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Purpose: Patients undergoing thoracic surgery suffer from severe postoperative pain, and a series of complications will occur if there 
is no effective analgesic treatment. Liposomal bupivacaine (LB) is a novel multivesicular formulation with up to 72 hours of analgesia, 
which can be used in thoracic surgery. This meta-analysis aimed to evaluate the efficacy of LB in improving recovery in patients 
undergoing thoracic surgery compared with non-liposomal local anesthetics.
Patients and Methods: A literature search was conducted using PubMed, Cochrane Library, Embase, and Web of science, and to 
identify all observational or retrospective studies and randomized controlled trials (RCTs) from inception to December 2023. The 
primary outcome was the in-hospital postsurgical opioid consumption in morphine milligram equivalents (MMEs). Secondary 
outcomes included 24-hour postoperative MMEs, postoperative pain score in the first 24 and 48 hours, hospital length of stay 
(LOS), time to first ambulation, readmission, and perioperative complications. RevMan 5.3 was used for the data analysis.
Results: A total of 10 studies were included in the analysis, of which eight were observational or retrospective analyses and two were 
RCTs. There were no significant differences in the postoperative MMEs, pain score, LOS, time to first ambulation, readmission, and 
perioperative complications.
Conclusion: According to this meta-analysis, LB was found to be not superior to non-liposomal local anesthetics for analgesic and 
functional outcomes in thoracic surgery.
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Introduction
Thoracic surgery is widely acknowledged as one of the most painful surgical procedures.1 Postoperative pain manage-
ment stands as a crucial aspect in the recovery of patients undergoing thoracic surgery, as it can significantly impact their 
outcomes and lead to serious complications,2 including atelectasis, ventilation disorders, respiratory distress, and chronic 
pain.3 Therefore, early and effective pain management is an important element of the Enhanced Recovery After Surgery 
(ERAS) program during the perioperative period.4

The postoperative analgesic strategy encompasses various approaches such as patient-controlled analgesia with potent 
opioids, administration of nonsteroidal anti-inflammatory drugs and cyclooxygenase-2 inhibitors, continuous paraverteb-
ral block, intercostal nerve block (INB), thoracic epidural analgesia as well as infusion of local anesthetics into the 
wound.5 However, prolonged postoperative opioid use may have a detrimental effect on patient prognosis.6 INB with 
local anesthetic allows faster recovery and less opioid use, which is effective and safe.7

Commonly used local anesthetics in clinical practice include lidocaine, ropivacaine, and bupivacaine. The duration of 
effectiveness of lidocaine is 1 to 2 hours, that of ropivacaine is no more than 6 hours, and that of bupivacaine is 2 to 4 
hours.8,9 However, their main limitation lies in the fact that the duration of analgesia provided by a single administration 
often falls short of the duration of surgical pain.10 Compared to standard bupivacaine, liposomal bupivacaine (LB) has 
a slower release rate and prolonged analgesia for up to 72 hours.11 LB was approved by the US Food and Drug 
Administration for postsurgical analgesia in 2011,12 and it has been recognized as a potentially effective alternative for 
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relieving postoperative pain and reducing opioid use. Nevertheless, the actual effectiveness of LB in thoracic surgery is 
controversial in many studies.13 For example, both Scott’s14 and Kian’s15 studies showed that the application of LB 
decreased the dose of opiate consumption among patients undergoing thoracic surgery. And yet the studies of Benny16 

and Sowmyanarayanan17 revealed that LB demonstrated no significant superiority in reducing opioid dosages in patients 
undergoing such surgeries. The researches were of different types and thus differed in quality and persuasiveness. The 
objective of our research is to ascertain whether LB provides any advantages over non-liposomal local anesthetics for 
INB in thoracic surgery.

Materials and Methods
Study Design
This systematic review and meta-analysis were conducted according to the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) protocols.18 The study was registered on PROSPERO with registration number 
CRD42024485383. The literature selection was guided by the following inclusion criteria:

Participants: Adult patients undergoing thoracic surgery (thoracoscopy).
Intervention: Patients received LB via INB.
Comparator: Patients received non-liposomal local anesthetics via INB.
Outcomes: The primary outcome was the in-hospital postsurgical opioid consumption measured in morphine 

milligram equivalents (MMEs). Secondary outcomes included 24-hour postoperative MMEs, postoperative pain score 
during the first 24 and 48 hours, hospital length of stay (LOS), time to first ambulation, readmission, and perioperative 
complications.

