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Abstract
Objective: This meta-analysis aimed to compare the efficiency and safety of local liposomal bupivacaine infiltration and traditional
cocktail analgesia for pain management in total hip arthroplasty (THA).

Methods:PubMed, Embase,Webof science,Medline, andCochrane library databaseswere systematically searched. Inclusion criteria:
Participants: patients planned for a THAwith a diagnosis of hip osteoarthritis. Interventions: liposomal bupivacainewas administrated in the
experimental groups for pain control. Comparisons: the control groups received local infiltration of traditional analgesics. Outcomes: pain
scores, opioids consumption, and postoperative complications among the patients. Study design: randomized control trials (RCTs) and
non-RCTs. Methodological Index for Non-Randomized Studies scale was used to assess the methodological quality of the included
studies. Meta-analysis was conducted by Stata 11.0 software. Systematic review registration number is CRD42017120981.

Results: Four articles involving 308 participants were included. Current meta-analysis revealed that there were significant
differences regarding postoperative pain score at 12hours (standard mean difference [SMD] =�0.496, 95% CI:�0.717 to�0.275,
P= .000), 24hours (SMD=�0.537, 95% CI: �0.760 to �0.313, P= .000), and 48hours (SMD=�0.802, 95% CI: �1.029 to
�0.576, P= .000). Liposomal bupivacaine intervention was found to significantly decrease opioid consumption at 12hours (SMD=
�0.544, 95% CI: �0.766 to �0.323, P= .000), 24hours (SMD=�0.357, 95% CI: �0.577 to �0.138, P= .001), and 48hours
(SMD=�0.370, 95% CI: �0.589 to �0.151, P= .001).

Conclusion: Local liposomal bupivacaine infiltration could significantly reduce visual analogue scale (VAS) scores and opioid
consumption within the first 48hours following THA surgery. In addition, there was a decreased risk of nausea and vomiting in
liposomal bupivacaine groups. The overall evidence level was low, which means that further research is likely to significantly alter
confidence levels in the effect, as well as potentially changing the estimates. In any subsequent research, further studies should focus
on the optimal dose of local anesthetics and the potential adverse side effects. In addition, surgeries that can improve pain relief and
enable faster rehabilitation and earlier discharges should also be explored. Several potential limitations of this study should be noted.
Four articles are included and the sample size in each trial is small. Some important outcome parameters such as range of motion
were not fully described and could not be included in themeta-analysis. All included studies were retrospectives whichmay decrease
evidence levels for the meta-analysis. The evidence quality for each outcome was low which may influence the results of the meta-
analysis. Short-term follow-ups may lead to the underestimation of complications, such as neurotoxicity and cardiotoxicity.
Publication bias is an inherent weakness that exists in all meta-analyses.

Abbreviations: RCT = randomized controlled trials, THA = total hip arthroplasty, VAS = visual analogue scale.
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1. Introduction

Total hip arthroplasty (THA) is a successful surgical procedure
for the treatment of end-stage joint osteoarthritis.[1] With an
aging population, the incidence of THA has risen sharply. It was
reported that more than 330,000 of THAs were performed in the
United States in 2011. By 2030, the demand for THA procedures
is expected to increase to 500,000 producers annually.[2]

However, THA is usually associated with moderate to severe
postoperative pain which is recognized as an important problem
associated with a functional recovery. Many strategies have been
applied to reduce postoperative pain including peripheral nerve
blocks, systemic morphine, and an epidural analgesia.[3–6]

However, no consensus of gold standards for effective pain
control following a THA was reached. Thus, pain management
after a THA procedure was an interesting topic in the field of joint
surgery.
Local infiltration analgesia has been recommended for

postoperative pain management. An analgesia cocktail consisting

mailto:2452602974@qq.com
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Table 1

EMBASE search strategy.
#1. ‘pain control∗’:ti,ab
#2. ‘pain management’/exp
#3. ‘pain relief’/exp
#4. ‘liposomal bupivacaine ∗’:ti,ab
#7. #1 and #4
#8. #2 and #4
#9. #3 and #4
#10. #7 or #8 or #9
#11. ‘hip

