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Background: Inadequate post-cesarean analgesia remains a common clinical issue, associated with increased opioid use and risks of 
chronic pain and postpartum depression. Although the anterior quadratus lumborum block (QLB III) is more effective than transversus 
abdominis plane (TAP) block, it requires repeated positioning and may cause quadriceps numbness. To address these limitations, we 
designed a modified QLB to overcome these drawbacks. This study evaluated its analgesic efficacy and safety when combined with 
liposomal bupivacaine in cesarean delivery.
Methods: This single-center, randomized, single-blind trial enrolled 70 patients undergoing elective cesarean delivery. Patients were 
randomized to modified QLB (Group Q) or TAP block (Group T). The primary outcome was postoperative Day 1 VAS pain score. 
Secondary outcomes included VAS scores on Days 2, 3, during uterine compression and oxytocin infusion, opioid consumption, 
recovery metrics, and adverse events.
Results: Baseline characteristics were well balanced between the two groups (all p>0.05). The modified QLB group achieved significantly 
lower VAS pain scores at rest, during uterine palpation and oxytocin infusion throughout the first three postoperative days (all p<0.001), 
alongside fewer PCIA demands and reduced morphine-equivalent consumption. Recovery indicators and overall adverse event rates were 
comparable between groups, with no severe neurological or local complications observed in either cohort.
Conclusion: Modified single lateral decubitus QLB combined with liposomal bupivacaine yields superior analgesia and reduces 
opioid consumption compared with the TAP block, demonstrating favorable safety and clinical value for enhancing postoperative 
recovery following cesarean delivery. Nevertheless, these findings are limited by the single-center design and relatively small sample 
size, and long-term follow-up of chronic pain and postpartum mental outcomes was not performed.
Trial Registration Number: ChiCTR2400094584. The trial is publicly available and is registered at https://www.chictr.org.cn on 
December 25, 2024.
Keywords: cesarean delivery, quadratus lumborum block, liposomal bupivacaine, postoperative analgesia, opioid-sparing
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Introduction
Cesarean delivery is among the most performed surgical procedures globally.1 Following the administration of single-shot spinal 
anesthesia, patients often experience severe postoperative pain, attributable to both the relatively large surgical incision and 
subsequent uterine contractions. Epidemiological data indicate that 68% of women undergoing cesarean delivery have 
insufficient postoperative pain relief, and 98% require additional opioids to control residual pain.2 This type of pain triggers 
extensive neuroendocrine stress responses; inadequate analgesia further increases the risk of breastfeeding failure, impaired 
maternal-infant interaction, chronic pain, postpartum depression, and postoperative morbidities, while compromising quality of 
life.3 Opioids remains the cornerstone of pain management following cesarean section.4 However, opioids are associated with 
a range of adverse effects, including pruritus, nausea, vomiting, and constipation.5 Moreover, their excretion in breast milk raises 
concerns about potential neonatal exposure, creating a clinical dilemma for breastfeeding mothers.6 With the global adoption of 
ERAS principles, regional anesthesia techniques have gained increasing attention for postoperative analgesia due to their targeted 
pain relief and favorable safety profile—characterized by fewer systemic side effects compared to opioids.7,8

