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Background: Postoperative pain management is crucial for patients undergoing to-
tal knee arthroplasty (TKA). There have been many recent clinical trials on post-TKA
peripheral nerve block; however, they have reported inconsistent findings. In this
meta-analysis, we aimed to comprehensively analyze studies on post-TKA analgesia
to provide evidence-based clinical suggestions.

Methods: We performed a computer-based query of PubMed, Embase, the Co-
chrane Library, and the Web of Science to retrieve related articles using neurothe
following search terms: nerve block, nerve blockade, chemodenervation, chemi-
cal neurolysis, peridural block, epidural anesthesia, extradural anesthesia, total
knee arthroplasty, total knee replacement, partial knee replacement, and others.
After quality evaluation and data extraction, we analyzed the complications, visual
analogue scale (VAS) score, patient satisfaction, perioperative opioid dosage, and
rehabilitation indices. Evidence was rated using the Grading of Recommendations
Assessment, Development, and Evaluation approach.

Results: We included 16 randomized controlled trials involving 981 patients (511
receiving peripheral nerve block and 470 receiving epidural block) in the final analy-
sis. Compared with an epidural block, a peripheral nerve block significantly reduced
complications. There were no significant between-group differences in the postoper-
ative VAS score, patient satisfaction, perioperative opioid dosage, and rehabilitation
indices.

Conclusions: Our findings demonstrate that the peripheral nerve block is superior
to the epidural block in reducing complications without compromising the analgesic
effect and patient satisfaction. Therefore, a peripheral nerve block is a safe and ef-
fective postoperative analgesic method with encouraging clinical prospects.

Key Words: Analgesia, Epidural; Analgesics, Opioid; Arthroplasty, Replacement,
Knee; Evidence-Based Medicine; Femoral Nerve; Meta-Analysis; Nerve Block; Pain
Management; Pain, Postoperative.

INTRODUCTION

Total knee arthroplasty (TKA) is the most effective treat-
ment for end-stage knee osteoarthritis and rheumatoid ar-

thritis [1]. During the early post-TKA period, 60% and 30%
of patients experience severe and moderate pain, respec-
tively [2]. Postoperative pain affects the patient’s physio-
logical state, rest and sleep, triggers anxiety, increases the
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risk of complications (including venous thrombosis and
pneumonia), affects postoperative efficacy and functional
recovery, prolongs hospital stays, increases medical costs,
and reduces patient satisfaction and early-stage quality of
life [3-5].

Increasing attention is being paid to post-TKA pain re-
lief. The traditional patient-controlled analgesia, using
morphine, often involves many opioid-related side effects.
Epidural analgesia and peripheral nerve block are two ad-
ditional commonly used methods for post-TKA analgesia.
An epidural block effectively reduces the intraoperative
use of analgesic and opioid drugs. However, the drugs
used for such block have a high incidence of complica-
tions, including nausea/vomiting, dizziness, itching, and
urinary retention. Moreover, they have a high risk of in-
ducing severe neurological complications [6]. Zinkus et al.
[7] proposed that the femoral nerve block has a good post-
TKA analgesic effect, and is helpful to patients in achiev-
ing early functional recovery. Runge et al. [8] showed that
the obturator nerve block could significantly relieve post-
operative chronic knee pain. Some studies have shown
that the adductor nerve block could be used to relieve pain
in patients after TKA. Its analgesic effect is similar to that
of the femoral nerve block, but it does not affect the quad-
riceps femoris muscle strength as much as the femoral
nerve block does [9,10].

Previous studies have reported that the epidural block
is clinically superior to the peripheral nerve block in re-
ducing pain [11]. Contrastingly, other studies have dem-
onstrated that the peripheral nerve block had superior
clinical efficacy compared to the epidural block [12,13].
We accumulated data from the included 16 randomized
controlled trials, and compared the clinical outcomes be-
tween the peripheral nerve block and epidural block for
post-TKA, aiming for a more comprehensive understand-
ing of the differences in efficacy between them. The clini-
cal outcomes included complications, visual analogue
scale (VAS) score, patient satisfaction, perioperative opioid
dosage, and rehabilitation indices.

MATERIALS AND METHODS

This meta-analysis was performed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) statement [14]. We registered our study in the
International Prospective Register of Systematic Reviews
(CRD42020163406) on April 28, 2020. All analyses were
based on previous published studies; thus, no ethical ap-
proval and patient consent are required.
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1. Search methods for study identification

The search strategy was formulated following the stan-
dards of the Cochrane collaboration. We performed a
manual online search through PubMed, Embase, Co-
chrane, and the Web of Science databases, to retrieve
related studies, using the following search terms: nerve
block, nerve blockade, chemodenervation, chemical neu-
rolysis, peridural block, epidural anesthesia, extradural
anesthesia, total knee arthroplasty, total knee replace-
ment, partial knee replacement, and others. The search
also used Boolean operators.

2. Eligibility criteria
1) Inclusion criteria

We used the following inclusion criteria:

o Studies involving patients with post-TKA in American
Society of Anesthesiologists (ASA) categories I-III,
without restrictions for age, race, or nationality.

e Studies involving an experimental group that un-
derwent peripheral nerve blocks (femoral, femoral +
tibial, adductor canal, and so on) and a control group
that underwent epidural blocks. The primary anesthe-
sia could be simple general, simple spinal, or general +
spinal.

o Randomized controlled trials with no language limi-
tations.

e Studies reporting at least one of the following indica-
tors: postoperative complications (nausea and vomit-
ing, hypotension, urinary retention, pruritus, and se-
dation), pain score, patient satisfaction, perioperative
opioid dosage, and rehabilitation indices.

o Studies reporting accurate and reliable data that could
be transformed into binary or continuous variables to
represent each index.

