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ABSTRACT

Objectives: To evaluate the efficacy and safety of
intra-articular (IA) bupivacaine administered for pain
relief after joint arthroplasty.

Design: Meta-analysis.

Methods: A systematic review was conducted to
identify the randomised controlled trials using IA
bupivacaine for postoperative pain relief from
MEDLINE, Cochrane Library and EMBASE databases
(up to October 2015). The standardised mean
difference (SMD), the relative risk (RR) and their
corresponding 95% Cls were calculated using the
RevMan statistical software.

Results: A total of 11 randomised controlled trials
were included. Statistically significant differences
between IA bupivacaine and placebo were observed for
the mean visual analogue scale (VAS) values (SMD
—0.55; 95% Cl —0.89 to —0.22; p<0.001) and narcotic
consumption (SMD —0.32; 95% CI —0.55 to —0.08;
p=0.008) during the period of 24 hours postoperatively
and narcotic consumption during the period between
24 and 48 hours postoperatively (SMD —0.32; 95% Cl
—0.55 to —0.08; p=0.009). However, there was no
significant difference in the mean VAS pain score
during the period between 24 and 48 hours
postoperatively (SMD —0.09, 95% ClI —0.30 to 0.11;
p=0.37) and in the incidence of adverse effects 24—

72 hours postoperatively (RR 0.97; 95% Cl 0.60 to
1.57; p=0.91).

Conclusions: The administration of IA bupivacaine
after joint arthroplasty is effective for pain relief without
increasing adverse effects.

INTRODUCTION
Along with the ageing process and the devel-
opment of medical technologies, joint

arthroplasty has become one of the most
common surgical procedures that can greatly
improve the quality of patients’ life by provid-
ing pain relief, functional improvement and
deformity correction.! ? The annual report
of the National Joint Registry showed that
the number of total hip arthroplasty (THA)

Strengths and limitations of this study

= This is the first meta-analysis that examined the
efficacy and safety of intra-articular (IA) bupiva-
caine versus placebo after joint arthroplasty.

= All included studies adopted the randomised
placebo-controlled design.

= The findings provide comprehensive conclusions
on the effects of IA bupivacaine after joint
arthroplasty.

= Substantial heterogeneity was observed.

= The included studies involved a wide variety of
bupivacaine doses and anaesthetic techniques.

and total knee arthroplasty (TKA) had
reached 15000 in 2011 in England and
Wales;” in the USA, patients receiving TKA
had doubled between 1999 and 2008.
However, this procedure is often accompanied
with a variable degree of pain.” The uncon-
trolled postoperative pain can result in a
multitude  of consequences, including
decreased satisfacion of patients, delayed
recovery with declined range of motion of the
joint, prolonged hospital stay, as well as
increased risk of thromboembolism.® 7
Therefore, aggressive pain control during the
early postoperative period is essential and
various analgesic techniques can be used for
pain management after joint arthroplasty,®
such as peripheral nerve blockade, epidural
anaesthesia, local infiltration analgesia and
narcotics. Among these techniques, the use of
narcotics is the most popular one, but in asso-
ciation with multiple side effects, including
respiratory depression, drowsiness, nausea
and vomiting, pruritis, reduced gut motility,
and urinary retention. Thus, it is of significant
importance to develop an effective measure
of pain management to mitigate both pain
perception and narcotic usage without intensi-
fying side effects.
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Intra-articular (IA) injection of local analgesics is
one of the most widely used pain control techniques
due to its convenience of operation and practicality.”
The local anaesthetic is injected into the IA cavity after
the surgical wound or joint capsule closure from where
it can spread into the muscles and soft tissues, so as to
relieve postoperative pain.'” Bupivacaine, the most
common local anaesthetic used during orthopaedic
surgery,'' is characterised by prolonged period of
active  effectiveness.'® However, some existing
studies'’ '¥71° suggested that IA bupivacaine could gen-
erate a better pain relief effect and requires less nar-
cotic usage than a placebo for joint arthroplasty, while
some others' ™% failed to reach any positive results.
Therefore, it is necessary to confirm whether IA injec-
tion of bupivacaine in joint arthroplasty is effective and
safe. Thus, the objective of the present study is to
evaluate the efficacy and safety of IA bupivacaine after
joint arthroplasty by conducting a systematic review
and meta-analysis of randomised placebo-controlled
studies. It was hypothesised that IA injection of

bupivacaine after joint arthroplasty could improve pain
control and reduce narcotic usage without intensifying
side effects.

