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Purpose: Chronic postsurgical pain (CPSP) is a common complication of video-assisted thoracoscopic surgery (VATS) and
substantially impairs postoperative quality of life. We evaluated whether intercostal nerve block (ICNB) with liposomal bupivacaine
provides superior chronic pain control compared with ropivacaine.

Patients and Methods: We conducted a retrospective cohort study of 1325 adult patients who underwent elective VATS lung
resection with ICNB administered using either liposomal bupivacaine or ropivacaine at the end of the surgery between
September 2023 and August 2024. The primary outcome was the incidence of CPSP at 3 months postoperatively, defined as
a numerical rating scale (NRS) pain score >1, a sensitive threshold to capture any postoperative pain. Secondary outcomes included
NRS pain scores at rest at 24 and 48 hours postoperatively, cumulative opioid consumption within 48 hours, time to independent
postoperative activities, length of hospital stay, and incidence of postoperative neuropathic pain at 3 months. Confounding was
addressed using 1:1 propensity score matching with a 0.1 standard deviation caliper.

Results: The median age was 61 years, and 59.9% were female. After propensity score matching, ICNB with liposomal bupivacaine
was associated with a significantly lower incidence of CPSP at 3 months compared with ropivacaine (33.5% vs 42.3%; adjusted odds
ratio, 0.68; 95% CI, 0.52 to 0.88; P=0.004). Patients receiving liposomal bupivacaine had reduced rest NRS pain scores at both
24 hours (3[2, 4] vs 4[3, 4]; P=0.002) and 48 hours (3[2, 3] vs 3[2, 4]; P=0.038). No significant differences were observed in other
secondary outcomes.

Conclusion: ICNB with liposomal bupivacaine was associated with reduced incidence of CPSP following VATS lung resection.
These findings highlight the potential long-term analgesic benefit of liposomal bupivacaine and support the need for further
randomised controlled trials evaluating long-term CPSP outcomes.
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Introduction

Chronic postsurgical pain (CPSP), as defined by the International Association for the Study of Pain, is characterized by
persistent nociceptive or neuropathic pain lasting >3 months postoperatively, localised to the surgical site or correspond-
ing neural pathways, following exclusion of infection, malignancy, and pre-existing chronic pain conditions unrelated to

surgical sequelae.' Despite the reduced surgical trauma of minimally invasive thoracoscopic techniques compared with
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open thoracotomy, CPSP remains a common complication of video-assisted thoracoscopic surgery (VATS) lung resec-
tion, with reported incidence rates ranging from 22% to 63%.>* In addition to intercostal nerve injury, the high
prevalence of CPSP in this context is largely attributed to insufficiently controlled acute postoperative pain, which can
trigger peripheral and central sensitization, a key mechanism whereby intense noxious input leads to lasting alterations in
pain processing pathways and ultimately promotes the transition from acute to chronic pain.*®

Multimodal analgesic strategies are recommended in thoracic surgery to optimise analgesia, minimise opioid
requirements, and mitigate central sensitisation.””® Within this framework, regional analgesia represents an essential
component of postoperative pain management.’ Thoracoscopy-guided intercostal nerve block (ICNB) is a widely utilized
regional technique, providing targeted blockade of thoracic dermatomes and demonstrating efficacy in reducing post-
thoracotomy pain.'” Ropivacaine, a standard medium-duration local anaesthetic commonly used in thoracic surgery, is
constrained by its relatively short duration of action.'' Consequently, long-acting local anaesthetic formulations have
been proposed to provide more sustained postoperative analgesia.