2) Exclusion criteria

We employed the following exclusion criteria:

e Studies that assessed animals or corpses

o TKA studies that included knee arthroscopy or hip
joint operation and data on the TKA that could not be
extracted independently.

o Case reports, reviews, retrospective studies, or confer-
ence papers without full text.

e Reports with data that could not be extracted or con-
verted into valid data for meta-analysis.
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3. Measurement index

1) Primary outcome measures

o Pain score: Postoperative pain control is the most im-
portant outcome indicator. Mild pain allows limited
physiotherapy, which in turn contributes to a faster
recovery of knee function [15,16]. Severe postopera-
tive pain can induce other complications, including
thrombosis, infection, poor activity, and prolonged
hospital stay, which increases medical costs [17]. We
compared the post-TKA VAS pain score at three post-
operative time slots, i.e., 0-12, 12-24, and 24-48 hours.
Moreover, pain intensity assessed on a 10-mm VAS.

2) Secondary outcome measures

e Complications: This is a paramount factor affecting
clinical postoperative analgesia, quality of life, and
acceptance of the analgesia. Common severe compli-
cations include nausea and vomiting, hypotension,
urinary retention, pruritus, and sedation.

« Patient satisfaction: Postoperative patient satisfaction
is a major subjective index for measuring the analgesic
effect.

e Perioperative opioid dosage: Opioids are the main
drugs used for surgical analgesia, including fentanyl,
oxycodone, piritramide, and morphine. However,
their serious complications are a concern for clini-
cians [18,19]. We analyzed the opioids used during and
after surgery.

e Rehabilitation indices: Good analgesic treatment al-
lows patients who undergo TKA, to experience more
active rehabilitation treatment. Mistimed functional
rehabilitation could influence its eventual clinical
efficacy, with some patients having to undergo a sec-
ondary release surgery. This causes a heavy burden on
the patients and their families. Therefore, rehabilita-
tion indices are major indirect indicators for the effect
of analgesia. We analyzed the length of hospital stay
and range of active knee flexion.

4. Assessment of the methodological quality

Two researchers (DY and LQ) independently assessed the
methodological quality of the included studies and used
the Cochrane’s tool [20] to assess their bias risk. Disagree-
ments between the two researchers were resolved by con-
sulting a third researcher (GQZ) to reach a consensus.

www.epain.org

5. Data collection

Two researchers (DY and LQ) independently extracted rel-
evant data, using pre-designed standard data extraction
forms. Any disagreements were resolved, as mentioned
above. In the case of incomplete data in an article, the
corresponding author was contacted via e-mail or other
means; however, we did not receive any replies. When the
standard deviation (SD) was missing and the correspond-
ing author could not be reached, we referred to the article
by Hou et al. [21], we used the method described for range
or median estimation, or the method described in the Co-
chrane Handbook for Systematic Reviews of Interventions
[22]. The possible SD was estimated from the confidence
interval (CI).

6. Statistical analysis

RevMan 5.3 (Cochrane, London, UK) and STATA 14.0
(StataCorp., College Station, TX) software were used for
the statistical analysis. This program, by the International
Cochrane Collaboration Network, is used to produce and
store Cochrane systematic reviews. It is produced and
updated by the Nordic Cochrane Center. The I” test was
used to quantify the degree of heterogeneity. The random-
effect model was employed when I’ was > 50%, which
indicates significant heterogeneity; otherwise, the fixed-
effect model was used. The risk ratio (RR) and standard-
ized mean difference (SMD) were used to analyze binary
and continuous variables, respectively [23]. The 95% CI
estimates and hypothesis test results for each variable
are presented on forest plots. When there was significant
heterogeneity, a sensitivity analysis was conducted by ex-
cluding the studies one-by-one and repeating the analysis.
We performed a subgroup analysis based on the different
primary anesthetic methods (general anesthesia, spinal
anesthesia, and general + spinal anesthesia). Publication
bias was assessed using Egger’s test when > 10 studies were
included. Finally, the results were graded using the Grades
of Recommendations Assessment, Development and Eval-
uation (GRADE) profile software. Nineteen countries and
international organizations, including the World Health
Organization, established the GRADE working group, and
formally launched the GRADE evidence quality grading
and recommendation strength system in 2004. It can be
downloaded and installed at no cost from the Cochrane
cooperation network (http://www.gradeworkinggroup.

org).
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RESULTS

1. Search results and characteristics of the selected
studies

We retrieved 636 studies from the databases using the
aforementioned search strategy. EndNote X9 software
(Thomson Corp., Stanford, CT) was used to remove dupli-
cates. After reading the titles, abstracts, and full text, we
included in the meta-analysis 16 eligible randomized con-
trolled trials that involved 981 patients, 511 in the experi-
mental group, and 470 in the control group (Fig. 1). Table
1 shows the basic characteristics of the included studies.
Table 2 shows the baseline demographic and clinical char-
acteristics of the studied population.

2. Methodology evaluation

Fig. 2 shows the risk bias evaluation of the selected 16 ran-
domized controlled trials.

3. Clinical outcomes
1) Adverse effects
(1) Nausea and vomiting

Ten studies [2,13,24-31] involving 526 patients reported on
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Fig. 1. Flowchart of the study selection
process.

nausea and vomiting. 262 in the experimental group, 264
in the control group. There was no among-study hetero-
geneity (I’ = 0%, P = 0.86); therefore, the fixed-effect model
was used. The experimental group had a significantly
lower incidence of nausea and vomiting than the control
group (RR = 0.62, 95% CI [0.44 to 0.88], P = 0.007) (Fig. 3).
Table 3 presents Egger’s test results (P = 0.448, 95% CI [-3.25
to 1.58]), which shows no obvious publication bias. The
quality of the evidence was determined as being of a high
grade by the GRADE Profile (Supplementary Table 1).