Type of studies: The published observational or retrospective studies and randomized controlled trials (RCTs).
Exclusion criteria: Studies that did not report relevant outcomes as described above, studies lacking extractable valid 

data, and studies published in languages other than English.

Data Sources and Search Strategies
The literature search was based on the PubMed and Cochrane Library databases from their inception dates to Dec 2023. 
The search utilized keywords such as liposomal bupivacaine, thoracic surgery, and their synonyms, including bupiva-
caine liposome, thoracoscopic surgery, lobectomy, lung resection, and thoracoscopy.

Articles Selection and Data Extraction
Two independent researchers reviewed each article to select potentially relevant publications for inclusion and eliminate 
all irrelevant studies. Any discrepancies were resolved through discussion and, if necessary, adjudicated by a third 
researcher. Moreover, studies were evaluated for eligibility and quality. If there are issues such as the inability to extract 
meaningful data, major problems with the research design, a high level of confounding factors, and unclear important 
information, we will exclude it as a low-quality study. A standardized form was used to extract data, including the author, 
publication year, country, study type, sample size in each group, interventions, as well as the outcomes, etc. The data in 
the form was double-checked by researchers to avoid transcription errors. Authors were contacted via Email to request 
supplementary information if necessary data were not available in the article.

Assessment of the Bias
Two researchers independently assessed the quality of studies using Cochrane’s risk-of-bias tool for randomized trials 
(RoB 2) and the Risk Of Bias in Non-randomized Studies of Interventions (ROBINS-I).19,20 For randomized trials, 
assessment criteria included random sequence generation, allocation concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome data, selective reporting, and other biases. Non-randomized studies 
were evaluated based on confounding, selection of participants, classification of interventions, deviations from intended 
interventions, missing data, measurement of outcomes, selection of the reported result, and overall bias. Randomized 
trials were categorized as having a “low”, “unclear”, or “high risk” of bias for each criterion. Non-randomized studies 
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were classified as having “low”, “moderate”, “serious”, or “critical” risk of bias in each ROBINS-I domain. Consensus 
on bias assessment was reached through discussion between the two researchers. In cases where consensus could not be 
achieved, the label ‘unclear risk of bias’ was assigned.

Statistical Analysis
Statistical computations were performed using Review Manager 5.3 (RevMan 5.3). Mean difference (MD) with 95% 
confidence intervals (CIs) was used for continuous data, and odds ratio (OR) with 95% CIs was used for dichotomous 
outcomes. If data were reported as a median or range, formulas were used to calculate the mean and standard deviation 
(SD).21,22 The application of the random-effects model in a meta-analysis would be preferred when the number of 
primary studies and the sample sizes in the primary studies are reasonably large, while the fixed-effects model could be 
favored for circumstances with a smaller number of studies and uniformly small sample sizes of primary studies.23 So 
outcomes in this meta-analysis were analyzed by the random-effects model. Chi-squared test and I2 test were performed 
to judge heterogeneity among the studies. An I2 value less than 40% indicates low heterogeneity, 30% to 60% suggests 
moderate heterogeneity, 50% to 90% represents possible substantial heterogeneity, and 75% to 100% is considered high 
heterogeneity. The stability of the outcome was assessed through a sensitivity analysis, which involved progressively 
excluding low-quality studies. A P value of less than 0.05 was considered statistically significant.

Results
Study Selection and Characteristics
The literature search strategy yielded 260 articles, which were subsequently screened for duplicates and article type 
resulting in the selection of 67 articles based on title and abstract. After an initial evaluation, 25 articles underwent full- 
text review, with a final assessment of eligibility conducted on 13 articles. One article failed to extract valid data, the 
research participants of one article did not comply with the inclusion criteria, and the surgical types of one article were 
inconsistent. Eventually, ten articles were included into this study.14–17,24–29 The flow diagram is presented in Figure 1.