MATERIALS AND METHODS

Search strategy

This systematic review and meta-analysis was conducted
in compliance with the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) state-
ment.?® The MEDLINE/PubMed database, Cochrane
Library and EMBASE database were searched to retrieve
the relevant studies that compared bupivacaine with
placebo for patients who received IA injection after joint
arthroplasty from inception to October 2015. The
search terms were ‘Arthroplasty’, ‘replacement’, ‘bupiva-
caine’ and ‘randomised controlled trials’. The specific
search strategies were illustrated in the ‘ online supple-
mentary appendix’. No restriction was imposed. The
references and reviews of the retrieved studies were also
assessed.

Figure 1 Flow diagram of 1567
screened, excluded and analysed
publications.

potentially

306)«

relevant
identified through database searching+

studies

\

> | 530 duplicated studies«

1006 excluded+

1037 abstracts for further assessment+'

919 irrelevant studies+

9 non-placebo controlled trials+

32 experimental injection were mixed with
other anaigesics+’

14 not randomised controlled trials+

2 case series+’
5 case report+

11 vitro studies+
1 protocoi+
10 not English articles+

31 full texts for detailed evaluation+

20 excluded+

4 non-placebo controlled trials+

5 experimental injection were mixed with
other analgesics+

1 protocol+

1 experimental
bupivacaine+'

2 not available for full text+

injection was not

11 were finally included for meta-analysis+

Cui Y, et al. BMJ Open 2016;6:¢011325. doi:10.1136/bmjopen-2016-011325



8 Open Access

Study selection

The articles retrieved from preliminary search were inde-
pendently analysed by two reviewers (YC and TY), and
the ones meeting the following criteria were included in
the analysis: (1) joint arthroplasty procedure; (2) patients
who received bupivacaine intra-articularly after the joint
arthroplasty procedure; (3) placebo was administrated in
the control group; (4) other analgesics were neither
added in the experimental nor in the control group; (5)
randomised controlled trials (RCTs) and (6) written in
English. The exclusion criteria were as follows: (1) case
reports, reviews, animal trials, in vitro studies, letters,
retrospective studies and other non-RCTs; (2) no placebo
control group; (3) additional analgesics were adminis-
tered in either the experimental or the control group;
(4) data were not available for meta-analysis and (5)
non-English literature.

Data extraction

The available data and the quality of article were assessed
by two reviewers independently (YC and TY). The follow-
ing study characteristics were retained during the review:
first author, year of publication, number of patients in
each group, method of administration, volume of
injected fluid, concentration of bupivacaine, epinephrine
usage, intra-articular injection time, type of surgery and
type of anaesthesia. If there were more than two groups
in one study, data were only extracted from the bupiva-
caine and the placebo groups. The means and SDs were
manually measured by using the GetData V.2.20 software
if they were provided in figures (Website of GetData soft-
ware. http://getdata-graph-digitizer.com/).

The primary outcome of our interests was the effects of
intra-articular bupivacaine for postoperative pain control.
The postoperative pain intensity was measured by the
visual analogue scale (VAS). All VAS scores were con-
verted to a scale ranging from 0 to 10. The secondary
outcome of interests included the amount of narcotic
consumption and the adverse reactions after operation.
All kinds of narcotic consumptions, such as meperidine
and hydromorphone, were converted into morphine
equivalents for subsequent analysis' ' *' #* (One study'”
adopted a single-dose IA injection 24 hours after surgery,
so this analysis considered the data of narcotic consump-
tion at 24 hours after injection as the narcotic consump-
tion for 24 hours postoperatively).

The two independent researchers (YC and TY) used a
Cochrane’s risk of bias tool to determine the methodo-
logical quality of the included studies. Seven types of
potential risks of bias were evaluated: random sequence
generation, allocation concealment, blinding of partici-
pants, blinding of outcome assessment, incomplete
outcome data, selective reporting and other biases. If
the number of low risk of a study was more than four, it
was considered to be a high-quality study, otherwise, a
low-quality study. In order to improve the objectivity of
the results, information including journal titles, authors,
institutions and origins were concealed from the

reviewers. Meanwhile, disagreements were resolved by
discussion, and a third reviewer (CZ) was consulted if
necessary.