(2) Hypotension

Twelve studies [2,13,25-30,32-35] involving 705 patients
reported on hypotension, with 350 in the experimental
group, and 355 in the control group. There was no among-
study heterogeneity (I’ = 0%, P = 0.76); therefore, the fixed-
effect model was used. The experimental group had a sig-
nificantly lower incidence of hypotension than the control
group (RR = 0.64, 95% CI [0.48 to 0.85], P = 0.002) (Fig. 4).
Table 4 presents Egger’s test results (P = 0.069, 95% CI [-2.80
to 0.13]), which shows no obvious publication bias. The
quality of the evidence was determined as being of a mod-
erate grade by the GRADE Profile (Supplementary Table 1).

(3) Urinary retention

Eight studies [2,13,25-27,30,31,34] involving 370 patients

https://doi.org/10.3344/kjp.2021.34.3.271
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25
28

2/12/7 vs. 2/15/4
2/23/0 vs. 6/19/0
0%/80%,20% vs. 4%/89%,/7%

7/14vs. 10/11

64 (61-73) vs. 69 (61-75)

Raimer et al. [34]

33+5vs.33%5
335+85vs.30.8+5.0

7/18 vs. 8/17

70%/30%
45%/55% A46%/54% 59%/41%

60+85vs.62+75
68.6+6.5vs. 68.0+8.2

50 25

Al-Zahrani et al. [36]

32%/68%

58 30

Fedriani de Matos et al. [27]

Kayupov et al. [37]

30/31/31

NR

64/63/60

132 44 41/47

CG: control group, TG: test group, ASA: American Society of Anesthesiologists , BMI: body mass index, NR: not reported.

®Epidural analgesia vs. nerve block.

reported on urinary retention, with 185 in the experi-
mental group, and 185 in the control group. There was no
among-study heterogeneity (I” = 5%, P = 0.39); therefore,
the fixed-effect model was used. The experimental group
showed a significantly lower incidence of urinary reten-
tion than the control group (RR = 0.30, 95% CI [0.17 to 0.53],
P < 0.001) (Fig. 5). The quality of the evidence was deter-
mined as being of a moderate grade by the GRADE Profile
(Supplementary Table 1).

(4) Pruritus

Five studies [26,27,29,31,34] involving 266 patients report-
ed on pruritus 135 in the experimental group, 131 in the
control group. There was no among-study heterogeneity (I’
= 0%, P = 0.81); therefore, the fixed-effect model was used.
The experimental group showed a significantly lower in-
cidence of pruritus than the control group (RR = 0.14, 95%
CI [0.03 to 0.59], P < 0.008) (Fig. 6). The quality of the evi-
dence was determined as being of a moderate grade by the
GRADE Profile (Supplementary Table 1).

(5) Sedation

Four studies [26,27,29,31] involving 224 patients reported
on sedation, with 114 in the experimental group, and 110
in the control group. There was no among-study hetero-
geneity (I’= 0%, P = 0.82); therefore, the fixed-effect model
was used. There was no between-group difference in the
sedation incidence (RR = 2.02, 95% CI [0.32 to 12.92], P =
0.46) (Fig. 7). The quality of the evidence was determined
as being of a moderate grade by the GRADE Profile (Sup-
plementary Table 1).

2) VAS score
(1) 0-12 hours

Eight studies [2,24,27,29-31,34,36] involving 389 patients
reported on the VAS score within 0-12 hours after the
surgery, with 195 in the experimental group, and 194 in
the control group. There was among-study heterogene-
ity (I’= 58%, P = 0.02); therefore, the random-effect model
was used. There was no between-group difference in the
VAS score (SMD = 0.38, 95% CI [-0.00 to 0.76], P = 0.05) (Fig.
8). Sensitivity analysis revealed that after removing the
study by Singelyn et al. [2], I’ was decreased to 0% with-
out changing the conclusion (SMD = 0.21, 95% CI [-0.01 to
0.44], P = 0.57) (Supplementary Fig. 1). Sub-group analysis
revealed no between-subgroup heterogeneity (I* = 20.1%, P
=0.29) (Supplementary Fig. 2). The quality of the evidence
was determined as being of a low grade by the GRADE Pro-
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Fig. 2. Risk of bias graph and summary.

file (Supplementary Table 2).
(2) 12-24 hours

Eleven studies [2,26,27,29-34,36,37] involving 636 patients
reported the VAS score within 12-24 hours after the sur-
gery, with 318 in the experimental group, and 318 in the
control group. There was among-study heterogeneity (I*
=93%, P < 0.001); therefore, the random-effect model was
used. There was no between-group difference in the VAS
score (SMD = -0.01, 95% CI [-0.73 to 0.71], P = 0.97) (Fig. 9).
Sensitivity analysis revealed no heterogeneity source, and
there was no between-group heterogeneity. The subgroup
analysis result was I’ = 0%, P = 0.65 (Supplementary Fig.

Korean J Pain 2021;34(3):271-287

3), this indicates that the heterogeneity source was not
significantly related to the anesthesia mode, but its source
could not be determined. Table 5 presents Egger’s test
results (P = 0.851, 95% CI [-7.97 to 9.36]), which shows no
obvious publication bias. The quality of the evidence was
determined as being of a low grade by the GRADE Profile
(Supplementary Table 2).

