
© 2018 Sun et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Pain Research  2018:11 1889–1900

Journal of Pain Research Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1889

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/JPR.S177716

Do liposomal bupivacaine infiltration and 
interscalene nerve block provide similar 
pain relief after total shoulder arthroplasty: a 
systematic review and meta-analysis

Han Sun* 
Shuxiang Li* 
Kun wang 
Jian Zhou 
Guofeng wu 
Sheng Fang 
Xiaoliang Sun
Department of Articular 
Orthopaedics, The Third Affiliated 
Hospital of Soochow University, 
Changzhou 213003, Jiangsu, China

*These authors contributed equally to 
this work

Objective: Controversy still exists regarding the efficiency and safety of liposomal bupivacaine 

(LB) vs interscalene nerve block (INB) for pain management after total shoulder arthroplasty (TSA). 

The aim of the present meta-analysis was to perform a relatively credible and overall assessment to 

compare the efficiency and safety of LB-based infiltration vs INB for pain management after TSA.

Methods: The PubMed, Cochrane Library, Web of Science, and EMBASE were systematically 

searched. Only studies published up to March 2018 comparing LB vs INB for pain control after 

TSA were included. The primary outcome extracted from the studies was postoperative pain 

score at different periods. The secondary outcomes included total opioid consumption, length 

of hospital stay, and complications.

Results: Seven studies with 707 patients were included in this study. No statistically significant 

difference was observed between the LB and INB groups in pain scores at 8 hours, 12 hours, 24 

hours, postoperative day (POD) 1, and POD 2. The two groups also showed comparable total 

opioid consumption at POD 0, POD 1, POD 2, and length of hospital stay. The LB group had 

a significantly higher pain score at 4 hours (standard mean difference =0.65, 95% CI=0.07 to 

1.24, P=0.03) but a lower occurrence rate of complications than did the INB group (OR =0.51, 

95% CI=0.28 to 0.91, P=0.02).

Conclusion: This meta-analysis revealed that INB provides excellent analgesic effects within 

4 hours after TSA, while patients treated with LB infiltration experienced significantly less 

occurrence rate of complications after TSA. In general, both approaches provide similar overall 

pain relief and have similar opioid consumption after TSA, with no significant difference in 

the length of hospital stay. Nevertheless, more high-quality randomized controlled trails with 

long-term follow-up are still required to make the final conclusion.

Keywords: liposomal bupivacaine, interscalene nerve block, total shoulder arthroplasty, 

meta-analysis

Introduction
Total shoulder arthroplasty (TSA) is an effective and common surgical treatment, with 

well-proven efficacy in relieving pain and improving shoulder function in patients 

experiencing degenerative arthritis.1,2 A previous study indicated that the annual growth 

rates of TSA were higher than those of total hip and knee arthroplasty. By 2015, a 

further increase of 192%–322% has been estimated.3 Considering the continuously 

increasing number of TSAs being performed, establishing a reasonable postoperative 

pain control program has become essential. Furthermore, poor perioperative pain 

Correspondence: Xiaoliang Sun
Department of Articular Orthopaedics, 
The Third Affiliated Hospital of Soochow 
University, 185 Juqian Road, Changzhou 
213003, Jiangsu, China
Tel +86 1 360 612 6656
Fax +86 0 519 6887 0000
email xiaoliangsuncz@163.com

Journal name: Journal of Pain Research 
Article Designation: Review
Year: 2018
Volume: 11
Running head verso: Sun et al
Running head recto: Liposomal bupivacaine vs interscalene nerve block
DOI: http://dx.doi.org/10.2147/JPR.S177716