∗
’:ti,ab

#12. ‘replacement’/exp
#13. ‘antifibrinolytic agent’/exp
#14. #11 or #12 or #13
#15. #10 and #14
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of a mixture of ropivacaine, ketorolac, and opioid has been
commonly used. Several studies have reported the various benefits
for analgesia after joint arthroplasty surgery.[7–10] However, a
short duration of action limits the clinical application. Liposomal
bupivacaine is a long-lasting anesthetic. The acting process is that
bupivacaine is encapsulated intomultivesicular liposomes,making
it a slow release treatment, with a controlled release from the
liposomes.[11] The use of this time-released suspension in a total
knee arthroplasty is well established and has demonstrated
improved outcome and less complications.[12]

Currently, comparisons of local liposomal bupivacaine
infiltration and traditional cocktail analgesia for pain manage-
ment in THA have been seldom reported. Thus, there is a lack of
scientific evidence. Therefore, we performed ameta-analysis from
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controlled clinical trials, to compare the efficacy and safety of
local liposomal bupivacaine infiltration and traditional cocktail
analgesia for pain management in THA procedures. Only adult
participants with a diagnosis of end-stage hip osteoarthritis, and
were prepared for a unilateral THA, were included in our study.
The results outcomes were visual analogue scale (VAS) scores in
different periods, opioids consumption, length of stay and
postoperative complications among the participants.
2. Methods

This meta-analysis was reported according to the preferred
reporting items for systematic reviews and meta-analyses guide-
lines. All analyses were based on previous published studies, thus
no ethical approval and patient consent are required. Systematic
review registration number is CRD42017120981.
2.1. Search strategy

Potentially relevant studies were identified from electronic
databases including Medline (1966–2017.06.30), PubMed
(1966–2017.06.30), Embase (1980–2017.06.30), ScienceDirect
(1985–2017.06.30), and theWeb of Science (1950–2017.06.30).
The following keywords were used on combinationwith Boolean
operators AND orOR: “total hip replacement OR arthroplasty,”
“liposomal bupivacaine,” “cocktail analgesia,” and “pain
control.” Complete search strategy for Embase was shown
Table 1. No restrictions were imposed on language. The
bibliographies of retrieved trials and other relevant publications
were cross-referenced to identify additional articles. The search
process was performed as presented in Fig. 1.
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2.2. Inclusion and exclusion criteria

Inclusion criteria: participants: only published articles enrolling
adult participants that with a diagnosis of end-stage of hip
osteoarthritis and prepared for unilateral THA. Interventions: the
intervention group received local liposomal bupivacaine infiltra-
tion for postoperative pain management after THA. Compar-
isons: the control group was received traditional local infiltration
for postoperative pain control. Outcomes: VAS scores in different
periods, opioids consumption, length of stay, and postoperative
complications. Study design: clinical randomized control trials
(RCTs) and non-RCTs were regarded as eligible in our study.
Exclusion criteria: articles would be excluded from the present

meta-analysis forcase reports, conferenceabstract,or reviewarticles.

2.3. Selection criteria

Tworeviewers independently scanned the abstracts of thepotential
articles identified by the above searches. Subsequently, the full text
of the studies that met the inclusion criteria was screened, and a
final decision was made. A senior author had the final decision in
any case of disagreement regarding which studies to include.

2.4. Data extraction

A standard form for date extraction is printed for date extraction.
Twoof the authors independently extracteddata from the included
studies: first author names, publication year, samples size, baseline
characteristics, intervention procedures, anesthesia method, and
outcome parameters.Other relevant datawere also extracted from
individual studies. Primary outcomeswereVAS scores and opioids
consumption in different periods. Secondaryoutcomeswere length
of hospital stay and postoperative complications. The correspond-
ing authorswere consulted for details of data thatwere incomplete.
Any disagreements were resolved through discussion.
2.5. Quality assessment

Methodological Index for Non-Randomized Studies scale, which
assigns scores ranging from 0 to 24, was used to assess the
methodological quality of the included studies in the present meta-
analysis which was based on the 12 main items. The quality of the
evidence for the main outcomes in present meta-analysis was
evaluated using the Recommendations Assessment, Development,
and Evaluation (GRADE) system including the following items:
Table 2

Trials characteristics.

