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Duloxetine reduces opioid consumption
and pain after total hip or knee arthroplasty:
a meta-analysis of randomized controlled
trials

Yicai Lin'T, Mingyang Jiang'", Chun Liao?, Qingjian Wu? and Jinmin Zhao?*"

Abstract

Purpose There is no consensus in the current literature on the analgesic role of duloxetine after total hip arthroplasty
(THA) or total knee arthroplasty (TKA). Thus, we designed this meta-analysis to reveal the analgesic effectiveness and
safety of duloxetine in TKA or THA.

Methods As of October 2022, two authors (L.C. and W.Q.J)) independently searched five main databases (EMBASE,
Web of Science, PubMed, Cochrane Library, and Google Scholar) to find relevant studies. Duloxetine vs. placebo in
randomized controlled trials (RCTs) for THA or TKA were included. We set perioperative total opioid consumption
as the primary outcome. Secondary outcomes included resting or dynamic pain scores over time, gastrointestinal
adverse events, neurological adverse events, and other adverse reactions.

Results Eight RCTs with 695 patients were incorporated in our study. This meta-analysis showed high evidence that
duloxetine was effective in reducing perioperative opioid consumption (Standard mean difference [SMD]=-0.50,
95% confidence intervals [Cl]: —0.70 to —0.31, P<0.00001) and low to moderate evidence that duloxetine could
reduce pain within three weeks after surgery. Low to high evidence showed no differences between the two groups
for most adverse events. Substantial evidence suggests that duloxetine can reduce nausea and vomiting after surgery
(Risk ratio [RR]1=0.69, 95% ClI: 0.50 to 0.95, P=0.02, 12 =4%). However, moderate evidence suggested that duloxetine
might be associated with increased postoperative drowsiness (RR=1.83,95% Cl: 1.08 to 3.09, P=0.02, 12=0%).

Conclusion Duloxetine reduced overall opioid consumption in the perioperative period and relieved pain within
three weeks after surgery without increasing the risk of adverse drug events. Duloxetine can be part of a multimodal
management regimen in patients with THA and TKA.
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Introduction

The primary treatment options for patients with end-
stage degenerative arthritis are total hip arthroplasty
(THA) and total knee arthroplasty (TKA), which can
effectively reduce chronic pain and enhance joint func-
tion. Given the incredible trauma of these two types of
procedures, many patients are dissatisfied with postoper-
ative pain [1, 2]. Inadequate pain control delays recovery,
prolongs hospital stays, and increases the risk of postop-
erative complications. At present, opioid drugs are still
widely used in perioperative and postoperative pain con-
trol [3]. Opioids relieve pain but can cause nausea, vom-
iting, constipation, drowsiness, and other adverse effects
[4]. Furthermore, overdependence on opioid drugs for
pain management is related to opioid dependence and
hyperalgesia [5]. These all bring great troubles to patients’
postoperative lives. Multimodal analgesia is designed
to use combinations of multiple drugs or techniques to
lower the dose of each drug, thereby reducing the side
effects of each drug while maintaining overall efficacy [6,
7]. In theory, it could reduce opioid consumption, reduce
pain, and reduce opioid-related adverse reactions [8].

Duloxetine was initially used to treat major depressive
disorder and was later expanded to treat fibromyalgia,
chronic musculoskeletal pain, and diabetic peripheral
neuropathy [9-12]. The downward inhibitory pain path-
way in the central nervous system can be suppressed by
duloxetine, which inhibits the uptake of serotonin and
norepinephrine [13—15]. Recent evidence suggests that
duloxetine may help mitigate the acute central sensitiza-
tion associated with post-surgical tissue injury [16]. In
individuals with centrally mediated musculoskeletal pain,
duloxetine is effective as an analgesic [17, 18]. Therefore,
duloxetine can theoretically relieve pain after various sur-
gical procedures.

There is no consensus in the current literature on the
analgesic role of duloxetine after TKA or THA. Some
studies suggest that although duloxetine has an opioid-
sparing effect in the perioperative period of TKA, it does
not bring an additional analgesic effect [19, 20]. How-
ever, studies also support its analgesic advantage over a
placebo in TKA or THA [21, 22]. Therefore, this system-
atic review and meta-analysis were designed to validate
the analgesic curative effect and security of duloxetine in
TKA and THA.

Materials and methods

This study was structured to adhere to the AMSTAR
and PRISMA, which consist of mandatory specifica-
tions for open data reporting [23]. We followed a stan-
dard technique already registered on the PROSPERO
(CRD42023403471). Since this meta-analysis relied only
on already-published papers, no ethical clearance was
required.
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Search strategy

As of October 2022, two authors (L.C. and W.Q.].) inde-
pendently searched EMBASE, Google Scholar, PubMed,
Cochrane Library, and Web of Science using the follow-
ing keywords: (TKR or total knee replacement TKA or
total knee arthroplasty or THR or total hip replacement
or THA or total hip arthroplasty) and (duloxetine or
cymbalta) to find the relevant material. Further omis-
sions were prevented by hand-checking references and
citations of potentially relevant material.