Liposomal bupivacaine, a prolonged-release formulation designed to extend analgesic efficacy for up to 72-96 hours,
has attracted considerable clinical interest.'*'? Encapsulation of local anaesthetics within lipid-based carriers enables
sustained release, thereby prolonging analgesia duration.'®'* Theoretically, these pharmacological properties allow
coverage of both the acute phase of tissue injury and the critical phase of postoperative neural sensitisation.
Liposomal bupivacaine has since been applied to diverse regional nerve blocks, including intercostal and erector spinae
plane blocks, with robust safety profiles across clinical settings.'* ¢ Several retrospective studies have indicated that the
use of liposomal bupivacaine for ICNB alleviates postsurgical pain and decreases major pulmonary complications in
thoracic surgery.'”'® Furthermore, a randomised controlled study demonstrated that ICNB with liposomal bupivacaine
improved acute preoperative pain and reduced opioid consumption.’’ Nevertheless, evidence specifically evaluating its
effect on chronic pain following ICNB remains limited.

Accordingly, we conducted a retrospective study of patients undergoing video-assisted thoracoscopic lung resection
who received ICNB with either liposomal bupivacaine or ropivacaine. The primary objective was to assess the impact of
liposomal bupivacaine on the incidence of CPSP. We hypothesised that ICNB with liposomal bupivacaine would provide
superior chronic pain control compared with ICNB using ropivacaine.

Materials and Methods

Study Design

This retrospective cohort study involved 1325 consecutive patients undergoing video-assisted thoracoscopic lung
resection at the First Affiliated Hospital of Soochow University, between September 2023 and August 2024. The
study was conducted in accordance with the principles of the Declaration of Helsinki and was approved by the Ethics
Committee of the First Affiliated Hospital of Soochow University (Approval No.2025545). In line with regulations
governing retrospective clinical research, written informed consent was waived by the Ethics Committee. All patient
information was de-identified prior to analysis, and confidentiality was maintained throughout the study. This manuscript
was prepared in compliance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines and was prospectively registered with the Chinese Clinical Trial Registry (identifier: ChiCTR2500105292).

Inclusion and Exclusion Criteria

The inclusion criteria comprised patients aged >18 years with an American Society of Anesthesiologists (ASA) physical
status of 1-3, who underwent elective video-assisted thoracoscopic lung resection and received an intercostal nerve block
using either liposomal bupivacaine or ropivacaine at the conclusion of the surgery. Exclusion criteria included (1) pre-
existing chronic pain (pain lasting >3 months, irrespective of relation to the surgical site); (2) uncontrolled anxiety or
depression; (3) history of prior thoracic surgery; (4) bilateral pulmonary resection or conversion to open surgery; (5)
postoperative tumor recurrence or metastasis; (6) advanced hepatic disease (Child-Pugh classification C); (7) renal failure
requiring renal replacement therapy; (8) missing primary outcome data.
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Intercostal Nerve Blocks

Patients underwent ICNB using a standardised technique, with injections administered sequentially into the T3 to T8
intercostal spaces on the operative side under thoracoscopic visualization at the end of the surgery. Patients receiving
liposomal bupivacaine were assigned to the liposomal bupivacaine group, whereas those receiving ropivacaine were
assigned to the ropivacaine group. In the liposomal bupivacaine group, a total of 266 mg of liposomal bupivacaine
(20 mL) was divided among the injection sites from the third to the eighth ribs, with 3—4 mL administered at each site. In
the ropivacaine group, 20 mL of 0.375% ropivacaine was distributed across the same intercostal levels, using an
equivalent injection volume per site.

Data Collection

Clinical and perioperative data were obtained from a continuously updated perioperative data warehouse, established in
collaboration between the First Affiliated Hospital of Soochow University and Hangzhou Le9 Healthcare Technology
Co., Ltd. The warehouse is updated daily with extracts from the hospital’s electronic health record and anaesthesia
information management system. Patient characteristics, perioperative variables, and postoperative outcomes were
independently reviewed and validated by two researchers. Patient characteristics included age, sex, body mass index
(BMI), ASA physical status, hypertension, diabetes mellitus, cerebral disease, coronary artery disease, surgical proce-
dure, number of ports, and nodule size. Perioperative variables comprised intraoperative analgesic use, blood transfusion,
fluid infusion, urine output, blood loss, intraoperative vasopressor use, and length of surgery. Postoperative pain intensity
was assessed using an 11-point NRS, with 0 indicating “no pain” and 10 indicating “the worst pain imaginable”.
Neuropathic pain at 3 months was evaluated using the Douleur Neuropathique 4 (DN4) questionnaire, with DN4 scores
>4 considered positive.