Studies
Reference

type Location
Preoperative
diagnosis

Cases
Mean
age

Female
patient Interven

grou(LB/C) (LB/C) (LB/C)

Domb
2014

Retrospective
study

USA Hip osteoarthritis 27/30 55.5/55.8 16/13 20 mL (266 m
liposomal b

Emerson
2016

Retrospective
study

USA Hip osteoarthritis 36/36 61.9/63.0 20/17 20 mL (266 m
liposomal b

Beachler
2017

Retrospective
study

USA Hip osteoarthritis 29/40 57/57.2 4/11 20 mL (266 m
liposomal b

Asche
2017

Retrospective
study

USA Hip osteoarthritis 64/66 67/71 25/37 20 mL (266 m
liposomal b

C= control, LB= liposomal bupivacaine, VAS = visual analogue scale.
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risk of bias, inconsistency, indirectness, imprecision, and publica-
tion bias. The recommendation level of evidence is classified into
the following categories: high, whichmeans that further research is
unlikely to change confidence in the effect estimate; moderate,
which means that further research is likely to significantly change
confidence in the effect estimate but may change the estimate; low,
which means that further research is likely to significantly change
confidence in the effect estimate and to change the estimate; and
very low, which means that any effect estimate is uncertain.
Publication bias is a tendency on average to produce results that
appear significant, because negative or near neutral results are
almost never published. Funnel plot was used to assess the
publication bias of the main outcomes.

2.6. Data analysis and statistical methods

Pooling of data was carried out using Stata 11.0 software (The
CochraneCollaboration,Oxford,UK). Statisticalheterogeneitywas
evaluatedbasedon thevalueofPand I2using standardx2 test.When
I2>50%, P< .1 was considered to be significant heterogeneity, the
random-effect model was used for meta-analysis. Otherwise, the
fixed-effect model was performed. Sensibility analysis is conducted
to assess the origins of heterogeneity. The results of dichotomous
outcomes (postoperative complications) were expressed as risk
difference (RD)with95%confidence intervals (CIs). For continuous
various outcomes (VAS scores, opioids consumption, and length of
stay), mean difference, or standard mean difference (SMD) with a
95% CIs was applied for the assessment. A subgroup analysis was
conducted for the main outcomes.

3. Results

3.1. Search result

A total of 426 studies were identified through an initial search. By
scanning the abstracts, 410 articles were removed for duplication
and 10 records were removed as they were review articles only.
After scanning the full papers, 2 articles were removed due to
unsuitable controls. No gray literature was included. Finally, 4
studies[14–17] published between 2014 and 2017 were included in
the present meta-analysis and all the studies were published in
English. These studies included 152 patients in the experimental
groups and 156 patients in the control groups. The characteristics
of the included studies are reported in Table 2. The quality
assessment of the included studies can be seen in detail in Table 3.
tion
p

Control
groups

Concomitant
Pain

Follow-
up

Outcome
measures

g) of
upivacaine

60 mL of 0.25%
bupivacaine with
epinephrine

Administered opioid
medication

2 mo VAS score
Opioid consumption
Length of stay
Postoperative complications

g) of
upivacaine

Pharmacy-mixed cocktail Administered opioid
medication

2 mo VAS score
Opioid consumption
Length of stay
Postoperative complications

g) of
upivacaine

Pharmacy-mixed cocktail Narcotic medications 4 mo VAS score
Opioid consumption
Length of stay
Postoperative complications

g) of
upivacaine

Pharmacy-mixed cocktail Morphine equivalent 3 mo VAS score
Opioid consumption
Length of stay
Postoperative complications
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Table 3

Methodological quality of the included studies.

Quality assessment for
nonrandomized trials

Domb
2014

Emerson
2016

Beachler
2017

Asche
2017

A clearly stated aim 2 2 2 2
Inclusion of consecutive patients 2 2 2 2
Prospective data collection 2 2 2 2
Endpoints appropriate to the aim of

the study
2 2 2 2

Unbiased assessment of the study
endpoint

0 0 0 0

A follow-up period appropriate to the
aims of study

2 2 2 2

Less than 5% loss to follow-up 1 2 2 1
Prospective calculation of the sample

size
0 1 2 1

An adequate control group 2 2 2 2
Contemporary groups 1 0 1 0
Baseline equivalence of groups 2 2 1 2
Adequate statistical analyses 2 2 2 2
Total score 18 19 20 18
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3.2. Study characteristics