Jo
ur

na
l o

f P
ai

n 
R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1890

Sun et al

control can lead to a variety of adverse outcomes, including 

decreased patient satisfaction, delayed ambulation, increased 

medical expenses, or unnecessary family burden, and a series 

of complications caused by prolonged hospitalization.4,5

Interscalene nerve block (INB) can provide reliable 

analgesic coverage for the entire field of surgery and has 

been recognized as an effective regional technique for 

pain control in patients undergoing TSA.6 Compared with 

general anesthesia, INB is correlated with reduced pain, 

decreased opioid consumption, better sleep quality, shorter 

hospital stay, and increased patient satisfaction.7,8 However, 

concerns remain about the 10%–20% failure rate of nerve 

blockade and the possibility of neurologic or respiratory 

complications stemming from INB.9 Recently, local infiltra-

tion using liposomal bupivacaine (LB) has been favored by 

surgeons for its potential to provide extended postoperative 

pain relief. Compared with traditional local anesthetics, 

LB has advantages including a relatively longer analgesic 

effect and less morphine consumption.10–13 Moreover, cen-

tral sensitization and neuropathic pain may be prevented 

by decreasing inflammation and blocking pain receptors at 

the surgical site.14

Several meta-analyses comparing LB and INB for pain 

control after TSA have been published in 2017.15–17 How-

ever, we found that a retrospective study was mistakenly 

considered a randomized controlled trial (RCT) in two 

RCT-based meta-analyses.15,16,18 Additionally, we noticed 

a new RCT and a new retrospective study were published 

in 2017.19,20 Therefore, we considered it necessary to 

conduct a new meta-analysis to perform a relatively more 

credible and overall assessment of the efficiency and safety 

of LB-based infiltration and INB for pain management 

after TSA.

Methods
Search strategy
We followed the PRISMA reporting guidelines and the 

recommendations of Cochrane Collaboration when conduct-

ing this meta-analysis. Four electronic databases, namely, 

PubMed (1966 to March 2018), Web of Science (1950 to 

March 2018), EMBASE (1980 to March 2018), and Cochrane 

Library (up to March 2018), were searched for potential 

studies. The following search key terms were used: liposo-

mal bupivacaine, interscalene nerve block, total shoulder 

arthroplasty, total shoulder replacement, pain control, pain 

management, and analgesia. We used the Boolean operators 

“OR” and “AND” to combine the literature searches. The 

references in full-text articles were manually searched to 

avoid omitting any potential studies. We imposed no restric-

tion on publication language. 

Inclusion and exclusion criteria
Studies were included in the present meta-analysis if they 

met the following criteria: 1) patients aged ≥18 years who 

underwent shoulder arthroplasty; 2) the experimental group 

received LB and the control group received INB for pain 

control; and 3) at least one of the following outcomes is 

measured: pain score, opioid consumption, length of hospi-

tal stay, and complications. The exclusion criteria included 

biochemical trials, reviews, case reports, retrospective stud-

ies, no assessment of the abovementioned outcomes, or no 

comparison between INB and LB after TSA.

Two independent authors followed the unified search 

strategy to screen potentially relevant studies based on the 

article titles and abstracts. Any inconsistencies between the 

reviewers were resolved by discussion and consensus with 

the third author to make a final decision on study inclusion 

if a consensus could not be reached.

Data extraction
The authors extracted relevant data in duplicate from the 

included studies by using a standardized form. The follow-

ing information was extracted: author name, publication 

year, source and design of study, sample size, inclusion and 

exclusion criteria, dosage and type of anesthetic drug, dura-

tion of follow-up, and outcome measurements. The primary 

outcome extracted from the studies was the postoperative 

pain score at different periods. The secondary outcomes 

included total opioid consumption, length of hospital stay, 

and complications. If incomplete data were encountered, we 

tried our best to contact the corresponding authors for more 

information. If the communication failed, we then extracted 

the data from figures or calculated them by using the guide-

lines of the Cochrane Handbook for Systematic Reviews of 

Interventions 5.1.0.

Risk-of-bias assessment
Two independent reviewers evaluated the risk of bias of the 

included RCTs on the basis of the guidelines of the Cochrane 

Handbook for Systematic Reviews of Interventions 5.1.0 by 

using Cochrane Collaboration’s tool for assessing the risk of 

bias. The score consisted of seven items, including random 

sequence generation, allocation concealment, blinding of 

participants and personnel, blinding of outcome assessment, 
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incomplete outcome data, selective reporting, and other 

bias.21,22 When evaluating the methodological quality of 

retrospective studies, the Methodological Index for Non-

randomized Studies criteria were used.23

Data synthesis
The present study was performed using Review Man-

ager (RevMan Version 5.3, The Cochrane Collaboration, 

Copenhagen, Denmark). ORs with 95% CI or standard 

mean difference (SMD) with 95% CI was assessed for 

dichotomous outcomes or continuous outcomes, respec-

tively. P<0.05 was set as the level of significance. A result 

was also considered statistically significant if “1” was not 

included in the 95% CI of OR or “0” was not included in 

the 95% CI of SMD. The Q test and I2 statistic were used 

to assess heterogeneity. A fixed-effects model was used if 

P>0.1 and I2<50%, which indicated homogeneity. On the 

contrary, a random-effects model was used when P≤0.1 

or I2≥50%. The origins of heterogeneity were investigated 

using the sensitivity analysis.