Eligibility criteria for study selection

According to the PICOS concept, the following inclusion
criteria were established for the pertinent research in this
paper: (1) patients who received THA or TKA; (2) the
intervention group received duloxetine before and after
surgery; (3) the control group received placebo before
and after surgery; (4) there are indicators related to anal-
gesia in the results, such as opioid consumption, pain
score, and adverse event; (5) randomized controlled trials
(RCTs) in English journals. Exclusion criteria included:
(1) exclusion of non-English articles, reviews, editorials,
letters, case reports, duplicate publications, conference
abstracts, and guidelines; (2) studies using duloxetine and
placebo only before or after surgery; (3) studies with no
analgesic-related indicators or no extractable data in the
results; (4) patients with trauma, cognitive impairment,
alcoholism, and drug abuse. All references included in
this study were rigorously screened by the inclusion
and exclusion criteria established above. Negotiation or
consultation with third authors was used to resolve dif-
ferences between two independent authors in literature
screening. The Kappa value was utilized to determine the
degree to which the two authors agreed throughout the
article screening process.

Quality assessment

All included studies were independently evaluated
for bias by two of our authors (L.C. and W.Q.].) using
Cochrane’s risk-of-bias tool for randomized trials (RoB2)
and the criteria specified in the Cochrane Handbook for
Systematic Reviews of Interventions [24]. The writers
(L.C., ].M.Y., and W.Q.].) discussed and reached a con-
sensus on how to handle disagreements. The risk of bias
for each item was categorized as low, high, or uncertain
(deficiency of data or unidentified risk of bias) based on
the information supplied by the included studies. The
following are the calculated Kappa values that assess the
level of consensus amongst authors (L.C. and W.Q.J.): fair
(0.40 to 0.59), good (0.60 to 0.74), and excellent (0.75 or
more).
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Data collection

Applying standardized data extraction documents, two
writers (L.C. and J.M.Y.) independently completed the
data extraction task. The subsequent information was
taken from the included studies: first author, publica-
tion year, sample size, sex ratio, average age, interven-
tion, operation type, dosage, and timing of duloxetine,
outcome measures, follow-up time, etc. The correspond-
ing authors of the papers that lacked necessary data for
meta-analysis or had just visual data presentation were
contacted via email. If that wasn’t the case, we followed
the protocols outlined in the Cochrane Handbook for
Systematic Reviews of Interventions. If it became essen-
tial, we would stop extracting partial data. Disagree-
ments arising from data collecting were settled via open
dialogue.

Primary and secondary outcomes

Considering the subjectivity of pain scores, we set peri-
operative total opioid consumption as the primary out-
come. Secondary outcomes include resting or dynamic
pain scores over time, gastrointestinal adverse events,
neurological adverse events, and other adverse effects.

Quality of evidence

The GRADE method was utilized to evaluate the strength
of evidence for pooled results [25]. We downgraded the
outcomes based on the risk of bias, indirectness, incon-
sistency, impreciseness, and publication bias of the con-
tained literature.

Statistical analysis

Data were analyzed by RevMan (version 5.4.0) and Stata
(version 14.0). Risk ratio (RR) with a 95% confidence
interval (CI) or standardized mean difference (SMD)
with 95% CI were utilized to assess dichotomous or con-
tinuous consequences, respectively. Heterogeneity was
evaluated using Begg’s and Egger’s tests and the I* statis-
tic. I’<25% was chosen to indicate low heterogeneity and
I>>75% was selected to indicate high heterogeneity. The
fixed effect model was used when the I? value was <50%,
while the random effect model was used when I*> was
>50%. Significance was set at P<0.05. Sensitivity analysis
was performed to examine the stability of meta-analysis
results. Considering the possible causes for heterogene-
ity, subgroup analyses were performed for the prospec-
tive outcomes depending on the anesthesia strategy, type
of surgery, dosage of duloxetine, and risk of bias.

Results

Search results and study characteristics

The PRISMA Flowchart illustrates the steps used to
appraise appropriate studies included in the literature
(Fig. 1). After eliminating duplicate studies, 86 articles
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were included in the screening. According to screening
the title and abstract, 18 articles were included in this
study. Finally, 8 full-text publications passed the first
screening and were ultimately analyzed [19-22, 26—29].

The 8 RCTs investigated a total of 695 people (Table 1).
The sample size of the included studies ranged from 39
to 160, with a distribution of 347 in the duloxetine group
and 348 in the control group. Regarding the surgical type,
6 involved TKA [19, 20, 22, 27-29], and 2 involved THA
[21, 26].

Risk of bias

All included research represented the approach of
randomization and allocation concealment. The vast
majority of studies emphasized blinding of patients,
implementers, and data collectors. A standardized assess-
ment of the risk of bias in the 8 studies was summarized
in Table 2. The evaluation findings of the RoB2 tool are
displayed in Fig. 2, where two studies indicate low risk
and the remaining studies indicate some concerns [20,
22]. Overall, there was an outstanding level of agreement
between the two reviewers (kappa=0.714) when it came
to assessing the risk of bias (Table A.2).

