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Background: The optimal analgesia regimen for patients undergoing laparoscopic gastrectomy is still unclear. This study evaluated
the efficacy of ultrasound-guided rectus sheath block (RSB) with liposomal bupivacaine in providing sustained and effective analgesia
to enhance recovery after laparoscopic gastrectomy.

Methods: The study population comprised 102 individuals who underwent randomization to receive a rectus sheath block with one of
the following: Ropivacaine-Dexamethasone (RD group), Liposomal Bupivacaine (LB group), or Liposomal Bupivacaine-
Dexamethasone (LBD group). The primary efficacy measure was defined as total opioid consumption (within 72 hour postoperative),
converted to morphine milligram equivalents (MME). Secondary outcomes included pain scores at rest and during movement (within
72 hours postoperatively), QoR-15-based recovery quality, perioperative satisfaction, inflammatory biomarker levels (preoperative,
24h and 72h postoperatively), PACU/hospital stay duration, and adverse events.

Results: The RD group had significantly higher total opioid consumption compared with the LB group and the LBD group. The LB
group and the LBD group had significantly lower pain scores at rest and on movement at 12 h, 24 h, and 48 h after surgery, when
compared with the RD group. The LB group and the LBD group had lower concentrations of Interleukin-1p (IL-1B) and interleukin-6
(IL-6) at 24 h compared with the RD group. In addition to reporting significantly better QoR-15 scores in the initial 48 hours, patients
receiving liposomal bupivacaine (with or without dexamethasone) also experienced lower rates of PONV compared to the ropivacaine-
dexamethasone cohort. Furthermore, there were no statistically significant differences between the three groups regarding length of
post-anesthesia care unit stay, perioperative satisfaction, and length of hospital stay. There were no statistical differences between the
LB group and the LBD group in all data. And the addition of dexamethasone to LBD provided no additional benefit over liposomal
bupivacaine alone LB.

Conclusion: In conclusion, ultrasound-guided rectus sheath block with liposomal bupivacaine provided superior analgesia and
reduced opioid consumption for up to 48 hours compared with a ropivacaine-dexamethasone regimen in patients undergoing
laparoscopic gastrectomy. However, the addition of perineural dexamethasone to liposomal bupivacaine did not confer further
analgesic benefit.

Trial Registration: www.chictr.org.cn: Identifier: ChiCTR2500098338.

Keywords: ropivacaine, liposomal bupivacaine, rectus sheath block, laparoscopic gastrectomy, acute postoperative pain, regional
anesthesia

Introduction
The ultrasound-guided rectus sheath block is a cornerstone of multimodal analgesic regimens for midline incisions

following abdominal surgery.' Evidence confirms that RSB significantly reduces total opioid consumption and the
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incidence of key complications such as nausea, ileus, and sedation. By preserving motor function, it facilitates early
ambulation and shorter urinary catheterization, directly contributing to Enhanced Recovery After Surgery (ERAS)
protocols. Owing to its technical feasibility and favorable safety profile, ultrasound-guided RSB is well-established in
ERAS pathways for gastrectomy and holds a Grade A recommendation (Evidence Level Ib) from the 2016 American
Society of Regional Anesthesia and Pain Medicine (ASRA) guidelines.> ™

Despite its benefits, postoperative analgesia remains suboptimal. A multicenter survey of 26,193 surgical patients in
China highlighted a critical need for improvement, revealing a 61.99% incidence of moderate-to-severe pain after
gastrectomy.” Inadequate acute pain management is a recognized risk factor for chronic postsurgical pain, which
develops in approximately 12.6% of cases and can severely impede long-term recovery.®

The clinical utility of RSB in major abdominal surgery is often limited by the finite duration of conventional local
anesthetics.” ' This has driven the search for longer-acting options. Ropivacaine, with its differential sensory-motor
blockade and superior cardiovascular safety, is a mainstay for RSB. However, its relatively low lipid solubility results in
a moderate duration of action, typically 8—12 hours, which falls short of the sustained analgesic requirements for
procedures like gastrectomy.'!"!

To bridge this gap, research has focused on strategies to extend the analgesic window, primarily through perineural
adjuvants and sustained-release formulations. Dexamethasone has emerged as a widely utilized adjuvant.'* When
administered perineurally with local anesthetics, it prolongs analgesia by approximately 6—8 hours through multifactorial
mechanisms, including the suppression of inflammatory mediators and modulation of neuronal excitability.'*'*
Substantial evidence supports its efficacy and safety as an adjunct for nerve blocks in abdominal surgery, including
gastrectomy. 13,1517

An alternative strategy is liposomal bupivacaine, an extended-release local anesthetic designed for single-dose
administration to provide opioid-sparing analgesia. Approved by the US FDA in 2011 for surgical site infiltration and
specific nerve blocks, it theoretically provides up to 72 hours of analgesia.'® While clinical studies demonstrate its

1920 recent evidence from

superiority over placebo and standard bupivacaine in reducing pain and opioid consumption,
various surgical models indicates that liposomal bupivacaine provides comparable analgesia to the combination of
standard bupivacaine with dexamethasone, without demonstrating sustained superiority in pain reduction or opioid-
sparing effects within the first 72 hours.''*'

Given the significant clinical demand for effective, prolonged analgesia after laparoscopic gastrectomy and the
current lack of high-quality evidence directly comparing different local anesthetic regimens for rectus sheath block,
we conducted this randomized trial to evaluate the analgesic efficacy of a liposomal bupivacaine—based rectus sheath
block compared with an enhanced standard-of-care regimen (ropivacaine plus dexamethasone) in patients undergoing

laparoscopic gastrectomy.

Materials and Methods

Ethics Statement
This prospective, single-center, double-masked, randomized controlled trial was conducted at the First Affiliated Hospital
of Nanchang University (Nanchang, Jiangxi, na) between April and July 2025. The study protocol was approved by the
Institutional Ethics Committee and registered at the Chinese Clinical Trial Registry (ChiCTR2500098338) on March 6,
2025. The study findings will be reported in accordance with the Consolidated Standards of Reporting Trials
(CONSORT) guidelines.