Study Outcomes

The primary outcome was the incidence of chronic pain at 3 months postoperatively, defined as a numerical rating scale
(NRS) score >1, a threshold representing high sensitivity and inclusiveness in capturing any persistent postoperative
pain.?' Secondary outcomes included NRS pain scores at rest at 24 and 48 hours after surgery; cumulative opioid
consumption within the initial 48 hours postoperatively, converted to morphine milligram equivalents (MMESs); time to
postoperative independent activities; length of hospital stay; and the neuropathic pain at 3 months postoperatively.

Sample Size Estimation

Based on previous studies, the reported incidence of CPSP in patients undergoing thoracoscopic surgery ranges from 22%
to 63%.%? We assumed that an incidence of approximately 35% at our center and considered a 10% absolute difference to be
clinically significant. With 80% power and a two-sided a of 0.05, the required minimum sample size was calculated to be
326 patients per group. Accordingly, the sample size was deemed sufficient both before and after matching in this
retrospective study. Sample size estimation was conducted using PASS software (version 15, PASS Institute Inc).

Statistical Analysis

Propensity score matching (PSM) was performed to minimise confounding and enhance comparability between the
liposomal bupivacaine and ropivacaine groups. Propensity scores were derived from a multivariable logistic regression
model incorporating baseline characteristics and perioperative risk factors. Patients were matched in a 1:1 ratio using
nearest neighbor matching without replacement, with a caliper width of 0.1 standard deviations of the pooled propensity
score, representing a conventional and conservative approach. Covariate balance was evaluated using standardised mean
differences (SMDs), with SMD < 0.1 indicating adequate balance.

The normality of continuous variables was examined using the Kolmogorov—Smirnov test. Continuous variables are
presented as mean (standard deviation [SD]) or median (interquartile range [IQR]) according to their distribution, while
categorical variables are expressed as counts (percentages). The primary and secondary outcomes were analyzed using
univariate logistic regression or generalized linear models, with log;o transformation applied to variables exhibiting
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skewed distributions. The effect sizes were reported as odds ratio (OR) or difference, each with a 95% confidence
interval (CI). Multivariable logistic or linear regression models were further used to adjust for intraoperative confounders
with an SMD > 0.1. Sensitivity analyses for the primary outcome included univariate logistic regression of the crude
cohort and multivariable logistic regression adjusted for covariates with SMD > 0.1, conducted in both the imputed crude
datasets and the complete case datasets after PSM. Subgroup analyses for the primary outcome in the matched cohort
were performed based on age, sex, BMI, surgical type, number of ports, and length of surgery.

Missing covariate data accounted for less than 5% and were addressed using multiple imputation with the mice
package in R (Supplementary Table S1). Data for all primary or secondary outcomes were complete. For the primary and

secondary outcomes, the significance level was a 2-sided P < 0.05. All statistical analyses will be conducted using
R software (version 4.3.0, R Development Core Team, Vienna, Austria) by independent statisticians.

Results

Patient Enrollment

Among the 2,050 patients screened, 1,325 were finally enrolled in the cohort, comprising 488 patients in the liposomal
bupivacaine group and 837 in the ropivacaine group (Figure 1). At baseline, the median (IQR) age was 61 (51, 69) years,
794 patients (59.9%) were female, and the majority (93.5%) were classified as ASA physical status 1-2. Several baseline
characteristics (BMI, ASA physical status, history of hypertension, cerebral disease, and coronary artery disease) differed
between groups (SMD > 0.1). After PSM, all baseline characteristics were balanced between the two groups (Table 1),
which was confirmed by the SMD distribution plot (Figure S1) and the propensity score distribution plot (Figure S2).
Some intraoperative variables, such as sufentanil, remifentanil, blood loss, and length of surgery, remained unbalanced
between the groups (SMD > 0.1) (Table 2).