The sample size of the included studies ranged from 57 to 130. All
of them compared the analgesic efficiencies between local
liposomal bupivacaine infiltration and traditional local infiltra-
tion analgesia in THA. There are variations in dosage and types
of local anesthetics among the groups. All the patients received
general anesthesia for their surgery. All articles highlighted that
THAs were performed by the same surgical teams. All the
participants received narcotic medications as an adjunct to the
concomitant pain management. All the studies suggest outcomes
Overall  (I-squared = 44.6%, p = 0.144)

ID

Beachler  (2017)

Asche  (2017)

Study

Domb (2014)

Emerson  (2016)

0-1.17

Figure 2. Forest plot diagram showing VAS scores at 12 hours followi
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for at least 95% of the patients and follow-up period ranged from
2 to 4 months.
3.3. Outcomes for meta-analysis
3.3.1. VAS scores at 12hours. Four articles showed the
outcomes of VAS scores at 12hours after THA. A fixed-effects
model was used because no significant heterogeneity was found
among the studies (x2=5.42, df=3, I2=44.6%, P= .144). The
pooled results demonstrated that significant difference in VAS
scores at 12 hour was found between 2 groups (SMD=�0.496,
95% CI: �0.717 to �0.275, P= .000, power=86%; Fig. 2).

3.3.2. VAS scores at 24hours. Four studies reported the
outcomes of VAS scores at 24 hours after THA. A random-effects
model was used because significant heterogeneity was found
among the studies (x2=15.01, df=3, I2=80.0%, P= .002). The
pooled results demonstrated that there was significant difference
in VAS scores at 24 hours between groups (SMD=�0.537, 95%
CI: �0.760 to �0.313, P= .000, power=82%; Fig. 3).

3.3.3. VAS scores at 48hours. Four studies reported the
outcomes of VAS scores at 48 hours after THA. A fixed-effects
model was used because no significant heterogeneity existed
among these studies (x2=3.85, df=3, I2=22.1%, P= .278). The
pooled results demonstrated that significant difference in VAS
scores at 48 hours was identified between groups (SMD=
�0.802, 95% CI: �1.029 to �0.576, P= .000, power=88%;
Fig. 4).

3.3.4. Opioids consumption at 12 hours. Opioids consump-
tion at 12 hours after THA was reported in 4 articles. A fixed-
effects model was applied because no significant heterogeneitywas
found among these studies (x2=1.16, df=3, I2=0%, P= .762).
Significant difference was detected in opioids consumption at 12
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Overall  (I-squared = 80.0%, p = 0.002)

Asche  (2017)

Beachler  (2017)

Emerson  (2016)

Study

ID

Domb (2014)

-0.54 (-0.76, -0.31)

-1.11 (-1.48, -0.74)

-0.31 (-0.79, 0.17)

-0.20 (-0.67, 0.26)

SMD (95% CI)

-0.08 (-0.60, 0.44)

100.00

36.58

21.62

23.31

%

Weight

18.49

-1.48 0 1.48

Figure 3. Forest plot diagram showing VAS scores at 24 hours following THA. THA = total hip arthroplasty, VAS = visual analogue scale.
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hours between the 2 groups (SMD=�0.544, 95% CI: �0.766 to
�0.323, P= .000, power=80%; Fig. 5).
3.3.5. Opioids consumption at 24 hours. Opioids consump-
tion at 24hours after THA was provided in 4 studies. A fixed-
effects model was used because no significant heterogeneity was
Overall  (I-squared = 22.1%, p = 0.278)

Domb (2014)

Emerson  (2016)

Asche  (2017)

ID

Beachler  (2017)

Study

0-1.38

Figure 4. Forest plot diagram showing VAS scores at 48 hours follow
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found among these studies (x =4.31, df=3, I =30.4%,
P= .230). The pooled results demonstrated that there was
significant difference in opioids consumption at 24 hours
between groups (SMD=�0.357, 95% CI: �0.577 to �0.138,
P= .001, power=83%; Fig. 6).
-0.80 (-1.03, -0.58)
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-0.90 (-1.38, -0.41)
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Overall  (I-squared = 0.0%, p = 0.762)

Asche  (2017)

Beachler  (2017)

Study

Emerson  (2016)

Domb (2014)

ID

-0.54 (-0.77, -0.32)

-0.61 (-0.96, -0.25)

-0.41 (-0.90, 0.07)

-0.42 (-0.88, 0.05)