These ten studies, involving a total of 1086 patients, were eligible for inclusion in this study. All articles were from 
the United States and were published between 2017 and 2022. Sample sizes ranged from 47 to 256 patients. Among the 
ten studies, eight were observational or retrospective in design14,15,24–29 while two were prospective RCTs.16,17 Further 
details are reported in Table 1.

Risk of Bias in Studies
The risk of bias assessment is presented in Figure 2, and the risk of bias summary is shown in Figure 3. Overall, most 
studies had a low risk of bias. Two RCTs16,17 were evaluated using RoB 2, with the domain showing the lowest risk of 
bias being “random sequence generation”, “blinding of participants and personnel”, “incomplete outcome data”, and 
“selective reporting”, while the domain with the highest risk of bias was “allocation concealment”. Additionally, eight 
non-RCTs14,15,24–29 were evaluated using ROBINS-I. The domains with the lowest risk of bias were “classification of 
interventions”, “deviations from intended interventions”, and “measurement of outcomes”, whereas the domain with the 
highest risk was “selection of participants”.

Postoperative Morphine Dose
As depicted in Figure 4A, the in-hospital postsurgical opioid consumption in MMEs was analyzed in four studies,14–17 

involving a total of 438 patients. Two of them were non-RCTs14,15 and two were RCTs.16,17 The results indicated no 
differences between the LB group and control group (MD −6.36 mg; 95% CI, −23.33–10.60; P = 0.46; I2 = 65%). 
Subgroup analyses showed no statistically significant differences between LB and control groups in both non-RCTs (MD 
−34.30 mg; 95% CI, −103.52–34.91; P = 0.33; I2 = 86%) and RCTs (MD 2.87 mg; 95% CI, −10.38–16.12; P = 0.67; I2 = 
0%). Furthermore, two non-RCTs24,25 showed that LB might not affect the 24-hour postoperative MMEs between the 
two groups (MD −2.69 mg; 95% CI, −11.30–5.93; P = 0.54; I2 = 0%) (Figure 4B).
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Postoperative Pain Scores
Two non-RCTs15,25 and two RCTs16,17 compared the 24-hour postoperative pain score between the LB group and control 
group. The results showed no significant differences in non-RCTs (MD 0.68; 95% CI, −0.11–1.46; P = 0.09; I2 = 69%), 
RCTs (MD −0.31; 95% CI, −1.16–0.54; P = 0.48; I2 = 0%), or overall analysis (MD 0.32; 95% CI, −0.35–0.99; P = 0.36; 
I2 = 60%) (Figure 5A). Besides, two RCTs16,17 recorded the 48-hour postoperative pain score for the LB and control 
groups, showing no differences between the two groups (MD −0.02; 95% CI, −0.75–0.70; P = 0.95; I2 = 0%) 
(Figure 5B).

Length of Stay (LOS)
Figure 6 shows the results of LOS for the two groups. Five of the included non-RCTs14,15,25,27,28 and two RCTs16,17 

reported this endpoint. No differences were found between the two groups (MD −0.32d; 95% CI, −0.90–0.25; P = 0.27; 

Figure 1 Search strategy flow diagram.
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Table 1 Studies Characteristics

Study (Author & 
Year)

Country Interventions (sample size) Outcomes Data Available for Meta-Analysis

Experimental 
Group

Control Group MMEs 
(total)

MMEs 
(24h)

Pain 
Score 
(24h)

Pain 
Score 
(48h)

LOS Time to first 
Ambulation

Complications Readmission

Salvatore 

A. Parascandola 201724

The United 

States

LB (62) Bupivacaine (51) √ √

Dana A. Dominguez 

201825

The United 

States

LB (40) Bupivacaine with 

lidocaine (40)

√ √ √ √

Thomas M. Kelley Jr 
201826

The United 
States

LB (21) Bupivacaine (26) √

Molly Rincavage 201927 The United 

States

LB (43) Bupivacaine (53) √ √

Scott G. Louis 201914 The United 

States

LB (50) Bupivacaine (32) √ √

Alessia Pedoto 202128 The United 
States

LB (29) Bupivacaine (31) √

Karishma Kodia 202129 The United 

States

LB (129) Bupivacaine (123) √ √

Kian Banks 202215 The United 

States

LB (222) Bupivacaine (34) √ √ √ √ √

Benny Weksler 202116 The United 
States

LB (25) Bupivacaine (25) √ √ √ √ √

Sowmyanarayanan 

Thuppal 202217

The United 

States

LB (26) Bupivacaine (24) √ √ √ √ √ √

Abbreviations: LB, liposomal bupivacaine; MMEs, morphine milligram equivalents; LOS, length of stay.

