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This study compared liposomal bupivacaine (LB) and conventional bupivacaine hydrochloride (BH) for 
postoperative pain management among 50 female patients undergoing uniportal thoracoscopic lung 
surgery. The patients were randomized to LB (n = 25) or BH (n = 25) groups based on the intercostal 
nerve blocks they received post-surgery. Outcomes included intraoperative vital signs, pain scores 
(static/dynamic visual analog scale [VAS]), and adverse reactions (nausea, vomiting, and dizziness) 
assessed at 6, 24, 48, and 72 h. Intraoperative vital signs (heart rate [HR], blood pressure, oxygen 
saturation, and bispectral index) and anesthetic/vasoactive drug administration exhibited no 
significant differences between groups. Postoperatively, the LB group demonstrated superior short-
term analgesia, with significantly lower static and dynamic VAS scores at 6 and 24 h in the LB group 
compared to the BH group [3(3,4) versus 4(4,4); 4(4,4) versus 5(4,6)] (p < 0.05). Between 48 and 72 h, 
pain scores equalized between groups. Additionally, LB reduced nausea incidence after 24 h (p < 0.05), 
with no severe adverse reactions reported in either group. Trend analysis revealed peak pain and 
adverse reactions at 24 h, which subsequently declined in both groups. Although both anesthetics 
exhibited similar safety profiles, LB offered enhanced early pain relief and fewer nausea-related 
adverse effects. These findings suggest that LB improves short-term postoperative pain management 
without compromising safety. Further studies should explore its cost-effectiveness and long-term 
outcomes.

Thoracoscopic surgery has recently gained widespread adoption in the treatment of lung diseases, especially 
for early-stage non-small cell lung cancer (NSCLC), because of its minimally invasive nature and favorable 
postoperative recovery outcomes1. Uniportal thoracoscopic surgery is associated with reduced intraoperative 
trauma, shorter operation, and hospital stay, and decreased postoperative complications compared to 
conventional open surgery. However, postoperative pain management remains a considerable challenge that 
affects patient recovery2. Postoperative pain substantially affects recovery rates and the patient’s quality of life, 
especially after thoracoscopic surgery, where severe chest wall pain is commonly observed3. A previous study 
demonstrated that approximately 80% of patients experience moderate to severe pain within the first 6 h after 
surgery4. Inadequate management of postoperative pain can compromise patient comfort and result in severe 
complications, including atelectasis, hypoxemia, and pulmonary infections5. Consequently, developing effective 
pain management strategies is essential for ensuring optimal postoperative recovery.

Bupivacaine, a commonly utilized local anesthetic, is essential in postoperative pain management across 
several surgical procedures6. Bupivacaine effectively impedes nerve impulse conduction by inhibiting sodium 
channels in peripheral nerves, thereby providing local anesthesia7. Although effective, the duration of action 
of conventional bupivacaine hydrochloride is limited, frequently necessitating supplementary analgesia 
postoperatively to ensure adequate pain management8. Furthermore, conventional bupivacaine has been 
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associated with adverse effects in some patients, including nausea, vomiting, and hypotension, highlighting the 
need to address issues related to analgesia duration and drug safety9. Liposomal bupivacaine, an innovative 
long-acting local anesthetic, has recently garnered research interest for postoperative pain management. Unlike 
conventional bupivacaine, liposomal bupivacaine employs liposomal technology to encapsulate the drug within 
lipid vesicles, enabling its gradual release over an extended period10. A previous study demonstrated that 
liposomal bupivacaine offers superior postoperative analgesia for various surgical procedures. It is characterized 
by extended pain relief, reduced postoperative opioid consumption, and fewer adverse effects11. These attributes 
render it an ideal option for long-term postoperative pain management.

Postoperative pain management in female patients has distinct challenges12. Previous studies have 
demonstrated that women typically experience more intense postoperative pain compared to men due to a 
combination of physiological, psychological, and social factors13,14. Physiologically, hormonal fluctuations, 
including changes in estrogen and progesterone levels, can affect pain tolerance in women. For instance, pain 
perception and responsiveness in women vary significantly during the menstrual cycle15. Furthermore, women 
exhibit different neural mechanisms in pain transmission compared to men, leading to increased susceptibility 
to chronic and persistent postoperative pain16. Women are psychologically more susceptible to experiencing 
anxiety and depression postoperatively, which can exacerbate pain perception17. Additionally, social and cultural 
norms influence these disparities. Societal norms may lead to women underreporting pain or prematurely 
discontinuing pain management, leading to inadequate pain control18.

