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Objective: Postoperative pain remains a significant concern following laparoscopic cholecystectomy (LC). This study aimed to
evaluate the effects of wound infiltration and intraperitoneal instillation of local anesthetics on postoperative analgesia.

Methods: This retrospective cohort study included 202 patients undergoing elective LC under standardized balanced general
anesthesia between February 2023 and July 2025. Patients were divided into three groups based on the analgesic protocols they
received: control group (Group C, n=54) receiving general anesthesia with routine patient-controlled intravenous analgesia (PCIA),
local infiltration group (Group L, n=73) receiving additional wound infiltration with ropivacaine, and combined group (Group CL,
n=75) receiving wound infiltration plus intraperitoneal instillation. The primary outcome was Visual Analogue Scale (VAS) scores at
rest and during movement. Secondary outcomes included rescue analgesia use, PCIA utilization, referred shoulder pain, time to first
ambulation, postoperative hospital stay, adverse events, and patient satisfaction.

Results: Group CL demonstrated significantly lower VAS scores at rest and during movement at all time points compared with Group
L and Group C (all P<0.001). The incidence of referred shoulder pain was significantly different among the three groups (P=0.032),
with Group CL showing the lowest incidence. Time to first ambulation and postoperative hospital stay were significantly reduced in
Group CL (P<0.001 and P=0.023, respectively). Patient satisfaction scores were significantly higher in Group CL (P=0.004). No
significant differences in adverse events were observed among the three groups.

Conclusion: The combination of wound infiltration and intraperitoneal instillation of ropivacaine is associated with improved
postoperative analgesia and facilitates early recovery in patients undergoing LC.
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Introduction

Laparoscopic cholecystectomy (LC) has become the gold standard surgical approach for symptomatic cholelithiasis, with
millions of procedures performed annually worldwide." Although minimally invasive techniques have significantly
reduced surgical trauma compared with open cholecystectomy, postoperative pain remains a considerable clinical
challenge, particularly within the initial 24 h following surgery.>® Balanced general anesthesia, typically combining
intravenous opioid-based induction with inhalational maintenance, remains the standard anesthetic technique for LC.
However, general anesthesia alone cannot fully address the distinct pain components associated with this procedure.” The
pain experienced after LC included parietal pain from trocar insertion sites, visceral pain from gallbladder bed dissection,
and referred shoulder pain caused by diaphragmatic irritation from residual carbon dioxide.*” Inadequate pain control
can delay patient discharge and prolongs hospital stay as well as increases opioid consumption and the risk of associated
adverse effects such as postoperative nausea and vomiting.°
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Local anesthetic techniques, including port-site infiltration and intraperitoneal instillation, have emerged as simple,
safe, and cost-effective strategies for reducing postoperative pain in patients undergoing LC.*” Port-site infiltration
involves injecting local anesthetic agents, typically bupivacaine or ropivacaine, into the trocar insertion sites before or
after skin incision.* ' By blocking sensory nerve transmission at the surgical wound, local infiltration anesthesia can
attenuate the parietal component of postoperative pain and potentially reduce the requirement for systemic analgesics.
Intraperitoneal instillation delivers local anesthetics directly to the peritoneal cavity, targeting visceral pain from the
gallbladder bed and referred shoulder pain caused by diaphragmatic irritation.'" The PROSPECT (PROcedure SPECific
Postoperative Pain ManagemenT) Working Group has recommended port-site infiltration or intraperitoneal local anes-
thetic instillation as part of the analgesic regimen for LC.'> A previous meta-analysis demonstrated that local anesthetic
wound infiltration reduces pain scores within the initial 24 hours, although the quality of evidence was rated as very low
due to heterogeneous study designs and high risk of bias."

Despite the abundance of randomized controlled trials examining this topic, most existing evidence was derived from
controlled experimental settings with strict inclusion criteria and standardized protocols, and data reflecting routine
clinical practice remain limited. Moreover, few studies have directly compared the analgesic effects of port-site
infiltration alone versus its combination with intraperitoneal instillation within a single cohort. Therefore, the present
study aimed to compare the effects of local infiltration anesthesia combined with general anesthesia versus general
anesthesia alone on postoperative analgesia in patients undergoing elective LC.