Statistical analysis

The Review Manager V.5.2 software (RevMan V.5.2, The
Cochrane Collaboration, Oxford, UK) was used for data
analysis. For continuous outcome measures, post-
operative pain intensity reporting on VAS and narcotic
consumption after surgery, the standardised mean differ-
ence (SMD) was calculated with corresponding 95% Cls.
Dichotomous data, the adverse effects, were displayed as
relative risks (RR) and as their 95% Cls. Pain intensity
was reported at different follow-up time points in the
various studies, and some studies only provided the
mean VAS pain score. In order to facilitate and standard-
ise the pooling of data, the mean and SD of VAS scores
for 24 hours and for 24-48 hours postoperatively of
each study were computed. Inverse variance was used as
the statistical method to pool the results including VAS
and narcotic consumption across all studies, while the
pooling of results of adverse effects was carried out
using the Mantel-Haenszel test. Studies not providing
the data of incidence of adverse effects or the number
of patients who suffered from adverse effects would be
used for qualitative meta-analysis.

The homogeneity of effect size across trials was tested
by Q statistic (p<0.05 was considered heterogeneous). If
significant heterogeneity was observed among studies,
the random-effects model would be used, otherwise the
fixed-effects model would be employed. We also exam-
ined the I? statistic, which measures the percentage of
the total variation across studies which results from het-
erogeneity rather than chance (I°>50% was considered
moderately or highly heterogeneous). Since the type of
arthroplasty, the usage of epinephrine, the methodo-
logical quality of included studies and the time of bupi-
vacaine injection were inconsistent among various
studies, a sensitivity analysis was further conducted to
explore the possible causes of heterogeneity and to
examine the influence of various exclusion criteria (the
factors aforementioned) on the overall risk estimate.
Meanwhile, subgroup analyses based on different
methods of administration (single-dose or continuous
injection) were performed to evaluate the source of
heterogeneity.

Begg’s tests®* and funnel plots were used to assess pub-
lication bias. STATA V.12.0 (StataCorp LP, College
Station, Texas, USA) was used to perform Begg’s tests.
The p<0.05 was considered to be statistically significant,
unless otherwise stated.

RESULTS

Characteristics of included studies

A total of 1567 articles were identified in the preliminary
search. Thirty-one full texts were assessed and 11 arti-
cles'? 13715 17722 35 yere included in the final analysis
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Table 1 Characteristics of the included studies
Method of Concentration Intra-articular Type of
Study Year n (B/C) administration (%) Dose Epinephrine injection time Type of surgery anaesthesia
Chen et af'® 2014 96 (48/48) Single-dose 0.50 60 mL No After closure of the  Total hip arthroplasty General
injection joint capsule anaesthesia
Weston-Simons 2012 42 (22/20)  Single-dose 0.50 20 mL No 24 hours Unicompartmental General
etal injection postoperatively knee replacement anaesthesia
Shen et a/'® 2015 36 (20/16) Single-dose 0.50 60 mL No After closure of the  Total knee General
injection surgical wound arthroplasty anaesthesia
Ritter et aP° 1999 211 (114/97) Single-dose 0.25 10 mL No After closure of the Total knee General
injection surgical wound arthroplasty anaesthesia or
spinal
anaesthesia
Mauerhan et aP' 1997 51 (24/27)  Single-dose 0.17 30 mL No After closure of the  Total knee Spinal
injection surgical wound arthroplasty anaesthesia
Browne et af® 2004 60 (30/30) Single-dose 0.50 20 mL Yes After closure of the Total knee Not mentioned
injection joint capsule arthroplasty
Badner et af® 1996 54 (27/27) Single-dose 0.50 30 mL Yes After closure of the  Total knee General
injection surgical wound arthroplasty anaesthesia
Williams et al'” 2013 45 (21/24) Continuous 0.50 2mL/ No Continuous Total knee Spinal
injection hour infection 48 hours arthroplasty anaesthesia
postoperatively
Chen et af'® 2010 91 (45/46) Single-dose 0.50 2mL/ No Continuous Total hip arthroplasty ~ General
+continuous hour infection 48 hours anaesthesia
injection postoperatively
Nechleba et al’® 2005 30 (14/16) Continuous 0.25 416mL/ No Continuous Total knee Not mentioned
injection hour infection 24 hours arthroplasty
postoperatively
Goyal et al'® 2013 150 (75/75) Continuous 0.50 5mL/ Continuous Total knee Spinal
injection hour infection 48 hours arthroplasty anaesthesia
postoperatively

B, bupivacaine; C, control; n, number of patients per group.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Elinding of outcome assessment (detection hias)
Incomplete outcome data (attrition bias)

Selective reporing (reporting hias)

Other bias

0% 25% 50% 75%  100%

.an risk of bias

DUnc!earrisk of hias

B Hioh risk of bias

Figure 2 Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all

included studies.