(3) 24-48 hours
Ten studies [2,26,27,29-32,34,36,37] involving 578 patients
reported on the VAS score within 24-48 hours after the

surgery, with 289 in the experimental group, and 289 in
the control group. There was among-study heterogeneity
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Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% ClI
Adams et al. 2002 [24] 9 21 17 21 291% 0.53 [0.31, 0.90] - =
Campbell et al. 2008 [25] 9 26 12 30 191% 0.87[0.44,1.72] —
Capdevila et al. 1999 [26] 1 20 3 17 5.5% 0.28 [0.03, 2.48] -
Fedriani de Matos et al. 2017 [27] 2 28 2 30 3.3% 1.07 [0.16, 7.10] -
Horasanli et al. 2010 [28] 1 37 4 39 6.7% 0.26 [0.03, 2.25] e
Kim et al. 2012 [29] 1 40 2 40 3.4% 0.50 [0.05, 5.30] _
Sakai et al. 2013 [13] 4 30 6 30 10.3% 0.67 [0.21, 2.13] _—
Shanthanna et al. 2012 [30] 2 19 5 19 8.6% 0.40[0.09, 1.81] _
Singelyn et al. 1998 [2] 5 15 4 15 6.8% 1.25[0.41, 3.77] ——
Zaric et al. 2006 [31] 2 26 4 23 7.3% 0.44 [0.09, 2.20] —_—
Total (95% ClI) 262 264 100.0% 0.62 [0.44, 0.88] o
Total events 36 59 } } } }
Heterogeneity: chi’ = 4.76, df = 9 (P = 0.86); I = 0% 0,005 01 1 10 200

Test for overall effect: Z = 2.68 (P =0.007)

Favors [experimental]

Favors [control]

Fig. 3. Forest plot for the incidence of nausea and vomiting after nerve block vs. epidural block. M-H: Mantel-Haenszel, Cl: confidence interval, df: degree

of freedom.

Table 3. Egger’s test of nausea and vomiting

Std_Eff Coef. Std. Err. P>1tl 95% Cl
Slope 0.006 0.880 0.01 0.994 -2.022,2.035
Bias -0.836 1.049 -0.80 0.448 -3.255, 1.583
Std_Eff: standardized effect, Coef.: coefficient, Std. Err.: standard error, CI: confidence interval.
Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% Cl
Barrington et al. 2005 [32] 1 55 5 55 6.1% 0.20[0.02, 1.66] _
Campbell et al. 2008 [25] 7 26 9 30 10.2% 0.90 [0.39, 2.07] ——
Capdevila et al. 1999 [26] 10 20 13 17 17.2% 0.65[0.39, 1.09] —
Chelly et al. 2001 [35] 1 29 2 30 2.4% 0.52 [0.05, 5.40] —
Davies et al. 2004 [33] 1 30 8 29 10.0% 1.33[0.63, 2.83] ——
Fedriani de Matos et al. 2017 [27] 0 28 3 30 41% 0.15[0.01, 2.83] _
Horasanli et al. 2010 [28] 5 37 9 39 10.7% 0.59[0.22, 1.59] —
Kim et al. 2012 [29] 4 40 8 40 9.8% 0.50[0.16, 1.53] —_—
Raimer et al. 2007 [34] 10 21 16 21 19.6% 0.63[0.38, 1.04] —
Sakai et al. 2013 [13] 0 30 2 30 3.1% 0.20[0.01, 4.00] _
Shanthanna et al. 2012 [30] 2 19 4 19 4.9% 0.50[0.10, 2.41] _—
Singelyn et al. 1998 [2] 0 15 1 15 1.8% 0.33[0.01, 7.58] e E—
Total (95% Cl) 350 355 100.0% 0.64 [0.48, 0.85] ¢
Total events ) 51 ) 80 } ' ' i
Heterogeneity: chi” = 7.44, df = 11 (P=0.76); I’ = 0% 0.001 0.1 1 10 1,000

Test for overall effect: Z = 3.11 (P = 0.002)

Favors [experimental]

Favors [control]

Fig. 4. Forest plot for the incidence of hypotension after nerve block vs. epidural block. M-H: Mantel-Haenszel, Cl: confidence interval, df: degree of free-

dom.

Table 4. Egger’s test of hypotension

Std_Eff Coef. Std. Err. P>1tl 95% Cl
Slope 0.376 0.497 0.76 0.469 -0.748, 1.500
Bias -1.337 0.648 -2.06 0.069 -2.803,0.130

Std_Eff: standardized effect, Coef.: coefficient, Std. Err.: standard error, Cl: confidence interval.
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Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% ClI
Campbell et al. 2008 [25] 3 26 11 30 241% 0.31[0.10, 1.01] — —
Capdevila et al. 1999 [26] 0 20 0o 17 Not estimable
Fedriani de Matos et al. 2017 [27] 4 28 3 30 6.8% 1.43[0.35, 5.83] B M
Raimer et al. 2007 [34] 0 21 2 21 5.9% 0.20 [0.01, 3.93] -
Sakai et al. 2013 [13] 0 30 2 30 5.9% 0.20 [0.01, 4.00] -
Shanthanna et al. 2012 [30] 1 19 4 19 9.4% 0.25[0.03, 2.04] -
Singelyn et al. 1998 [2] 0 15 6 15 153% 0.08 [0.00, 1.25] -
Zaric et al. 2006 [31] 3 26 13 23  325% 0.20 [0.07, 0.63] _— —
Total (95% Cl) 185 185 100.0% 0.30 [0.17, 0.53] <
Total events 11 41 } } } }
Heterogeneity: chi’ = 6.28, df = 6 (P = 0.39); I = 5% 0.002 01 1 10 500

Test for overall effect: Z = 4.06 (P <0.001) Favors [experimental] Favors [control]

Fig. 5. Forest plot for the incidence of urinary retention after nerve block vs. epidural block. M-H: Mantel-Haenszel, Cl: confidence interval, df: degree of
freedom.