Assessments of quality of evidence
We assessed the quality of evidence of the outcomes by using 

the Grading of Recommendations Assessment, Development, 

and Evaluation (GRADE) system that included the following 

items: risk of bias, stable effect, inconsistency, and impreci-

sion.24 The recommended levels of evidence were classified 

into four categories, including very low, low, moderate, and 

high. Any disagreement was resolved through discussion 

with a third reviewer.

Ethics approval and consent to 
participate
Ethical approval was not necessary because the present meta-

analysis was performed on the basis of previous published 

studies. Consent for publication was also not necessary 

because no details, images, or videos relating to individual 

participants are included in this meta-analysis.

Results
Study selection
By using the key phrases mentioned above, we identified 

150 relevant articles from the following databases: 25 from 

PubMed, 60 from Web of Science, 54 from EMBASE, and 

11 from Cochrane Library. Ten studies were screened for 

eligibility and the full text read after excluding duplicate and 

irrelevant studies. Thereafter, three reviews were excluded 

on the basis of the exclusion criteria.15–17 Finally, of the 150 

studies, four RCTs and three retrospective studies published 

between 2016 and 2017 were included in our meta-analysis 

(Figure 1).18–20,25–28

Study characteristics
The characteristics of the included studies are summarized 

in Table 1. We identified four RCTs20,25,27,28 and three ret-

rospective controlled studies18,19,26 in our study. The trials 

compared LB vs INB for pain control after TSA. All seven 

studies evaluated patients >18 years old who underwent 

either TSA or reverse TSA. The sample sizes of the included 

studies ranged from 57 to 214. The mean age across all of 

the studies was >63 years. The drug dose of the LB or INB 

group was similar in all studies. The follow-up time ranged 

from 1 day to 21 weeks.

Quality assessment
Table 2 summarizes our standardized assessment of risk of 

bias. All of the RCTs described a methodology of randomiza-

tion. Clear inclusion and exclusion criteria were also provided 

in all articles. All RCTs had a low risk of concealment of 

allocation and complete outcome data were reported. None 

of these studies fully reported the blinding of participants 

and personnel, and the study by Namdari et al27 even failed 

to report the blinding of outcome assessment. On the other 

hand, all the three nonrandomized cohort studies contained 

a clearly stated aim, endpoints appropriate to the aim of the 

study, lost to follow-up <5%, an adequate control group, 

baseline equivalence of groups, and adequate statistical 

analyses. None of these studies fully meet the criteria of 

prospective collection of data, unbiased assessment of the 

study endpoint, and follow-up period appropriate to the aim 

of the study. There was variable reporting of inclusion of 

consecutive patients, prospective calculation of the study 

size, and contemporary groups.

Synthesis of results and meta-analysis
Pain scores at 4, 8, 12, and 24 hours after surgery
Three studies reported the pain scores at 4 hours after 

TSA.20,27,28 Since there was significant heterogeneity (I2=81%, 

P=0.006), a random-effects model was employed. The result 

of the meta-analysis showed that the pain score at 4 hours 

in the LB group was significantly higher than that in the 

INB group (SMD =0.65, 95% CI=0.07 to 1.24, P=0.03; 

Figure 2A).

The pain score at 8 hours after TSA was presented in three 

studies.20,27,28 A random-effects model was utilized because 

of high heterogeneity (I2=90%, P<0.001). Data pooled from 
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these studies showed no statistically significant difference 

between the LB and INB groups in postoperative pain score 

at 8 hours (SMD =0.41, 95% CI=-0.41 to 1.24, P=0.33; 

Figure 2B).

The outcomes of pain score at 12 hours after TSA were 

reported in five studies.19,20,26–28 Given the significant hetero-

geneity among these studies (I2=53%, P=0.07), a random-

effects model was used. The pooled results revealed that the 

two groups had comparable pain scores at 12 hours (SMD 

=–0.01, 95% CI=-0.33 to 0.31, P=0.96; Figure 2C).