Patients screened
(n =2050)

mixcluded (n =725) \

Pre-existing chronic pain (n = 21)
Uncontrolled anxiety or depression (n = 76)
History of prior thoracic surgery (n =23)
Bilateral resection or open surgery (n = 82)
Tumour recurrence or metastasis (n = 234)
Hepatic disease or renal failure (n = 107)
KMissing data for primary outcome (n = 182y

Patients included
(n =1325)
\4
- A 4 - y
Unmatched patients with Unmatched patients with
liposomal bupivacaine Ropivacaine
n =488 . n =837
~ Propensity score N
matched 1:1

s e

Matched patients with Matched patients with

liposomal bupivacaine Ropivacaine
L n = 487 L n = 487

Figure | Flow chart of the study.
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Table | Patient Baseline Characteristics Before and After Propensity Score Matching

Before Propensity Matching After Propensity Matching
Liposomal Bupivacaine | Ropivacaine SMD | Liposomal Bupivacaine | Ropivacaine SMD
(n=488) (n=837) (n=487) (n=487)
Age (yr) 61 (52,69) 60 (50,69) 0.054 | 61 (52,69) 61 (51,68) 0.012
Sex 0.029 0.029
Male 200 (41.0) 331 (39.5) 199 (40.9) 192 (39.4)
Female 288 (59.0) 506 (60.5) 288 (59.1) 295 (60.6)
BMI (kg m 2 229 (21.0, 25.3) 23.4 (21.5,25.7) | 0.123 | 22.9 (21.0, 25.3) 23.0 (21.1, 25.1) | 0.013
ASA physical status 0.110 0.049
| 268 (54.9) 474 (56.6) 268 (55.0) 261 (53.6)
2 195 (40.0) 302 (36.1) 195 (40.0) 197 (40.5)
3 25 (5.1) 61 (7.3) 24 (4.9) 29 (6.0)
Hypertension 139 (28.5) 195 (23.3) 0.119 | 139 (28.5) 138 (28.3) 0.005
Diabetes 36 (74) 43 (5.1) 0.093 | 36 (74) 30 (6.2) 0.049
Cerebral disease 3 (0.6) 23 (2.7) 0.166 | 6 (1.2) 6(1.2) 0.001
Coronary artery disease | 6 (1.2) 48 (5.7) 0.248 | 3 (0.6) 3 (0.6) 0.001
Surgical procedure 0.065 0.036
Wedge resection 234 (48.0) 428 (51.1) 233 (47.8) 236 (48.5)
Segmentectomy 108 (22.1) 178 (21.3) 108 (22.2) 101 (20.7)
Lobectomy 146 (29.9) 231 (27.6) 146 (30.0) 150 (30.8)
Number of ports 0.029 0.018
Single 134 (27.5) 219 (26.2) 134 (27.5) 130 (26.7)
Two or three 354 (72.5) 618 (73.8) 353 (72.5) 357 (73.3)
Nodule size (mm) 13.0 (9.0, 17.0) 12.4 (9.0, 16.5) 0.016 | 13.0 (94, 16.9) 13.0 (9.6, 16.9) 0.022
Note: Data are presented as n (%) or median (interquartile range).
Abbreviations: ASA, American society of anesthesiologists; SMD, standardised mean difference.
Table 2 Intraoperative Characteristics of Patients After Propensity Score Matching
Before Propensity Matching After Propensity Matching
Liposomal Bupivacaine | Ropivacaine SMD | Liposomal Bupivacaine | Ropivacaine SMD
(n=488) (n=837) (n=487) (n=487)
Sufentanil (ug) 40.0 (40.0, 50.0) 45.0 (40.0, 50.0) 0.190 | 40.0 (40.0, 50.0) 45.0 (40.0, 50.0) 0.203
Remifentanil (ng) 690.1 (450.0, 987.8) 930.0 (629.8, 987.8) 0.389 | 690.0 (450.0, 990.5) 918.0 (629.9, 1229.8) 0.373
Oxycodone (mg) 0.0 (0.0, 5.0) 0.0 (0.0, 5.0) 0.128 | 0.0 (0.0, 5.0) 0.0 (0.0, 5.0) 0.095
Blood transfusion (%) 9 (1.8 12 (1.4) 0.032 | 9(1.8) 5(1.0) 0.069
Fluid administration (mL) | 1000.0 (800.0, 1200.0) 1000.0 (800.0, 1000.0) | 0.047 | 1000.0 (1000.0, 1200.0) 1000.0 (800.0, 1000.0) | 0.029
Urine output (mL) 300.0 (100.0, 500.0) 250.0 (100.0, 500.0) 0.062 | 300.0 (100.0, 500.0) 250.0 (100.0, 500.0) 0.053
Blood loss (mL) 40.0 (10.0, 70.0) 30.0 (10.0, 60.0) 0.064 | 40.0 (10.0, 70.0) 30.0 (10.0, 60.0) 0.114
Intraoperative 43 (8.8) 79 94) 0.022 | 43 (8.8) 46 (9.4) 0.021
vasopressor use (%)
Length of surgery (min) 110.0 (73.8, 160.0) 130.0 (85.0, 185.0) 0.197 | 110.0 (73.5, 160.0) 130.0 (85.0, 180.0) 0.185