Primary outcome (total opioid consumption)

Total opioid consumption is shown in four studies [19, 21,
22, 29]. A total of 400 patients (experimental group=201
and control group=199) were involved in evaluating total
opioid consumption. The evidence quality was highly
certain for total opioid consumption (Table 3). The total
opioid consumption of the duloxetine group was sig-
nificantly lower (SMD=-0.50, 95% CI: —0.70 to —0.31,
P<0.00001, ’=0%) (Fig. 3).

Secondary outcomes

Pain score at rest

The pain score at rest is shown in the results of five arti-
cles [21, 22, 27-29]. The evidence quality was of mod-
erate or low certainty for pain score at rest (Table 3).
Meta-analysis of included studies suggested a significant
pain improvement at rest in duloxetine groups vs. con-
trols (SMD=-0.49, 95% CI: —0.80 to —0.18; P=0.002,
1=44%) on the pain score at postoperative 1 week
(including 315 patients), (SMD=-0.54, 95% CI: —1.02 to
—0.07, P=0.02, 1>=78%) on the pain score at postopera-
tive 2—3 week (including 363 patients) (Fig. 4).

Pain score during movement

The pain score during movement is shown in the
results of five articles [21, 22, 27-29]. We found that
the quality of evidence was of moderate certainty for
pain score during movement (Table 3). Meta-anal-
ysis of included studies suggested a significant pain
improvement during movement in duloxetine groups
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Fig. 1 PRISMA Flow diagram

vs. controls, (SMD=-0.64, 95% CI: —0.94 to —0.34, P <
0.0001, 1>=40%) on the pain score at postoperative 1
week (including 315 patients), (SMD=-0.62, 95% CI:
~1.04 to —0.19, P=0.004, ’=79%) on the pain score at
postoperative 2—3 week (including 363 patients) (Fig. 5).

Gastrointestinal side effects (nausea and vomiting,
constipation, and appetite loss)

Eight articles reported nausea and vomiting [19-22, 26—
29]. 692 people participated in the experiment, wherein
347 were classified to the duloxetine group, and 345 were

classified to the control group. There is a significant dif-
ference in duloxetine groups vs. controls (RR=0.69, 95%
CL 0.50 to 0.95, P=0.02, *=4%) on nausea and vomiting
(Fig. 6). The quality of evidence is highly certain for nau-
sea and vomiting (Table 3).

Constipation is shown in the results of five articles [21,
26-29]. In the aggregate, 44 out of 191 patients in the
duloxetine group suffered constipation. In the meantime,
53 out of 191 patients in the control group suffered con-
stipation. Meta-analysis showed no difference in postop-
erative constipation between the duloxetine and control
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Table 2 Assessment of methodological quality of included studies

Study Random Hidden Blind method Incomplete Out-  Selective Other Qual-
allocation distribution come Data reporting of bias ity

results grade

K-Y.Ho 2010 Randomized No clear Double-blind Low Low Low B

JacquesT.YaDeau 2016 Randomized No clear Triple-blind Low Low Low A

In Jun Koh 2019 Randomized No clear Triple-blind Low Low Low A

Man Soo Kim 2021 Randomized No clear Double-blind Low Low Low B

Hao Li 2021 Randomized No clear Double-blind Low Low Low B

Zi-chuan Ding 2022 Randomized No clear Double-blind Low Low Low B

Jacques T. YaDeau 2022 Randomized No clear Triple-blind Low Low Low A

Ming cheng Yuan 2022 Randomized No clear Double-blind Low Low Low B

v Measurement of the outcome

Studies
with pre—
protocol Unique ID Study ID
In Jun Koh NCT02600247 ‘ Low risk
? ?
K. -Y. Hol Ref: 127/2008 : *  Some concerns

‘ High risk

Jacques T 2016  NCT02005601

Man Soo Kim ChiCTR2000033606

-~J

Hao Li ChiCTR2100054655
Zi-chuan Ding NCT03271151

Jacques T 2022 ChiCTR2000033910

‘ . . ‘ = . ’ .Missing outcome data

-+ @
. . ' ‘ . . ‘ . Selection of the reported
@‘@@@‘@@Overall

OOOO OO O @uoiiion o
. . ‘ ‘ i) . ‘ .Deviations from intended i

Mingcheng Yuan

Fig. 2 Results of Cochrane’s risk-of-bias tool for randomized trials (RoB2)

Table 3 The result of Begg's and Egger’s test for outcomes groups (RR=0.90, 95% CI: 0.66 to 1.23, P=0.50, 2=22%)
Outcomes Begg's test Egger’s (Fig. 7). The quality of evidence was of moderate certainty
p-Value test for constipation (Table 3). The consequence of the dosage
- : pValue  subgroup revealed that duloxetine did not significantly
Opioids consumption 0308 0397 reduce constipation compared to the control group when
Pain scores during rest at 1w 1 068/ duloxetine was used in 30 and 60 mg doses (RR=0.98,
Pain scores during rest at 2-3w 0734 0113 95% CI: 0.69 to 1.39, P=0.618, I>=0%; RR: 0.66, 95% CI:
iaﬁ” seores j“rfng mowemente ?’308 832 0.34 to 1.29, P=0.146, I>=48%) (Figure A.L.A).
Aam Stcfrel‘s uring movement at 2-3w 1 /‘ Two articles reported appetite loss [27, 28]. In brief,
ppetrie foss 42 out of 59 patients in the duloxetine group underwent
Constipation 0462 0578 . R ) )
. appetite loss. In the meanwhile, 45 out of 60 patients in
Nausea and vomiting 1 0.987 .
nsomnia : 078 the control group underwent appetite loss. Meta-analy-
Drowsiness 0308 0928 sis of 1n(.:luded stu‘dles suggested a nonsignificant appe-
Dizziness : 0684 tite loss in duloxetine groups vs. controls (RR=0.91, 95%
- . _ 2_ . .
Dry mouth 0462 0742 CI: 0.77 to 1.07, P=0.23, I°’=0%) (Fig. 6). The quality of