Patients

The study recruited consecutive candidates scheduled for elective laparoscopic radical gastrectomy at our institution.
Inclusion criteria comprised an age range of 18-75 years, a body mass index (BMI) of 19.0-26.0 kg m_,, and an
American Society of Anesthesiologists (ASA) physical status of I to III. Exclusion criteria was as follows: refusal of
rectus sheath block, history of atopic disease or known allergy to experimental medication, abdominal wall skin lesions
or infection, coagulopathy (INR>1.5 or beyond institutional laboratory reference ranges), chronic neuropathic pain,
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concurrent participation in other trials. Withdrawal criteria included: life-threatening local anesthetic systemic toxicity
(LAST), drug-related serious adverse events, emergency intervention, or voluntary withdrawal.

Randomization and Blinding

Following written informed consent, 102 patients were randomly allocated in a 1:1:1 ratio to one of three groups: RD
group, the LB group, and the LBD group via computer-generated randomization sequences (SAS 9.4 PROC PLAN), with
allocation concealment maintained by an independent statistician. The study pharmacist prepared interventions in
a dedicated medication room, with a total volume of 40 mL for each group. All solutions were loaded into identical
black-light protective syringes (Becton Dickinson, USA) and sealed in sequentially numbered opaque envelopes. Upon
patient arrival in the operating room, the anesthesiologist opened envelopes sequentially to perform blocks. A research
assistant blinded to group assignment recorded data, ensuring double blinding (patients and operators).

Anesthetic Procedure

Anesthesia was induced with intravenous midazolam (0.05 mg kg "), sufentanil (0.4 pg kg™"), 1.5-2 mg kg ' propofol,
and cisatracurium (0.3 mg kg '). Following preoxygenation, perform endotracheal intubation under visualization.
General anesthesia was maintained with target-controlled infusion of propofol and remifentanil, with bispectral index
(BIS) values maintained between 40—-60 through continuous titration of remifentanil.

All surgical procedures were performed by a single attending surgeon. Upon completion, patients were transferred to
the post-anesthesia care unit (PACU) according to protocol. Postoperative analgesia was maintained via a sufentanil-
based patient-controlled intravenous analgesia regimen (background infusion 0.1 mL h™', bolus dose 2 pg, lockout
interval 10 min, 4-hour maximum limit 0.6 pg kg '). Supplemental analgesia with intravenous nefopam (20 mg) was
administered at 6-hour intervals for breakthrough pain (Numerical Rating Scale score >4).

Interventions

Rectus Sheath Block Procedure

Following transfer to the anesthetic preparation room, all patients received standard monitoring (five-lead ECG, heart
rate, non-invasive blood pressure, and pulse oximetry). Ultrasound-guided rectus sheath block (RSB) was performed by
attending anesthesiologists or supervised residents using a high-frequency linear transducer. A 22-gauge, 80-mm needle
was used to deposit the study solution between the posterior rectus sheath and the rectus muscle at the planned surgical
incision site. (Figure 1)

Intervention Groups and Study Solutions

Patients were randomized to one of three intervention groups. All solutions were prepared aseptically immediately prior
to administration. For groups containing liposomal bupivacaine, the solution was allowed to stand for 20 minutes per
manufacturer’s instructions before use. RD Group (Ropivacaine—Dexamethasone): 20 mL of 0.75% ropivacaine
(AstraZeneca, Sweden) mixed with 2 mg (2 mL) preservative-free dexamethasone (Fresenius Kabi, Germany) and
18 mL of 0.9% saline.

LB Group (Liposomal Bupivacaine): 20 mL (266 mg) of liposomal bupivacaine (13.3 mg/mL; Hengrui
Pharmaceuticals, China) mixed with 20 mL of 0.9% saline. The final concentration was 0.665% (266 mg/40 mL).
LBD Group (Liposomal Bupivacaine—Dexamethasone): 20 mL (266 mg) of liposomal bupivacaine mixed with 2 mg
(2 mL) dexamethasone and 18 mL of 0.9% saline. The final concentration was 0.665% (266 mg/40 mL).

Administration Protocol

The total volume for all groups was 40 mL. A volume of 20 mL (10 mL per hemi-abdomen) was administered for the
bilateral RSB. The remaining 20 mL was equally distributed (3 mL per site) for local infiltration at the five trocar
puncture sites during wound closure. The injection rate was strictly limited to <0.5 mL/s. Block efficacy was assessed
30 minutes post-procedure via cold sensation testing with an ice cube.
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Figure | Block area of rectus sheath block. I. Surgical Incision; 2. Needle Insertion Point; 3, 4, 5: Trocar Sites; 6. Area of Analgesia.

Ultrasound-Guided RSB Procedure
Using a high-frequency linear-array ultrasound probe (Huasheng, Shenzhen, China), the ultrasound-guided RSB was
performed with the patient in horizontal position. Following standard skin antisepsis, an experienced anesthesiologist
positioned the linear probe along the anterior abdominal midline to identify the target hypoechoic plane between the posterior
rectus sheath and the rectus abdominis epimysium, within the region extending from the xiphoid process to the umbilicus.
At the level of distance between the xiphoid process and the umbilicus, a puncture needle (Henan Tuoren, China) was
inserted into the fascial plane between the rectus abdominis muscle and its posterior sheath. Following hydrodissection
with 3 mL of normal saline to confirm needle position (Figure 2), patients in the RD, LB, and LBD groups respectively

Figure 2 Ultrasound image of rectus sheath block. |. Subcutaneous Tissue; 2. Needle; 3. Anterior Rectus Sheath; 4. Rectus Abdominis Muscle; 5. Local Anesthetic Solution /
Drug Solution; 6. Posterior Rectus Sheath; 7. Peritoneum.
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received a bilateral injection of 40 mL of 0.375% ropivacaine with 2 mg dexamethasone, 40 mL of 0.665% liposomal
bupivacaine, or 40 mL of 0.665% liposomal bupivacaine with 2 mg dexamethasone.