(figure 1). All trials were placebo-controlled RCTs with a
total of 866 patients (440 in the bupivacaine group and
426 in the control group). The overall characteristics of
the 11 included studies are presented in table 1. The
methodological quality of each trial is shown in figures 2
and 3. Three trials were judged to be low-quality
studies.'? 20 %

VAS values

Eight trials including data from 679
patients were eligible for the assessment of postoperative
pain scores (VAS).

During the period of 24 hours postoperatively, data
provided by eight studies'® '* '* 17 1922 were pooled and
analysed by the random-effects model. Overall, the com-
parison between the bupivacaine and the placebo group
showed that the mean VAS scores of bupivacaine was sig-
nificantly lower (SMD -0.55; 95% CI —0.89 to —0.22;
p<0.001). Substantial heterogeneity was observed
(p<0.001; I’=75%). The results are presented in figure 4.
Sensitivity analyses explored the potential sources of het-
erogeneity in the comparison between bupivacaine and
placebo and investigated the influence of various exclu-
sion criteria on the overall risk estimate. Table 2 demon-
strates that the results were stable and reliable. Subgroup
analyses of single-dose and continuous injection showed
that IA bupivacaine was more effective than placebo in
terms of pain relief (figure 4).

During the period between 24 and 48 hours post-
operatively, the data provided by five studies'® '7 19 2! 26
were pooled and analysed by the fixed-effects model.
Overall, there was no significant difference between
bupivacaine and placebo in terms of pain relief (SMD
—-0.09, 95% CI —0.30 to 0.11; p=0.37), and no substantial
heterogeneity was observed (p=0.45, 1’=0%; figure 5).
The sensitivity analyses which explored the influence of
various exclusion criteria showed that the results were

10 13 15 17 19-22

Badner, N.H. 1996

Browne, C. 2004

Chen, D.W. 2010

® @ ® | ® | ncomplete outcome data (attrition bias)

® -~ O 00 S S S @ @ ®|seectiereporting reporting bias)
® OO0 OO O® O O ®| ® oternias
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Figure 3 Risk of bias summary: review authors’ judgements
about each risk of bias item for each included study.
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Bupivacaine

Placebo

Std. Mean Difference Std. Mean Difference

Study or Subgrou Mean _SD Total Mean SD Total Weight [V, Random, 95% Cl IV, Random, 95% CI
Browne, C. 2004 49 17 30 5:7° 1.8 30 12.6% -0.45 [-0.96, 0.06] B
Chen, D.W. 2014 366 1.04 48 538 216 48 13.9% -1.01 [-1.43,-0.58]
Goyal, N. 2013 318 205 75 416 2.23 75 15.3% -0.46 [-0.78,-0.13] TR TR
Mauerhan, D.R. 1997 524 313 24 638 296 27 12.0% -0.37 [-0.92,0.19] — s =
Nechleba, J. 2005 362 061 14 446 1.05 16 9.3% -0.94 [-1.70,-0.17] s
Ritter, M.A. 1993 209 115 114 203 1.09 97 16.0% 0.05[-0.22,0.32) 3
Shen, S.J.2015 416 1.07 20 618 1.69 16 9.5% -1.43[218,-069) ————
Williams, D. 2013 157 A3 21 21 17 24 11.5% -0.26 [-0.85, 0.33] O T R
Total (95% CI) 346 333 100.0% -0.55[-0.89, -0.22] -
Heterogeneity: Tau= 0.16; Chi®= 28.23, df = 7 (P = 0.0002); F= 75% K} 0 5 3 ¥
Test for overall effect: Z= 3.25 (P = 0.001) Bupivacaine Placebo
Subgroup: Continuous injection