-0.73 (-1.27, -0.19)
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39.59

21.00
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22.46

16.95

Weight

0-1.27 1.27

Figure 5. Forest plot diagram showing opioid consumption at 12 hours following THA. THA = total hip arthroplasty.
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3.3.6. Opioids consumption at 48 hours. Four articles reported
the outcomes of opioids consumption at 48 hours after THA.
A fixed-effects model was used because no significant
heterogeneity was found among the pooled data (x2=0.69,
Overall  (I-squared = 30.4%, p = 0.230)

ID

Asche  (2017)

Beachler  (2017)

Emerson  (2016)

Domb (2014)

Study

-1.26 0

Figure 6. Forest plot diagram showing opioid consumption

6

df=3, I =0%, P= .875). Significance difference in opioids
consumption at 48 hours was observed between the 2 groups.
(SMD=�0.370, 95% CI: �0.589 to �0.151, P= .001, power
=86%; Fig. 7).
-0.36 (-0.58, -0.14)

SMD (95% CI)
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at 24 hours following THA. THA = total hip arthroplasty.
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Figure 7. Forest plot diagram showing opioid consumption at 48 hours following THA. THA = total hip arthroplasty.
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3.3.7. Length of hospital stay. Four studies reported the lengthof
hospital stay for the groups. A fixed-effects model was used because
no significant heterogeneitywas identified in the pooled results (x2=
2.97, df=3, I2=0%, P= .397). No significant difference in the
Overall  (I-squared = 0.0%, p = 0.397)

Beachler  (2017)

ID

Domb (2014)

Emerson  (2016)

Asche  (2017)

Study

-.823 0

Figure 8. Forest plot diagram showing length of s

7

length of hospital stay was observed between the 2 groups (SMD=
�0.009, 95%CI:�0.227 to 0.209, P= .935, power=90%; Fig. 8).

3.3.8. Nausea. Four studies reported the postoperative compli-
cations of nausea. A fixed-effects model was used because no
-0.01 (-0.23, 0.21)

-0.20 (-0.68, 0.28)

SMD (95% CI)

-0.30 (-0.82, 0.22)

0.20 (-0.26, 0.66)

0.10 (-0.24, 0.44)

100.00

20.62

Weight

17.31

22.07

40.00

%

.823

tay following THA. THA = total hip arthroplasty.
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Overall  (I-squared = 0.0%, p = 0.443)

Study

Emerson  (2016)

Asche  (2017)

Beachler  (2017)

Domb (2014)

ID

-0.13 (-0.23, -0.02)

-0.11 (-0.34, 0.12)

-0.05 (-0.22, 0.12)

-0.16 (-0.39, 0.08)

-0.30 (-0.54, -0.05)

RD (95% CI)

100.00

%

22.08

39.86

20.62

17.43

Weight

-0.13 (-0.23, -0.02)

-0.05 (-0.22, 0.12)

100.00

22.08

39.86

20.62

17.43

0-.545 0 .545

Figure 9. Forest plot diagram showing incidence of nausea following THA. THA = total hip arthroplasty.
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significant heterogeneity was found among these studies (x =
2.68, df=3, I2=0%, P= .443). Significant difference in the
incidence of nausea was found between the 2 groups (RD=�
0.127, 95% CI: �0.234 to �0.021, P= .019, power=91%;
Fig. 9).

3.3.9. Vomiting. Four articles reported the postoperative
complications of vomiting following THA. A fixed-effects model
was used due to the low significant heterogeneity among these
studies (x2=2.03, df=3, I2=0%, P= .566). Significant differ-
ence was found in terms of the incidence of vomiting between the
groups (RD=�0.103, 95% CI: �0.205 to �0.002, P= .045,
power=91%; Fig. 10).