Seven reports included the pain scores at 24 hours after 

TSA.18–20,25–28 Obvious heterogeneity was found among these 

studies (I2=72%, P=0.001); hence, a random-effects model 

was used. After pooling the results, we found that the pain 

scores at 24 hours after TSA were similar between the LB 

group and the INB group (SMD =–0.17, 95% CI=-0.48 to 

0.13, P=0.26; Figure 2D).

Pain scores at postoperative day (POD) 1 and POD 2
The pain scores at POD 1 after TSA were provided in four 

studies.19,20,25,28 A fixed-effects model was used because of 

low heterogeneity (I2=0%, P=0.48). The difference in pain 

scores at POD 1 between the LB and INB groups was not 

statistically significant according to our analysis (SMD =0.10, 

95% CI=-0.15 to 0.35, P=0.42; Figure 2E).

Four studies reported the pain scores at POD 2 after 

TSA.19,20,25,28 No significant heterogeneity was found (I2=0%, 

P=0.85), and hence, a fixed-effects model was used. Similarly, 

Figure 1 Search results and the selection procedure.
Note: Reprodcued from Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The 
PRISMA Statement.32
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the pooled results showed that the two groups had comparable 

pain scores at POD 2 (SMD =0.16, 95% CI=-0.10 to 0.42, 

P=0.24; Figure 2F).

Total opioid consumption at PODs 0, 1, and 2
A total of six studies provided the outcomes regarding total 

opioid consumption at POD 0.18–20,25,26,28 Significant het-

erogeneity was observed (I2=80%, P=0.0002), and hence, 

a random-effects model was applied. The pooled results 

demonstrated no statistically significant difference between 

the LB and INB groups regarding total opioid consumption 

at POD 0 (SMD =0.21, 95% CI=-0.16 to 0.58, P=0.27; 

Figure 3A).

Total opioid consumption at POD 1 was reported in four 

studies.20,25,26,28 The fixed-effects model was used to perform 

the meta-analysis as no statistical heterogeneity was found 

between the included studies (I2=0%, P=0.70). The pooled 

results revealed that the LB group consumed more opioids 

than did the INB group at POD 1, but with no statistical 

significance (SMD =0.22, 95% CI=–0.03 to 0.46, P=0.08; 

Figure 3B).

Total opioid consumption at POD 2 was provided in 

only three studies.25,26,28 Significant heterogeneity was found 

(I2=88%, P=0.0002) in the pooled result; therefore, a random-

effects model was employed. The result of the meta-analysis 

revealed that the LB group consumed similar opioids when 

compared with the INB group at POD 2 (SMD =0.00, 95% 

CI=–0.86 to 0.86, P=0.01; Figure 3C).

Length of hospital stay
A total of six studies showed the data on the length of hospital 

stay.19,20,25–28 A random-effects model was utilized because of 

high heterogeneity (I2=52%, P=0.06). We found no statisti-

cally significant difference between the two groups in the 

length of hospital stay (SMD =–0.04, 95% CI=–0.31 to 0.23, 

P=0.78; Figure 4).

Table 1 Characteristics of the included studies

Study Study 
type

Mean 
age 
(LB/
INB)

Sample 
size 
(LB/
INB)

Female 
patients
(LB/INB)

Drug 
dose of 
LB

Drug dose of 
INB

Concomitant 
pain 
management

Follow-
up

Outcomesa

Abildgaard 
et al, 201725

RCT 67.8/70.1 37/46 16/32 20 mL (266 
mg) LB

(0.5%) 
ropivacaine, 8 
mL/h

Oral morphine 
equivalent

3 days 5, 6, 7, 8, 9, 10, 11

Angerame 
et al, 201719

RCS 66/68.8 25/44 10/18 20 mL (266 
mg) LB

NR Oral morphine 
equivalent

60 hours 3, 4, 5, 6, 7, 10, 11

Hannan 
et al, 201626

RCS 65/63 37/21 20/12 20 mL (266 
mg) LB

30 mL of 5% 
ropivacaine (5 
mg/mL)