Note: Data are presented as n (%) or median (interquartile range).

Abbreviation: SMD, standardised mean difference.

Primary and Secondary Outcomes
At 3 months postoperatively, CPSP occurred in 369/974 (37.9%) patients (Table 3). In the unadjusted univariable
analysis, ICNB with liposomal bupivacaine was associated with a significantly lower incidence of CPSP compared with
ICNB using ropivacaine (33.5% vs 42.3%; OR, 0.69; 95% CI, 0.53 to 0.89; P=0.005).

The NRS pain scores at rest were also significantly lower in the liposomal bupivacaine group than in the ropivacaine
group at both 24 hours postoperatively (3 [2, 4] vs 4 [3, 4]; P<0.001) and 48 hours (3 [2, 3] vs 3 [2, 3]; P=0.003).
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Table 3 Study Outcomes

Liposomal Bupivacaine Ropivacaine Univariable P-value Multivariable P-value
n=487 n=487 Difference (95% CI)? Difference (95% CI)?
Primary outcome
CPSP at 3 months 163 (33.5%) 206 (42.3%) 0.69 (0.53 to 0.89) 0.005 0.68 (0.52 to 0.88) 0.004
Secondary outcomes
24-h NRS pain score at rest 3(2,4) 43,4 —0.07 (-0.10 to —0.04) <0.001 —0.05 (-0.08 to —0.02) 0.002
48-h NRS pain score at rest 3(23) 3(2,4) —0.21 (-0.36 to —0.07) 0.003 —0.15 (-0.30 to —0.07) 0.038
48-h MME (mg) 40 (31, 50) 445 (33.5,51.5) | —0.02 (—0.04 to 0.00) 0.064 —0.02 (-0.04 to 0.00) o.101
Time to independent 22.5 (19.5, 25.8) 23.2 (20.0,26.2) | —0.01 (-0.02 to 0.00) o.101 —0.01 (-0.02 to 0.00) 0.100
Postoperative activities (hours)
Length of hospital stay (days) 5.0 (4.0, 8.0) 6.0 (4.0, 8.0) —0.56 (-0.94 to —0.17) 0.004 —0.05 (-0.41 to 0.30) 0.765
Neuropathic pain at 3 months 25 (5.1%) 26 (5.3%) 0.96 (0.54 to 1.69) 0.886 0.91 (0.5 to 1.64) 0.757

Note: Data are presented as n (%) or median (interquartile range) as appropriate. *Differences for continuous outcomes are based on Log)o-transformed values.
Abbreviations: CPSP, chronic postsurgical pain; Cl, confidence interval; MMEs, morphine milligram equivalents; NRS, numeric rating scale; SMD, standardised mean difference.