This highlights the need for safer and more effective postoperative analgesic treatment specifically tailored 
for female patients. Liposomal bupivacaine, with its longer analgesia and fewer postoperative adverse effects, 
may solve these challenges. However, despite its potential benefits, the efficacy of liposomal bupivacaine in 
female patients, especially for thoracoscopic surgery, remains insufficiently investigated. Accordingly, this study 
aimed to compare the analgesic efficacy and safety of liposomal bupivacaine and conventional bupivacaine 
hydrochloride in female patients undergoing uniportal thoracoscopic lung surgery to provide new insights for 
enhancing postoperative pain management in this population.

Methods
Study participants
This study included 50 female patients who underwent uniportal thoracoscopic lung surgery at the First 
Affiliated Hospital of Guangxi Medical University between January 2024 and August 2024. The inclusion criteria 
were as follows: (1) Female patients aged between 18 and 65 years; (2) female patients who met the clinical 
indications for thoracoscopic lung surgery and were willing to undergo the procedure; (3) female patients 
eligible for general anesthesia; (4) female patients who voluntarily agreed to participate in the study and signed 
informed consent. The exclusion criteria were as follows: (1) Female patients with severe cardiovascular, hepatic, 
or renal dysfunction or other severe systemic diseases; (2) female patients allergic to bupivacaine or other local 
anesthetics; (3) female patients with a history of thoracoscopic or other related thoracic surgeries; (4) female 
patients with a history of severe postoperative or anesthesia-related complications; (5) female patients with a 
history of chronic neuropathic pain; (6) patients who were pregnant, breastfeeding or menstruating at the time of 
the surgery. The study protocol was approved by the Ethics Committee of the First Affiliated Hospital of Guangxi 
Medical University (No. 2023-S572-01), and written informed consent was obtained from all participants in 
accordance with the Declaration of Helsinki (2013).

Study design
This study employed a random number table to allocate patients randomly to two groups: the liposomal 
bupivacaine group (LB group, n = 25) and the conventional bupivacaine hydrochloride group (BH group, 
n = 25). Preoperatively (day 0), the patients were screened based on the inclusion and exclusion criteria, and 
corresponding numbers were assigned based on the random number table. On the surgery day, an assistant who 
was unaware of the study protocols drew the designated number from an envelope and prepared the anesthetic 
agents according to the assignment. An independent nerve blocker who was not involved in the anesthesia 
procedure and postoperative assessment was informed of the group allocation. The nerve blocker prepared the 
drugs required for the study based on the randomization results and independently performed the nerve block 
after the administration of anesthesia. All patients, surgeons, anesthesiologists, and follow-up staff were blinded 
to group allocation, and statistical analysis was conducted by a researcher who was unaware of the groupings.

Anesthesia management and monitoring
All patients were directed to fast from food for 8 h and from fluids for 4 h before surgery. Upon entering the 
operating room, a peripheral intravenous line was established, and Ringer’s solution was infused. The patient’s 
position was adjusted, and anesthesia monitoring commenced. The monitoring parameters included non-
invasive blood pressure, electrocardiogram, pulse oxygen saturation (SpO2), bispectral index (BIS), respiratory 
rate, and end-tidal carbon dioxide (PETCO2). All patients received oxygen using a nasal cannula with end-tidal 
CO2 monitoring (100% O2, 3 L/min). After preparing all anesthesia equipment, anesthetic drugs, and emergency 
medications, anesthesia induction commenced. The appropriate dose of liposomal bupivacaine or conventional 
bupivacaine hydrochloride was calculated based on the patient’s weight and clinical condition. Immediately 
post-surgery, intercostal nerve blocks were performed, targeting the third to eighth intercostal spaces on the 
operated side (comprising six injection sites). All surgeries were performed by a team of experienced surgeons 
to minimize technical discrepancies. Patients in the LB group received local injections of liposomal bupivacaine 
(20 mL: 266 mg) under thoracoscopic guidance. We injected 266 mg of bupivacaine liposomes into the thoracic 
cavity according to the established protocol. The solution was injected in equal volume into the third to eighth 
intercostal spaces. The bupivacaine hydrochloride group received conventional bupivacaine hydrochloride 
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(5 mL: 37.5  mg) injections. Each injection was administered in a dose of 2 mL, with regular aspiration to 
verify blood return, hence minimizing the risk of inadvertent intravascular injection. The anesthesia protocol 
comprised propofol 0.4  mg/kg, sufentanil 0.4–0.6  µg/kg, and rocuronium 0.6  mg/kg for induction, and 
maintenance with propofol 3–5 mg/kg/h, remifentanil 0.1–0.2 µg/kg/min, and rocuronium 5–10 µg/kg/min. 
The dosages of propofol and remifentanil were adjusted during the procedure based on blood pressure, HR, 
and BIS, and intermittent intravenous sufentanil was administered as needed to maintain stable vital signs and 
BIS values between 40 and 60. Postoperative analgesia was administered by intravenous pentazocine 30 mg and 
patient-controlled analgesia (PCA) comprising sufentanil 50 µg, pentazocine 60 mg, ondansetron 16 mg, and 
0.9% saline to a volume of 300 mL, with a background rate of 2 mL/h and a patient-controlled bolus dose of 6 
mL/h, with a lockout interval of 15 min. Adverse reactions during anesthesia, including respiratory depression, 
bradycardia, hypertension, hypotension, allergic reactions, and severe pleural reactions, were recorded and 
treated promptly as per protocol.