Oral morphine 
equivalent

10 days 3, 4, 8, 9, 10, 11

Namdari 
et al, 201727

RCT 68.4/70.9 78/78 38/47 20 mL (266 
mg) LB

30 mL (0.5%) 
ropivacaine

PCA with 
opioids

1 day 1, 2, 3, 4, 7, 10, 11

Okoroha 
et al, 201628

RCT 69.4/67.1 26/31 14/15 20 mL (266 
mg) LB

40 mL (0.5%) 
ropivacaine

PCA with 
opioids

3 days 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11

Sabesan 
et al, 201720

RCT 63/65 34/36 9/17 20 mL (266 
mg) LB

20 mL (0.5%) 
ropivacaine, 
plus 6 mL/h 
(0.125%) 
bupivacaine 
postoperatively

Oral morphine 
equivalent

21 weeks 1, 2, 3, 4, 5. 6, 7, 8, 10, 11

weller 
et al, 201718

RCS 68/66 58/156 36/83 20 mL (266 
mg) LB

20 mL 0.5% 
bupivacaine 
with 1:2,00,000 
epinephrine

Oral morphine 
equivalent

12 weeks 4, 7, 11

Notes: aOutcomes: 1) Pain score at 4 hours after total shoulder arthroplasty; 2) Pain score at 8 hours after total shoulder arthroplasty; 3) Pain score at 12 hours after total 
shoulder arthroplasty; 4) Pain score at 24 hours after total shoulder arthroplasty; 5) Pain score at postoperative day 1 after total shoulder arthroplasty; 6) Pain score at 
postoperative day 2 after total shoulder arthroplasty; 7) Total opioid consumption at postoperative day 0 after total shoulder arthroplasty; 8) Total opioid consumption at 
postoperative day 1 after total shoulder arthroplasty; 9) Total opioid consumption at postoperative day 2 after total shoulder arthroplasty; 10) Length of hospital stay after 
total shoulder arthroplasty; 11) Occurrence rate of complications during or after total shoulder arthroplasty.
Abbreviations: INB, interscalene nerve block; LB, liposomal bupivacaine; NR, not reported; PCA, patient-controlled analgesia; RCS, retrospective controlled study; RCT, 
randomized controlled trial.
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Complications
Complications after surgery were reported in all the included 

studies.18–20,25–28 In total, 17 of 295 patients in the LB group 

and 64 of 412 patients in the INB group experienced vari-

ous kinds of complications during or after the surgery. Our 

analysis revealed that the LB approach had a significantly 

less ratio of complications (OR =0.51, 95% CI=0.28 to 0.91, 

P=0.02; Figure 5). As no heterogeneity was found (I2=0%, 

P=0.81), the fixed-effects model was used during the analysis.

Sensitivity analysis
Owing to the significant heterogeneity in pain scores at 4 

hours (I2=81%), 8 hours (I2=90%), 12 hours (I2=53%), 24 

hours (I2=72%), total opioid consumption at POD 0 (I2=86%) 

and POD 2 (I2=88%), and length of hospital stay (I2=52%), 

the sensitivity analysis was performed in our meta-analysis 

to investigate the source of heterogeneity. The sensitivity 

analysis revealed that the study by Sabesan et al20 led to 

the heterogeneity in pain scores at 4 and 8 hours while the 

report of Hannan et al26 was the main contribution of the 

heterogeneity in total opioid consumption at POD 2, and if 

we excluded their studies, the high heterogeneity of the two 

outcomes disappeared immediately (I2=0%). However, when 

we analyzed the source of heterogeneity in pain scores at 12 

and 24 hours after surgery, as well as total opioid consump-

tion at POD 0, the results could hardly achieve material 

alteration by eliminating any study.

Quality of evidence
The GRADE system was used to evaluate the quality of out-

comes in this study. The overall evidence for each outcome 

was moderate to very low, which may lower the confidence 

in any recommendations. The detail of each assessment is 

listed in Table 3.

Publication bias
As the number of included studies in each assessment did not 

reach the cutoff value, the publication bias and funnel plots 

might be not reliable and appropriate in this study.

Discussion
When it came to the question about the efficiency of LB 

compared with INB in pain management after TSA, there 

seemed to be no definitive answer which leads us to perform 

Table 2 Methodological quality and risk of bias assessment of included studies

RCTs

Methodological items Abildgaard et al,
201725

Namdari et al,
201727

Okoroha et al,
201628

Sabesan et al,
201720

Random sequence generation (+) (+) (+) (+)
Allocation concealment (+) (+) (+) (+)
Blinding of participants and personnel (-) (-) (-) (-)
Blinding of outcome assessment (-) (-) (+) (+)
Incomplete outcome data (+) (+) (+) (+)
Selective reporting (+) (+) (+) (+)
Other bias (+) (+) (+) (+)

