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Background: This systematic review and meta-analysis aims to compare liposomal bupivacaine (LB) with conventional local 
anesthetics (LAs) in peripheral nerve block following thoracoscopic lung surgery.
Methods: Randomized controlled trials (RCTs) evaluating LB and other LAs for postoperative analgesia were retrieved from 
databases, including PubMed, Embase, Cochrane Library, and Web of Sciencefrom inception to December 2025. The primary 
outcome was resting Visual Analogue Scale (VAS) at 24 hours.
Results: We included 9 RCTs with 930 patients. The LB had a lower resting VAS at 24 hours (mean difference [MD] = −0.65, 95% 
confidence interval [CI]: −0.83 to −0.47). Similar results were shown in the resting VAS at 48 hours (MD = −0.45, 95% CI: −0.61 to −0.29), 
resting VAS at 72 hours (MD = −0.33, 95% CI: −0.56 to −0.10), movement VAS at 24 hours (MD = −0.60, 95% CI: −0.75 to −0.45), 
movement VAS at 48 hours (MD = −0.46, 95% CI: −0.71 to −0.21; I2 = 96%), and movement VAS at 72 hours (MD = −0.60, 95% CI: −0.98 
to −0.23). Additionally, LB reduced morphine consumption within 24 hours (MD = −2.68, 95% CI: −3.84 to −1.52) and morphine 
consumption within 72 hours (MD = −8.76, 95% CI: −16.13 to −1.38). However, there were no significant differences between LB and other 
LAs in morphine consumption within 48 hours and postoperative nausea and vomiting (PONV).
Conclusion: Although LB produced statistically significant reductions in resting and movement pain scores at 24, 48, and 72 hours, 
as well as lower morphine consumption at 24 and 72 hours, the magnitude of these differences is unlikely to be clinically meaningful. 
Furthermore, no significant differences were observed for 48-hour morphine consumption or PONV.
Limitation: The results showed many heterogeneity. There was a lack of data on long-term analgesia and functional outcomes.
Keywords: liposomal bupivacaine, pain, nerve block, thoracoscopic, meta-analysis

Introduction
Regional nerve blocks have become an integral component in the multimodal analgesic approach to thoracic surgery, 
providing effective pain control while minimizing the systemic side effects associated with opioid use.1 The application of 
these techniques in thoracic procedures, such as thoracoscopic lung surgery, is particularly important, as they can significantly 
enhance patient comfort and facilitate early postoperative recovery.2,3 However, a notable limitation of traditional single- 
injection nerve blocks is their relatively short duration of analgesia.4 In many cases, the pain relief provided by these blocks is 
insufficient to cover the entire postoperative period, often necessitating the use of additional analgesics. Moreover, the 
incorporation of adjuncts to local anesthetics (LAs), aimed at prolonging analgesic duration, raises concerns regarding 
potential alterations to the chemical structure of the local anesthetics themselves, which could lead to unforeseen adverse 
effects in patients.5–7 This highlights the need for alternative strategies that can offer both effective pain relief and safety.

Currently, ropivacaine and bupivacaine are considered the basic LAs for regional nerve blocks. Ropivacaine, particularly in 
low concentrations, is especially favored for its ability to provide sensory-motor separation8 and its lower cardiac toxicity 
compared to bupivacaine.9,10 However, their relatively short duration of action remains a significant drawback, particularly in the 
context of postoperative pain management. Liposomal bupivacaine (LB), a novel formulation that encapsulates bupivacaine in 
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lipid-based carriers, has emerged as a promising alternative.11 This formulation is designed to provide a sustained release of the 
anesthetic agent, potentially extending the duration of analgesia beyond that achieved with traditional formulations.12 The unique 
delivery mechanism of LB maybe address the limitations associated with single-injection nerve blocks, offering prolonged pain 
relief.

While preliminary studies indicate its effects in other surgical procedures,13–16 the current literature regarding 
thoracoscopic surgery is limited and inconclusive, highlighting the need for a systematic review and meta-analysis to 
aggregate and synthesize the available data. Our research aims to provide a comprehensive assessment of the analgesic 
efficacy of liposomal bupivacaine compared to traditional LAs focusing on key outcomes such as pain scores, morphine 
consumption, and the incidence of postoperative nausea and vomiting (PONV).