Regional blocks are preferred for reduction in opioid use, but current options have limitations. TAP is widely used for 
its simplicity and applicability, yet it only relieves incision pain and fails to address visceral pain during oxytocin 
infusion or uterine massage. The conventional QLB III achieves comprehensive analgesia by facilitating local anesthetic 
spread toward the paravertebral space to block both somatic and visceral pain pathways.9,10 However, the standard 
procedure requires repeated patient repositioning; furthermore, inadvertent diffusion of the injectate to the lumbar plexus 
may lead to quadriceps weakness or numbness.11,12 Studies have shown that the subcostal QLB can also allow the spread 
of local anesthetics to the paravertebral space, and the high-level anterior QLB has not been shown to cause the side 
effect of quadriceps muscle numbness.13 Additionally, the most commonly used local anesthetic for nerve blocks in 
clinical practice is ropivacaine. However, conventional ropivacaine’s short duration limits its efficacy. Liposomal 
bupivacaine, a macromolecular sustained-release local anesthetic, has been validated for prolonged postoperative 
analgesia in various regional blocks, with demonstrated advantages of extended duration of action compared to 
conventional local anesthetics.14–16 Nevertheless, its diffusion capacity in the context of QLB III remains uncertain. 
There are concerns that the large molecular structure of the liposomal formulation may impede adequate penetration 
through the fascial planes of the quadratus lumborum muscle to reach the paravertebral space, potentially compromising 
analgesic outcomes. To date, no studies have directly addressed this pertinent anatomical and clinical question.

In this study, we developed a modified QLB technique that enables both an upper L2-level anterior QLB and a lower 
subcostal anterior QLB to be performed in a single lateral position. This dual-site approach is hypothesized to provide superior 
analgesia for post-cesarean patients with the dual burden of incisional and uterine contraction-related pain. No studies to date 
have validated this efficacy, so that the present randomized controlled trial was designed to evaluate the analgesic efficacy of 
a modified single-side-lying QLB combined with liposomal bupivacaine for post-cesarean delivery pain management. The 
findings aim to provide evidence-based guidance for optimizing analgesic protocols in clinical practice.

Materials and Methods
Study Design and Population
This study was prospectively registered at the Chinese Clinical Trial Registry (ChiCTR2400094584) and approved by the 
Ethics Committee of Jiangxi Provincial Maternity and Child Health Hospital (Approval No. EC-KY-2024118). The trial 
was conducted in strict compliance with the principles of the Declaration of Helsinki, and written informed consent was 
obtained from all patients or their legally authorized representatives before enrollment.

A single-center, randomized, single-blind, active-controlled Phase IV clinical trial was conducted at Jiangxi Provincial 
Maternity and Child Health Hospital between January 5, 2025, and July 29, 2025. A total of 70 patients scheduled for elective 
cesarean delivery were enrolled. And eligible participants were limited to primiparous or once-cesarean-delivered women 
aged 18–35 years, with ASA II status and normal BMI (18.5–24.9 kg/m2), who voluntarily requested nerve block for elective 
cesarean delivery, excluding those with placental abnormalities, pre-existing neurological/cardiovascular comorbidities, 
inability to provide informed consent, history of failed neuraxial block, or other contraindications such as local anesthetic 
allergy or anticipated emergency conditions (Figure 1).
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Randomization and Blinding
Patients were randomized to either the TAP block group (TAP group) or the modified QLB group (QLB group). The 
randomization sequence was generated by an independent researcher not involved in patient recruitment, data collection, 
or clinical procedures, using a computerized random number generator. To ensure allocation concealment, the sequence 
was sealed in sequentially numbered, opaque, tamper-evident envelopes.

Prior to the nerve block procedure, the operator responsible for performing the block opened the sequentially 
designated envelope to confirm the patient’s group assignment, after which the nerve block was administered. All 
other clinical staff involved in patient care and personnel responsible for data collection and analysis remained blinded to 
the group allocation throughout the study period.

Anesthetic and Analgesic Protocols
All patients received single-shot spinal anesthesia at the T6 to S sensory level with 0.5% hyperbaric bupivacaine (dose 
adjusted by height: 1.8 mL for height≤150 cm, titrated linearly from 1.8 mL to 2.6 mL for height 150–180 cm, 2.6 mL for 
height≥180 cm) via a 25-gauge (25G) Quincke spinal needle (90 mm in length) without adjuvant opioids. Immediately after 
surgery, both groups received PCIA to manage breakthrough pain. The PCIA pump contained nalbuphine 60 mg, trometamol 
injection 120 mg (1 mL: 30 mg specification; Chengdu BETTER Pharmaceutical Co., Ltd., China),17 ondansetron 12 mg, and 
dexamethasone 5 mg18 in a total volume of 60 mL, programmed with a background infusion rate of 0 mL/h, a bolus dose of 
2 mL, and a lockout time of 10 minutes. Liposomal bupivacaine (1.33%, 13.3 mg/mL; Bupivacaine Liposome Injectable 
Suspension, Ahipin®, Jiangsu Hengrui Medicine, Lianyungang, China) and 20-gauge, 1.88-inch intravenous catheters (BD 