3.4. Publication bias and subgroup analysis

Publication bias was performed for the VAS score and opioid
consumption at 12hours. The funnel plots were symmetrical,
indicating a low risk of publication bias (Figs. 11 and 12);
however, publication bias could not be excluded, as the reliability
of this kind of assessment was weak, especially as a low number
of studies were included. The result of the subgroup analysis was
presented in Table 4.
4. Discussion

To the best of our knowledge, this is the first meta-analysis that
compares the effectiveness and safety of local liposomal
bupivacaine infiltration and traditional cocktail analgesia for
painmanagement in THA surgery. Themost important finding of
the present meta-analysis was that local liposomal bupivacaine
infiltration could significantly reduce the VAS scores and
morphine consumptions within the first 48hours after THA
8

surgery. Moreover, there is a decreased risk of nausea and
vomiting in liposomal bupivacaine groups compared with
controlled groups. All outcomes in this meta-analysis were
evaluated using the GRADE system. The evidence quality for
each outcome was low (Table 5), which means that further
research is likely to significantly alter confidence levels in the
effect, as well as potentially changing the estimates.
Consensus has been reached that effective pain control

following major orthopedic surgery is important for functional
recovery and reducing postoperative complications. Multimodal
pain management following THA surgery has been shown to
improve pain relief and reduce opioid consumption.[18,19] Local
infiltration anesthesia is widely used and shows excellent
outcomes for pain relief after THA. However, this approach
has been criticized because of its short-term pain relief. Liposomal
bupivacaine is a long-lasting, local anesthetic that is injected via a
single-dose infiltration to produce an analgesic effect.[20] The
drug was approved by the Food and Drug Administration in
2011. During the active process, bupivacaine is encapsulated into
multivesicular liposomes, resulting in a slow and controlled
release from the liposomes. Therefore, the analgesic effect can be
sustained 72hours up to 96hours.[21] Furthermore, local
administration of anesthetics is a simple technique that can be
performed without an anesthetist. Kuang et al[22] showed that
liposomal bupivacaine infiltration promotes superior pain relief
and less postoperative complications compared traditional
bupivacaine after total knee arthroplasty. Liu et al[23] found
that local liposomal bupivacaine injection provided a significant
beneficial effect over femoral nerve block in improving the pain in
major orthopedic surgery. VAS scores in different periods after
the THA surgery were the primary outcomes that were studied in
our meta-analysis. The present meta-analysis indicated that local
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Figure 10. Forest plot diagram showing incidence of vomiting following THA. THA = total hip arthroplasty.
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liposomal bupivacaine infiltration in THA could significantly
reduce pain scores within the first 48hours. Opioid consumption
was also an important indicator for assessing the analgesic effect
of liposomal bupivacaine. It was normally used as adjunct to a
multimodal analgesia protocol. Also, the analgesic effect of the
additional opioids provides a long postoperative period without
any pain experienced by the participants. Opioid consumption is
also considered an objective method of measuring pain.
However, previous studies have frequently reported that patients
have experienced drug-related side effects, such as nausea,
vomiting, headache, and respiratory depression.[24,25] Moreover,
long-term opioid use may result in drug dependence which is an
important issue that should be considered. Effective analgesia
protocol is crucial to reduce the consumption of opioids. A
substantial number of previous studies have reported that the
-1 -0.5 0 0.5 1

0

0.1

0.2
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0.4

0.5
MD

SE(MD)

Figure 11. Funnel plot of VAS score at 12 hours. VAS = visual analogue scale.
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liposomal bupivacaine could decrease inpatient narcotic require-
ments in major orthopedic surgery. However, local administra-
tion of liposomal bupivacaine in THA was seldom reported.
Conducting a meta-analysis can strengthen statistical power and
enlarger the sample size by pooling results of published studies,
which could identify stronger evidence to support study
outcomes. The present meta-analysis indicated that local
liposomal bupivacaine infiltration could significantly reduce
opioid consumption in the first 48hours after THA, compared
with controls. Postoperative complications were major concerns
-2 -1 0 1 2

0.1

0.2

0.3

0.4

0.5
SMD

Figure 12. Funnel plot of opioid consumption at 12 hours.
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Table 5

The GRADE evidence quality for main outcome.
Quality assessment No of patients Effect