Fatique 1 0463 evidence was of moderate certainty for appetite loss
(Table 3).
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Hao Li 2021 11 49 48 14.2 5.9 48 23.7% -0.59[-0.99, -0.18] —
Jacques T. YaDeau 2022 288 226 80 432.5 374 77 39.5% -0.47[-0.78, -0.15] —a—
K.-Y. Ho 2010 12.9 10.4 23 19.8 13.7 24 11.6% -0.56 [-1.14, 0.03]
Mingcheng Yuan 2022 24.2 10.1 50 285 83 50 25.1% -0.46 [-0.86, -0.06] I
Total (95% CI) 201 199 100.0% -0.50[-0.70, -0.31] L
Heterogeneity: Chi? = 0.28, df = 3 (P = 0.96); I = 0% ?_2 _51 5 i 21

Test for overall effect: Z = 4.96 (P < 0.00001)

Favours [experimental] Favours [control]

Fig. 3 Forest plots of the total opioid consumption using the fixed model

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 1week
Hao Li 2021 1 0.8 48 1.3 0.8 48  29.0% -0.37[-0.78, 0.03] — a7
In Jun Koh 2019 22 17 40 26 1.1 40 26.5% -0.28[-0.72,0.16] —=
Man Soo Kim 2021 25 1.3 19 4.3 1.6 20 15.0% -1.21[-1.89,-0.52] S —
Mingcheng Yuan 2022 2.1 1.6 50 2.8 1.7 50 29.5% -0.42[-0.82,-0.02] —
Subtotal (95% CI) 157 158 100.0% -0.49 [-0.80, -0.18] o
Heterogeneity: Tau? = 0.04; Chi? = 5.39, df = 3 (P = 0.15); I> = 44%
Test for overall effect: Z = 3.07 (P = 0.002)
2.1.2 2-3week
Hao Li 2021 0.8 0.7 48 1.1 7 48  26.7% -0.06 [-0.46, 0.34] e
In Jun Koh 2019 1.9 13 40 3.1 1.1 40 25.0% -0.99[-1.45, -0.52] —
Jacques T. YaDeau 2022 2.5 2 75 3 21 73 28.6% -0.24 [-0.57, 0.08] T
Man Soo Kim 2021 2.8 1.2 19 4.3 1.5 20 19.7% -1.08[-1.76,-0.40] . —
Subtotal (95% CI) 182 181 100.0% -0.54[-1.02, -0.07] P
Heterogeneity: Tau? = 0.18; Chi? = 13.60, df = 3 (P = 0.004); I> = 78%
Test for overall effect: Z = 2.26 (P = 0.02)
-2 -1 0 1 2
Favours [experimental] Favours [control]

Test for subgroup differences: Chi’ = 0.04, df = 1 (P = 0.84), I = 0%

Fig. 4 Forest plots of the pain score at rest using the fixed model

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
3.1.1 1week
Hao Li 2021 2.8 1 48 35 1.1 48 29.0% -0.66[-1.07,-0.25] e
In Jun Koh 2019 3.8 17 40 4.6 1.5 40 26.5% -0.49[-0.94, -0.05] — &
Man Soo Kim 2021 4.1 1.2 19 6 1.6 20 14.3% -1.31[-2.01,-0.61] ———=——
Mingcheng Yuan 2022 33 1.7 50 4.1 2 50 30.1% -0.43[-0.82,-0.03] —
Subtotal (95% CI) 157 158 100.0% -0.64 [-0.94, -0.34] ’
Heterogeneity: Tau? = 0.04; Chi? = 5.00, df = 3 (P = 0.17); I = 40%
Test for overall effect: Z = 4.17 (P < 0.0001)
3.1.2 2-3week
Hao Li 2021 1.9 1 48 25 1.1 48 20.9% -0.57[-0.97,-0.16] —
In Jun Koh 2019 3.7 15 40 5.5 1 40 19.2% -1.40[-1.89,-0.91] ——=——
Jacques T. YaDeau 2022 4.2 2 75 4.8 2.2 73 22.5% -0.28 [-0.61, 0.04] — =
K.-Y. Ho 2010 35 21 53 3.8 2.3 53  21.4% -0.14 [-0.52, 0.25] I
Man Soo Kim 2021 4.1 1.6 19 5.4 1.4 20 15.9% -0.85[-1.51,-0.19] -
Subtotal (95% ClI) 235 234 100.0% -0.62[-1.04, -0.19] ‘
Heterogeneity: Tau? = 0.18; Chi? = 19.23, df = 4 (P = 0.0007); I = 79%
Test for overall effect: Z = 2.85 (P = 0.004)