Figure 1 The flow diagram of patient enrollment, inclusion and exclusion.
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Angiocath™, Becton Dickinson, USA) were uniformly used for nerve block administration in both groups, with the liposomal 
bupivacaine diluted to 0.665% (20 mL, 133 mg) for clinical injection.

In the TAP group, With the patients in the supine position, a high-frequency linear ultrasound transducer (6–13 MHz; 
SonoSite Ultrasound System) was placed 10 cm lateral to the umbilicus. Under real-time ultrasound guidance, the 
transversus abdominis muscle was identified, and a 22G needle was advanced in-plane to the fascial plane between the 
internal oblique and transversus abdominis muscles. A total of 133 mg liposomal bupivacaine (0.665%, 6.65 mg/mL, 
20 mL) was injected, with ultrasound confirmation of fusiform spread of the injectate between the two fascial layers. The 
procedure was repeated on the contralateral side to ensure bilateral analgesic coverage.

As show in Figure 2, in the modified QLB Group, patients were positioned in the lateral decubitus position to facilitate the 
administration of two distinct blocks. First, the upper L2-level anterior QLB was performed using a low-frequency curvilinear 
ultrasound transducer (2–5 MHz; SonoSite Ultrasound System) placed perpendicular to the lumbar spine to identify the 
“shamrock sign,” a sonographic landmark comprising the psoas major, quadratus lumborum, and erector spinae muscles. 
A 22-gauge (22G) needle was advanced in-plane to the space between the psoas major and quadratus lumborum muscles, and 
133 mg liposomal bupivacaine (0.665%, 6.65 mg/mL, 20 mL) was injected. The success of the injection was verified through 
ultrasound visualization of separation between the two muscles. Subsequently, the lower subcostal anterior QLB was 

Figure 2 The illustration of ultrasound-guided modified quadratus lumborum block: step-by-step procedure with corresponding ultrasound imaging. (A and B) Schematic 
diagram and ultrasound image of anterior lumbar block operation at L2 vertebral body level (1: quadratus lumborum; 2: psoas major; 3: transverse process; 4: kidney; white 
arrow: needle tip; blue point: ultrasound indicator point). (C and D) Schematic diagram and ultrasound image of out-of-plane Subcostal Quadratus Lumborum Block (1: 12th 
rib; 2: quadratus lumborum; 3: Thoracolumbar Fascia; 4; kidney; white arrow: needle tip; blue point: ultrasound indicator point).
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conducted by repositioning the transducer 6–8 cm lateral to the midline at the subcostal level, parallel to the lumbar spine, to 
identify the 12th rib, kidney, and quadratus lumborum muscle. A 22G needle was advanced out-of-plane to the fascial space 
between the quadratus lumborum muscle and anterior thoracolumbar fascia (ATLF). An additional 133 mg of liposomal 
bupivacaine (0.665%, 6.65 mg/mL, 20 mL) was administered, with ultrasound confirmation of separation between the 
quadratus lumborum muscle and ATLF. Upon the completion of both block procedures, patients were immediately reposi
tioned to the supine position.