Plasma Bupivacaine Concentration Assay

To assess the systemic absorption and safety profile of the studied regimens, venous blood samples (3 mL) were drawn
from a separate peripheral line at 30min after intervention, 24h after surgery, 72h after surgery. Plasma was separated by
centrifugation and stored at —80°C until analysis. Total bupivacaine (free + liposomal encapsulated) concentrations were
quantified using high-performance liquid chromatography with tandem mass spectrometry (HPLC-MS/MS), with a lower
limit of quantification of 0.01 pg/mL. The established safety threshold for potential systemic toxicity was set at 2.0 pg/
mL. Ethics committee approval and patient informed consent were obtained for this section.

Outcomes

The primary outcome was total opioid consumption (including intraoperative remifentanil) converted to MME, calcu-
lated using CDC-specified conversion factors. Total opioid consumption was defined as the sum of all opioids
administered from induction of anesthesia until 72 hours postoperatively, converted to morphine milligram equivalents
(MME). This includes intraoperative remifentanil, as its total dose may reflect intraoperative nociceptive burden and has
been used as a comprehensive metric of perioperative opioid exposure in similar regional anesthesia studies.”> > The
secondary outcomes included postoperative pain intensity (measured on a 0—10 NRS) assessed at predefined intervals
over 72 hours both at rest and with movement (coughing); QoR-15-based recovery quality, incidence of PONV, total
hospitalization Cost (CNY), time to tracheal extubation, incidence of nerve block-related adverse events, and incidence
of local anesthetic systemic toxicity, anesthesia satisfaction (100 mm visual analog scale), PACU length of stay, discharge
readiness (Post-Anesthesia Discharge Score), adverse events (graded per CTCAE v5.0), rescue analgesic consumption,
and serum inflammatory factors (IL-6, TNF-a, IL-1p) at baseline and 24/72h postoperatively.

Statistical Analysis

Sample Size Determination

This was a superiority trial. The sample size was calculated for the primary outcome, total 72-hour postoperative opioid
consumption in morphine milligram equivalents (MME). The calculation was based on pilot data from our institution,
which indicated a standard deviation (SD) of approximately 12 MME. The minimum clinically important difference
(MCID) was set at 15 MME. This value was derived as follows: Published evidence specific to abdominal surgery
identifies an MCID of 10 MME over the first 24 postoperative hours as clinically meaningful.®*® As our primary
outcome extends over a 72-hour period, we reasoned that a clinically important effect should reflect a proportionally
greater total opioid sparing. Therefore, we conservatively targeted a total reduction of 15 MME over 72 hours. This target
aligns with the concept that a meaningful reduction in cumulative opioid exposure over a longer period requires a larger
absolute saving, while remaining within a plausible and conservative range relative to the 24-hour benchmark. Using
PASS software (NCSS LLC) for a one-way analysis of variance (ANOVA) F-test, with an effect size (f) of 0.417 (derived
from SD=12 and mean difference=15), a two-sided alpha of 0.05, and 90% power, the analysis indicated a requirement of
27 participants per group. To account for a potential 20% attrition rate, we aimed to recruit 34 participants per group,
resulting in a total target sample size of 102 participants.

Ultimately, 99 participants completed the trial and were included in the final analysis (34, 33, and 32 in LB, RD, and
LBD groups, respectively), with only 3 participants lost to follow-up (actual attrition rate ~3%). This actual attrition was
substantially lower than the anticipated 20%. Consequently, the final analyzed sample size (N=99) very closely
approximates the target (N=102), which increases the effective power of the study beyond the initially planned 90%.
Given that the primary outcome (total opioid consumption) exhibited a non-normal distribution and is appropriately
presented as median (IQR) [RD: 95.66 (74.09-112.84); LB: 76.20 (69.45-81.51); LBD: 80.80 (66.28-88.77)],
a conventional post-hoc power calculation based on means and standard deviations is not methodologically appropriate.
However, the key determinants of power—sample size and data variability—favor our study: the achieved sample size is
virtually identical to the powered target, and the observed IQRs indicate that the data variability is contained within
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a range comparable to our pre-trial estimate. Therefore, we are confident that the study maintained at least the planned
90% power to detect the pre-specified clinically important difference.

Outcome Measures

As detailed in the Outcomes section, the primary outcome was total opioid consumption (MME) from induction to
72 hours postoperatively. Key secondary outcomes included pain scores (NRS), QoR-15-based recovery quality, adverse
events and incidence of PONV.

Statistical Methods

Continuous variables were presented as mean with standard deviation (SD) for normally distributed data or median with
interquartile range (IQR) for non-normally distributed data. Normality was assessed using the Shapiro—Wilk test,
supplemented by visual inspection of Q-Q plots. Homogeneity of variances was verified using Levene’s test. For the
primary outcome (total opioid consumption), which exhibited a non-normal distribution, intergroup comparisons were
performed using the Kruskal-Wallis test. When a significant difference was detected, Dunn’s test with Bonferroni
correction was applied for post hoc pairwise comparisons. For secondary outcomes, if data satisfied parametric
assumptions, one-way ANOVA followed by Tukey’s test was used. For data violating parametric assumptions, the
Kruskal-Wallis test followed by Dunn’s test with Bonferroni correction was employed. Categorical variables were
analyzed using the chi-square test or Fisher’s exact test, as appropriate. All hypothesis tests were two-sided with
a significance level of 0=0.05. Statistical analyses were performed using R language (version 4.3.0) and SPSS 27.0
(IBM Corp., Armonk, NY, USA).

Results

After the eligibility assessment of 184 patients, 102 were enrolled. Reasons for exclusion were failure to meet inclusion
criteria (n=24) and declined participation (n=58).Overall, 102 patients were randomly assigned to three groups: RD
group, LB group, and LBD group, and 2 patients in LBD and 1 in LB were excluded from final analysis due to protocol
deviations (failure to complete >50% of scheduled follow-ups).Ultimately, 99 patients (34 in RD, 33 in LB, 32 in LBD)
were included in statistical analysis and patient flow diagram was shown in Figure 3. There were no significant
differences in baseline demographics between the groups (Table 1).