Methods
Our study adhered to the PRISMA 2020 guidelines,17 and the protocol was registered with the International Prospective 
Register of Systematic Reviews (CRD420251266007). Data collection for this study commenced on December 15, 2025.

Inclusion and Exclusion Criteria
Eligibility criteria were established based on the PICOS framework: participants included adults undergoing thoracoscopic lung 
surgery who received peripheral nerve blocks for postoperative analgesia (P); the intervention focused on LB (I); comparators 
included bupivacaine, ropivacaine, or other LAs (C); outcomes were defined as resting and movement pain scores within 
72 hours, as well as the incidence of postoperative nausea and vomiting (PONV) (O); studies must be randomized controlled 
trials (RCTs) (S). Studies were excluded based on the following criteria: (1) those that did not report relevant outcomes or 
provided data that could not be used for statistical analysis; (2) studies that appeared to duplicate data reporting.

Search Strategy
A comprehensive search was conducted across multiple databases, including PubMed, Embase, Cochrane Library, and 
Web of Science from inception through December 2025. The search strategy was developed in accordance with the 
PICOS framework, employing key terms and Medical Subject Headings (MeSH) descriptors such as “liposomal 
bupivacaine”, “block”, and “thoracoscopic.” The detailed search strategy, using PubMed as a representative example, 
was provided in Supplementary Table 1S.

Data Extraction
Two independent researchers conducted a sequential review of all titles, abstracts, and full texts to determine eligibility. 
Any disagreements regarding eligibility were resolved through consensus with a third reviewer. Data extracted from each 
RCT included the following: authorship, year of publication, country of study, blinding methods, types of nerve blocks 
utilized, descriptions of interventions, sample size, postoperative analgesic regimens, and outcomes. The primary 
outcome assessed was the resting pain score at 24 hours, while secondary outcomes included both resting and movement 
pain scores, morphine consumption within 72 hours, and the incidence of PONV.

Certainty of Evidence
The certainty of the evidence was independently evaluated by two investigators using the Cochrane Collaboration’s 
tool.18 This assessment included evaluation of sequence generation, allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, completeness of outcome data, selective reporting of outcomes, and 
other potential sources of bias. The results of this evaluation were presented using the risk of bias and GRADE 
framework.19

Statistical Analysis
Statistical analyses were performed using RevMan 5.4.1 software, with data synthesis conducted using a random-effects 
model which was selected a priori to account for anticipated heterogeneity. Pain scores were converted to a 0–10 visual 
analog scale (VAS), and opioid consumption was converted to intravenous morphine equivalent doses.20 Additionally, we 
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employed Luo’s and Wan’s formulas to convert data expressed as medians and interquartile ranges into means and 
standard deviations.21,22 The effect estimates for PONV were reported as relative risk (RR) with 95% confidence 
intervals (CIs), while mean differences (MD) with 95% CIs were reported for VAS scores and morphine consumption. 
Overall effect sizes were illustrated using forest plots, and subgroup analyses were conducted based on the types of nerve 
blocks and LAs used. Heterogeneity was considered significant if I2 ≥ 50%, prompting sensitivity analyses and additional 
subgroup analyses to identify potential sources of heterogeneity.23 A p-value of < 0.05 was deemed statistically 
significant for all analyses. Publication bias was assessed through funnel plot.

Results
A total of 9 RCTs with 930 participants were involved.24–32 Figure 1 showed the process of literature selection. Table 1 
showed the basic characteristics of the included studies. Five RCTs used standard bupivacaine as the control 
drug,24,25,27,30,31 whereas 4 RCTs used ropivacaine.26,28,29,32 The most common types of nerve blocks included ICNB 
(3 RCTs)25,31,32 and TPVB (3 RCTs).27–29 The resting pain score at 24 h was reported in 9 RCTs. Additionally, all RCTs 
reported the method of randomization, but one RCT24 did not indicate the method of blinding.

