For example, du Manoir et al. [4] and
Evans et al. [5] found that the analgesic efficacy of nefopam
was comparable to that of other opioids [4,5]. However, opioids
were more likely to cause adverse effects in patients than non-
opioid analgesics.

A study conducted by Tramoni et al. [33] indicated
that nefopam reduced opioid consumption by up to 50%,
but the average reduction was about 25%. The findings are
consistent with the results of most of the studies included in
the analysis. For example, du Manoir ef al. [4] reported a 40%
reduction in opioid consumption when 20 mg of nefopam was
infused every 4 hours [4]. Evans ef al. [5] found that infusion
of nefopam resulted in a 25% reduction in opioid consumption
compared with the control group, which had no change in
opioid consumption [5]. According to Richebé et al. [20],
continuous nefopam infusion resulted in a 50% reduction in
opioid consumption in the nefopam group. Based on the results
of the current analysis, it can be concluded that nefopam could
reduce opioid consumption by up to 50%, depending on the
amount administered to patients.

Safety and incidence of adverse effects

Based on the observed adverse effects, this systematic
review found that co-administration of nefopam is generally

well tolerated by patients. The overall trend of adverse effects
was generally low. In studies that reported adverse effects,
nausea, sweating, and postoperative tachycardia were common.
However, the outcomes were mostly classified as uncomfortable
and not significant medical problems. These findings are
consistent with existing literature. According to Charoenpol
et al. [2], co-administration of nefopam in the management of
moderate pain is often associated with a minimal incidence of
adverse effects.

The common adverse effects of nefopam that have
been document in previous research include nausea, vomiting,
hypotension, tachycardia, sedation, sweating, respiratory
depression, itching, urinary retention, and dry mouth [2].
Compared to opioids used in postoperative pain management, the
tendency of adverse effects following nefopam administration is
generally lower. This is partly attributed to its central analgesic
effect that is associated with minimal unwanted reactions in
other parts of the body [2]. As revealed in the current study, the
occurrence of adverse effects for most treatment groups given
nefopam was generally lower as compared to groups given
opioids and other analgesics, as shown in Table 5.

Chalermkitpanit et al. [27] believe that nefopam
is increasingly used in the management of postoperative
pain because it has minimal adverse effects on patients, with
postoperative nausea and vomiting, sweating, and tachycardia
being the most observed adverse effects [27]. In the current
review, the studies by Jung ef al. [12] and Lekprasert et al.
[26] showed that most patients had few adverse effects in their
respective treatment groups [12,26]. However, postoperative
tachycardia can be dangerous in patients with impaired cardiac
function [34].

Patient satisfaction with the treatment

This review found that concomitant administration
of nefopam resulted in pain relief in most patients. A variety
of pain scales were used in the included studies, including the
VAS, the VRS, the NRS, and the VAS-R. Most studies indicated
that patients experienced better pain relief when nefopam was
co-administered postoperatively with other analgesics. Jung et
al. [12], Moon et al. [21], and Son et al. [22] reported NRS
scores below five, which showed significant pain reduction in
the nefopam groups [12,21,22]. Both Choi ef al. [1] and Zhao
et al. [15] also recorded reduced pain scores using the VAS
[1,15]. However, Kapfer et al. [19] pointed out that there were
no significant differences between the nefopam group and the
control group when pain scores were measured using the VRS
[19]. The current study found that most patients were satisfied
with the treatment. Finally, the low incidence of adverse effects
of nefopam also resulted in a high level of satisfaction among
most patients.

LIMITATIONS

At the study level, this systematic review did not
assess outcomes for patients receiving combination therapy
of nefopam and different types of opioids and also excluded
studies of patients receiving long-term postoperative pain
therapy, which could provide valuable insights into the effects
of nefopam on opioid consumption in postoperative patients.
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At the review level, adverse effects were not discussed
in detail in the included studies. Factors such as the type of
surgery, dosage and timing of nefopam administration, and the
corresponding influences on opioid consumption may have
been incompletely investigated.

CONCLUSION AND FUTURE IMPLICATIONS

This study offers a general interpretation of the results
in the context of existing evidence and provides implications
for future research. The systematic review demonstrated
that nefopam is effective in postoperative pain management,
as evidenced by lower pain scores and lower morphine
consumption in postoperative patients. Specifically, the results
suggest that nefopam significantly reduces opioid consumption
with a relatively low incidence of side effects. Future research
is needed to further investigate the potential of nefopam
as an alternative to opioids to reduce opioid consumption
in postoperative patients, as well as the potential influence
of factors such as type of surgery, dosage, and timing of
administration on the effect of nefopam on opioid consumption.
Future studies could also examine comparative effectiveness
in long-term postoperative pain management, particularly
examining pain intensity and the duration of analgesic effect.
Additionally, combination therapy studies could be conducted to
evaluate the synergic effects of nefopam with other analgesics.
Finally, there is still a significant literature gap regarding the
pharmacokinetic and pharmacodynamic properties of nefopam.
Profiling nefopam based on these properties could avail further
understanding of its mechanisms of action as well as the overall
influence on reduction in opioid consumption when used
postoperatively.
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NRS, Numeric Rating Scale; NSAIDs, Non-steroidal
anti-inflammatory drugs; PCA, Patient-controlled analgesia;
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scale.
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