Outcomes
The primary endpoint was the intensity of pain on postoperative Day 1, assessed using the VAS. Secondary outcomes 
were categorized into three mechanistic domains, as outlined below: 1. Postoperative Analgesia Profile: Pain intensity, 
assessed via VAS, was recorded on postoperative Days 2 and 3, with additional evaluations conducted during uterine 
palpation and oxytocin administration. 2. Postoperative Recovery Metrics: These included measurements of patient- 
controlled analgesia (PCA) consumption, time to first defecation, time to first ambulation, duration of urinary catheter
ization, and total hospital length of stay (LOS). 3. Safety Evaluation: Monitored adverse events (AEs) included nausea, 
vomiting, pruritus, constipation, urinary retention, allergic reactions, local infection at the nerve block site, bleeding/ 
hematoma formation, hypoesthesia, and hypotension. This structured classification of outcomes ensures that all reported 
results are directly aligned with the dual research objectives of evaluating the efficacy and safety of the modified 
intervention.

Sample Size Calculation
Based on a preliminary study (n=20) showing a mean VAS score of 2.20 ± 1.19 in the TAP group and assuming 
a clinically meaningful difference of 1 point, a sample size of 30 per group was calculated using PASS 15 with α=0.05 
and 90% power; ultimately, 35 participants were enrolled per group to accommodate a potential 15% attrition rate.

Statistical Analysis
All statistical evaluations were conducted utilizing SPSS software (Version 24.0; IBM Corp., Armonk, NY, USA). The 
assessment of data distribution normality was executed via the Shapiro–Wilk test. Continuous variables that exhibited 
a normal distribution were conveyed as mean ± standard deviation, and these variables were compared employing 
independent samples t-tests. Conversely, non-normally distributed data, such as total fluid infusion, were represented as 
median (interquartile range [IQR]) and subjected to analysis through Mann–Whitney U-tests. Ordinal categorical 
variables, including VSA scores, were also expressed as median (IQR) and evaluated using the Wilcoxon rank-sum 
test, in alignment with their hierarchical distribution characteristics. Categorical data were summarized as counts 
(percentage) [n (%)]. For comparative analysis of categorical variables between groups, the Chi-square (χ2) test was 
applied. In instances where the expected frequency in any cell was less than 1 or when the total sample size was below 
40, Fisher’s exact test was employed to mitigate potential bias in results. A two-tailed p-value of less than 0.05 was 
deemed statistically significant for all conducted analyses.

Results
Demographic Data
Following an exhaustive evaluation of 70 prospective candidates, 2 individuals were excluded, 5 did not satisfy the 
established selection criteria, and 1 opted out of participation. Consequently, this randomized controlled trial successfully 
enrolled 64 qualified participants utilizing computerized block randomization, as illustrated in the CONSORT-compliant 
flowchart (Figure 1). The study cohort exhibited rigorous adherence to the protocol, achieving complete retention (100% 
compliance) and reporting no serious adverse events across both interventional arms. A thorough examination of baseline 
characteristics indicated no statistically significant differences between the groups (p>0.05) (Table 1). Furthermore, 
a comparative evaluation of intraoperative parameters confirmed parity between the groups.
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Efficacy Outcomes
Comparative analysis of postoperative pain revealed that the QLB group (N = 30) demonstrated significantly lower VAS 
scores than the TAP group (N = 31) across all postoperative 6 h, 24 h (day 1), 48 h (day 2) and 72 h (day 3) time points 
and provocative scenarios. Specifically, at rest at 24 h (postoperative day 1) (1.0 [0.0–1.3] vs 2.0 [2.0–3.0]), at 
48 h (postoperative day 2) (1.0 [0.0–1.0] vs 2.0 [1.0–2.0]), at 72 h (postoperative day 3) (0.0 [0.0–0.0] vs 1.0 [0.0– 
1.0]), the median differences were 1 point (all p<0.001). Pain scores during uterine compression and oxytocin admin
istration were recorded at 6 hours postoperatively. During uterine compression (2.0 [1.0–3.0] vs 4.0 [3.0–5.0]) and 
oxytocin injection (3.0 [1.8–3.0] vs 5.0 [4.0–5.0]), the median differences reached 2 points (both p<0.001), indicating 
consistently superior analgesia with the QLB approach under both static and dynamic conditions (all p<0.001; Table 2).