Resting VAS at 24 h
The pooled data of nine studies showed significant difference between LB and other LAs (MD = −0.65, 95% CI: −0.83 to 
−0.47; I2 = 97%; Figure 2). The sensitivity analysis demonstrated a similar result (MD = −0.59, 95% CI: −0.75 to −0.42; I2 = 0%; 
Figure 3). The subgroup analysis showed that LB had a lower VAS than bupivacaine (MD = −0.97, 95% CI: −1.48 to −0.47; 
Figure 4) and ropivacaine (MD = −0.47, 95% CI: −0.85 to −0.10; Figure 5). Additionally, LB reduced VAS for TPVB 
(MD = −0.32, 95% CI: −0.49 to −0.15; Figure 6), ICNB (MD = −0.85, 95% CI: −1.64 to −0.06; Figure 7), and SAPB 
(MD = −1.1, 95% CI: −1.68 to −0.52; Figure 8). However, Figure 9 showed a slight risk of bias for included studies, and the 
funnel plot showed significant publication bias (Figure 10).

Resting VAS at 48 h
The pooled data of nine studies showed significant difference between LB and other LAs (MD = −0.45, 95% CI: −0.61 to 
−0.29; I2= 90%; Supplementary Figure S2A). The sensitivity analysis demonstrated a similar result (MD = −0.63, 95% 
CI: −0.93 to −0.34; I2= 46%; Supplementary Figure S2B). The subgroup analysis showed LB had a lower VAS than 
bupivacaine (MD = −0.30, 95% CI: −0.48 to −0.12; Supplementary Figure S2C) and ropivacaine (MD = −0.65, 95% CI: 
−1.08 to −0.22; Supplementary Figure S2D). Additionally, LB did not reduce VAS for SAPB (MD = −1.06, 95% CI: 
−2.14 to 0.03; Supplementary Figure S2E). However, LB was superior to other LAs for ICNB (MD = −0.4, 95% CI: 
−0.74 to −0.05; Supplementary Figure S2F) and TPVB (MD = −0.31, 95% CI: −0.55 to −0.08; Supplementary 
Figure S2G).

Resting VAS at 72 h
The pooled data of eight studies showed significant difference between LB and other LAs (MD = −0.33, 95% CI: −0.56 
to −0.10; I2 = 96%; Supplementary Figure S3A). The sensitivity analysis demonstrated a similar result (MD = −0.05, 
95% CI: −0.05 to −0.05; I2 = 0%; Supplementary Figure S3B). The subgroup analysis showed there was no significant 
difference between LB and bupivacaine (MD = −0.20, 95% CI: −0.59 to 0.20; Supplementary Figure S3C), but LB had 
a lower VAS than ropivacaine (MD = −0.47, 95% CI: −0.80 to −0.13; Supplementary Figure S3D). Additionally, LB did 
not reduce VAS for ICNB (MD = −0.4, 95% CI: −1.09 to 0.29; Supplementary Figure S3E) and TPVB (MD = −0.07, 
95% CI: −0.13 to 0.00; Supplementary Figure S3F).

Movement VAS at 24 h
The pooled data of eight studies showed significant difference between LB and other LAs (MD = −0.60, 95% CI: −0.75 
to −0.45; I2 = 92%; Supplementary Figure S4A). The sensitivity analysis demonstrated a similar result (MD = −0.34, 
95% CI: −0.48 to −0.2; I2 = 49%; Supplementary Figure S4B). The subgroup analysis showed LB had a lower VAS than 
bupivacaine (MD = −0.81, 95% CI: −1.24 to −0.38; Supplementary Figure S4C) and ropivacaine (MD = −0.68, 95% CI: 
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−1.20 to −0.16; Supplementary Figure S4D). Additionally, LB was superior to other LAs for SAPB (MD = −1.17, 95% 
CI: −1.46 to −0.89; Supplementary Figure S4E), ICNB (MD = −1.1, 95% CI: −1.99 to −0.2; Supplementary Figure S4F), 
and TPVB (MD = −0.3, 95% CI: −0.33 to −0.26; Supplementary Figure S4G).