Data collection
Collected intraoperative data included vital signs, the amount of anesthetic drugs used, and the volume of 
vasoactive medications administered. Postoperative data included VAS and NRS pain scores at rest and during 
movement at 6, 24, 48, and 72 h after surgery, and the occurrence of adverse reactions (nausea, vomiting, urinary 
retention, orthostatic dizziness, non-orthostatic dizziness, and local anesthetic allergy) at 6, 24, 48, and 72 h after 
surgery.The original data of this study can be found in Table S1.

Statistical analysis
The sample size was calculated based on the primary outcome: the 24-h VAS pain score. According to previous 
research, the VAS scores for 24-h pain were 4.55 ± 0.52 and 5.36 ± 1.03, respectively. Assuming a type I error 
rate (α) of 0.05, a type II error rate (β) of 0.2, and accounting for a 10% loss to follow-up, a minimum of 18 
participants per group was required to achieve sufficient statistical power.

The statistical package for the social sciences software (version 27.0) was utilized for data analysis. Normality 
tests were performed for all measurement data, with normally distributed data presented as mean ± standard 
deviation (SD). Inter-group comparisons were conducted using independent sample t-tests, and within-group 
comparisons were performed using repeated measures analysis of variance (ANOVA). For non-normally 
distributed data, results were presented as median (P25, P75), and inter-group comparisons were conducted 
using the Mann–Whitney U test. Repeated measures ANOVA was utilized for continuous data following 
a normal distribution. Categorical data were expressed as frequency and percentage (%), and comparisons 
between groups were performed using the chi-square test. A p < 0.05 was considered statistically significant.

Results
Intraoperative vital signs monitoring
The vital signs (invasive blood pressure [IBP], HR, peripheral oxygen saturation [SpO2], and BIS) of patients in 
both groups were monitored before injection of liposomal bupivacaine or bupivacaine hydrochloride, 30 min 
post-injection, and at the end of the surgery. The comparison revealed no statistically significant variations 
in vital signs between the two groups before and after nerve block (all p > 0.05). Additionally, no significant 
differences were observed in the consumption of sufentanil, remifentanil, and the administration of vasoactive 
drugs during surgery between the two groups (all p > 0.05). Table 1 presents the results.

Postoperative pain control and complications comparison
The static VAS scores at 6 and 24 h postoperatively were significantly lower in the LB group compared to the 
BH group (p < 0.05). At 48 and 72 h postoperatively, no significant difference was observed in static VAS scores 
between the two groups. For dynamic VAS and NRS scores at 6, 24, and 48 h postoperatively, the LB group 
exhibited significantly lower scores than the BH group (p < 0.05). However, no significant differences were 
observed in the static VAS, dynamic VAS, and NRS scores at 72 h postoperatively (p > 0.05). These results are 
presented in Tables 2, 3 and 4.

When comparing postoperative adverse reactions between LB and BH groups, the number of patients 
experiencing nausea at 24  h postoperatively was significantly lower in the LB group than in the BH group 
(p < 0.05). No cases of allergic reactions to local anesthetics were reported in either group. Table 5 presents these 
findings.

In both groups, static VAS, dynamic VAS, and NRS scores exhibited an upward trend within the first 24 h 
postoperatively, peaking at 24 h, followed by a downward trend thereafter. The highest number of postoperative 
adverse reactions in both groups was observed within the first 24 h, with a marked reduction in adverse reactions 
after 24 h.