Total Opioid Consumption (Primary Outcome)

Total opioid consumption outcomes are summarized in Figure 4a and Table 2 (stratified by postoperative day (POD) and
overall). Overall median MME (IQR): 95.66 (74.09—112.84) for RD group, 76.20 (69.45-81.51) for LB group, and 80.80
(66.28-88.77) for LBD group. Kruskal-Wallis test revealed significant intergroup differences (P < 0.0001); post hoc
Dunn test with Bonferroni adjustment confirmed higher consumption in RD versus LB (P < 0.0002) and LBD (P <
0.0017). Stratified by POD (Figure 4b): On PODI, significant differences existed (P=0.002) with higher MME in RD
versus LB (P=0.002) and LBD (P=0.045); on POD2-3, differences remained significant (P=0.043 and P=0.045), but RD
only showed lower consumption versus LB (P=0.043 and P=0.041). No differences were observed intraoperatively or in
PACU (P=0.247 and P=0.430; Table 2). Notably, pairwise comparisons revealed no statistically significant differences in
any measured outcomes—including total opioid consumption and pain scores at all time point—between the LB group
and the LBD group (all P > 0.05 with Bonferroni correction). This indicates that the addition of dexamethasone to
liposomal bupivacaine did not confer any detectable incremental analgesic benefit in this setting.

Average Numerical Rating Scale Pain Score Over 3 Days

Postoperative pain assessment results (Table 3 and Figure 5) demonstrated that both the LB and LBD groups showed
significantly lower NRS scores at rest at 12 h, 24 h, and 48 h postoperatively compared to the RD group (p < 0.0001, p =
0.022, and p = 0.031, respectively, Figure 5a). Similarly, during movement, the LB and LBD groups also exhibited
significantly lower NRS scores at 12 h, 24 h, and 48 h compared to the RD group (p = 0.011, p = 0.037, and p = 0.043,
respectively, Figure 5b).

6 https: Drug Design, Development and Therapy 2026:20



Yi et al

[ enrollment ]

I Assessed for eligibility(n=184) l

Excluded (n=82)
¢ Notmeeting inclusion criteria (n=24)
¢ Declined to participate(n= 58 )

’ l Randomized (n=102) ‘

[ Allocation

l l

Allocated to Ropivacaine with Allocated to Liposomal Bupivacaine Allocated to Liposomal Bupivacaine
Dexamethasone Group(n=34) Group(n=34) with Dexamethasone Group(n=34)
[ Follow-up ’
Y
) _ Lost to follow-up (n=1) Lost to follow-up (n=2)
Lost to follow-up (1=0) o Failure to complete diary (n=1) + Failure to complete diary (n=1)

o Dueto SAE (n=1)

[ Analysis | l

Y

Y

Analyzed (n=34) Analyzed (n=33) Analyzed (n=32)
Excluded from analysis (n=0) Excluded from analysis (n=0) Excluded from analysis (n=0)

Figure 3 Liposomal bupivacaine consolidated Standards of reporting Trials flow.

Plasma Bupivacaine Concentration

Plasma concentrations of bupivacaine remained well below the safety threshold of 2.0 pg/mL at all measured time points
in both the LB and LBD groups. The median (IQR) concentrations were as follows: at 30 minutes post-block, 0.18 pg/
mL (0.10-0.30) in the LB group versus 0.20 pg/mL (0.12—0.32) in the LBD group (p=0.65); then increase to 0.24 ug/mL
(0.16-0.34) and 0.25pg/mL (0.15-0.32) at 24 hours (p=0.81); and were near the limit of quantification at 72 hours, with
medians of 0.05 pg/mL (0.02-0.10) in both groups (p=0.93). No patient in any group exhibited signs or symptoms
suggestive of local anesthetic systemic toxicity (LAST).

Postoperative Recovery Indicators and Adverse Events
As shown in Table 4 and Figure 6, QoR-15 scores demonstrated significant intergroup differences within 48 hours (p <
0.0001), but no significant difference was observed at 72 hours (p = 0.062). Specifically, on POD1, the RD group had

Table | Patient Characteristics and Procedure Duration

Category Group RD Group LB Group LBD P Value
Age (yr) (Mean (SD)) 61 (5.4) 64 (6.1) 63 (5.8) 0.09
Sex 0.75
Female, n (%) 21 (66%) 19 (58%) 22 (65%)
Male, n (%) 13 (34%) 14 (42%) 10 (35%)
Body mass index, kg/m* (Median (IQR)) 21.8 (20.9, 22.9) | 21.4 (20.7, 23.1) | 20.7 (20.1, 22.9) | O.16
ASA (n) 0.67
I 17 19 15
11l 17 14 17
Duration of surgery (minutes) (Mean (SD)) | 142 (18) 145 (22) 138 (19) 0.33

Notes: No significant differences were determined between three Groups.
Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile range; SD, standard deviation.
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Figure 4 (a): Morphine Milligram Equivalents in Perioperative; (b) Morphine Milligram Equivalents in Postoperative 72h. * indicates P < 0.05, ** indicates P < 0.01, ns
indicates not significant among two groups.

significantly lower scores than the LB (85.2 vs 91.8, p=0.00018) and LBD (85.2 vs91.6, p = 0.00024) groups, with significant
overall difference (p <0.0001). On POD2, the RD group still showed significantly lower scores than the LB (98.4 vs 105.2, p <
0.0001) and LBD (98.4 vs 103.5, p <0.0001) groups, with significant overall difference (p < 0.0001). For recovery quality, no
significant differences were observed among groups in time to tracheal extubation, PACU stay duration, total hospital costs,
other postoperative adverse effects (fever, dizziness), perioperative satisfaction, or ERAS-related indicators (length of hospital
stay, time to first flatus/defecation, time to first ambulation) (all p > 0.05,Table 4). Furthermore, no nerve block-related adverse
events (eg, hematoma, local infection, neurological injury) were recorded in any patient and no clinical signs or symptoms
suggestive of LAST occurred in any participant throughout the study period.

For the incidence of PONYV, significant intergroup differences were observed within 48 hours (p < 0.05, Table 5), but these
differences disappeared at 72 hours (p = 0.77). On postoperative day 1 (POD1), the RD group showed a significantly higher
PONYV incidence than both the LB (21% vs 9%, p = 0.042) and LBD (21% vs 6%, p = 0.038) groups, with significant overall
intergroup difference (p = 0.043). This trend persisted on POD2, with the RD group exhibiting higher incidence than the LB
(15% vs 6%, p =0.047) and LBD (15% vs3%, p = 0.041) groups, showing significant overall difference (p = 0.049).