Records identified from:
PubMed (n = 32)
Embase (n = 15)
Web of Science (n = 13)
Cochrane (n = 0)

Records removed before
screening:

Duplicate records removed
(n = 38)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records screened
(n = 22)

Records excluded
Irrelevant (n = 7)
Not RCTs (n = 2)

Reports sought for retrieval
(n = 13)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 13) Reports excluded:

Irrelevant (n = 4)
Data unavailable (n = 0)
Duplicate study (n = 0)

Studies included in review
(n = 9)
Reports of included studies
(n = 9)

Identification of studies via databases and registers

Figure 1 PRISMA flow diagram of study selection.
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Movement VAS at 48 h
The pooled data of eight studies showed significant difference between LB and other LAs (MD = −0.46, 95% CI: −0.71 
to −0.21; I2 = 96%; Supplementary Figure S5A). The sensitivity analysis demonstrated a similar result (MD = −0.32, 

Table 1 Study Characteristics of Included Studies

Study Country Blinding Nerve 
block

Comparison (n) Rescue analgesic regimen Outcomes

Zhang M 202524 China NR SAPB LB (35): 10 mL of 1.33% LB A sufentanil PCIA, and IM 

pethidine 10 mg if necessary

1,2,4,5,8,10

Contorl (35): 0.25% bupivacaine 

5 mL/h
Lu D 202525 China 3 ICNB LB (25): 20 mL of 1.33% LB A sufentanil + pentazocine 

PCIA

1,2,3,4,5,6,10

Contorl (25): 0.75% bupivacaine

Zhang Y 202526 China 2 SAPB LB (32): 40 mL of 0.665% LB A sufentanil PCIA, and IV 
flurbiprofen axeti 50 mg every 

6 hours if NRS ≥ 4

1,2,3,4,5,6
Contorl (32): 40 mL of 0.375% 

ropivacaine

Yang Z 202527 China 2 TPVB LB (56): 20 mL of 1.33% LB A sufentanil PCIA 1,2,3,4,5,6,7,8,9
Contorl (57):20 mL of 0.375% 

bupivacaine
Wang LL 202528 China 2 TPVB LB (51): 30 mL of 0.33% LB A sufentanil PCIA, and IM 

pethidine 50 mg

1,2,3,9,10

Contorl (50): 30 mL of 0.67% 

ropivacaine
Wei Y 202529 China 2 TPVB LB (30): 20 mL of 0.665% LB A sufentanil PCIA, and IV 

flurbiprofen axeti 50 mg if VAS 

≥ 4

1,2,3,4,5,6,10

Contorl (29): 20 mL of 0.5% 

ropivacaine
Shan XS 202530 China 2 ESPB LB (134): 30 mL of 0.887% LB A sufentanil PCIA, and oral 

celecoxib 200 mg every 

12 hours

1,2,3,4,5,6,7,9,10

Contorl (133): 30 mL of 0.333% 

bupivacaine
Chi Y 202531 China 1 ICNB LB (47): 20 mL of 1.33% LB A sufentanil+flurbiprofen axetil 

PCIA, and IV morphine 5 mg if 

VAS ≥ 4

1,2,3,4,5,6,10

Contorl (46): 15 mL of 0.25% 

bupivacaine
Dong L 202532 China 2 ICNB LB (56): 20 mL of 1.33% LB A sufentanil PCIA, and oral 

celecoxib 200 mg every 

12 hours

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

Contorl (57): 20 mL of 0.375% 

ropivacaine

Notes: 1, resting VAS at 24 hours. 2, resting VAS at 48 hours. 3, resting VAS at 72 h. 4, movement VAS at 24 hours. 5, movement VAS at 48 hours. 6, movement VAS at 
72 hours. 7, morphine consumption within 24 hours (intravenous morphine equivalent, mg). 8, morphine consumption within 48 hours. 9, morphine consumption within 
72 hours. 10, postoperative nausea and vomiting. 
Abbreviations: NR, not reported; LB, liposomal bupivacaine; ESPB, erector spinae plane block; TPVB, thoracic paravertebral block; ICNB, intercostal nerve block; SAPB, serratus 
anterior plane block; PCIA, patient-controlled intravenous analgesia; IM, intramuscular injection; IV, intravenous injection; NRS, numeric rating scale; VAS, visual analogue scale.