No of
studies Design Limitations Inconsistency Indirectness Imprecision

Other
considerations

Liposomal
bupivacaine

groups
Control
groups

Relative
(95% CI) Absolute Quality Importance

VAS scores at 12h (follow-up 2–4 mo; better indicated by lower values)
4 Observational

studies
No serious

limitations
No serious

inconsistency
No serious

indirectness
No serious

imprecision
None 152 156 — SMD 0.496 lower

(0.717–0.275 lower)
⊕⊕OO LOW Critical

VAS scores at 24h (follow-up 2–4 mo; better indicated by lower values)
4 Observational

studies
No serious

limitations
No serious

inconsistency
No serious

indirectness
No serious

imprecision
None 152 156 — SMD 0.537 lower

(0.760–0.313 lower)
⊕⊕OO LOW Critical

VAS scores at 48h (follow-up 2–4 mo; better indicated by lower values)
4 Observational

studies
No serious

limitations
No serious

inconsistency
No serious

indirectness
No serious

imprecision
None 152 156 — SMD 0.802 lower

(1.029–0.576 lower)
⊕⊕OO LOW Critical

Opioid consumption at 12h (follow-up 2–4 mo; better indicated by lower values)
4 Observational

studies
No serious

limitations
No serious

inconsistency
No serious

indirectness
No serious

imprecision
None 152 156 — SMD 0.544 lower

(0.766–0.323 lower)
⊕⊕OO LOW Critical

Opioid consumption at 24h (follow-up 2–4 mo; better indicated by lower values)
4 Observational

studies
No serious

limitations
No serious

inconsistency
No serious

indirectness
No serious

imprecision
None 152 156 — SMD 0.357 lower

(0.577–0.138 lower)
⊕⊕OO LOW Critical

Opioid consumption at 48h (follow-up 2–4 mo; better indicated by lower values)
4 Observational

studies
No serious

limitations
No serious

inconsistency
No serious

indirectness
No serious

imprecision
None 152 156 — SMD 0.370 lower

(0.589–0.151 lower)
⊕⊕OO LOW Critical

GRADE = recommendations assessment, development, and evaluation, SMD = standard mean difference, VAS = visual analogue scale.

Table 4

Subgroup analysis.

Variables Studies (n) Patients (n) P SMD (95% CI) Model

VAS score at 12 h
General anesthesia 3 251 .000 �0.580 [�0.824, �0.335] Fixed
CSEA 1 57 .657 �0.118 [�0.638, 0.403] Fixed

VAS score at 24 h
General anesthesia 3 251 .000 �0.640 [�0.888, �0.392] Random
CSEA 1 57 .755 �0.083 [�0.603, 0.437] Fixed

VAS score at 48 h
General anesthesia 3 251 .000 �0.609 [�0.738, �0.480] Random
CSEA 1 57 .178 �0.360 [�0.885,0.164] Fixed

CSEA= combined spinal epidural anesthesia, SMD= standard mean difference, VAS = visual analogue scale.

Zhang et al. Medicine (2017) 96:49 Medicine
following additional opioids. Nausea and vomiting are well-
known side effects that are related to the systemic use of
morphine. Adequate analgesia protocol could decrease opioid
consumption and subsequently decrease the risk of postoperative
complications. The present meta-analysis demonstrated that
local liposomal bupivacaine infiltration could significantly
decrease the incidence of nausea and vomiting. Considering that
only 4 studies were included in our study, large sample sizes from
high-quality studies should be conducted in the future. A risk of
bias should also be considered when interpreting the findings.
For patients: the current data supports the finding that local

liposomal bupivacaine infiltration could reduce pain and opioid
consumption. For policymakers: based on the low evidence of the
meta-analysis, more RCTs with large sample size are required to
confirm the clinical benefits for the patients. For clinicians:
further evidence including clinical and cost effectiveness of
liposomal bupivacaine infiltration in THA is required, due to the
quality of the evidence.
Several potential limitations of this study should be noted.

Only 4 studies were included, and the sample size was relatively
small. Some important outcome parameters such as range of
motion were not fully described and could not be included in the
meta-analysis. All included studies were retrospectives which
may decrease evidence levels for the meta-analysis. The evidence
quality for each outcome was lowwhich may influence the results
of the meta-analysis. Short-term follow-ups may lead to the
10
underestimation of complications, such as neurotoxicity and
cardiotoxicity. Publication bias is an inherent weakness that
exists in all meta-analyses.
5. Conclusion

Local liposomal bupivacaine infiltration could significantly
reduce VAS scores and opioid consumption within the first 48
hours following THA surgery. In addition, there was a decreased
risk of nausea and vomiting in liposomal bupivacaine groups. In
any subsequent research, further studies should focus on the
optimal dose of local anesthetics and the potential adverse side
effects. In addition, surgeries that can improve pain relief and
enable faster rehabilitation and earlier discharges should also be
explored.
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