Journal of Pain R
esearch 2024:17                                                                                                     

https://doi.org/10.2147/JP
R

.S492117                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                       

4043

D
o

v
e

p
r
e

s
s
                                                                                                                                                            

G
ong et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


I2 = 82%). This result was consistent with the subgroup analyses of RCTs16,17 (MD 0.39d; 95% CI, −0.14–0.91; P = 0.15; 
I2 = 0%), yet discrepant from the non-RCT ones14,15,25,27,28 (MD −0.62d; 95% CI, −1.17–0.07; P = 0.03; I2 = 75%).

Time to First Ambulation
Data from two studies15,17 showed no statistically differences between the LB group and control group in terms of time to 
first ambulation (MD −0.62h; 95% CI, −5.41–4.17; P = 0.80; I2 = 27%) (Figure 7).

Readmission
Readmission data are presented in Figure 8. Three studies15,25,29 involving 588 patients found no significant differences 
between the two groups (OR 1.49; 95% CI, 0.78–2.84; P =0.23; I2 = 0%).

Perioperative Complications
Similarly, no differences were detected in six studies16,17,24,26,27,29 for perioperative complications, both in the overall 
analysis (OR 0.86; 95% CI, 0.54–1.36; P =0.51; I2 = 12%) and subgroup analysis (non-RCTs: OR 0.77; 95% CI, 
0.43–1.38; P =0.38; I2 = 27%) (RCTs: OR 1.17; 95% CI, 0.49–2.81; P =0.73; I2 = 0%) (Figure 9).

Figure 2 Risk of bias graph: (A) the risk of bias for RCTs, (B) the risk of bias for non-RCTs.
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Figure 3 Risk of bias summary: (A) the risk of bias summary for RCTs, (B) the risk of bias summary for non-RCTs.
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Figure 4 Forrest plots of postoperative morphine dose: (A) total in-hospital postsurgical opioid consumption in morphine milligram equivalents (MMEs), (B) 24-hour 
postoperative MMEs. 
Abbreviation: CI, confidence interval.

Figure 5 Forrest plots of postoperative pain scores: (A) 24-hour postoperative pain score, (B) 48-hour postoperative pain score. 
Abbreviation: CI, confidence interval.
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Discussion
This study intended to assess the efficacy of LB in improving recovery outcomes among patients undergoing thoracic 
surgery compared to non-liposomal local anesthetics. The findings of this systematic review and meta-analysis suggest 
that the current published evidence does not support the use of LB in thoracic surgery, either for analgesic purposes or for 
improving other perioperative outcomes.

The incidence of chronic pain after thoracotomy and thoracoscopy exceeds 35%. Given the correlation between acute 
pain severity and chronic pain occurrence,3 anesthesiologists have devoted significant attention to optimizing analgesia 
for thoracic surgery. Intercostal nerve injury is considered to be one of the causes of neuropathic pain after thoracic 
surgery,30 so INB is commonly used to reduce postoperative pain. However, the analgesic effect of INB is constrained by 
the limited duration of the anesthetic.31 Therefore, could the efficacy of INB be enhanced by the administration of long- 

Figure 6 Forrest plots of length of stay (LOS). 
Abbreviation: CI, confidence interval.

Figure 7 Forrest plots of time to first ambulation. 
Abbreviation: CI, confidence interval.

Figure 8 Forrest plots of readmission. 
Abbreviation: CI, confidence interval.
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acting anesthetic? This study was designed to address this inquiry. As a local anesthetic with extraordinarily long 
duration of action, LB has attracted extensive attention in recent years, but its actual effects are not satisfactory. Our 
results are consistent with some previous studies,7,32 compared with non-liposomal local anesthetics, LB does not show 
advantages in postoperative analgesia, does not reduce opioid consumption, nor does it reduce pain scores.