Figure 2 Forest plot. 
Abbreviations: LB, liposomal bupivacaine; CI, confidence interval.
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95% CI: −0.39 to −0.26; I2 = 0%; Supplementary Figure S5B). The subgroup analysis showed that there was no 
significant difference between LB and bupivacaine (MD = −0.45, 95% CI: −0.94 to 0.04; Supplementary Figure S5C), 
but LB had a lower VAS than ropivacaine (MD = −0.53, 95% CI: −0.83 to −0.24; Supplementary Figure S5D). 
Additionally, LB did not reduce VAS for SAPB (MD = −0.37, 95% CI: −1.64 to 0.90; Supplementary Figure S5E) 
and TPVB (MD = −0.19, 95% CI: −0.58 to 0.20; Supplementary Figure S5F). LB was superior to other LAs for ICNB 
(MD = −0.56, 95% CI: −0.99 to −0.12; Supplementary Figure S5G).

Figure 3 Forest plot of sensitivity analysis. 
Abbreviations: LB, liposomal bupivacaine; CI, confidence interval.

Figure 4 Subgroup analysis for LB versus bupivacaine. 
Abbreviations: LB, liposomal bupivacaine; CI, confidence interval.

Figure 5 Subgroup analysis for LB versus ropivacaine. 
Abbreviations: LB, liposomal bupivacaine; CI, confidence interval.

Figure 6 Subgroup analysis for TPVB.
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Movement VAS at 72 h
The pooled data of seven studies showed significant difference between LB and other LAs (MD = −0.60, 95% CI: −0.98 
to −0.23; I2 = 98%; Supplementary Figure S6A). The sensitivity analysis demonstrated that there was no significant 
difference between LB and LAs (MD = −0.00, 95% CI: −0.03 to −0.03; I2 = 0%; Supplementary Figure S6B). The 
subgroup analysis showed that LB had a lower VAS than bupivacaine (MD = −0.36, 95% CI: −0.71 to −0.02; 
Supplementary Figure S6C), but there was no significant difference between LB and ropivacaine (MD = −0.81, 95% 
CI: −2.04 to 0.42; Supplementary Figure S6D). Additionally, LB did not reduce VAS for ICNB (MD = −0.65, 95% CI: 
−1.44 to 0.14; Supplementary Figure S6E) and TPVB (MD = −0.34, 95% CI: −1.06 to 0.37; Supplementary Figure S6F).

Morphine Consumption within 24 h (Mg)
The pooled data of three studies showed significant difference between LB and other LAs (MD = −2.68, 95% CI: −3.84 
to −1.52; I2 = 0%; Supplementary Figure S7A).

Morphine Consumption within 48 h (Mg)
The pooled data of three studies showed that there was no significant difference between LB and other LAs (MD = 
−2.78, 95% CI: −5.56 to 0.01; I2 = 77%; Supplementary Figure S8A). The sensitivity analysis demonstrated a similar 
result (MD = −1.73, 95% CI: −5.57 to 2.11; I2 = 24%; Supplementary Figure S8B).

Morphine Consumption within 72 h (Mg)
The pooled data of four studies showed significant difference between LB and other LAs (MD = −8.76, 95% CI: −16.13 to 
−1.38; I2 = 89%; Supplementary Figure S9A). The sensitivity analysis demonstrated a similar result (MD = −4.34, 95% CI: 
−5.78 to −2.89; I2 = 0%; Supplementary Figure S9B). The subgroup analysis showed that LB had a lower morphine 
consumption than bupivacaine (MD = −6.06, 95% CI: −11.39 to −0.73; Supplementary Figure S9C), but there was no 
significant difference between LB and ropivacaine (MD = −10.93, 95% CI: −24.54 to 2.69; Supplementary Figure S9D). 
Additionally, LB was superior to other LAs for TPVB (MD = −13.53, 95% CI: −24.79 to −2.26; Supplementary Figure S9E).

Figure 7 Subgroup analysis for ICNB. 
Abbreviations: LB, liposomal bupivacaine; CI, confidence interval.