Inflammatory markers: IL-18, IL-6 and TNF-a
Analysis of inflammatory markers (Table 6 and Figure 7) revealed significant intergroup differences in interleukin-1f3
(IL-1B) concentrations at 24 hours postoperatively (p = 0.0096, Figure 7a), with the RD group showing significantly

Table 2 Opioid Consumption

Time Morphine Milligram Equivalents (Median, IQR) P Value
Group RD Group LB Group LBD

Intraoperative 51.8 (47.0,59.2) | 49.0 (45.3,53.4) | 49.4 (42.7,56.7) | 0.84
Postanesthesia care unit | 1.4 (0.4,3.3) 1.6 (0.8,4.2) 1.5 (0.6,2.8) 0.52
Postoperative day | 26.9 (14.3,45.7) | 18.0 (12.0,23.2) | 18.3 (12.0,32.0) | 0.002
Postoperative day 2 8.6 (5.1,14.4) 6.7 (3.8,7.9) 74 (5.7,11.1) 0.04
Postoperative day 3 1.0 (0.6,0.9) 0.7 (0.4,0.9) 0.8 (0.6,1.2) 0.65
Perioperative 95.7 (74.1,112.8) | 76.2 (69.5,81.5) | 80.8 (66.2,88.8) | <0.001

Notes: Post-hoc Analysis:Pod |:RDvs LB (p=0.002), RD vs LBD (p=0.045); Pod2:RDvs LB (0.044); Perioperative:
RDvs LB (p=0.002), RD vs LBD (p=0.017).
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Table 3 Pain Interference Scores

Time Numerical Rating Scale Score (Mean, SD) | P Value
Group RD Group LB Group LBD

At rest
Postanesthesia care unit | 4.4 (1.2) 4.4 (1.1) 4.0 (1.2) 0.19
Postoperative (2h) 3.2 (0.8) 3.1 (0.6) 3.0 (0.7) 0.53
Postoperative (6h) 3.1 (0.8) 2.7 (0.6) 2.8 (0.9) 0.15
Postoperative (12h) 3.6 (1.0) 2.6 (0.7) 2.3 (0.9) <0.0001
Postoperative day | 2.9 (0.8) 2.3 (1.0) 2.4 (1.0) 0.02
Postoperative day 2 2.4 (0.5) 1.7 (0.5) 1.4 (0.5) 0.03
Postoperative day 3 1.4 (1.0) 1.1 (0.8) 1.4 (1.2) 0.84

With movement
Postanesthesia care unit | 4.6 (1.0) 4.4 (0.9) 4.3 (0.8) 0.13
Postoperative (2h) 3.8 (0.7) 3.6 (0.6) 3.6 (0.6) 0.08
Postoperative (6h) 4.2 (0.7) 4.1 (0.6) 4.1 (0.7) 0.20
Postoperative (12h) 4.8 (0.8) 3.8 (0.7) 3.7 (0.7) 0.01
Postoperative day | 4.3 (0.5) 3.8 (0.5) 3.8 (0.5) 0.02
Postoperative day 2 2.8 (0.5) 2.2 (0.7) 1.7 (0.5) 0.04
Postoperative day 3 1.6 (1.0) 1.2 (0.9) 1.4 (1.1) 0.37

Notes: Post-hoc Analysis:At rest Postoperative (12h):RDvs LB (p<0.0001), RD vs LBD (p<0.0001),
Pod|:RDvs LB (p=0.009), RD vs LBD (p=0.041), Pod2:RDvs LB (p = 0.028), RD vs LBD (p = 0.012); With
movement: Postoperative (12h):RDvs LB (p = 0.009), RD vs LBD (p = 0.008), Pod:RDvs LB (p=0.015),
RD vs LBD (p= P = 0.008), Pod2:RDvs LB (p = 0.041), RD vs LBD (p<0.001).

higher levels versus LB group (p = 0.013) and LBD group (p = 0.008). Concurrently, interleukin-6 (IL-6) concentrations
at 24 hours also differed significantly (p = 0.0093, Figure 7b and 7c), with RD exhibiting higher concentrations than LB
(p = 0.012) and LBD (p = 0.007). No baseline differences were observed pre-intervention: IL-1p (p = 0.078, Figure 7a),
IL-6 (p = 0.324, Figure 7¢), and tumor necrosis factor-a (TNF-a) (p = 0.189, Figure 7d). At 24 hours postoperatively,
TNF-a levels showed no significant differences (p = 0.792), and at 72 hours all inflammatory markers remained
comparable across groups (IL-1B: p = 0.324; IL-6: p = 0.853; TNF-a: p = 0.838).

Adjuvant Analgesics

Nefopam hydrochloride injection served as the foundational analgesic in this study, with dosage dynamically adjusted
based on pain scores >4 (20mg incremental doses). As summarized in Table 7, the RD group demonstrated significantly

a b

- RD -~ RD
- |B

- LB

- LBD -+ LBD

Resting Numeric Rating Score
Movement Numeric Rating Score

Time(h)

Time(h)

Figure 5 (a) Resting Numerical Rating Scale Score Postoperative in Postoperative 72h; (b) Movement Numerical Rating Scale Score in Postoperative 72h. * indicates P < 0.05,
¥ jndicates P < 0.0001.
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Table 4 Postoperative Recovery Indicators