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Capdevila et al. 1999 [26] 0 20 1 17 11.4% 0.29 [0.01, 6.59] -
Fedriani de Matos et al. 2017 [27] 0 28 1 30 10.2% 0.36 [0.02, 8.40] _
Kim et al. 2012 [29] 0 40 0 40 Not estimable
Raimer et al. 2007 [34] 0 21 8 21 59.8% 0.06 [0.00, 0.96] _
Zaric et al. 2006 [31] 0 26 2 23 18.6% 0.18[0.01, 3.52] -
Total (95% Cl) 135 131  100.0% 0.14 [0.03, 0.59] -
Total events 0 12 } } } |
Heterogeneity: chi’ = 0.94, df = 3 (P=0.81); I’ = 0% 0.001 01 1 10 1,000

Test for overall effect: Z = 2.67 (P =0.008)

Favors [experimental]  Favors [control]

Fig. 6. Forest plot for the incidence of pruritus after nerve block vs. epidural block. M-H: Mantel-Haenszel, Cl: confidence interval, df: degree of freedom.

Experimental Control Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI

Capdevila et al. 1999 [26] 2 20 1 17 671% 1.70[0.17,17.16] =

Fedriani de Matos et al. 2017 [27] 0 28 0 30 Not estimable

Kim et al. 2012 [29] 0 40 0 40 Not estimable

Zaric et al. 2006 [31] 1 26 0 23 329% 2.67][0.11,62.42]

Total (95% CI) 14 110 100.0%  2.02[0.32, 12.92] ?

Total events R 3 ) 1 } } | } }
Heterogeneity: chi- = 0.05, df =1 (P =0.82); I’ = 0% 0.005 0.1 1 10 200

Test for overall effect: Z = 0.74 (P = 0.46) Favors [experimental] Favors [control]

Fig. 7. Forest plot for the incidence of sedation after nerve block vs. epidural block. M-H: Mantel-Haenszel, CI: confidence interval, df: degree of freedom.

(I* = 68%, P < 0.001); therefore, the random-effect model
was used. There was no between-group difference in the
VAS score (SMD = -0.23, 95% CI [-0.65 to -0.18], P = 0.26)
(Supplementary Fig. 4). Sensitivity analysis revealed that
after removing the study by Kim et al., [29], I’ decreased to
34%, with the experimental group having a significantly

was determined as being of a low grade by the GRADE Pro-
file (Supplementary Table 2).

3) Patient satisfaction

Four studies [27,28,36,37] involving 316 patients reported

lower VAS score than the control group (SMD = -0.27, 95%
CI [-0.49 to -0.05], P = 0.02) (Fig. 10). Subgroup analysis
revealed no between-subgroup heterogeneity (I’ = 0%, P =
0.97) (Supplementary Fig. 5). Table 6 presents Egger’s test
results (P = 0.186, 95% CI [-118.21 to 69.28]), which shows
no obvious publication bias. The quality of the evidence

Korean J Pain 2021;34(3):271-287

on patient satisfaction, with 178 in the experimental group,
and 138 in the control group. There was no among-study
heterogeneity (I’ = 0%, P = 0.69); therefore, the fixed-effect
model was used. There was no between-group difference
in the patient satisfaction (RR = 1.06, 95% CI [0.94 to 1.18],
P = 0.34) (Fig. 11). The quality of the evidence was deter-
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI 1V, random, 95% ClI
Adams et al. 2002 [24] 08 075 21 0.7 075 21 18.2% 0.10[-0.35,0.55] .
Al-Zahrani et al. 2015 [36] 24 18 25 23 19 25 89% 0.10[-0.93,1.13] i
Fedriani de Matos et al. 2017 [27] 2.04 1.036 28 1.33 155 30 16.0% 0.71[0.15, 1.27] ——
Kim et al. 2012 [29] 495 2 40 48 14 40 12.5% 0.15[-0.61,0.91] —
Raimer et al. 2007 [34] 0.85 2.11 21 0 233 21 6.1% 0.85[-0.49,2.19] e
Shanthanna et al. 2012 [30] 221 063 19 211 066 19 19.1% 0.10[-0.31,0.51]
Singelyn et al. 1998 [2] 48 2 15 2 2.1 15 5.3% 2.80[1.33,4.27] _
Zaric et al. 2006 [31] 0 1.08 26 0 1.3 23 13.9% 0.00[-0.67,0.67] —
Total (95% CI) 195 194 100.0% 0.38 [-0.00, 0.76]

Heterogeneity: Tau’ = 0.16; chi’ = 16.49, df = 7 (P = 0.02); I’ = 58%
Test for overall effect: Z = 1.94 (P =0.05)

-4
Favors [experimental]

Favors [control]

Fig. 8. Forest plot for the visual analogue scale score during O-12 hours after surgery after nerve block vs. epidural block. SD: standard deviation, IV: in-

verse variance, Cl: confidence interval, df: degree of freedom.

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% ClI
Al-Zahrani et al. 2015 [36] 245 165 25 18 16 25 9.0% 0.65[-0.25, 1.55] —
Barrington et al. 2005 [32] 2 195 53 17 185 55 9.5% 0.30[-0.42,1.02] —1—
Capdevila et al. 1999 [26] 27 135 20 19 125 17 9.2% 0.80[-0.04,1.64] ——
Davies et al. 2004 [33] 4 028 30 55 035 29 10.5% —-1.50[-1.66, —1.34] +
Fedriani de Matos et al. 2017 [27] 3.57 1.069 28 4.03 2.173 30 9.1% -0.46[-1.33,0.41] e
Kayupov et al. 2018 [37] 29 18 41 41 25 44 9.0% -1.20[-2.12, -0.28] _
Kim et al. 2012 [29] 448 237 40 385 165 40 9.1% 0.63[-0.26,1.52] +——
Raimer et al. 2007 [34] 4 222 21 485 193 21 8.0%-0.85[-2.11,0.41] R
Shanthanna et al. 2012 [30] 221 063 19 211 066 19 10.2% 0.10[-0.31,0.51] -
Singelyn et al. 1998 [2] 36 1.1 15 33 23 15 7.9% 0.30[-0.99, 1.59] _—
Zaric et al. 2006 [31] 4 2 26 27 188 23 85% 1.30[0.21,2.39] _
Total (95% Cl) 318 318 100.0% —0.01[-0.73, 0.71]

Heterogeneity: Tau” = 1.29; chi’ = 142.93, df = 10 (P < 0.001); I* = 93%

Test for overall effect: Z = 0.03 (P =0.97)

-4 -2 0 2 4
Favors [experimental] Favors [control]

Fig. 9. Forest plot for the visual analogue scale score within 12-24 horrs after nerve block vs. epidural analgesia. SD: standard deviation, IV: inverse vari-

ance, Cl: confidence interval, df: degree of freedom.