Additionally, patients who received ICNB with liposomal bupivacaine had a significantly shorter length of hospital stay
than those in the ropivacaine group (5 [4, 8] vs 6 [4, 8] days; P=0.004). However, no significant between-group
differences were observed in cumulative 48-h MMEs (40 [31, 50] vs 44.5 [33.5, 51.5] mg; P=0.064), time to independent
postoperative activities (22.5 [19.5, 25.8] vs 23.2 [20.0, 26.2] hours; P=0.101), or the incidence of neuropathic pain at 3
months (OR, 0.96; 95% CI, 0.54 to 1.69; P=0.886) (Table 3).

Regression Analyses to Account for Unbalanced Intraoperative Covariates

After multivariable adjustment for intraoperative covariates with SMD > 0.1 using logistic or linear regression models,
patients who received ICNB with liposomal bupivacaine at the end of surgery demonstrated a significantly lower
incidence of CPSP at 3 months (OR, 0.68; 95% CI, 0.52 to 0.88; P=0.004), as well as significantly lower NRS pain
scores at rest at both 24 (P=0.002) and 48 (P=0.038) hours postoperatively. No significant intergroup differences were
observed in cumulative 48-h MMEs (P=0.101), time to independent postoperative activities (P=0.100), length of hospital
stay (P=0.765), or the incidence of neuropathic pain at 3 months (P=0.757) (Table 3).

Sensitivity and Subgroup Analyses

Sensitivity analyses consistently supported the primary finding, indicating that ICNB with liposomal bupivacaine was
associated with a reduced incidence of CPSP compared with ropivacaine, yielding an unadjusted OR of 0.69 (95% CI,
0.54 to 0.87), an adjusted OR of 0.68 (95% CI, 0.54 to 0.87) from multivariable logistic regression in the imputed crude
datasets, and an adjusted OR of 0.70 (95% CI, 0.51 to 0.94) in the complete case datasets after PSM (Table 4 and
Supplementary Table S2).

At 3 months, the effect of liposomal bupivacaine versus ropivacaine on CPSP did not differ significantly across
subgroups defined by age (<65 vs >65), sex (female vs male), BMI (<25 vs >25), surgical procedure (wedge vs
segmentectomy vs lobectomy), number of ports (single vs two or three), or length of surgery (<120 vs >120) (Figure 2).

Discussion
This retrospective cohort study of patients undergoing video-assisted thoracoscopic lung resection suggests that liposo-
mal bupivacaine for ICNB is associated with a lower incidence of CPSP at 3 months compared with ICNB using
ropivacaine, along with improved pain control at rest during the initial 24—48 hours postoperatively. A notable strength of
this study was the application of propensity score matching combined with multivariable logistic and linear regression
analyses, which minimized confounding and strengthened the robustness of the findings.

Liposomal bupivacaine, a long-acting local anaesthetic capable of sustained drug release for up to 96 hours, has gained
widespread use in thoracic surgery, particularly for ICNB. Emerging evidence supports its efficacy in reducing opioid
consumption and improving acute postoperative pain control compared with conventional local anaesthetics.”>** However,
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Table 4 Sensitivity Analyses for Association Between the Use of Liposomal Bupivacaine and CPSP

Different Statistical Strategies OR (95% CI) P-value
Crude analysis * 0.69 (0.54 to 0.87) | 0.002
Multivariable logistic regression of the imputed crude datasets® 0.68 (0.54 to 0.87) | 0.002
Multivariable logistic regression of the complete case datasets after PSM | 0.70 (0.51 to 0.94) | 0.019