Regarding postoperative recovery, the QLB group required significantly fewer patient-controlled analgesia activations 
(3 [2.8–3.0] vs 7 [7–8] times; p<0.001) and lower morphine consumption (6 [3.5–13.6] vs 16 [10–24] mg; p<0.001). 
However, no significant differences were observed between groups in time to first defecation (49.1 ± 17.8 vs 43.3 ± 
16.6 h; p=0.196), duration of catheter indwelling (22.2 ± 4.6 vs 19.8 ± 4.7 h; p=0.051), time to first ambulation (23.7 ± 
3.7 vs 22.0 ± 4.4 h; p=0.106), or length of hospital stay (3 [2–3] vs 3 [2–3] days; p > 0.05) (Table 3). The observed delays 
in indwelling urinary catheter removal and first ambulation were attributed to institutional standardized clinical protocols 
for cesarean section patients, rather than opioid-related adverse effects (opioid consumption was effectively reduced by 
regional blocks in both groups). All patients received 24-hour postoperative bed rest for maternal hemodynamic stability 
and uterine involution monitoring, with indwelling urinary catheters routinely removed after bed rest and confirmation of 
spontaneous urination ability. This protocol was uniformly applied to both groups, eliminating intergroup bias and 
ensuring outcome comparability.

Table 1 Patient Characteristics and Procedural Data

Group T (N=31) Group Q (N=30) p-value

Age, yr 31.1±2.9 30.4±3.6 0.397
BMI, kg/m2 28.6±2.9 27.2±2.4 0.067

Level of education, n (%) 0.291

Primary school, n (%) 0 (0%) 1 (1.6%)
Middle school, n (%) 3 (4.9%) 3 (4.9%)

High school, n (%) 5 (8.2%) 8 (13.1%)

College or higher, n (%) 23 (37.7%) 18 (29.5%)
Comorbidity, n (%)

Gestational diabetes 3 (5%) 4 (6.7%) >0.999
Gestational hypertension 2 (3.3%) 2 (3.3%) 1

Anemia 8 (13.3%) 9 (15%) 0.774

Blood transfusion, mL 0 0 1
Urine output, mL 100 (70, 140) 110 (77.5, 160) 0.501

Total fluid infusion, mL 600 (500, 700) 600 (500, 800) 0.754

Operation duration, min 61.8±18.4 54.8±14.1 0.104

Note: Dates are presented as mean ± SD, n (%), median (interquartile range).

Table 2 Postoperative Visual Analogue Scale (VAS)

Group T (N=31) Group Q (N=30) p-values

VAS Day 1 2.0(2.0, 3.0) 1.0(0.0, 1.3) <0.001
VAS Day 2 2.0(1.0, 2.0) 1.0(0.0, 1.0) <0.001

VAS Day 3 1.0(0.0, 1.0) 0.0(0.0, 0.0) <0.001

VAS pressing the uterus 4.0(3.0, 5.0) 2.0(1.0, 3.0) <0.001
VAS injecting oxytocin 5.0(4.0, 5.0) 3.0(1.8, 3.0) <0.001

Note: Dates are presented as median (interquartile range).
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Safety Outcomes
The two groups exhibited comparable safety profiles, with no statistically significant differences in overall adverse events 
(15.0% vs 13.3%; p=0.774) or specific incidents, including nausea/vomiting (1.6% vs 4.9%; p=0.629), constipation 
(8.2% vs 4.9%; p=0.668), urinary retention (4.9% vs 1.6%; p=0.581), or hypoesthesia (0% vs 1.6%; p>0.05). No cases of 
pruritus, allergic reactions, local infection, or hypotension were reported in either group. These results indicate that the 
QLB technique offers significantly improved analgesic efficacy without compromising safety compared to TAP block 
(Table 4).