Table 5. Egger’s test of the visual analogue scale score within 12-24 hours

Std_Eff Coef. Std. Err. t P>1tl 95% Cl
Slope -1.344 0.897 -1.50 0.185 -3.539, 0.851
Bias 0.696 3.543 0.20 0.851 -7.973, 9.365

Std_Eff: standardized effect, Coef.: coefficient, Std. Err.: standard error, Cl: confidence interval.

mined as being of a moderate grade by the GRADE Profile
(Supplementary Table 3).

4) Opioid consumption

Seven studies [25,27,31-34,36] involving 534 patients re-
ported the perioperative opioid dosage, with 265 in the ex-
perimental group, and 269 in the control group. One study
[36] only reported the intraoperative opioid dosage, while
three studies [31,33,34] only reported the postoperative
opioid dosage. There was significant among-study hetero-

www.epain.org

geneity (I’ = 79%, P < 0.001); therefore, the random-effect
model was used. The opioid dosage in the experimental
group was insignificantly lower than the control group
(SMD = -2.02, 95% CI [-8.4 to 4.36], P = 0.54) (Fig. 12). Sen-
sitivity analysis did not reveal the source of the heteroge-
neity; moreover, subgroup analysis revealed no between-
subgroup heterogeneity (I* = 0%, P = 0.57) (Supplementary
Fig. 6). The quality of the evidence was determined as be-
ing of a very low grade by the GRADE Profile (Supplemen-
tary Table 4).
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI IV, fixed, 95% ClI
Al-Zahrani et al. 2015 [36] 1 134 25 1 1.6 25 7.2% 0.00[-0.82,0.82] —1
Barrington et al. 2005 [32] 08 083 53 11 18 55 17.5% -0.30[-0.83, 0.23] ——t
Capdevila et al. 1999 [26] 22 118 20 3 115 17 8.5% -0.80[-1.55, -0.05] _—
Fedriani de Matos et al. 2017 [27] 2.79 0.995 28 3.47 1.479 30 11.6% -0.68[-1.32, -0.04] B —
Kayupov et al. 2018 [37] 31 1.9 41 4 2 44  7.0% -0.90[-1.73, -0.07] _
Kim et al. 2012 [29] 335 148 40 235 115 40 0.0% 1.00[0.42,1.58]
Raimer et al. 2007 [34] 335 363 21 485 211 21 1.5%-1.50[-3.30,0.30] ¢
Shanthanna et al. 2012 [30] 142 048 19 1.37 059 19 41.4% 0.05[-0.29,0.39] ——
Singelyn et al. 1998 [2] 25 1.2 15 3 25 15 2.5% -0.50[-1.90, 0.90] R
Zaric et al. 2006 [31] 4 25 27 37 233 23 27% 0.30[-1.04,1.64] —
Total (95% Cl) 249 249 100.0% -0.27 [-0.49,-0.05] 'S
Heterogeneity: chi’ = 12.07, df = 8 (P = 0.15); I" = 34% , , , ,
Test for overall effect: Z = 2.40 (P =0.02) -2 -1 0 1 2

Favors [experimental] Favors [control]

Fig. 10. Forest plot for the sensitivity analyses (24-48 hr). SD: standard deviation, IV: inverse variance, Cl: confidence interval, df: degree of freedom.

Table 6. Egger’s test of the visual analogue scale score within 24-48 hours

Std_Eff Coef. Std. Err. t P>1tl 95% Cl
Slope 5.267 2.007 2.62 0.232 -20.239,30.773
Bias -24.465 7378 -3.32 0.186 -118.208, 69.277

Std_Eff: standardized effect, Coef.: coefficient, Std. Err.: standard error, Cl: confidence interval.

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% Cl
Al-Zahrani et al. 2015 [36] 16 25 17 25 145% 0.94 [0.63, 1.40]
Fedriani de Matos et al. 2017 [27] 27 28 25 30 20.6% 1.16 [0.97, 1.38] +—
Horasanli et al. 2010 [28] 28 37 29 39 24.1% 1.02[0.79, 1.32] N
Kayupov et al. 2018 [37] 77 88 36 44 40.9% 1.07 [0.91, 1.26] _
Total (95% CI) 178 138 100.0% 1.06 [0.94, 1.18] ?
Total events . 148 ) 107 y y | y y
Heterogeneity: chi- = 1.46, df = 3 (P =0.69); I = 0% 07 08 1 12 15
Test for overall effect: Z = 0.96 (P = 0.34) Favors [experimental] ~ Favors [control]

Fig. 11. Forest plot for patient satisfaction after nerve block vs. epidural block. M-H: Mantel-Haenszel, Cl: confidence interval, df: degree of freedom.