Note: *Initial univariate logistic regression of the crude cohort. ®Multivariable logistic regression analysis adjusted for covariates
with SMD > 0.1 in the imputed crude datasets. “Multivariable logistic regression analysis adjusted for covariates with SMD > 0.1
the complete case datasets after PSM.
Abbreviations: CPSP, chronic postsurgical pain; Cl, confidence interval; OR, odds ratio; PSM, propensity score matching;
SMD, standardised mean difference.

studies specifically investigating its role in preventing chronic pain after ICNB are scarce. Previous reports have described

individual cases in which liposomal bupivacaine improved chronic pain outcomes.”> %’ To our knowledge, this retrospective

cohort study represents the first investigation of the association between liposomal bupivacaine-based ICNB and CPSP

incidence after thoracoscopic lung resection. In this work, we observed an 8.8% absolute reduction in CPSP at 3 months

among patients who received ICNB with liposomal bupivacaine at the end of surgery compared with those who received

ICNB using ropivacaine. This finding aligns with a recent systematic review highlighting liposomal bupivacaine’s potential to

attenuate CPSP development in thoracic cohorts, albeit with limited long-term data.*®

Despite substantial advances in perioperative care, chronic pain following thoracoscopic surgery remains common and

more excruciating than previously recognized. Reported prevalence estimates of CPSP following thoracoscopic surgery vary

Subgroups

Age (yr)
<65
=65
Sex
Female
male
BMI (kgem2)
<25
225
Surgical procedure
Wedge
Segmentectomy
Lobectomy
Number of ports
Single
Two or three

Length of surgery (min)

<120
2120

Overall

n (%)

597 (61.67)
371 (38.33)

577 (59.61)
391 (40.39)

703 (72.62)
265 (27.38)

470 (48.55)
220 (22.73)
278 (28.72)

276 (28.51)
692 (71.49)

484 (50.00)
484 (50.00)

968 (100.00)

Liposomal
bupivacaine

Ropivacaine OR (95%Cl)

No. of events/ No. of total

90/299
72/185

99/285
63/199

114/351
48/133

75/234
36/107
51/143

40/133
122/351

81/261
81/223

162/484

136/298
80/186

139/292
77192

157/352
59/132

105/236
50/113
61/135

62/143
154/341

101/223
115/261

216/484
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0.84 (0.56 to 1.28)

0.59 (0.42 to 0.82)
0.69 (0.46 to 1.05)

0.60 (0.4 to 0.81)
0.70 (0.43 to 1.14)

0.59 (0.40 to 0.86)
0.64 (0.37 to 1.10)
0.67 (0.42 to 1.09)

0.56 (0.34 to 0.92)
0.65 (0.48 to 0.88)

0.54 (0.37 to 0.79)
0.72 (0.50 to 1.04)

0.62 (0.48 to 0.81)

P-value for
interaction
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Figure 2 Subgroup analyses of CPSP at 3 months for patients receiving. Liposomal bupivacaine vs ropivacaine. Red colored dotted lines are the demarcation lines for an
odds ratio of |. Blue squares represent the odds ratios for each subgroup, with the purple diamond indicates the overall odds ratio. Odds ratio < | favors liposomal
bupivacaine (LB better), odds ratio > | favors ropivacaine (Ropivacaine better).