On one hand, when bupivacaine makes initial contact with injected tissue, it initiates a local inflammatory response that 
alters the pH in the surrounding area. This alteration causes LB to remain stagnant outside of the tissue cells, preventing its 
penetration and reducing its analgesic effectiveness.33 On the other hand, surgical interventions can also induce inflammatory 
responses that increase tissue acidity and hinder the penetration of local anesthetics into nerve cells. Additionally, inflamma-
tory mediators can directly affect nociceptors, leading to peripheral sensitization and further diminishing the activity of local 
anesthetics.34 Therefore, the inflammatory reaction may be the main reason why the clinical efficacy of LB cannot surpass that 
of non-liposomal local anesthetics. Expanding the scope of nerve block, changing the method of nerve block, and adjusting 
drug dosages may enhance therapeutic effects and improve perioperative outcomes, which warrants further investigation.

In addition to opioid utilization and pain scores, we also analyzed other perioperative outcomes. The LOS for patients 
undergoing thoracic surgery is influenced by various factors, including age, complications, postoperative pain, and so on. 
There are no statistically significant differences in postoperative pain scores between the two groups, suggesting that the 
recovery process was comparable regardless of whether LB or non-liposomal local anesthetic was utilized. The findings 
of some studies also indicate that LB does not result in a reduction in the LOS,35,36 which aligns with our conclusion. 
However, subgroup analysis revealed that in the non-RCTs, the LOS was shorter in the LB group, which might require 
further confirmation through more high-quality studies.

Only two studies15,17 with 306 patients analyzed the time to first ambulation after surgery. The majority of patients try to 
get out of bed within 24 to 48 hours after surgery, but many are still affected by the traditional belief that too early activity 
will cause severe pain.37 Postoperative pain is an important factor affecting patients’ early mobilization. The findings of this 
study reveal no statistically significant disparity in pain scores between the two groups at 24 and 48 hours postoperatively, 
which may elucidate the absence of a statistical distinction in the time taken for initial ambulation between the two groups.

The most common reasons for readmission are respiratory or airway complications and infections.38 There are no 
statistically significant differences in readmissions observed between the two groups, likely due to the lack of impact of 
LB on perioperative complications.

Figure 9 Forrest plots of perioperative complications. 
Abbreviation: CI, confidence interval.
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Although existing studies indicated that LB management was associated with a reduction in pulmonary complica-
tions, as compared with nonuse,39 the results of our study indicate that there are no statistically significant differences in 
the reduction of perioperative complications between LB and non-liposomal agents. Similar results have been reported 
by other studies.35,40,41 In their data analysis, they found no benefits of LB in patients undergoing other procedures.

There are several limitations in our meta-analysis. First, the study only incorporated two RCTs, while retrospective or 
observational studies were susceptible to confounding factors and bias, potentially impacting the conclusions drawn from 
the meta-analysis. By including more RCTs, the statistical validity of the findings will be enhanced. Second, heterogeneity 
in some results was high, especially among non-RCTs, which may affect the reliability of our study. Third, data presentation 
(median or mean) varied across studies. Data conversions were undertaken to ensure that the most studies were included in 
the review, which may have introduced bias in our results. We expect that future clinical studies will stringently control all 
aspects such as the participants, intervention measures, blinding methods, and result analyses, and provide genuine and 
lucid data when publishing articles, which is conducive to enhancing the robustness of future meta-analyses.

Conclusion
In conclusion, our study failed to demonstrate clinically significant improvements in inpatient opioid dose, pain scores, or 
other outcomes among patients undergoing thoracic surgery who received LB, which may offer valuable insights for 
future research and guiding clinical medication. Considering the existing literature suggesting limited benefits of LB, 
cautious consideration should be given to its use. Future investigations should assess the efficacy of LB separately for 
different surgical procedures and routes of administration.

Abbreviations
LB, liposomal bupivacaine; RCTs, randomized controlled trials; MMEs, morphine milligram equivalents; LOS, length of 
stay; ERAS, enhanced recovery after surgery; INB, intercostal nerve block; PRISMA, Preferred Reporting Items for 
Systematic reviews and Meta-Analyses; ROBINS-I, Risk Of Bias in Non-randomized Studies of Interventions; MD, 
mean difference; CIs, confidence intervals; OR, odds ratio; SD, standard deviation.
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