Figure 8 Subgroup analysis for SAPB. 
Abbreviations: LB, liposomal bupivacaine; CI, confidence interval.
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Ponv
The pooled data of seven studies showed that there was no significant difference between LB and other LAs (RR = 0.78, 95% 
CI: 0.43 to 1.42; I2 = 58%; Supplementary Figure S10A). The sensitivity analysis demonstrated a similar result (RR = 0.70, 
95% CI: 0.43 to 1.14; I2 = 43%; Supplementary Figure S10B). The subgroup analysis showed that LB was not superior to 
bupivacaine (RR = 0.76, 95% CI: 0.38 to 1.52; Supplementary Figure S10C) and ropivacaine (RR = 1.1, 95% CI: 0.2 to 6.24; 
Supplementary Figure S10D). Additionally, LB had a lower incidence of PONV for ICNB (RR = 0.46, 95% CI: 0.29 to 0.75; 
Supplementary Figure S10E), but not for TPVB (RR = 2.39, 95% CI: 0.06 to 99.28; Supplementary Figure S10F).

Discussion
Our meta-analysis indicated that LB was associated with lower resting VAS at 24, 48, and 72 hours post-surgery, as well 
as reduced movement VAS scores across the same timeframes. However, it was important to note that the differences 

Figure 9 Risk of bias.
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observed were relatively small, with mean differences predominantly falling within one point on the VAS. Clinically, 
such differences may not translate into significant improvements in patient experience or pain management. Additionally, 
although LB demonstrated some reduction in morphine consumption within the first 24 and 72 hours, the advantage was 
not sustained at the 48-hour mark, where no significant difference was found compared to other LAs. Furthermore, the 
incidence of PONV did not show a significant benefit associated with LB. Overall, while LB presents some favorable 
outcomes, its clinical relevance might be limited by the small effect sizes observed. Finally, due to the fact that some 
included studies did not explicitly state adherence to randomization and double-blinding, and there was considerable 
heterogeneity in the results, the evidence levels for most outcome indicators were downgraded (Table 2).

Currently, there are few meta-analysis evaluating the use of LB for regional nerve block in patients undergoing 
thoracoscopic surgery, primarily due to the limited availability of relevant clinical trials. Chen et al found that the LB did 
not reduce pain scores and morphine consumption over standard bupivacaine for ICB33 We believe that the small beneficial 
effects of LB on pain scores and opioid consumption, despite statistical significance, can be attributed to several factors. 
Firstly, the intensity of incision pain significantly decreases 24 hours after thoracoscopic surgery, which may obscure the 

Figure 10 Funnel plot. 
Abbreviation: MD, mean difference.

Table 2 Quality of Evidences

Outcome Patients (trails) Effect Size 95% CI I2 p value Certainty (GRADE)

Resting VAS at 24 hours 930(9) MD −0.65 −0.83 to −0.47 97% <0.01 Low

Resting VAS at 48 hours 930(9) MD −0.45 −0.61 to −0.2 90% <0.01 Low

Resting VAS at 72 hours 860(8) MD −0.33 −0.56 to −0.1 96% <0.01 Moderate
Movement VAS at 24 hours 829(8) MD −0.60 −0.75 to −0.45 92% <0.01 Low

Movement VAS at 48 hours 829(8) MD −0.46 −0.71 to −0.21 96% <0.01 Low

Movement VAS at 72 hours 759(7) MD −0.60 −0.98 to −0.23 98% <0.01 Moderate
Morphine consumption within 24 hours 493(3) MD −2.68 −3.84 to −1.52 0% <0.01 High

Morphine consumption within 48 hours 296(3) MD −2.78 −5.56 to 0.01 77% 0.05 Low

Morphine consumption within 72 hours 594(4) MD −8.76 −16.13 to −1.38 89% 0.02 Moderate
PONV 753(7) RR 0.78 0.43 to 1.42 58% 0.41 Low

Abbreviations: PONV, postoperative nausea and vomiting; MD, mean difference; RR, relative risk; CI, confidence interval.
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analgesic advantages of LB during the 24 to 72-hour postoperative period. Secondly, nerve blocks may be ineffective in 
alleviating persistent inflammatory pain during the 72-hour postoperative period. The complex, self-perpetuating nature of this 
inflammation is highlighted by studies in related pulmonary disease models.34,35 Finally, the use of additional analgesics may 
substantially lower baseline pain levels for all patients.