) -1 1 2

Test for subgroup differences: Chi? = 0.01, df = 1 (P = 0.93), I = 0%

0
Favours [experimental] Favours [control]

Fig. 5 Forest plots of the pain score during movement using the fixed model

Nervous system side effects (dizziness, drowsiness, and

insomnia)

significant difference in dizziness (RR=0.99. 95% CI: 0.57
to 1.75; P=0.98; I>=0%) (Fig. 7). The result of the dosage

Six articles reported dizziness [19, 21, 26-29]. 429 peo-  subgroup revealed that duloxetine did not significantly
ple participated in the evaluation, 214 were designated reduce dizziness when duloxetine was used in 30 and
as the duloxetine group, and 215 were assigned as the 60 mg doses (RR=1.56, 95% CI: 0.62 to 3.87, P=0.341,
control group. We found that the quality of evidence I>=0%; RR: 0.75, 95% CI: 0.37 to 1.54, P=0.967, I°=0%)
was highly certain for dizziness (Table 3). There was no  (Fig. 9, Figure A.1.B).
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
4.1.1 Nausea and vomiting
Hao Li 2021 8 48 7 48 11.5% 1.14[0.45, 2.90]
In Jun Koh 2019 13 40 12 40 23.6% 1.08[0.57,2.08] I L —
Jacques T. YaDeau 2016 2 53 1 53 1.8% 2.00[0.19, 21.40]
Jacques T. YaDeau 2022 13 80 19 77 25.0% 0.66[0.35, 1.24] I
K.-Y. Ho 2010 3 23 5 24 5.8% 0.63[0.17, 2.33]
Man Soo Kim 2021 3 19 6 20 6.6% 0.53[0.15, 1.81]
Mingcheng Yuan 2022 5 50 15 50 11.5% 0.33[0.13, 0.85]
Zi-chuan Ding 2022 6 34 13 33 14.2% 0.45[0.19, 1.04] . ——
Subtotal (95% CI) 347 345 100.0% 0.69 [0.50, 0.95] -
Total events 53 78
Heterogeneity: Chi? = 7.32, df = 7 (P = 0.40); I* = 4%
Test for overall effect: Z = 2.28 (P = 0.02)
4.1.2 Constipation
Hao Li 2021 7 48 9 48 11.7% 0.78[0.32, 1.92] — 1
In Jun Koh 2019 20 40 19 40 47.3% 1.05[0.67, 1.65] —
Man Soo Kim 2021 10 19 12 20 30.9% 0.88[0.50, 1.53] — e
Mingcheng Yuan 2022 3 50 11 50 6.5% 0.27[0.08, 0.92] ¢
Zi-chuan Ding 2022 4 34 2 33 3.6% 1.94[0.38,9.89]
Subtotal (95% CI) 191 191 100.0% 0.90 [0.66, 1.23] P
Total events 44 53
Heterogeneity: Chi? = 5.14, df = 4 (P = 0.27); I> = 22%
Test for overall effect: Z = 0.67 (P = 0.50)
4.1.3 Appetite loss
In Jun Koh 2019 33 40 37 40 94.8% 0.89[0.75, 1.05]
Man Soo Kim 2021 9 19 8 20 5.2% 1.18[0.58, 2.42]
Subtotal (95% CI) 59 60 100.0% 0.91[0.77, 1.07]
Total events 42 45
Heterogeneity: Chi? = 0.57, df = 1 (P = 0.45); I = 0%
Test for overall effect: Z = 1.20 (P = 0.23)
0.1 02 0.5 2 5 10

Favours [experimental] Favours [control]

Fig. 6 Forest plots of the gastrointestinal side effects using the fixed model

Drowsiness is shown in the results of five articles [19,
21, 26, 29]. 310 people participated in the evaluation,
155 were assigned to the duloxetine group, and 155 were
assigned to the control group. The quality of evidence
was of low certainty for drowsiness (Table 3). Meta-anal-
ysis of 5 studies showed a higher proportion of drowsi-
ness in the duloxetine group vs. control (RR=1.83, 95%
CI: 1.08 to 3.09, P=0.02, I’=0%) (Fig. 7).

Insomnia is shown in the results of three articles [21,
27, 28]. 215 people participated in the evaluation, 107
were assigned to the duloxetine group, and 108 were
assigned to the control group. There was no significant
difference in insomnia (RR=0.99, 95% CI: 0.74 to 1.32,
P=0.07, I?’=0%) (Fig. 7). The quality of evidence was of
moderate certainty for insomnia (Table 3).

Other adverse effects (dry mouth, fatigue)

Five articles reported dry mouth [21, 26—29]. 392 people
participated in the evaluation, 191 were assigned as the
duloxetine group, and 191 were designated as the control
group. There is no significant difference in the dry mouth
(RR=0.97, 95% CIL: 0.71 to 1.34; P=0.87; [*=0%) (Fig. 8).
The quality of evidence was of moderate certainty for dry
mouth (Table 3).