Bupivacaine Placebo Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean _SD Total Mean _SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Browne, C. 2004 49 17 30 57" 18 30 0.0% -0.45 [-0.96, 0.06]
Chen, D.W. 2014 366 1.04 48 538 216 48  0.0% -1.01 [-1.43,-0.58]
Goyal, N. 2013 318 2.05 75 416 2.23 75 67.3% -0.46 [-0.78,-0.13] ——
Mauerhan, D.R. 1997 524 313 24 6538 296 27 0.0% -0.37 [-0.92,0.19]
Nechleba, J. 2005 362 061 14 446 1.05 16 12.2% -0.94 [-1.70,-0.17] I
Ritter, M.A. 1993 209 115 114 203 1.09 97 0.0% 0.05[-0.22,0.32)
Shen, S.J. 2015 416 1.07 20 618 1.69 16  0.0% -1.43[-2.18,-0.69]
Williams, D. 2013 U A < | 21 21 17 24 205% -0.26 [-0.85, 0.33] ST R
Total (95% CI) 110 115 100.0%  -0.47 [-0.74,-0.21] S
Heterogeneity: Chi*= 1.95, df= 2 (P = 0.38); F= 0% 53 7 : ; 3
Test for overall effect: Z= 3.49 (P = 0.0005) Bupivacaine Placebo
Subgroup: Single-dose injection

Bupivacaine Placebo Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

IV. Random, 95% CI

Study or Subgrou Mean _SD Total Mean SD Total Weight
Browne, C. 2004 49 17 30 57 18 30 19.9%
Chen, DW. 2014 3.66 1.04 48 538 216 48 21.2%
Goyal, N. 2013 318 205 75 416 223 75 0.0%
Mauerhan, D.R. 1997 524 313 24 638 296 27 19.3%
Nechleba, J. 2005 362 061 14 446 1.05 16  0.0%
Ritter, M.A. 1999 209 115 114 203 1.09 97 231%
Shen, S.J. 2015 416 1.07 20 618 1.69 16 16.5%
Williams, D. 2013 1.7 13 2 21 17 24 0.0%
Total (95% CI) 236 218 100.0%

Heterogeneity: Tau®= 0.30; Chi*= 25.89, df= 4 (P < 0.0001); F=85%

Test for overall effect: Z=2.22 (P = 0.03)

-0.45 [-0.96, 0.06] ——

-1.01 [-1.43,-0.58) ——

-0.46 [-0.78,-0.13]

-0.37 [-0.92, 0.19] —

-0.94 [1.70,-0.17]

0.05 [-0.22, 0.32] ——

-1.43[-218,-069) ————

-0.26 [-0.85, 0.33]
-0.60 [-1.13, -0.07] e

-2 -1 0 1 2

Bupivacaine Placebo

Figure 4 Forest plot of meta-analysis: mean VAS values of total and subgroup studies during the period of 24 hours
postoperatively (0—10 points). VAS, visual analogue scale.

stable and reliable (table 2). Subgroup analyses of single-
dose and continuous injection also showed no signifi-
cant difference between bupivacaine and placebo in
terms of the mean VAS scores (figure 5).

The funnel plot did not show any substantial asym-
metry (figure 6). However, the power of this result may
not be reliable because of the relatively small number of
included studies. The Begg’s rank correlation test did
not indicate any publication bias among the included
studies (p>0.05).

Narcotic consumption

A total of nine studies reported narcotic con-
sumption during the period of 24 hours postoperatively.
The random-effects model was used for data analysis.
Overall, narcotic consumption of the bupivacaine group
was lower than that of the placebo group with statistical

14 15 17-22 25

significance (SMD -0.32; 95% CI —0.55 to —0.08;
p=0.008), meanwhile, significant heterogeneity was
observed (12=55%; p=0.02). The results are presented in
figure 7. Sensitivity analyses which explored the influ-
ence of various exclusion criteria showed that the results
were stable and reliable (table 2). Specifically, the sub-
stantial heterogeneity in narcotic consumption was
materially changed by excluding the study involving an
IA injection at 24 hours postoperatively (p=0.11;
1?=40%). The single-dose injection subgroup showed a
difference approaching to significance between the two
groups in terms of narcotic consumption (p=0.06),
while the continuous injection subgroup presented no
significant difference between the two groups (figure 7).

During the period between 24 and 48 hours post-
operatively, the data provided by three studies'’ 1718
were pooled. The fixed-effects model was employed for

Cui Y, et al. BMJ Open 2016;6:¢011325. doi:10.1136/bmjopen-2016-011325
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Table 2 Sensitivity analyses

Pooled results of the remaining Heterogeneity of the

studies remaining studies

Exclusion of studies SMD p Value 1 (%) p Value
Mean VAS pain score for 24 hours postoperatively

Total hip arthroplasty —0.47 (-0.80, —0.14) 0.005 69 0.004

Mixed with epinephrine —0.58 (-0.96, —0.19) 0.003 79 <0.001

Poor methodological quality —0.67 (—1.04, —0.30) <0.001 64 0.03
Mean VAS pain score for 24—48 hours postoperatively