Abbreviations: Cl, confidence interval; CPSP, chronic postsurgical pain; OR, odds ratio.
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widely, ranging from 22% to 63%.>* This wide variation is likely attributable to heterogeneity in diagnostic definitions,
differences in postoperative follow-up duration, and disparities in study sample sizes.?’ In the present study, approximately
39% of patients were suffering from CPSP, which is consistent with the prior findings based on ICNB analgesia.*”

The selection of the pain intensity threshold for defining CPSP represents a critical methodological consideration that
substantially influences the reported incidence. In a previous analysis derived from the PAIN OUT registry,’' the
incidence of CPSP was 37.5% when defined using a cutoff of NRS >1, whereas applying more stringent thresholds
(NRS >3 or >4) resulted in markedly lower incidence rates of 9.7% and 5.7%, respectively. Although several studies have
defined CPSP as an NRS pain score >3 persisting for at least 3 months postoperatively and interfering with daily

32,33

activities, many investigations continue to adopt a threshold of NRS >1, given its greater sensitivity and inclusive-

ness in capturing any persistent postoperative pain.*'=***>

As an integral component of multimodal analgesic strategies, regional analgesia is recommended in thoracic surgery
to optimize pain control, reduce opioid consumption, and facilitate enhanced recovery. Thoracoscopy-guided ICNB is
a frequently used technique due to its safety, easy-handling, and accuracy. Studies have reported that ICNB with
liposomal bupivacaine is associated with reduced postoperative opioid consumption and shorter hospital stays compared
with bupivacaine hydrochloride.'”>%*7 In addition, liposomal bupivacaine based ICNB has demonstrated analgesic
efficacy comparable to that of epidural analgesia with bupivacaine hydrochloride following video-assisted thoracoscopic
surgery.*® In the present study, ICNB with liposomal bupivacaine was associated with superior pain control at rest within
the first 2448 hours postoperatively, suggesting that the observed reduction in CPSP may be largely attributable to the
more effective acute pain management. Neuropathic mechanisms are known to contribute substantially to CPSP in
thoracic and breast surgeries.** However, in our cohort, the neuropathic component accounted for only 5.2% of CPSP
cases, as determined by the DN4 scale (a validated tool for distinguishing neuropathic from non-neuropathic pain). This
finding is consistent with prior observations indicating that video-assisted thoracoscopic surgery is associated with
a lower prevalence of neuropathic pain.***!

The mechanisms underlying the beneficial effects of liposomal bupivacaine are complex and multifaceted. Through
DepoFoam® technology, liposomal bupivacaine provided prolonged drug release for up to 72-96 hours, enabling
continuous inhibition of nociceptive signal transmission during the intraoperative and early postoperative period,
a window pivotal for the formation of pain memory.** Beyond optimising acute pain control, growing evidence suggests
that regional analgesia may attenuate central sensitisation and thereby modulate the development of chronic postsurgical
pain.** The proposed mechanisms include suppression of postoperative nociceptive afferent activity, attenuation of
synaptic neuroplasticity changes in the central nervous system, and modulation of signaling properties of non-
nociceptive cells, such as microglia.

There are several limitations in our study. First, although propensity score matching and multivariable regression
analyses were applied to minimise selection bias, the nature of the retrospective study inherently limits causal inference
and remains vulnerable to residual confounding from unmeasured covariates. Second, limitations of the database
precluded the assessment of chronic pain outcomes beyond 3 months, thereby restricting our ability to evaluate long-
term trajectories. Third, psychological factors such as postoperative depression and anxiety, which are well-recognized
contributors to the development of chronic postoperative pain,** were not captured in the dataset and therefore could not
be accounted for in the analysis. Fourth, despite statistical adjustments, the potential for channeling bias cannot be
excluded, whereby liposomal bupivacaine might have been selectively used for patients perceived to be at higher risk for
severe postoperative pain.

In conclusion, this single-center retrospective study demonstrated that the use of liposomal bupivacaine for ICNB was
associated with a reduced incidence of CPSP in patients undergoing VATS lung resection. These findings highlight the
potential long-term analgesic benefit of liposomal bupivacaine and support the need for further randomised controlled
trials evaluating long-term CPSP outcomes.

Data Sharing Statement
Data are available to researchers on request for the purpose of reproducing the results or replicating the procedure by
directly contacting the corresponding author, Xi-Sheng Shan.
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