Subgroup analysis was implemented based on the
dosage of duloxetine. The consequence of the dosage
subgroup revealed that duloxetine did not significantly
reduce dry mouth when duloxetine was used in 30 and
60 mg doses (RR=0.86, 95% CI: 0.56 to 1.31, P=0.207,
*=37.3%; RR: 1.15, 95% CIL: 0.71 to 1.87, P=0.742,
1>=0%) (Fig. 9, Figure A.1.C).

The consequence of the operation type subgroup
revealed that duloxetine did not significantly reduce dry
mouth when undergoing THA and TKA (RR=1.72, 95%
CL 0.52 to 5.66, P=0.794, I*’=0%; RR: 0.93, 95% CI: 0.67
to 1.30, P=0.376, 1*’=0%) (Fig. 9, Figure A.1.D).

Meta-analysis of 5 studies [21, 26—29] revealed no sig-
nificant difference in fatigue with moderate certainty
quality of evidence (RR=0.92, 95% CI: 0.79 to 1.08;
P=0.30, I’=0%) (Fig. 8) (Table 3). The consequences of
the dosage subgroup revealed that duloxetine did not
significantly reduce fatigue when duloxetine was used
in 30 and 60 mg doses (RR=0.93, 95% CI: 0.79 to 1.11,
P=0.201, 1*=38.8%; RR=0.89, 95% CIL 0.62 to 1.27,
P=0.816, 1’=0%) (Fig. 9, Figure A.1.E).
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
5.1.1 Dizziness
Hao Li 2021 3 48 4 48 15.3% 0.75[0.18, 3.17] =
In Jun Koh 2019 4 40 1 40 6.9% 4.00[0.47, 34.24] >
K.-Y. Ho 2010 2 23 3 24 11.0% 0.7010.13, 3.79]
Man Soo Kim 2021 6 19 5 20 31.3% 1.26[0.46, 3.46] —
Mingcheng Yuan 2022 3 50 5 50 16.7% 0.60[0.15, 2.38] =
Zi-chuan Ding 2022 4 34 4 33 18.8% 0.97[0.26, 3.56]
Subtotal (95% CI) 214 215 100.0% 0.99[0.57, 1.75] ’
Total events 22 22
Heterogeneity: Chi? = 2.67,df = 5 (P = 0.75); I*> = 0%
Test for overall effect: Z = 0.02 (P = 0.98)
5.1.2 Drowsiness
Hao Li 2021 6 48 3 48 15.6% 2.00[0.53, 7.54] =
K.-Y. Ho 2010 0 23 3 24 3.2% 0.15[0.01, 2.73] +¢
Mingcheng Yuan 2022 20 50 10 50 64.9% 2.00[1.04, 3.83] ——
Zi-chuan Ding 2022 6 34 3 33  16.2% 1.94[0.53, 7.13] -
Subtotal (95% CI) 155 155 100.0% 1.83 [1.08, 3.09] -
Total events 32 19
Heterogeneity: Chi? = 2.95, df = 3 (P = 0.40); I> = 0%
Test for overall effect: Z = 2.26 (P = 0.02)
5.1.3 Insomnia
Hao Li 2021 5 48 6 48 6.5% 0.83[0.27, 2.55] e
In Jun Koh 2019 25 40 27 40 78.4% 0.93[0.67, 1.28]
Man Soo Kim 2021 10 19 7 20 15.1% 1.5010.72, 3.13]
Subtotal (95% CI) 107 108 100.0% 0.99 [0.74, 1.32]
Total events 40 40
Heterogeneity: Chi? = 1.50, df = 2 (P = 0.47); 1> = 0%
Test for overall effect: Z = 0.07 (P = 0.94)
0.1 0.2 0.5 2 5 10

Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI

6.1.1 Fatigue

Hao Li 2021 5 48 7 48 2.1% 0.71[0.24, 2.09]

In Jun Koh 2019 33 40 36 40 78.8% 0.92[0.77, 1.09] = =

Man Soo Kim 2021 7 19 4 16 2.3% 1.47[0.52, 4.14]

Mingcheng Yuan 2022 23 50 26 50 15.2% 0.88[0.59, 1.32] S —

Zi-chuan Ding 2022 5 34 4 33 1.6% 1.21[0.36, 4.13]

Subtotal (95% CI) 191 187 100.0% 0.92 [0.79, 1.08] ‘

Total events 73 77

Heterogeneity: Chi? = 1.25, df = 4 (P = 0.87); I*> = 0%

Test for overall effect: Z = 1.03 (P = 0.30)

6.1.2 Dry mouth

Hao Li 2021 4 48 2 48 3.8% 2.00[0.38, 10.41] >
In Jun Koh 2019 18 40 18 40 43.5% 1.00[0.62, 1.62] _’_

Man Soo Kim 2021 5 19 10 20 13.5% 0.53[0.22, 1.26] =

Mingcheng Yuan 2022 18 50 17 50 35.8% 1.06[0.62, 1.81] “.7

Zi-chuan Ding 2022 3 34 2 33 3.4% 1.46 [0.26, 8.16] >
Subtotal (95% CI) 191 191 100.0% 0.97[0.71, 1.34]

Total events 48 49

Heterogeneity: Chi? = 2.96, df = 4 (P = 0.56); 1> = 0%

Test for overall effect: Z = 0.17 (P = 0.87)