Nonrandomized studies

Methodological items Angerame et al,
201719

Hannan et al,
201626

Weller et al,
201718

A clearly stated aim 2 2 2
Inclusion of consecutive patients 2 1 1
Prospective collection of data 0 0 0
Endpoints appropriate to the aim of the study 2 2 2
Unbiased assessment of the study endpoint 0 0 0
Follow-up period appropriate to the aim of the study 1 1 1
Lost to follow-up <5% 2 2 2
Prospective calculation of the study size 0 2 0
An adequate control group 2 2 2
Contemporary groups 2 0 2
Baseline equivalence of groups 2 2 2
Adequate statistical analyses 2 2 2

Note: (+), positive; (-), negative.
Abbreviation: RCTs, randomized controlled trials.
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this meta-analysis. Compared with previous meta-analyses, 

this report gives the new knowledge that LB might be associ-

ated with higher pain scores at 4 hours and significantly lower 

occurrence rate of complications than INB after TSA.15–17 No 

significant difference was found in terms of postoperative 

pain scores at 8 hours, 12 hours, 24 hours, POD 1, and POD 

2 between the LB and INB groups. Moreover, no significant 

differences were observed in total opioid consumption at 

POD 0, POD 1, POD 2, and length of hospital stay between 

the LB and INB groups.

Figure 2 Forest plot diagrams of pain scores.
Notes: A forest plot diagram showing the pain score at (A) 4 hours, (B) 8 hours, (C) 12 hours, (D) 24 hours, (E) POD 1, and (F) POD 2 after TSA.
Abbreviations: INB, interscalene nerve block; LB, liposomal bupivacaine; POD, postoperative day; TSA, total shoulder arthroplasty.
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Figure 3 Forest plot diagrams of total opioid consumption. 
Notes: A forest plot diagram showing the total opioid consumption at (A) POD 0, (B) POD 1, and (C) POD 2 after TSA.
Abbreviations: INB, interscalene nerve block; LB, liposomal bupivacaine; POD, postoperative day; TSA, total shoulder arthroplasty.

Figure 4 A forest plot diagram showing the length of hospital stay after total shoulder arthroplasty.
Abbreviations: INB, interscalene nerve block; LB, liposomal bupivacaine.

Figure 5 A forest plot diagram showing the occurrence rate of complications during or after total shoulder arthroplasty.
Abbreviations: INB, interscalene nerve block; LB, liposomal bupivacaine.
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The primary outcome evaluated in the present study was 

the pain score at different periods. Most of the included 

studies used the visual analog scale except for the studies 

by Sabesan et al, Angerame et al, and Hannan et al which 

assessed pain levels by using the numeric pain rating 

scale.19,20,26 The pooled data indicated that the LB group 

had a higher pain level at 4 hours after surgery than did the 

INB group; however, similar pain scores were found at 8, 

12, and 24 hours after surgery. Some previous studies sug-

gested that LB was created by using a lipid-based delivery 

system that releases bupivacaine from liposomal particles 

during a 72-hour time period.13,29 Therefore, some studies 

speculated that the high pain score in the early postoperative 

period in the LB group could be attributed to the delayed 

release of bupivacaine from lipid stores, leading to low 

bupivacaine levels in plasma. Hence, patients who received 

LB could supplement the anesthetic appropriately before 4 

hours after surgery to compensate for its delayed analgesic 

effect. Additionally, the two approaches yielded comparable 

outcomes thereafter, as no significant intergroup differences 

in pain scores were found at PODs 1 and 2 according to our 

meta-analysis. So LB has pain control similar to INB after 

4 hours after TSA.

Total opioid consumption was also considered a reason-

able indicator for assessing the analgesic effect. Opioids, 

including oral and patient-controlled analgesia, are com-

monly used as supplementary means of postoperative pain 

control. The related side effects of opioids include nausea, 

vomiting, drug dependence, hypotension, and respiratory 

depression, which inevitably delay functional recovery and 

reduce patient satisfaction.30,31 Therefore, minimizing opioid 

consumption might lead to better physical outcomes. Weller 

et al showed that patients receiving LB consumed more 

oral morphine equivalent than did those receiving INB at 

POD 0.18 In 2017, Angerame et al reported that the LB and 

INB groups had comparable total opioid use.19 A retrospec-

tive cohort study conducted by Hannan et al indicated no 

statistically significant difference in opioid consumption 

between the two groups at POD 1, while a larger amount 

of opioid consumption was found in the INB group than in 

the LB group at PODs 2 and 3.26 By pooling these results, 

our meta-analysis indicated that the two groups consumed a 

Table 3 Quality of the evidence

Outcomes No. of participants 
(studies)
follow-up

Quality of the evidence
(GRADE)