Total hip arthroplasty —0.02 (-0.26, 0.22) 0.86 0 0.52

Poor methodological quality —0.07 (-0.28, 0.14) 0.52 1 0.39
Narcotic use for 24 hours postoperatively

Total hip arthroplasty —0.32 (-0.58, —0.05) 0.02 59 0.02

Mixed with epinephrine —0.24 (-0.49, —0.01) 0.06 52 0.05

Poor methodological quality —0.39 (-0.68, —0.09) 0.01 53 0.06

Injection 24 hours postoperatively —0.17 (-0.32,-0.02) 0.03 40 0.11
Adverse effects

Total hip arthroplasty 0.72 (0.21, 2.43) 0.59 86 <0.001

Mixed with epinephrine 0.99 (0.59, 1.66) 0.97 83 <0.001

Poor methodological quality 0.85 (0.40, 1.80) 0.68 87 <0.001

SMD, standardised mean difference; VAS, visual analogue scale.

Bupivacaine Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chen, D.W. 2014 282 097 48 3.22 1.58 48 257% -0.30 [-0.71,0.10) S |
Goyal, N. 2013 223 1.76 75 208 202 75 40.6% 0.08 [[0.24, 0.40) —
Mauerhan, D.R. 1997 461 297 24 429 256 27 13.7% 0.11 [-0.44, 0.66) —_— e =
Nechleba, J. 2005 368 0489 14 399 1 16 7.9% -0.37 [-1.10, 0.35]
Williams, D. 2013 14 15 21 18- 13 24 12.0% -0.28 [-0.87,0.31] I .
Total (95% CI) 182 190 100.0% -0.09 [-0.30, 0.11]

Heterogeneity: Chi*= 3.67, df=4 (P = 0.45); F= 0%
Test for overall effect: Z=0.90 (P = 0.37)

Subgroup: Continuous injection

-1 0.5 0

1 0.5
Bupivacaine Placebo

Bupivacaine Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chen, DW. 2014 282 097 48 322 1.58 43  0.0% -0.30 [-0.71,0.10)
Goyal, N. 2013 223 1.786 75 208 202 75 B671% 0.08 [-0.24, 0.40)
Mauerhan, D.R. 1997 461 297 24 429 256 27 0.0% 0.11 [-0.44, 0.66]
Nechleba, J. 2005 368 049 14 399 1 16 13.1% -0.37 [1.10, 0.35)
Williams, D. 2013 4. 15 21 18 13 24 19.8% -0.28 [-0.87,0.31) e TE
Total (95% CI) 110 115 100.0% -0.05[-0.31,0.21] ?
Heterogeneity: Chi*=1.99, df= 2 (P = 0.37); F= 0% o . 5 o' :
Test for overall effect. Z=0.39 (P=0.70) Bupivacaine Placebo
Subgroup: Single-dose group injection

Bupivacaine Placebo Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chen, DW. 2014 282 097 48 3.22 158 48 65.2% -0.30 [-0.71,0.10) ——
Goyal, N. 2013 223 1.76 75 208 202 75  0.0% 0.08 [-0.24, 0.40]
Mauerhan, D.R. 1997 461 297 24 429 256 27 34.8% 0.11 [-0.44, 0.66] —
Nechleba, J. 2005 3.68 049 14 399 1 16  0.0% -0.37 [1.10, 0.35)
Williams, D. 2013 14. 158 21 18 13 24  00% -0.28 [-0.87,0.31)
Total (95% CI) 72 75 100.0% -0.16 [-0.48, 0.17] q

Heterogeneity: Chi*=1.44, df=1 (P = 0.23); F= 30% L‘: 5 5 055 3
Test for overall effect. Z= 0.95 (P = 0.34) Bupivacaine Placeho

'
g

Figure 5 Forest plot of meta-analysis: mean VAS values of total and subgroup studies during the period between 24 and
48 hours postoperatively (0—10 points). VAS, visual analogue scale.
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Figure 6 Funnel plot of meta-analysis: (A) Mean VAS values during the period of 24 hours postoperatively. (B) Mean VAS
values during the period between 24 and 48 hours postoperatively. (C) Narcotic consumption during the period of 24 hours
postoperatively. (D) Narcotic consumption during the period between 24 and 48 hours postoperatively. SMD, standardised mean

difference; VAS, visual analogue scale.

analysis. Overall, the narcotic consumption of the bupi-
vacaine group was also lower than that of the placebo
group with statistical significance (SMD —0.32; 95% CI
—0.55 to —0.08; p=0.009), and no substantial heterogen-
eity was observed (p=0.45, 1?=0%; figure 8).