Discussion
This randomized controlled trial evaluated the analgesic efficacy of a modified single-side-lying quadratus lumborum 
block in comparison to the transversus abdominis plane block, both supplemented with liposomal bupivacaine, for 
managing post-cesarean delivery pain management and the results demonstrate the clinical superiority of the modified 
QLB approach. We have demonstrated that this combination of single lateral decubitus position L2-3 anterior QLB and 
subcostal QLB is a new clinical application. The traditional anterior QLB requires two lateral positions,19 which is very 
inconvenient for the clinical operation of passive body position for patients after cesarean section. Some researchers have 
proposed a technique of performing the anterior QLB in the supine position.20,21 However, these supine positions present 
a notable disadvantage postoperatively, particularly following a cesarean section, as they necessitate the introduction of 
gas into the abdominal cavity. This can adversely affect ultrasound imaging, rendering it unsuitable for such patients. 
A comparable approach to ours is that of Ashok Jadon et al,22 who also performed bilateral QLB in a single lateral 
position. The primary distinction lies in their application of the traditional anterior QLB at the L3-4 level, whereas our 
technique was performed at the L2-3 level, with the injection administered between the quadratus lumborum and the 
anterior thoracolumbar fascia on the lower side. We opted for a higher position and employed the subcostal QLB for the 
lower side. The conventional L3-4 anterior QLB carries the risk of inducing numbness in the quadriceps muscles.23 Such 
numbness post-procedure may lead patients to fear potential nerve damage, thereby heightening their anxiety. 
Furthermore, LU et al did not reported this complication during L2-3 anterior QLB,13 nor did our study. This absence 
of complications may be attributed to the limited sample size. However, the higher anatomical position is likely distant 
from the lumbar plexus, which theoretically reduces the likelihood of this complication. Additionally, the anterior QLB 
predominantly diffuses into the paravertebral region. The subcostal QLB also demonstrates effective analgesic outcomes 

Table 3 Postoperative Outcomes

Group T (N=31) Group Q (N=30) p-values

First defecation time, h 43.3±16.6 49.1±17.8 0.196
Indwelling catheter time, h 19.8±4.7 22.2±4.6 0.051

Counts of PCIA activation, times 7(7, 8) 3(2.8, 3.0) <0.001

Postoperative morphine (converted) Consumption, mg 16(10, 24) 6(3.5, 13.6) <0.001
First time out of bed, h 22.0±4.4 23.7±3.7 0.106

Length of hospital stay, days 3(2, 3) 3(2, 3) 1

Note: Date are presented as mean ± SD, median (interquartile range).

Table 4 Safety Outcomes

Group T (N=31) Group Q (N=30) p-values

Post-operative adverse events, n (%) 8 (13.3%) 9 (15%) 0.774

Nausea/Vomiting, n (%) 3 (4.9%) 1 (1.6%) 0.629
Constipation, n (%) 3 (4.9%) 5 (8.2%) 0.668

Urinary retention, n (%) 1 (1.6%) 3 (4.9%) 0.581

Hypoesthesia, n (%) 1 (1.6%) 0 (0%) >0.999

Note: Dates are presented as n (%).
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through paravertebral diffusion,24,25 aligning with findings from autopsy studies.26 Our findings indicate that this 
analgesic approach is relatively effective. Compared to the TAP block, it exerts a more pronounced effect on visceral 
pain, particularly during uterine compression and oxytocin administration for uterine contractions. This observation is 
consistent with previous research on the analgesic efficacy of the anterior QLB technique following cesarean sections.27