Fig. 8 Forest plots of the fatigue and dry mouth using the fixed model
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0.5 1 2
Favours [experimental] Favours [control]
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Secondary endpoints No. of Trials No. of Patients SMD/RR(95%CI) SMD/RR(95%Cl) 12
Constipation 5 191/191 e 0.90(0.66,1.23) 22
duloxetine dosage
30mg 2 59/60 o—i 0.98(0.69,1.39) 0
60mg 3 132/131 -e—i 0.66(0.34,1.29) 48
Dizziness 6 214/215 —e—i 0.99(0.57,1.75) 0
duloxetine dosage
30mg 2 59/60 ——e— 1.56(0.62,3.87 ) 0
60mg 4 155/155 —e— 0.75(0.37,1.54 ) 0
Dry mouth 5 191/191 ro— 0.97(0.71,1.34) 0
duloxetine dosage
30mg 2 59/60 o—i 0.86(0.56,1.31) 7.3
60mg 3 132/131 .1 1.15(0.71,1.87) 0
type of operation
THA 2 82/81 —e 1.72(0.52,5.66) 0
TKA 3 109/110 o 0.93(0.67,1.30) 0
Fatigue 5 191/187 1 0.92(0.79,1.08) 0
duloxetine dosage
30mg 59/56 P 0.93(0.79,1.11) 38.8
60mg 132/131 el 0.89(0.62,1.27) 0

Fig. 9 Result of subgroup analysis

Publication bias and sensitivity analysis

Publication bias in all outcomes was assessed according
to Begg’s and Egger’s tests. The results show no signifi-
cant publication bias for all outcomes (Table 4). Sensitiv-
ity analysis showed that the outcome of appetite loss was
unstable. After removing the study by Koh et al. [28], the
RR value of appetite loss fluctuated significantly. Other
outcomes have good stability (Figure A.2.)

Discussion
This meta-analysis revealed strong evidence that dulox-
etine effectively reduced perioperative opioid consump-
tion and low to moderate evidence that duloxetine could
improve pain levels within three weeks after surgery.
There was low to high evidence that for most adverse
events, such as constipation, dizziness, and fatigue, no
differences were found between the two groups. Further-
more, high-level evidence showed that duloxetine could
reduce postoperative nausea and vomiting. However,
low-level evidence suggested that duloxetine might be
associated with increased postoperative drowsiness.
There is a consensus in the pain community that tissue
damage caused by surgery results in central and periph-
eral sensitization, and subsequent changes in neuroplas-
ticity can lead to hyperalgesia in postoperative patients.
The analgesic mechanism of duloxetine is through the
modulation of serotonin and norepinephrine, thereby
enhancing the descending inhibitory pain pathways in
the brain and spinal cord and activating parts of the pre-
frontal lobe of the brain [13, 15, 30]. Some studies have

also suggested that duloxetine has an antinociceptive
effect by blocking Na* channels and inhibiting neuronal
cell firing caused by peripheral injury [31, 32]. Since TKA
and THA are types of joint surgery with significant tis-
sue trauma, many patients will experience mood changes
after surgery, such as depression and insomnia. There-
fore, it is essential to assess the effect of antidepressants
such as duloxetine on the quality of recovery after TKA
and THA.

Our results indicated that duloxetine had a significant
advantage over the placebo. Pooling the primary out-
come from four high-quality studies showed a significant
opioid-sparing advantage for duloxetine, with no hetero-
geneity in the pooling outcome. In addition, duloxetine
showed a sustained advantage within three weeks on pain
scores at rest or during movement. Therefore, consis-
tency in pain scores and opioid consumption reflects the
stability of duloxetine analgesia after THA and TKA.

The optimal dose of duloxetine in lower extremity
arthroplasty remains unclear. Of the studies we included,
6 studies used 60 mg daily [19-22, 26, 29], and 2 stud-
ies used 30 mg daily [27, 28]. Hetta et al. compared the
analgesic effects of three preoperative doses (30, 60,
and 90 mg) of duloxetine undergoing modified radical
mastectomy [33]. We found that the overall quality of
recovery was better for duloxetine 60 and 90 mg than
for placebo and duloxetine 30 mg. However, no differ-
ences were observed on duloxetine 90 mg compared with
those on 60 mg. By subgroup analysis of the secondary
outcome, we found that 30 and 60 mg had no advantage
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Table 4 GRADE evidence profile for outcomes

Outcomes Relative No of Quality of the

effect Participants evidence

(95% Cl) (Studies) (GRADE)
Total opioid -0.50 (-0.70, 400 (4) DDDDhigh
consumption -0.31)
Pain score during rest at  -0.49 (-0.80, 315 (4) ddDmoderate’
1 week -0.18)
Pain score during restat  -0.54 (-1.02, 363 (4) Odlow'?
2-3 week -0.07)
Pain score during activ-  -0.64 (-0.94, 315 (4) ddD®moderate?
ity at 1 week -0.34)
Pain score during activ-  -0.62 (-1.04, 469 (5) @DDdmoderate’
ity at 2-3 week -0.19)
The rate of postopera-  0.99 (0.57, 429 (6) DDPhigh
tive dizziness 1.75)
The rate of postopera- 183 (1.08, 310 (4) DPlow'”?
tive drowsiness 3.09)
The rate of postopera-  0.99 (0.74, 215 (3) @DD®moderate?
tive insomnia 1.32)
The rate of postop- 0.69 (0.50, 692 (8) DDH®Dhigh
erative nausea and 0.95)
vomiting
The rate of postopera-  0.90 (0.66, 382 (5) BBDmoderate?
tive constipation 1.23)
The rate of postopera- 091 (0.77, 87 (2) BDSmoderate?
tive appetite loss 1.07)
The rate of postopera-  0.92 (0.79, 378 (5) ddDdmoderate?
tive fatigue 1.08)
The rate of postopera- ~ 0.97 (0.71, 382 (5) DBDmoderate?