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% ClI IV, random, 95% ClI
Al-Zahrani et al. 2015 [36] 50 67 25 25 38 25 3.7% 25.00[-5.19,55.19] —
Barrington et al. 2005 [32] 21 15 53 13 12 55 18.3% 8.00([2.87,13.13] --
Barrington et al. 2005 [32] 44 30 53 53 28 55 12.9% -9.00[-19.95, 1.95] —
Campbell et al. 2008 [25] 33 4074 29 36 2459 31 8.3% -3.00[-20.17,14.17] —
Davies et al. 2004 [33] 13 2638 30 17 3155 29 9.8% -4.00[-18.86, 10.86] ——
Fedriani de Matos et al. 2017 [27] 28 13.08 28 42 11.87 30 17.1% -14.00 [-20.44, -7.56] -
Raimer et al. 2007 [34] 0 556 21 0 111 21 20.1% 0.00[-2.42,2.42] &
Zaric et al. 2006 [31] 30.2 26.3 26 323 257 23 10.0% -2.10[-16.68,12.48] ——
Total (95% CI) ) " 265 ) 269 100.0% =-2.02[-8.40, 4.36] ?
Heterogeneity: Tau™ = 51.21; chi” = 32.95, df =7 (P < 0.001); I' = 79% ' ' | ' i
Test for overall effect: Z = 0.62 (P =0.54) -100 -50 0 50 100

Favors [experimental] Favors [control]

Fig. 12. Forest plot for intraoperative opioid use. SD: standard deviation, IV: inverse variance, Cl: confidence interval, df: degree of freedom.
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI IV, fixed, 95% ClI
Barrington et al. 2005 [32] 53 11 53 54 11 55 76.2% -0.10[-0.51,0.31] B
Campbell et al. 2008 [25] 6 1.48 29 6 222 31 14.6% 0.00[-0.95,0.95] —
Capdevila et al. 1999 [26] 40 725 20 37 375 17 1.0% 3.00[-0.64,6.64] >
Davies et al. 2004 [33] 7 1.5 30 8 37 29 6.2% -1.00[-2.45,0.45] _
Raimer et al. 2007 [34] 11 025 21 12 1 21 Not estimable
Singelyn et al. 1998 [2] 17 3 15 16 4 15 2.0% 1.00[-1.53,3.53]
Total (95% Cl) 147 147 100.0% -0.09[-0.45, 0.27] ?
Heterogeneity: chi’ = 5.03, df = 4 (P = 0.28); I = 20% I I
Test for overall effect: Z = 0.48 (P = 0.63) -2 -1 0 1 2

Favors [experimental] Favors [control]

Fig. 13. Forest plot for sensitivity analyses of the length of hospital stay. SD: standard deviation, IV: inverse variance, Cl: confidence interval, df: degree of
freedom.

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
Barrington et al. 2005 [32] 54 18 53 52 17 55 20.2% 2.00[-4.61,8.61] _
Sakai et al. 2013 [13] 65 13.75 30 575 11.25 30 21.9% 7.50[1.14,13.86] _
Shanthanna et al. 2012 [30] 56 22 15 48 20 15  3.9% 8.00[-7.05,23.05]
Singelyn et al. 1998 [2] 81.32 6.83 19 8184 7.85 19 40.4% -0.52[-5.20,4.16] _
Zaric et al. 2006 [31] 425 15 26 45 13.75 23 13.6% —-2.50[-10.55, 5.55] _
Total (95% ClI) 143 142 100.0% 1.81[-1.17,4.78] ?
Heterogeneity: chi’ = 5.78, df = 4 (P = 0.22); I = 31% , , | , ,
Test for overall effect: Z=1.19 (P = 023) -20 -10 0 10 20

Favors [experimental] Favors [control]

Fig. 14. Forest plot for active knee flexion after nerve block vs. epidural analgesia. SD: standard deviation, IV: inverse variance, Cl: confidence interval,
df: degree of freedom.

5) Length of hospital stay and 142 in the control group. There was low among-study
heterogeneity (I = 31%, P = 0.22); therefore, we used the

Six studies [2,25,26,32-34] involving 336 patients reported fixed-effect model. There was no between-group differ-
the length of hospital stay, with 168 in the experimental ence in the active knee flexion (SMD = 1.81, 95% CI [-1.17

group, and 168 in the control group. There was among- to 4.78], P = 0.23) (Fig. 14). The quality of the evidence was
study heterogeneity (I” = 66%, P = 0.01); therefore, the determined as being of a moderate grade by the GRADE
random-effect model was used. Hospital stay in the ex- Profile (Supplementary Table 5).

perimental group was insignificantly shorter than in the

control group (SMD =-0.31, 95% CI [-0.96 to 0.34], P = 0.35)

(Supplementary Fig. 7). Sensitivity analysis revealed that DISCUSSION

after removing the study by Raimer et al. [34], I’ decreased

to 20% without changing the conclusion (SMD = -0.09, 95% Our findings show that compared with epidural block,
CI [-0.45 to 0.27], P = 0.63) (Fig. 13). Subgroup analysis did a peripheral nerve block can significantly reduce TKA

not indicate between-subgroup heterogeneity (I* = 0%, P postoperative complications. The analgesic effect is more
= 0.42), which suggests there is little correlation between distinct 24-48 hours after the surgery compared with the
the heterogeneity source and the anesthesia mode. The other assessed time slots. Significance differences in pa-
heterogeneity source, however, could not be determined tient satisfaction, perioperative opioid dosage, length of
(Supplementary Fig. 8). The quality of the evidence was hospital stay, and active knee flexion were not found be-
determined as being of a low grade by the GRADE Profile tween the two groups. There was low overall among-study
(Supplementary Table 5). heterogeneity, a high level of evidence, and no significant
publication bias.
6) Active knee flexion The incidence of postoperative complications is a major

index when evaluating the anesthesia protocol. Zaric et
Five studies [2,13,30-32] involving 285 patients reported on al. [31] reported that first day post-TKA, there was an 87%
active knee flexion, with 143 in the experimental group, probability of one or more adverse reactions, including
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nausea and vomiting, sedation, and pruritus. The com-
plications rate was 35% in their experimental group. The
present meta-analysis found that the experimental group
had a significantly lower incidence of nausea and vomit-
ing, hypotension, urinary retention, and pruritus than the
control group. This is consistent with the results reported
in several other studies [38-40]. First of all, it may be re-
lated to the wide range of epidural blocks [41]; moreover,
using large doses of opioids could increase the incidence
of nausea and vomiting [42]. Although there was no sig-
nificant between-group difference in the opioid dosage, a
lower dose is expected to lead to fewer side effects.