Anticipated absolute 
effects

Pain scores at 4 hours 283 (three studies)
4 hours

MODERATEa,b,c

due to risk of bias, large effect, imprecision
SMD 0.65 higher
(0.07–1.24 higher)

Pain scores at 8 hours 283 (three studies)
8 hours

veRY LOwa,c,d

due to risk of bias, inconsistency, imprecision
SMD 0.41 higher
(0.41 lower to 1.24 higher)

Pain scores at 12 hours 389 (five studies)
12 hours

LOwa,e,f due to risk of bias, imprecision SMD 0.01 lower
(0.33 lower to 0.31 higher)

Pain scores at 24 hours 702 (seven studies)
24 hours

veRY LOwa,d,e,f

due to risk of bias, inconsistency, imprecision
SMD 0.17 lower
(0.16 lower to 0.13 higher)

Pain scores at POD 1 263 (four studies)
2 days

LOwa,c,e,f

due to risk of bias, imprecision
SMD 0.10 higher
(0.15 lower to 0.35 higher)

Pain scores at POD 2 235 (four studies)
3 days

LOwa,c,e,f

due to risk of bias, imprecision
SMD 0.16 higher
(0.10 lower to 0.42 higher)

Total opioid 
consumption at POD 0

649 (six studies)
1 day

veRY LOwa,d,e,f

due to risk of bias, inconsistency, imprecision
SMD 0.21 higher
(0.16 lower to 0.58 higher)

Total opioid 
consumption at POD 1

268 (four studies)
2 days

LOwa,c,e,f

due to risk of bias, imprecision
SMD 0.22 higher
(0.03 lower to 0.46 higher)

Total opioid 
consumption at POD 2

198 (three studies)
3 days

veRY LOwa,c,d,e,f

due to risk of bias, inconsistency, imprecision
SMD 0.00 higher
(0.86 lower to 0.86 higher)

Length of hospital stay 493(six studies)
Up to 6 days

veRY LOwa,d,e,f,g due to risk of bias, 
inconsistency, imprecision

SMD 0.04 lower
(0.31 lower to 0.23 higher)

Rare complications 707 (seven studies)
Up to 21 weeks

MODERATEa,b,e,g

due to risk of bias, large effect, imprecision
OR 0.51 higher
(0.28–0.91 higher)

Notes: aInadequate concealment. bEffect is really stable. cLimited sample size. dResult is inconsistent. eRetrospective controlled studies included. fIndirect data. gInconsistent 
follow-up time point. 
Abbreviations: GRADE, Grading of Recommendations Assessment, Development, and Evaluation; POD, postoperative day; SMD, standard mean difference.
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similar amount of opioids at PODs 0, 1, and 2 after TSA. This 

result indirectly verified the aforementioned comparable 

outcomes of pain scores at the same time point between the 

LB and the INB.

In addition to pain release, complications and patient 

satisfaction are important elements that affect the application 

of a technique in pain control. As the LB approach mainly 

depends on soft-tissue infiltration rather than catheter place-

ment, it was considered safer than the INB approach. This 

inference was verified by our meta-analysis as significant 

superiority was found in LB group with regard to the occur-

rence rates of complications during or after TSA. It should 

be noted that because of the limited data in the included 

studies, we could only perform a general analysis of the 

total occurrence ratio of various kinds of complications. 

More specifically, for some common complications, such as 

respiratory distress that was observed in two patients in the 

LB group and eight patients in the INB group. Moreover, one 

patient in the LB group and two patients in the INB group 

suffered from pulmonary embolism, one patient in the LB 

group and one patient in the INB group experienced deep 

venous thrombosis, and eighteen patients in the LB group and 

fourteen patients in the INB group had nausea. Additionally, 

there were thirty-four catheter leakage/nonfunctioning in 

the INB group. Therefore, the main beneficial effect of the 

LB approach may be the lower incidence of catheter-related 

complications. When it comes to patient satisfaction, only 

Sabesan et al reported the American Shoulder and Elbow 

Surgeons (ASES) shoulder score, the Penn Shoulder Score 

(PSS), and the Subjective Shoulder Value among partici-

pants.20 The LB group had significantly better ASES and PSS 

scores than did the INB group at the last follow-up, which 

indicated that LB might contribute to better postoperative 

shoulder function than does INB. However, more high-quality 

studies are warranted for further investigation.