tive dry mouth 1.34)

" Inconsistency (very high statistical heterogeneity exists, confidence interval
overlap is small, and it cannot be explained by study design, differences in
included populations, intervention methods, etc.); 2 Imprecision (the overall
sample size is less than 400)

over the placebo, and there was no statistical significance.
In addition, we lack a dose grouping analysis of the main
results. To sum up, the evidence found in this paper can-
not infer the most effective dose of duloxetine. However,
the use of 30 mg or 60 mg duloxetine has no adverse
effect on the occurrence of postoperative complications.
The best effective dose of duloxetine needs additional
prospective studies to verify.

Regarding the safety of duloxetine, we selected several
common adverse events as measurement indicators. The
pooled outcomes found that the duloxetine group had
a higher rate of drowsiness, while the incidence of nau-
sea and vomiting was lower. However, no differences
were found in other adverse events. It is a rather exciting
finding since sleepiness, especially at night, may not be
strictly a side effect. After all, proper sleepiness at night
can effectively relieve anxiety and insomnia caused by
surgery. From another perspective, improving sleep may
improve postoperative pain. The view that serotonin is
involved in vomiting has been inferred from its molecular
biological function before the discovery of the serotonin
selective regulation tool [34]. Thus, the inhibitory effect
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of duloxetine on 5-hydroxytryptamine reabsorption can
well explain the outcome of duloxetine reducing postop-
erative nausea and vomiting. It is essential to recognize
that duloxetine and opioids have a lot of overlapping
effects. Thus, our pooled outcomes are superimposed on
each other. In other words, reduced opioid consumption
due to duloxetine can offset its adverse events. Therefore,
we believe that duloxetine has a fairly solid safety profile.

Solving pain after total knee and hip arthroplasty
remains a challenge. Recently, pregabalin has been con-
sidered an adjunctive medication for the treatment of
neuropathic and postoperative pain. It has been used
for postoperative analgesia in TKA and THA. Pregaba-
lin is an antiepileptic drug that is structurally similar to
GABA. It selectively affects the transmission pathway of
pain in nociceptors by inhibiting calcium channels [35].
A meta-analysis report indicates that pregabalin has the
effects of postoperative acute phase analgesia and reduc-
ing opioid consumption [36]. A double-blind clinical
comparative trial has demonstrated that oral administra-
tion of pregabalin and duloxetine during the periopera-
tive period can alleviate postoperative pain and reduce
postoperative analgesic consumption [37]. According to
the mechanisms of action of the two drugs, duloxetine
has a central nervous system desensitization effect and
is more suitable for patients with neuropathic pain. For
cases other than central sensitization, pregabalin may
be more appropriate. However, postoperative pain after
TKA is both neurotic and nociceptive, and a multimodal
analgesic regimen combining the two drugs may be more
effective than using them alone. However, this hypothesis
still needs to be studied. Unfortunately, there are no clear
reports comparing the adverse reactions of these two
drugs.

This study’s main strength is its strict inclusion and
exclusion criteria; that is, only RCTs using duloxetine
before and after surgery are included, and the overall
quality of the studies is high. Secondary strengths are as
follows: this is the first paper to date to perform a meta-
analysis on this topic; we conducted adequate subgroup
analyses and sensitive analysis to clarify the robustness
of the primary outcome; reliable validation tools also
assessed the quality of evidence for all outcomes.

Some limitations should be clarified before inter-
preting our findings. First, in addition to differences in
duloxetine dose, the timing of preoperative and postop-
erative duloxetine use was not entirely consistent across
studies, which is one of the sources of heterogeneity in
outcomes. Second, postoperative analgesia and intra-
operative analgesia (e.g., peripheral nerve blocks, peri-
articular injections) also varied widely among studies,
but subgroup analyses were difficult to perform. Third,
the Ho et al. study did not directly show the dispersion
of effects, which we attempted to address by contacting
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the authors but never received a response [19]. Therefore,
we can only estimate the data through relevant statisti-
cal analysis. Finally, our included studies and sample size
still need to be improved, and more multicenter RCTs are
required to confirm our findings. Furthermore, future
research could assess the length of stay and patient satis-
faction. Of course, the dose-response effect of duloxetine
also deserves more attention.

Conclusion

In the present study, duloxetine reduced overall opioid
consumption in the perioperative period and relieved
pain levels within three weeks after surgery without
increasing the risk of adverse drug events. Duloxetine
can be part of a multimodal pain management regimen
in patients with THA and TKA.
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