Trends in postoperative pain control and complications between LB and BH groups
Herein, significant differences were observed between the LB and BH groups based on postoperative pain control 
and complications. Static VAS scores were higher at 6 h post-surgery and gradually decreased over time. The 
LB group consistently exhibited lower scores than the BH group, with a significant difference observed at 24 h 
post-surgery (Fig. 1a). Regarding dynamic VAS scores, the LB group exhibited lower scores at 6 h post-surgery, 
and the scores improved over time. However, the BH group’s scores peaked at 24 h post-surgery, followed by a 
decrease. At 48 and 72 h, the LB group exhibited significantly lower scores during deep breathing, cough, and 
ambulation than the BH group (Figs. 1c–e), indicating better control of movement-related pain in the LB group. 
NRS scores decreased at 6, 24, 48, and 72 h, with a peak at 24 h post-surgery. Afterward, the scores declined more 
significantly, with the LB group maintaining significantly lower NRS scores at all time points than the BH group 
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Group LB group BH group P value

6 h

 Deep breathing 4 (3,4) 4 (4,5) 0.002

 Cough 4 (3,4) 5 (5,6) 0.001

 Ambulation* 0 0 0.999

24 h

 Deep breathing 4 (4,4) 5 (5,5) 0.001

 Cough 5 (4,5) 6 (5,6) 0.001

 Ambulation 4 (3,4) 5 (4,5) 0.001

48 h

 Deep breathing 3 (3,3) 4 (3,4) 0.014

 Cough 4 (4,4) 4 (4,5) 0.001

 Ambulation 3 (3,3) 3 (3,4) 0.017

72 h

 Deep breathing 2 (2,3) 2 (2,3) 0.478

 Cough 3 (2,3) 3 (3,4) 0.009

 Ambulation 2 (2,2) 2 (2,3) 0.321

Table 3.  Comparison of dynamic VAS scores between the two groups. *All patients remained bedridden for a 
period of six hours post-surgery, resulting in an Ambulation score of 0.

 

Group 6 h 24 h 48 h 72 h

LB group 3 (3,4) 4 (4,4) 3 (3,3) 2 (2,3)

BH group  4 (4,4) 5 (4,5) 3 (3,4) 2 (2,2)

P value 0.014 0.001 0.182 0.065

Table 2.  Comparison of static VAS scores between the two groups.

 

Vital signs

Group

LB, N = 25 BH, N = 25 P value

T1

 IBP, Median (IQR) 93 (87–102) 98 (90–104) 0.607

 HR, Median (IQR) 78 (69–85) 80 (70–84) 0.62

 SPO2, Median (IQR) 99(98 − 100) 99 (98–100) 0.266

 BIS, Median (IQR) 90 (88–91) 85 (80–90) 0.031

T2

 IBP, Median (IQR) 82 (79–95) 85 (76–98) 0.938

 HR, Median (IQR) 70 (60–78) 70 (60–78) 0.734

 SPO2, Median (IQR) 100 (98.250–100) 100 (100–100) 0.275

 BIS, Median (IQR) 52 (43–56) 48 (43–54) 0.308

T3

 IBP, Median (IQR) 88 (75–95) 80 (72–92) 0.478

 HR, Median (IQR) 70 (62–79) 69 (62–79) 0.946

 SPO2, Median (IQR) 100 (98–100) 100 (99–100) 0.297

 BIS, Median (IQR) 49 (40–56) 46 (44–55) 0.884

T4

 IBP, Median (IQR) 89 (82–95) 90 (83–92) 0.634

 HR, Median (IQR) 69 (61–76) 70 (62–78) 0.655

 SPO2, Median (IQR) 100 (100–100) 100 (100–100) 0.473

 BIS, Median (IQR) 55 (47–57) 51 (43–55) 0.778

Table 1.  Comparison of intraoperative vital signs between the two groups.
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(Fig. 1b). PCA drug residuals gradually decreased over time, and the LB group exhibited a significantly faster 
decline in drug residuals than the BH group. At 72 h post-surgery, the LB group exhibited significantly lower 
drug residuals than the BH group (Fig. 1f), indicating reduced analgesic drug requirements in the LB group. 
Nausea reached its peak at 24 h post-surgery and gradually decreased. The LB group exhibited significantly lower 
nausea scores compared to the BH group (Fig. 1g), indicating that the LB group was more effective in reducing 
nausea.