The funnel plot did not show any substantial asym-
metry (figure 6). However, the power of this result may
not be reliable because of the relatively small number of
included studies. The Begg’s rank correlation test did
not indicate any publication bias among the included
studies (p>0.05).

Adverse events

A total number of seven articles reported
side effects including nausea, vomiting, hypotension,
urinary retention, sedation, pruritus and respiratory
depression. Data from only five studies' '"~'? #* could
be pooled. The random-effects model was used for ana-
lysis. There was no significant difference in terms of
adverse effects between the IA bupivacaine group and
the placebo group (RR 0.97; 95% CI 0.60 to 1.57;
p=0.91; figure 9). Sensitivity analyses which explored the
influence of various exclusion criteria showed that the
results were stable and reliable (table 2). The funnel
plot did not show any substantial asymmetry (figure 10).
However, the power of this result may not be reliable

13 15 17-19 22 25

because of the relatively small number of included
studies. The Begg’s rank correlation test did not indicate
any publication bias among the included studies
(p>0.05). In addition, another two studies,'® #* where
the data were not available for quantitative meta-analysis,
showed no significant difference in terms of the inci-
dence of adverse events between the two groups.

DISCUSSION
This systematic review and meta-analysis of 11 RCTs was
conducted to assess the efficacy and safety of IA bupiva-
caine after joint arthroplasty, in comparison with
placebo. The most important findings were that IA bupi-
vacaine was significantly better than placebo in relieving
postoperative pain during the period of 24 hours post-
operatively with less narcotic consumption and without
intensifying side effects. However, for the VAS values
during the period between 24 and 48 hours postopera-
tively, no statistically significant difference was observed.
The large, deep incision commonly used in joint
arthroplasty can cause considerable surgical damage, and
movement and reflex muscle spasms often exacerbate
postoperative pain.27 Bupivacaine, an amide-based local
anaesthetic, produces a blockade of peripheral nerves®
and is extensively applied in the management of pain
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Figure 7 Forest plot of meta-analysis: narcotic consumption of total and subgroup studies during the period of 24 hours

postoperatively.

after orthopaedic surgeries. Thus, the primary objective
of the present systematic review and meta-analysis was to
identify whether IA bupivacaine could provide a superior
analgesic efficacy when compared with placebo. As a
result, the bupivacaine group showed lower mean VAS
scores and lower narcotic consumption during the period
of 24 hours postoperatively, which was consistent with
some previous findings.'” '*~'” #* However, with respect to
the comparison between bupivacaine and placebo, an
opposite result was found in some other studies.' "2
A variety of factors may contribute to such conflict. Ruwe
et al” suggested that patients with preoperative pain were
more likely to experience postoperative pain, so preopera-
tive pain was regarded as a significant variable in their
study. The small sample size of some studies may be
another reason leading to inconsistent results. There was

a trend towards increased narcotic usage and higher
mean VAS scores in the control group, but no statistical
significance was found in these two studies.'” ® On the
other hand, the use of analgesia protocol for the experi-
mental and control group in some studies may impact
postoperative analgesia.”® The analgesia protocol was so
strong that analgesia outcomes were not significantly
improved by adding bupivacaine.”

During the period between 24 and 48 hours post-
operatively, no significant difference was observed in
terms of the mean VAS value between the two groups.
Several researches® *? showed that bupivacaine could
yield analgesia of immediate onset but only for a short
duration (2-4 hours). These pharmacokinetic data may
partly explain why no significant mean VAS value was
observed 24 hours postoperatively. Second, the mean
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Figure 8 Forest plot of meta-analysis: narcotic consumption during the period between 24 and 48 hours postoperatively.
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Figure 10 Funnel plot of meta-analysis: adverse effects. RR,
relative risk.

VAS value during the period of 24-48 hours postopera-
tively was lower than that during the period of
24 hours postoperatively, and the pain may be quite
weak in this period, making it difficult to demonstrate
any difference between the two groups.33 However, the
lower narcotic consumption during the period
between 24 and 48 hours postoperatively can still

Total Events Total Weight M-H. Random, 95% Cl

Risk Ratio Risk Ratio

M-H, Random, 95% CI

0.75[0.18, 3.07]
0.85 [0.61,1.19] —
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0.34 [0.15, 0.75] —_—
0.97 [0.60, 1.57] g
01 02 05 1 2 5 10

Bupivacaine Placeho

demonstrate the pain relief effect of IA bupivacaine to
some extent.