Although we conducted sensitivity and subgroup analysis on the results exhibiting high heterogeneity, the subgroup 
analysis still revealed a considerable degree of heterogeneity. We believe that the differences in the effects of the same nerve 
block across various studies may be attributed to variations in operator experience, patient populations, surgical techniques, 
LAs concentrations or volumes. Therefore, to validate the true efficacy of LB in each nerve block modality, future randomized 
controlled trials with large sample sizes and strictly standardized baseline characteristics (eg., uniform patient demographics, 
surgical protocols, and anesthetic regimens) are warranted. The effectiveness of the TPVB can be significantly influenced by 
the operator’s experience, as its mechanism of action is notably more complex compared to that of the SAPB, ICNB, TPVB, 
and ESPB. TPVB involves the injection of LAs into the paravertebral space adjacent to the thoracic vertebrae, providing 
extensive analgesia across multiple dermatomes; however, it can be technically challenging and requires substantial operator 
expertise to achieve optimal results.36 In contrast, SAPB is performed by injecting LAs in the plane between the serratus 
anterior muscle and the chest wall, which is generally considered easier to execute and carries a lower risk of complications, 
thereby making it more accessible for less experienced practitioners.37 ICNB involves direct injection at the intercostal spaces, 
offering localized analgesia to specific dermatomes, and is relatively straightforward for operators; however, its efficacy is 
limited to the targeted dermatomes.38 Conversely, ESPB involves injecting LAs deep to the erector spinae muscles, resulting 
in analgesia that covers multiple dermatomes, similar to TPVB.39 This technique is typically regarded as easier to perform due 
to its less technical requirements, making it more achievable for operators with varying levels of experience.39 Additionally, 
we must acknowledge the discrepancies in the volume of the same LA across different studies; however, due to the limited 
number of studies available, we are unable to conduct a further analysis on this aspect.

LB is a formulation of bupivacaine encapsulated in liposomes, designed to provide prolonged analgesia through 
controlled release.40 While it shares a similar onset of action and mechanism of sodium channel blockade with both 
traditional bupivacaine and ropivacaine, its unique formulation reduces peak plasma concentrations, potentially lowering 
the risk of systemic toxicity associated with bupivacaine and enhancing safety compared to both bupivacaine and 
ropivacaine.40 However, previous meta-analysis have not demonstrated a unified conclusion regarding the clinical 
application of LB, with many studies indicating that it does not offer particularly advantageous in postoperative pain 
management.41–44 Therefore, we require more high-quality studies to validate the effectiveness of LB in specific surgical 
contexts, aiming to provide robust evidence for optimizing healthcare costs.

Limitations
This study has several limitations that warrant consideration. Firstly, the presence of significant heterogeneity among the 
included studies, which may stem from differences in patient populations and surgical techniques, complicates the 
generalizability of our findings. Secondly, the short follow-up period, limited to the first 72 hours postoperative, may not 
capture the long-term benefits of LB on pain management and recovery. Future studies should include follow-up periods 
of at least one week to better capture its sustained effect. Thirdly, the analysis primarily compared LB to a restricted 
range of LAs, limiting the applicability of the results to diverse clinical settings. Finally, the potential for publication bias 
should also be acknowledged, as studies with positive outcomes are more likely to be published, possibly leading to an 
overestimation of LB’s efficacy.

Conclusions
Although liposomal bupivacaine (LB) was associated with statistically significant reductions in resting and movement VAS 
scores at multiple time points (24–72 hours) as well as in morphine consumption at 24 and 72 hours compared with other LAs, 
the magnitude of these differences—such as a mean reduction of 0.33–0.65 on the VAS scale and 2.68–8.76 mg in morphine 
use—is unlikely to translate into clinically meaningful improvements in postoperative pain control or opioid-related out
comes. Moreover, no significant differences were observed in 48-hour morphine consumption or the incidence of PONV. 
Therefore, while LB demonstrates statistical superiority, its clinical relevance remains limited, and routine use over 
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conventional LAs should be carefully weighed against cost and practical considerations. Future large-scale RCTs with 
rigorous standardization (eg., of LA volume, technique, and assessment timing) and extended follow-up are needed to 
definitively establish the short-, medium-, and long-term efficacy of LB for each specific nerve block indication.
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