Discussion
Recent studies on postoperative pain management after thoracic surgery have predominantly focused on 
the implementation of multimodal analgesia and personalized management strategies19–21. Peripheral nerve 
blocks, a form of regional analgesia, have demonstrated considerable benefit in alleviating postoperative pain, 
diminishing opioid administration, and reducing the risk of complications22. Effective postoperative pain 
management improves patient compliance with postoperative functional exercises and reduces the incidence 
of complications, including pulmonary infections, atelectasis, and deep vein thrombosis, thereby expediting 
recovery23. Furthermore, it reduces the incidence of chronic pain, mitigates the risk of drug dependence and 
related adverse effects (including nausea, constipation, and respiratory depression) associated with opioid use, 
and improves patient satisfaction during hospitalization24.

This study demonstrated that in female patients undergoing single-port thoracoscopic lung surgery, the 
administration of liposomal bupivacaine correlates with reduced pain scores within 48 h postoperatively, 
compared to the use of conventional bupivacaine hydrochloride for intercostal nerve blocks. This indicates 
that liposomal bupivacaine may provide enhanced analgesic effects during the early postoperative period. 
The mechanisms underlying the analgesic effects of liposomal bupivacaine and bupivacaine hydrochloride 
at various postoperative time intervals require additional investigation. The microencapsulation technology 
of liposomal bupivacaine facilitates the sustained distribution of continuous, dynamic analgesic coverage, 
maintaining effective local anesthetic concentrations in the neuro-rich thoracic region. Compared to 
conventional bupivacaine hydrochloride, it possessed an enhanced capacity to deliver pain relief within 24 h of 
administration. The pharmacokinetics of liposomal bupivacaine exhibit a biphasic pattern, with an initial peak 
occurring within 1 h of administration, followed by a second peak approximately 12–36 h later25. Meanwhile, 
compared with conventional bupivacaine hydrochloride, liposomal bupivacaine demonstrated a reduced peak 
plasma concentration, attributable to its sustained-release characteristics. Bupivacaine hydrochloride exhibited 
a higher peak plasma concentration and an increased propensity to induce early central nervous system 
toxicity symptoms. Subsequently, drug concentrations begin to diminish. This phenomenon may serve as the 
underlying mechanism responsible for its postoperative analgesic efficacy and safety. A review by Dinges HC 
et al.10, comprising 23 randomized controlled trials, revealed a significant decrease in average pain scores at 
24 h postoperatively in the liposomal bupivacaine cohort. Furthermore, Corsini EM et al.26 conducted a long-
term follow-up study on patients with early-stage non-small cell lung cancer, demonstrating that liposomal 
bupivacaine effectively reduces the incidence of postoperative complications, including pneumonia and acute 
respiratory distress syndrome. Additionally, a retrospective study by Wayne B. Bauerl et al.27 demonstrated that 
the Enhanced Recovery After Surgery protocol, combined with liposomal bupivacaine nerve blocks, significantly 
reduces opioid consumption. Liposomal bupivacaine offers enhanced analgesic efficacy in pain-sensitive female 
patients compared to conventional local anesthetics and significantly reduces the incidence of postoperative 
complications and opioid usage. The incidence of adverse reactions was markedly lower in the LB group than in 
the BH group, indicating a superior safety profile for liposomal bupivacaine.

The U.S. Food and Drug Administration approved the LB injection suspension, known as EXPAREL, in 
2011. Research indicates that it exhibits limited diffusion and minimal absorption into the lymphatic system 
and systemic circulation after local injection, thereby mitigating adverse reactions associated with elevated 
plasma concentrations28. Alan David Kaye et al.29 reported that EXPAREL offers prolonged analgesic effects, 
significantly enhancing postoperative pain management. Various international guidelines recommend the 
integration of liposomal bupivacaine into multimodal analgesia protocols to enhance patient recovery30. This 
study demonstrated that the utilization of liposomal bupivacaine for intercostal nerve blocks can more effectively 
alleviate early postoperative pain in female patients compared to conventional local anesthetics. The analgesic 
effect of bupivacaine liposomes in the early postoperative period is crucial for managing chronic postoperative 
pain. Severe acute postoperative pain is a well-established risk factor for chronic postsurgical pain (CPSP)31, as it 
can induce neuroplastic changes, including central sensitization—a process whereby repeated nociceptive input 
enhances pain perception and results in persistent hypersensitivity post-injury recovery32. By attenuating this 
acute pain, LB may disrupt the process of central sensitization, thereby reducing the risk of CPSP. This hypothesis 
will be validated in our future research. LB is associated with a lower incidence of nausea reaction, indicating 
that its administration to female patients may be associated with a lower degree of risk. The findings advocate 

Group 6 h 24 h 48 h 72 h

LB Group 4 (3,4) 4 (4,4) 3 (3,3) 2 (2,2)

B Group 5 (5,5) 5 (4,6) 4 (3,4) 2 (2,3)

P value < 0.001 < 0.001 < 0.001 0.101

Table 4.  Comparison of NRS scores between the two groups.