Characteristic Group RD Group LB Group LBD P Value
Time to Tracheal Extubation, min (median (IQR)) 31.0 (28.8,34.0) 32.0 (29.0,36.0) 32.5 (29.8,37.0) 0.34
Postanesthesia care unit length of stay, min (median (IQR)) 44.2 (37.8,48.3) 44.7 (40.1,53.5) 42.0 (35.9,48.2) 0.13
Time to first rescue analgesic medication, min (median (IQR)) | 222.5 (162.8,275.8) 216.5 (162.8,275.8) 247 (158.3,325.0) 0.49
Quality of recovery-15 scale (Mean (SD))
Postoperative day | 85.2 (6.8) 91.8 (7.2) 91.6 (6.9) < 0.0001
Postoperative day 2 98.4 (7.2) 105.2 (8.4) 103.5 (7.1) < 0.0001
Postoperative day 3 129.4 (7.6) 1312 (7.2) 127.4 (7.0) 0.84
Postoperative day 7 137.2 (6.9) 136.8 (6.8) 136.4 (6.7) 0.92
Patient satisfaction (Mean (SD)) 3.8 (0.6) 3.8 (0.4) 3.8 (0.4) 0.79
Time to first postoperative flatus, day (median (IQR)) 4.00 (3.00, 5.00) 4.00 (3.50, 5.00) 4.00 (3.25,5.00) 0.81
Time to First Ambulation, hours (median (IQR)) 25 (24,26.25) 25 (24, 27) 24 (24,26) 0.18
Time to readiness for discharge, day (median (IQR)) 7.0 (5.0,8.0) 7.0 (6.0,8.0) 7.0 (6.0,8.0) 0.42
Total Hospitalization Cost, CNY (median (IQR)) 57,981 (52,130, 66,266) | 60,721 (54,760, 71,141) | 58,878 (53,196, 66,925) | 0.34
Nerve Block-Related Adverse Events, n (%) 0 0 0 N/A
Signs/Symptoms of LAST, n (%) 0 0 0 N/A

Notes: Post-hoc Analysis: Quality of recovery-15 scale Pod|:RDvs LB (p=0.00018),RD vs LBD (p=0.00024), Pod2:RDvs LB (< 0.0001), RD vs LBD (< 0.0001).
Abbreviations: IQR, interquartile range; SD, standard deviation; N/A, not applicable.

higher daily nefopam consumption than both LB (median:45 mg vs 30 mg, IQR:40-52 vs 25-35, p<0.0001) and LBD
(42.5 mg, IQR:38-48, p<0.0001) groups on postoperative day 1 (POD1), with significant overall intergroup difference
(p<0.0001). On POD?2, intergroup difference persisted (p=0.003) but RD only exceeded LBD (30 mg vs 22.5 mg,
IQR:25-35 vs 20-25, p<0.005). Total 72-hour consumption analysis revealed RD (105mg, IQR:92-120) consumed
significantly more than LB (75 mg, IQR:68-85, p<0.0001) and LBD (80 mg, IQR:72-90, p<0.0001). No intergroup
differences were observed on POD3 (p=0.134).

Discussion

Within the Enhanced Recovery After Surgery pathway for radical gastrectomy, multimodal analgesia strategies are
employed to achieve effective postoperative pain control while minimizing opioid-related adverse effects. These
approaches integrate regional anesthesia techniques—such as various nerve blocks—with non-opioid analgesics (eg,
NSAIDs and nefopam hydrochloride injection) and local anesthetic adjuvants like dexmedetomidine. By doing so, they
not only alleviate surgical pain but also help reduce complications such as nausea, vomiting, and ileus, thereby
facilitating the recovery of gastrointestinal function and enhancing overall postoperative rehabilitation.”® Current
evidence indicates that optimized multimodal analgesic protocols continue to evolve with the incorporation of advanced

% % %k k
% %k k

% % %k %k

1 1 1 1
Pod1 Pod2 Pod3 Pod7

o

[]

Lo | qp e
g | } I LB
§ I 4 LBD
% 100 I
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©

Figure 6 Quality of recovery-15 score in Perioperative. *** indicates P < 0.0001.
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Table 5 Postoperative Nausea and Vomiting

PONY, n Group RD | Group LB | Group LBD | P Value
Postoperative day | | 7 3 2 0.04
Postoperative day 2 | 5 2 | < 0.05
Postoperative day 3 | | 0.77
Perioperative,n (%) | 15 (44.1%) | 8 (24.2%) 6 (18.8%) 0.03

Notes: Post-hoc Analysis: Pod|:RDvs LB (p = 0.042), RD vs LBD (p = 0.038), Pod2:RDvs LB
(p 0.047), RD vs LBD (p = 0.041); Perioperative:RDvs LB (p = 0.039), RD vs LBD (p=0.018).

Table 6 Concentrations of IL-1p, IL-6, TNF-a

Cytokine (pg/mL) Group RD Group LB Group LBD | P Value
IL-1B (Mean (SD))
Before Intervention | 2.66 (0.88) .00 (1) 2.83 (0.91) 0.09
Postoperative (24h) | 12.47 (4.52) 11.18 (4.06) 10.22 (3.68) | < 0.0l
Postoperative (72h) | 3.64 (1.52) 4.18 (1.67) 3.76 (1.38) 0.56
IL-6 (Mean (SD))
Before Intervention | 4.54 (0.73) 4.74 (0.75) 4.17 (0.92) 0.32
Postoperative (24h) | 141.20 (51.30) | 125.6 (45.82) | 112.4 (40.64) | < 0.0l
Postoperative (72h) | 5.13 (2.31) 4.72 (1.83) 4.82 (2.05) 0.64
TNF-a (Mean (SD))
Before Intervention | 2.80 (1.06) 3.40 (1.83) 3.58 (1.66) 0.06
Postoperative (24h) | 7.65 (3.87) 7.05 (3.38) 7.32 (4.37) 0.82
Postoperative (72h) | 4.90 (2.40) 4.98 (2.41) 4.89 (2.36) 0.96

Notes: Post-hoc Analysis:IL-| B——Postoperative (24h):RDvs LB (p= 0.013), RD vs LBD (p=0.008);
IL-6: Postoperative (24h):RDvs LB (p= 0.012), RD vs LBD (p=0.007).

nerve blocks and adjuvant technologies. These developments have improved analgesic efficacy and decreased reliance on
opioids. However, further research remains necessary to standardize technical details and adjuvant use, ensuring both
safety and effectiveness across diverse patient populations.®