The length of hospital stay was associated with the 

 curative effect. As previous results revealed that the two 

groups had comparable pain scores, the length of stay was 

forecasted to be similar as well. This prediction was then 

confirmed by our meta-analysis as no statistical difference 

was found after pooling the results. However, the medical 

expense during hospitalization may differ between the two 

groups. Although the included studies provided insufficient 

data that prevented a meta-analysis from being conducted, 

two of these studies provided some details on this topic. 

Okoroha et al28 found that the average wholesale acquisition 

cost of LB was $315, while the physician fee for INB was 

$1,583, which was consistent with the result of Weller et al18 

($289.04 vs $1,559.42). Sabesan et al revealed that the cost 

in the LB group appeared to be $300 cheaper than that in the 

INB group even with the addition of a single bolus intersca-

lene block, not to mention the significant expense in terms of 

the need for specialized equipment, anesthesia expertise, and 

additional time required for catheter placement in the INB 

group.20 From this perspective, LB is a more cost-effective 

alternative to INB for pain management.

It should be noted that some factors may influence the 

outcomes of the study. First, despite the similar mean ages of 

the patients in each study, the ranges of these ages revealed 

large difference, which may result in the deviation of thera-

peutic effect. Second, the types and doses of drugs in the INB 

group were various in the included studies, which contained 

ropivacaine and bupivacaine ranging from 20 to 40 mL. These 

two factors tend to influence the pain release of the INB. 

Third, the INB approach requires the catheter placement, 

so the effects and relevant complications of INB are highly 

dependent on the skill of the operator. Fourth, some of these 

included studies used the patient-controlled analgesia with 

opioids for the concomitant pain management, while the oth-

ers applied the oral morphine equivalent, which may affect 

the total opioid consumption after TSA. Therefore, more 

high-quality studies with relevant information are needed 

for a more classified and detailed analysis.

In summary, INB is more superior in pain release within 

4 hours after TSA while LB holds lower occurrence rate of 

complications. Both the approaches are proven to be effec-

tive and safe for the pain management of TSA. However, 

when referring to applying the knowledge for routing clinical 

practice, specialized personnel/equipment requirement and 

medical expense should also be taken into consideration. 

Based on the as-presented evaluation, a recommendation is 

that patients with higher request to pain release may consider 

the INB approach, while LB is more suitable for hospitals 

without corresponding qualification or patients with poor 

economic condition.

The current systematic review and meta-analysis has 

some limitations: (1) only seven studies with 707 patients 

were included in the present study, which decreased the 

quality of evidence in our meta-analysis and limited the 

evaluation of publication bias; 2) because of the limited data 

in the included studies, it was difficult to perform a meta-

analysis of specific complications and functional outcomes, 

and hence, comprehensive assessments of these two outcomes 

between the two groups could not be performed; 3) the 

follow-up time in the included studies was relatively short, 

and hence, the evaluations of outcomes (eg, complications 
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or patient satisfaction) of long-term follow-up are lacking in 

this meta-analysis; more studies with follow-up periods >1 

year are needed; 4) heterogeneity was found in most results 

of the pooled estimate, and hence, the reliability of these 

results might be influenced; and 5) standard deviations in the 

study by Abildgaard et al, Angerame et al, and Hannan et al 

were calculated according to the guidelines of the Cochrane 

Handbook for Systematic Reviews of Interventions 5.1.0 or 

extract from figures, which may have slightly influenced the 

accuracy of the results.19,25,26

Conclusion
INB provides excellent analgesic effects within 4 hours after 

TSA, while patients treated with LB infiltration experienced 

significantly less occurrence rate of complications after TSA. 

In general, the two approaches provide similar overall pain 

relief and have similar opioid consumption after TSA, with no 

significant difference in the length of hospital stay. However, 

when considering the equipment and skill requirement for 

the INB approach, LB infiltration is more recommendable to 

hospitals without enough qualified personnel or patients with 

poor economic condition. Nevertheless, more high-quality 

RCTs with long-term follow-up are still required to make 

the final conclusion.
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