The present study also conducted two subgroup ana-
lyses: single-dose injection and continuous injection.
The single-dose subgroup showed similar results, while
the continuous subgroup showed a lower mean VAS
value which was reliable with no heterogeneity (1°=0%)
and no significant narcotic consumption during the
period of 24 hours postoperatively. One possible explan-
ation for such results might be that the sample size was
too small to detect a statistical difference. Another
reason was that the continuous infection of bupivacaine
might need to be accumulated to a certain extent to
show therapeutic effect. Thus, significant lower narcotic
consumption was observed in the bupivacaine group
during the period between 24 and 48 hours postopera-
tively. In addition, all of the included studies involving
continuous injection did not conduct any negative
control patient cohort without using infusion pumps.
Therefore, the psychological impact on the perceived
pain with the use of infusion pumps was not considered
in this study. Alford and Fadale® had demonstrated the
placebo effect of using infusion pumps. It could partly
explain the negative results obtained from the two

10
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groups where infusion pumps were used. However,
Yamaguchi et al® showed that the pain control infusion
pump with a constant flow of local anaesthetics over a
period of time could generate the benefit of prolonged
analgesia with fewer adverse effects. Hence, further
examination is needed to determine which method
(single-dose injection or continuous injection) is better.

In the present systematic review and meta-analysis,
seven included studies had reported the occurrence of
adverse effects, and no significant difference was
detected. However, Chen et al'® reported an opposite
finding that the incidences of nausea and vomit were
higher in the bupivacaine group compared with the
control group. Interestingly, no bupivacaine was detected
in the plasma of any patient taken at 2 hours after
surgery in their study and the incidences of nausea and
vomit were high in both groups. Therefore, this result
might be caused by the reason that the analgesia proto-
col for both groups contained too much opioid.”® In
order to minimise these side effects, the implementation
of aggressive strategies could be proposed to prevent
opioid side effects (eg, prophylacticantiemetic
therapy).37 Since joint arthroplasty removes the whole
articular cartilage, the chondrotoxic effects of bupiva-
caine®® * do not need to be considered. In conclusion,
the present study validated the safety of IA bupivacaine.

This study has several strengths. First, this is the first
meta-analysis that examined the efficacy and safety of IA
bupivacaine versus placebo after joint arthroplasty. It is
more powerful than previous RCTs and reviews. Second,
all the included studies adopted a randomised placebo-
controlled design, which improved the comparability
between the two groups and reduced the risk of selec-
tion bias. Third, this study provides a comprehensive
report on the effects of IA bupivacaine after joint arthro-
plasty. Based on the pooled evidence from 11 RCTs con-
ducted in a wide range of geographical locations, the
findings of this meta-analysis can be generalised to a
broader population with sufficient external validity, in
view of the different patient characteristics, baseline
illness statuses and ethnicities.

Several limitations of the present study should also be
acknowledged. The primary one lies in the substantial
heterogeneity across trials, even though this study
explored the possible sources of inconsistency by con-
ducting a series of sensitivity and subgroup analyses and
identified some of these sources (the substantial hetero-
geneity in narcotic consumption was materially changed
by excluding the study with IA injection at 24 hours post-
operatively (p=0.11; 1°=40%)). The second limitation is
that the included studies involved a wide variety of bupi-
vacaine doses and anaesthetic techniques. However, the
effect of such heterogeneity may not impact the overall
findings, as it was consistent between the two groups
and the influence on analgesia was equal within any
included RCTs. Third, the time of VAS value evaluation
differed among the included studies, so the present
study was forced to convert the data to mean VAS value

during the period of 24 hours and during the period
from 24 to 48 hours postoperatively to make the data
suitable for pooling. It may impact the accuracy of the
results. In addition, the time period to access adverse
effects outcome also differed among the included
studies, so it was impossible to group them into one
time period. Fourth, the number of included studies for
each outcome was <10 in this meta-analysis, so the power
of the tests for funnel plot asymmetry may be too low to
distinguish chance from real asymmetry. At last, the
number of studies providing data of the VAS value and
narcotic consumption during the period between 24
and 48 hours postoperatively and data of adverse effects
is relatively small. Therefore, more high-quality RCTs are
needed to verify our results.

CONCLUSION

The present study suggested that the administration of
IA bupivacaine is effective for pain relief after joint
arthroplasty without intensifying side effects.
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