Furthermore, our research findings indicate that bupivacaine liposomes are both feasible and effective for lumbar 
paraspinal block. However, there is ongoing debate regarding the analgesic efficacy of bupivacaine liposomes in clinical 
settings. Previous research on the use of bupivacaine liposomes for local infiltration has demonstrated no significant 
difference compared to the clinical effects of bupivacaine hydrochloride.28–30 Some randomized controlled trials have 
also reported negative outcomes for bupivacaine liposomes. Specifically, studies on bupivacaine liposomes for local 
infiltration have consistently shown no difference in clinical efficacy compared to bupivacaine hydrochloride. 
Additionally, bupivacaine liposomes have been used for supraclavicular brachial plexus block.15 However, it is important 
to note that many studies have focused on local infiltration and low-dose nerve blocks. Recently, larger-dose liposomal 
bupivacaine blocks at the fascial plane have demonstrated relatively significant effects. Notably, a study utilizing 
bupivacaine liposomes for internal rectal block reported excellent clinical outcomes.31 The investigations into the use 
of bupivacaine liposomes for transversus abdominis plane (TAP) block have consistently demonstrated prolonged 
analgesic effects post-surgery.32,33 Additionally, bupivacaine liposomes have exhibited significant efficacy when 
employed for the serratus anterior plane (SAP) block.34 It is noteworthy that a different formulation of bupivacaine 
liposome was utilized for the SAP block, which did not yield any positive clinical outcomes.35 Upon comparison, it was 
observed that the study by Zhang et al involved diluting bupivacaine liposomes with saline, whereas Donn’s research 
incorporated bupivacaine liposomes with hydrochloric bupivacaine. In our study, we diluted bupivacaine with hydro
chloric acid to achieve a total volume of 40 mL, reaching a concentration of 266 mg. The potential impact of combining 
bupivacaine liposomes on the duration of action remains unexplored. Overall, our research has established that 0.664% 
bupivacaine liposomes, as a large molecule, can permeate the fascial plane of the quadratus lumborum muscle to the 
paravertebral area, producing a sustained blocking effect with clinical significance.

In addition, the utilization of opioid medications remains a significant concern. Our research indicates that by implement
ing an enhanced approach incorporating bupivacaine liposomes, we can substantially decrease the required dosage of opioids. 
Our findings align with those of Ferit et al, demonstrating a notable reduction in opioid consumption following anterior 
QLB.36 The median postoperative morphine dosage (after conversion) was reduced to merely 6 mg, with the median number 
of PCIA use limited to three. These results suggest the potential for employing oral opioids as an adjunct in pain management.

This study presents several limitations that require careful consideration. As a single-center trial with a relatively 
small sample size (n = 70), the generalizability of the findings may be limited. Additionally, the single-blind design— 
where only outcome assessors were blinded—could have introduced performance bias in subjective measures, such as 
VAS. Another limitation is the inability to objectively assess the extent of the nerve block due to the concurrent use of 
intraspinal anesthesia, which may result in deviations arising from incomplete sensory blockade. To minimize this 
potential variability, all nerve blocks were administered by the same experienced operator. For future research, we 
recommend conducting larger, multicenter, randomized controlled trials to validate these findings. Furthermore, pro
spective cohort studies are necessary to evaluate the incidence of chronic post-surgical pain and to investigate the impact 
of postoperative pain management on patients with preexisting depressive symptoms, employing validated pain and 
psychological assessment tools.

Conclusions
This randomized controlled trial demonstrated that the modified unilateral lateral decubitus position quadratus lumborum 
block (QLB), in conjunction with liposomal bupivacaine, provided superior analgesic effects following cesarean section. 
Specifically, it significantly reduced pain scores within the first three days postoperatively, with a notable reduction in visceral 
pain, decreased opioid consumption, and exhibited favorable safety and operational convenience. The “L2-3 + subcostal” 
design, coupled with the sustained-release properties of liposomal bupivacaine, effectively addressed the limitations asso
ciated with traditional regional blocks, such as the requirement for multiple positional adjustments and inadequate coverage of 
internal organs.
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