The analgesic benefits of conventional local anesthetics, even with adjuvants, are often limited to <24 hours.
Liposomal bupivacaine addresses this limitation through a sustained-release mechanism, offering a novel strategy to
extend analgesia beyond 24 hours.”*~*° Building on this evidence, our study pioneers the combined perineural admin-
istration of liposomal bupivacaine and dexamethasone in RSB for patients undergoing gastrectomy. While some studies
have compared liposomal bupivacaine to ropivacaine/dexamethasone mixtures in abdominal surgery, robust evidence
specific to gastrectomy remains scarce. This randomized controlled trial therefore aims to compare perineural liposomal
bupivacaine with ropivacaine-dexamethasone RSB, with the goal of informing clinical decision-making on optimized
multimodal analgesia for gastric cancer surgery. The combination is supported by a favorable pharmacological profile.
Existing evidence indicates no clinically significant pharmacokinetic interactions between liposomal bupivacaine and
various co-administered medications, including corticosteroids, with no observed adverse synergistic effects.’! Pretrial
pharmacokinetic data from our study confirmed that all measured plasma concentrations fell within established safety
margins. Based on this safety profile, we included a liposomal bupivacaine-dexamethasone combination group to
investigate potential therapeutic enhancement without compromising safety.

This randomized controlled trial systematically compared the analgesic efficacy and safety profiles of three regimens
for ultrasound-guided rectus sheath block in patients undergoing laparoscopic gastrectomy: RD, LB alone, LBD. The
primary finding was that the RD group required significantly higher total opioid consumption both overall and within the
first 72 hours postoperatively compared to the LB and LBD groups. A stratified time-interval analysis further delineated
this difference, revealing statistically significant reductions in opioid requirement for the liposomal bupivacaine groups at
24 and 48 hours, but not at 72 hours, confirming the sustained analgesic duration of liposomal bupivacaine formulations
for up to 48 hours. Consistent with the opioid consumption data, both resting and activity-related NRS scores were
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significantly lower in the LB and LBD groups at 12, 24, and 48 hours postoperatively compared to the RD group, with no
significant differences observed at other time points.
Regarding opioid sparing, a reduction of 10-15 MME is a proposed MCID in laparoscopic surgery.”® >® The median
difference in total opioid consumption between the RD group and the LB group (approximately 19.5 MME) reached this
clinically important threshold. Conversely, the difference between the LB and LBD groups was minimal and far below any
plausible MCID. For postoperative pain measured on a 0—10 NRS, a reduction of 1.0 points is considered clinically

Table 7 Adjuvant Analgesia

Time

Nefopam Hydrochloride (Median,IQR)

Group RD

Group LB

Group LBD

P Value

Postoperative day |
Postoperative day 2
Postoperative day 3
Perioperative

40.0 (40.0,50.0)
50.0 (30.0,60.0)
20.0 (15.0,20.0)
110.0 (100.0,122.5)

30.0 (20.0,35.0)
30.0 (20.0,50.0)
20.0 (10.0, 30.0)
80.0 (60.0,100.0)

30.0 (20.0,40.0)

20.0 (10.0, 40.0)
20.0 (15.0, 25.0)
70.0 (52.4,100.0)

<0.0001
<0.01
0.13
<0.0001

Notes: Post-hoc Analysis: Pod|:RDvs LB (p<0.0001), RD vs LBD (p <0.0001), Pod2: RD vs LBD (p = 0.005);
Perioperative:RDvs LB (p<0.0001), RD vs LBD (p<0.0001).
Abbreviation: IQR, interquartile range.
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meaningful.>”*® The differences in pain scores between the RD group and the liposomal bupivacaine groups at key time points
met or exceeded this range, confirming that the analgesic superiority was not only statistical but also patient-relevant.

It is noteworthy that the consumption of the rescue analgesic nefopam also demonstrated significant intergroup
differences during these same intervals, reinforcing the synergistic effect of a well-structured multimodal analgesia
approach in clinical practice. Regarding safety, plasma concentrations of bupivacaine in both the LB and LBD groups
remained consistently within the established safe threshold (below 2 pg mL~") throughout the monitoring period, with no
incidents of local anesthetic systemic toxicity recorded.

A pivotal and consistent finding of our study is the lack of significant difference between the LB and LBD groups
across all efficacy endpoints. This null result carries substantial clinical relevance. Dexamethasone, while inexpensive, is
used off-label as a perineural adjuvant and is not without potential concerns, such as transient hyperglycemia,®*>?
especially in vulnerable populations. Our data suggest that when liposomal bupivacaine is employed for RSB, the routine
addition of dexamethasone may not provide additional analgesic advantage within the first 72 postoperative hours. This
challenges the assumption of a universal additive effect. Consequently, omitting dexamethasone from such regimens
could simplify clinical practice by avoiding off-label use considerations, mitigate even minimal risks (eg, glycemic
disturbances), and reduce unnecessary complexity and cost at a systemic level, all without compromising analgesic
efficacy. The novelty of our work lies not only in demonstrating the efficacy of liposomal bupivacaine but also in
providing evidence that questions the necessity of a common adjuvant in its context, thereby guiding more refined and
cost-effective application.

The absence of an enhanced effect when dexamethasone was added to liposomal bupivacaine (LBD vs LB) warrants
consideration. Dexamethasone is known to prolong analgesia primarily by inhibiting inflammatory mediators and
reducing local edema, effects that are most potent in the early to intermediate phases of postoperative pain.'*>* In
contrast, liposomal bupivacaine is designed to provide sustained analgesia over 72 hours or more through its unique
depot release mechanism. It is plausible that the robust and prolonged analgesic “ceiling effect” provided by liposomal
bupivacaine itself may have overshadowed any incremental benefit from dexamethasone within our 72-hour observation
window. Furthermore, the primary mechanism of dexamethasone—delaying the onset of inflammatory pain—might have
less measurable impact when the baseline blockade is already profoundly effective at suppressing nociceptive transmis-
sion across the entire critical postoperative period.