 

Scientific Reports |        (2025) 15:40601 5| https://doi.org/10.1038/s41598-025-24214-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Group

Postoperative adverse reactions LB group, n = 25 BH group, n = 25 *P value

6 h

    Nausea, n (%) 0.002

      0 19 (76) 15 (60)

      1 6 (24) 10 (40)

   Vomiting, n (%)

      0 25 (100) 25 (100)

   Urinary retention, n (%)

      0 25 (100) 25 (100)

   Positional dizziness, n (%) 0.235

      0 19 (76) 22 (88)

      1 6 (24) 3 (12)

   Non-positional dizziness, n (%) 0.49

      0 25 (100) 23 (92)

      1 0 (0) 2 (8.0)

24 h

   Nausea, n (%) 0.002

      0 15 (60) 4 (16)

      1 10 (40) 21 (84)

   Vomiting, n (%) > 0.999

      0 25 (100) 24 (96)

      1 0 (0) 1 (4.0)

   Urinary retention, n (%)

      0 25 (100) 25 (100)

   Positional dizziness, n (%) 0.213

      0 5 (20) 7 (28)

      1 20 (80) 18 (72)

   Non-positional dizziness, n (%) 0.49

      0 25 (100) 23 (92)

      1 0 (0) 2 (8.0)

48 h –

   Nausea, n (%)

      0 25 (100) 25 (100)

   Vomiting, n (%)

      0 25 (100) 25 (100)

   Urinary retention, n (%)

      0 25 (100) 25 (100)

   Positional dizziness, n (%)

      0 25 (100) 25 (100)

   Non-positional dizziness, n (%)

      0 25 (100) 25 (100)

72 h –

   Nausea, n (%)

      0 25 (100) 25 (100)

   Vomiting, n (%)

      0 25 (100) 25 (100)

   Urinary retention, n (%)

      0 25 (100) 25 (100)

   Positional dizziness, n (%)

      0 25 (100) 25 (100)

   Non-positional dizziness, n (%)

      0 25 (100) 25 (100)

Table 5.  Comparison of postoperative adverse reactions between the two groups. 0 = No adverse reactions 
occurred; 1 = Adverse reactions occurred; *The p-value was adjusted using Bonferroni correction.
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for the incorporation of liposomal bupivacaine into personalized treatment plans to enhance recovery in female 
patients undergoing thoracic surgery, thereby offering new insights into postoperative pain management.

This study has some limitations: (1) the relatively small sample size limited the generalizability of the results, 
necessitating larger, multicenter clinical trials to enhance the reliability and applicability of the findings. (2) The 
limited follow-up period hindered a comprehensive comparison of pain score trends between LB and BH groups. 
Consequently, there is an absence of reliable evidence regarding the long-term analgesic efficacy of liposomal 
bupivacaine following surgical interventions. (3) Individual patient differences, including psychological status, 
pain tolerance, and previous medication history, which could influence analgesic efficacy, were not considered. 
(4) Different resection methods of single-port thoracoscopic partial lung resection may exert different degrees 
of effect on postoperative pain, complicating the comparison of primary outcomes. These factors might have 
confounded the results; therefore, future research should implement more rigorous controls for these potential 
confounding variables.

Conclusion
This study demonstrated that LB offers superior early postoperative analgesic effects compared to conventional 
BH for female patients undergoing thoracoscopic lung surgery. LB is associated with a lower incidence of 
postoperative nausea. This evidence enhances postoperative pain management strategies for female patients.

Data availability
Data is available from the corresponding author on reasonable request.

Received: 18 February 2025; Accepted: 13 October 2025

Fig. 1.  Comparison of postoperative pain control and complications between LB and BH groups. The trends 
in static VAS scores (a), NRS scores (b), dynamic VAS scores for deep breathing (c), coughing (d), and 
ambulation (e), PCA drug residuals (f), and nausea (g) are indicated at postoperative 6, 24, 48, and 72 h. 
Statistical significance is indicated by *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
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