VAS scores are a common clinical evaluation index. In
this meta-analysis, there was a significant between-group
difference in the VAS scores only at 24-48 hours after the
TKA. This suggests that the peripheral nerve block and the
traditional analgesic method exhibit similar postoperative
analgesic effects. This is consistent with several previous
reports [43,44]. Sensitivity analysis of the VAS score find-
ings at 0-12 hours revealed that the study by Singelyn et al.
[2] was the source for the heterogeneity. Singelyn et al. [2]
reported only the sample size and ASA grade; therefore,
the age range, sex ratio, and body mass index could have
contributed to the heterogeneity. Regarding the VAS score
measured at 12-24 hours, neither sensitivity nor subgroup
analysis could identify the source of heterogeneity; how-
ever, we assume that differences in patient selection and
anesthetic concentration and dosage could have been
major sources of heterogeneity. Upon analysis of the VAS
score measured at 24-48 hours, a peripheral nerve block
was found to reduce the VAS score after excluding the
study by Kim et al. [29]. This could have resulted from the
sex ratio in the study by Kim et al. [29], which was quite
different from that of the other included studies.

Ritter et al. [45] compared the 5-year effect of TKA be-
tween 4,379 female and 2,947 male patients and reported
a significantly lower VAS score among male patients. After
removing this study from the analysis, there was a relative
increase in the proportion of male patients in the experi-
mental group. This change in sex ratio and the lower VAS
score among male patients could have contributed to the
reduced VAS score.

Several studies [25,30] have reported that the femoral
nerve block effect was not optimal during the 24 hours
after the surgery since it does not block the sciatic and ob-
turator nerves. Consequently, it was reported that the VAS
score in the peripheral nerve block group was significantly
higher than that of the epidural block group [37]. Long et
al. [46], on the other hand, reported that the analgesic ef-
fect of peripheral nerve block was optimal within 24 hours
after surgery. In this meta-analysis, there was no between-
group difference in the VAS score measured within 24

Korean J Pain 2021;34(3):271-287

hours after the TKA, which is consistent with the findings
reported by Fowler et al. [39] and Gerrard et al. [40].

Our meta-analysis demonstrates a good analgesic effect
from long-acting opioids, including morphine and fen-
tanyl. Other analgesic methods for pain relief during the
perioperative period exist. The side effects of opioids, in-
cluding nausea, vomiting, urinary retention, and respira-
tory depression, might impede post-TKA patient rehabili-
tation. Although there was no significant between-group
difference in opioid dosage, numerically, the experimental
group received a lower opioid dose, which is reflected in
the distribution of the side effects. In addition, although
there was no between-group difference in patient satisfac-
tion, it was numerically higher in the experimental group.

The ultimate goal of TKA is the postoperative recovery
of a functional knee joint. In this meta-analysis, we found
that the experimental group had slight but insignificant
advantages in the length of hospital stay and active knee
flexion. This is consistent with findings in several previ-
ous reports [33,46]. The study by Raimer et al. [34] was
identified as the source of heterogeneity when analyzing
the length of hospital stay. This could be attributed to their
discharge policy rather than to the choice of anesthetics.

In this meta-analysis, the peripheral nerve block was
found to exhibit advantages in patient satisfaction, periop-
erative opioid use, and rehabilitation indices. Moreover,
it could be more effective than the epidural block in re-
ducing postoperative complications. Importantly, nerve
injury was not reported in any of the trials. Therefore, we
conclude that peripheral nerve block may be an attractive
alternative analgesic technique for knee arthroplasty pa-
tients.

1. Strengths and limitation

1) Strengths

This meta-analysis comprehensively evaluated the post-
TKA analgesic effect on adverse reactions, VAS score,
patient satisfaction, and rehabilitation indices. Moreover,
multiple indices were graded at a moderate or high evi-
dence level. This indicates that the results are credible and
provide strong evidence for clinical guidance.

2) Limitations

The drug type and dose, as well as the timing of drug use,
differed across studies. Such differences could have af-
fected the final index measurement. Moreover, due to the
limited number of studies included, this article could only
study all peripheral nerve block approaches grouped to-
gether. We could not separately analyze each nerve block
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type, which must have led to deviation of the results. In
addition, high heterogeneity was found among studies
in some measures, but sensitivity and subgroup analyses
could not reveal its source. Finally, this study does not in-
clude more “novel” peripheral nerve blocks used for TKA,
which reduces the richness of the article.

In conclusion, this meta-analysis compared peripheral
nerve block to epidural block as a mode of anesthesia dur-
ing TKA and for postoperative pain control. For knee joint
replacement, a peripheral nerve block can effectively re-
duce the occurrence of complications and lead to higher
patient satisfaction in the postoperative period. The pe-
ripheral nerve block shows good performance in all as-
pects. We performed a sensitivity analysis on its analgesic
effect within 24 hours after surgery. Studies were excluded
one by one with no change in the heterogeneity, indicating
that there was no significant effect for the analgesic ap-
proach within 24 hours after the surgery on the analyzed
outcomes. More large-scale, high-quality randomized
controlled trials are needed to evaluate the optimal anes-
thetic method for knee joint replacement and draw more
precise conclusions.
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