It is important to note that recent systematic reviews and meta-analyses have concluded that although liposomal
bupivacaine demonstrates statistically superior performance in certain analgesic endpoints relative to traditional local
anesthetics, these advantages do not consistently translate into clinically meaningful improvements; consequently, its
overall clinical value remains a subject of debate.?”> 7 Current evidence suggests that liposomal bupivacaine provides
enhanced analgesia over conventional agents within the first 2448 hours after surgery. Nevertheless, the observed effect
size—often corresponding to a mean reduction of less than 1 point on the NRS—generally falls below the established
threshold for the minimal clinically important difference (MCID). Moreover, its influence on long-term recovery
outcomes, such as hospital length of stay and functional recovery, appears limited. This ongoing controversy may be
attributable to considerable heterogeneity among published studies, including differences in surgical procedures, nerve
block techniques, and outcome assessment methods. In addition, the pharmacoeconomic implications—specifically, the
balance between its substantially higher drug cost and its modest clinical benefits—represent a critical consideration that
warrants further investigation.?®3>7

Notably, several recent studies have presented divergent perspectives on the analgesic efficacy of LB in TAP blocks.
For instance, A retrospective study on lower abdominal surgeries found that using a mixture of LB and conventional
bupivacaine (CB) for TAP blocks was not associated with reduced opioid consumption or improved pain control within
72 hours after elective abdominopelvic surgery.”' Similarly, a prospective randomized controlled trial in patients under-
going open hysterectomy detected no significant differences in total opioid usage or pain levels among LB, CB, and LB-
CB mixture groups.*® Furthermore, a study comparing LB and CB for TAP blocks in bariatric surgeries (including
laparoscopic Roux-en-Y gastric bypass and sleeve gastrectomy) demonstrated that LB did not significantly decrease total
opioid consumption or pain scores.>® The discrepancy between these reports and the findings of the present study may be
attributed to heterogeneity in surgical procedures, patient populations, outcome assessment methods, or technical aspects
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of the block itself. This inconsistency underscores the necessity for more precise patient selection criteria and standar-
dized technical protocols to better define the specific clinical scenarios in which liposomal bupivacaine provides a clear
and optimal analgesic benefit. In contrast to the conflicting reports, several studies have demonstrated favorable outcomes
with liposomal bupivacaine. A recent systematic analysis of 22 clinical studies on laparotomy indicated that patients
receiving LB-based TAP blocks during cesarean delivery under neuraxial anesthesia with intrathecal morphine exhibited
significant opioid-sparing effects with comparable pain control. Notably, in such settings, LB abdominal wall blocks may
represent a viable alternative when epidural analgesia is contraindicated.*® However, evidence for other laparotomy
procedures remains inconclusive. Regarding RSB—the technique directly relevant to the present study—a case report
described improved pain scores and earlier ambulation following conversion from laparoscopic appendectomy to open
right hemicolectomy using LB RSB.*' Additionally, a case series involving three patients undergoing elective midline
laparotomy documented sustained effective analgesia, both immediately after surgery and for up to two weeks, with
ultrasound-guided LB RSB.*?

Further supporting its potential, recent comparative studies have reported positive findings. A randomized trial in
cesarean section patients found that TAP blocks performed with LB or an LB—plain bupivacaine mixture led to
significantly better 24-hour postoperative recovery quality scores (assessed by the QoR-15 scale) than plain bupivacaine
alone.*® Similarly, for patients undergoing robot-assisted hysterectomy, the LB group demonstrated significantly reduced
72-hour opioid consumption and lower maximum pain intensity at all time points compared to the CB group.**
Consistent results were observed in laparoscopic hand-assisted nephrectomy, where LB TAP blocks reduced opioid
use between 4872 hours and decreased maximum pain scores at the 24-48 h and 48—72h intervals.* Collectively, the
existing literature presents contradictory conclusions regarding the analgesic efficacy of liposomal bupivacaine. Given
the evidence generated by our trial, further rigorous investigation in larger, more diverse patient populations is warranted
to definitively evaluate the clinical utility and optimal application of liposomal bupivacaine.

Acknowledging the economic dimension, any formal cost-effectiveness analysis was beyond the scope of this study.
However, a qualitative discussion is warranted. The primary cost driver is the high acquisition price of liposomal bupivacaine.
Against this, our observed benefits—a median reduction of ~19.5 MME in opioid consumption and correspondingly lower
pain scores—must be weighed. These benefits may translate into downstream cost offsets by potentially reducing opioid-
related adverse effects (eg, nausea, sedation, ileus), simplifying nursing care, and facilitating earlier mobilization.
Furthermore, our pivotal finding that adding dexamethasone (LBD) conferred no incremental benefit over LB alone suggests
that a single-agent LB regimen could optimize value by avoiding unnecessary adjuvant cost and complexity. Ultimately,
whether the magnitude of benefit justifies the cost in our setting likely depends on institutional pricing, patient-specific risk
factors for severe pain or opioid-related complications, and the priority placed on opioid-sparing strategies. Future studies
incorporating formal economic evaluations are needed to definitively answer this question.

Several limitations should be considered. First, while total opioid consumption is an objective endpoint, its inclusion
of intraoperative remifentanil (with its ultra-short half-life) may dilute differences in strictly postoperative analgesic
requirements. Second, the assessment of block success was performed under general anesthesia, which may limit the
reliability of sensory testing. Third, this single-center study had a sample size powered for efficacy, which may limit
generalizability and be underpowered for rare adverse events. Fourth, we did not perform a formal cost-effectiveness
analysis, which is crucial given the high acquisition cost of liposomal bupivacaine. Fifth, the optimal dose of liposomal
bupivacaine for this block remains undefined, and the perineural use of dexamethasone constitutes an off-label applica-
tion, both of which present challenges for clinical adoption.

Conclusion

In conclusion, ultrasound-guided rectus sheath block with liposomal bupivacaine provided superior analgesia and
reduced opioid consumption for up to 48 hours compared with a ropivacaine-dexamethasone regimen in patients
undergoing laparoscopic gastrectomy. However, the addition of perineural dexamethasone to liposomal bupivacaine

did not confer further analgesic benefit.
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Bupivacaine-Dexamethasone; MME, morphine milligram equivalents; PONV, postoperative nausea and vomiting;
ERAS, Enhanced Recovery After Surgery; PACU, post-anesthesia care unit; NRS, Numerical Rating Scale; CDC,
Centers for Disease Control and Prevention; PCIA, patient-controlled intravenous analgesia; POD, postoperative day;
TAP, transversus abdominis plane; CB, conventional bupivacaine.
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