Materials and Methods

Study Design

This retrospective cohort study was conducted at Weiyuan County People’s Hospital, Neijiang, China. Medical records of
patients who underwent elective LC between February 2023 and July 2025 were reviewed. Data were extracted from
electronic medical records, anesthesia records, nursing documentation, and postoperative follow-up notes. The workflow
of this study is shown in Figure 1.

This study was approved by the Ethics Committee of Weiyuan County People’s Hospital (Approval No. 20260113).
Due to the retrospective nature of this study and the use of anonymized data, the requirement for individual informed
consent was waived by the ethics committee. The study was conducted in accordance with the ethical standards of the
Declaration of Helsinki. All patient information was de-identified before analysis to ensure confidentiality.

Patient Selection

The inclusion criteria were as follows: (1) age between 18 and 70 years; (2) American Society of Anesthesiologists
(ASA) physical status classification I or II; (3) elective LC; (4) complete medical records available for data extraction.
The exclusion criteria were: (1) emergency surgery; (2) conversion to open cholecystectomy; (3) severe cardiac,
pulmonary, hepatic, or renal dysfunction; (4) chronic use of analgesics or opioids; (5) known allergy to local anesthetics;
(6) cognitive impairment or inability to cooperate with pain assessment.

Grouping Criteria and Methods

A total of 202 patients were enrolled and categorized into three groups according to the analgesic protocols they actually
received during the perioperative period, as documented in the operative and anesthesia records: control group (Group C,
n=54), local infiltration group (Group L, n=73), and combined group (Group CL, n=75).

All patients in the three groups received standardized general anesthesia. Anesthesia was induced with intravenous
sufentanil 0.3-0.5 pg/kg, propofol 1.5-2.0 mg/kg, and rocuronium 0.6 mg/kg. After tracheal intubation, anesthesia was
maintained with sevoflurane (1.0-1.5 MAC) in a mixture of oxygen and air, with intermittent administration of sufentanil
and rocuronium as needed. All patients received intravenous ondansetron 4 mg for prevention of postoperative nausea
and vomiting before the end of surgery. Upon completion of surgery, patient-controlled intravenous analgesia (PCIA)
was initiated for all patients. The PCIA regimen consisted of sufentanil 100 pg and ondansetron 8 mg diluted in 100 mL
of normal saline, with a background infusion rate of 2 mL/h, a bolus dose of 0.5 mL, and a lockout interval of 15 min.
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Medical records reviewed for eligibility
(February 2023 - July 2025)

(n=312) Total Excluded (n=110):

® Emergency surgery (n=28)
eSevere organ dysfunction (n=18)

e Conversion to open (n=12)

® Chronic opioid use (n = 15)
eCognitive impairment (n = 9)

o Allergy to local anesthetics (n = 6)

e Incomplete records (n = 22)
Patients included in analysis [, p_ ________ (_ _____________ I

(n=202)

S R

C group (n=54)
GA + PCIA

L group (n=73)
GA + PCIA+ WI

CL group (n=75)
GA + PCIA+ WI+HII

Pain level monitor at at 2, 6, 12, 24, and 48
h post-operation

Data collection & Analysis

Figure | Patient flow diagram.
Abbreviations: PCIA, patient-controlled intravenous analgesia; GA, General anesthesia; WI, Wound infiltration; Il, Intraperitoneal instillation; Group C, control group;
Group L, local infiltration group; Group CL, combined group.

Patients in Group C received only general anesthesia and postoperative PCIA as described above, without additional
local anesthetic administration. In Group L, wound infiltration was performed by the surgeon immediately before skin
closure. Ropivacaine 0.25% was injected into the subcutaneous tissue and muscle layers surrounding the trocar insertion
sites, with approximately 5 mL administered at each of the port sites.

In Group CL, patients received both wound infiltration and intraperitoneal instillation. Wound infiltration was
performed using the same protocol as in Group L. Additionally, 40 mL of 0.2% ropivacaine was instilled into the
peritoneal cavity under direct laparoscopic visualization before trocar removal. The solution was distributed over the
gallbladder bed, the right subdiaphragmatic space, and the hepatoduodenal ligament region, with the patient placed in

Trendelenburg position to facilitate drug distribution.

Outcome Measures

Primary Outcome

The primary outcome was postoperative pain intensity assessed using the Visual Analogue Scale (VAS). The VAS is
a 10-cm horizontal line, in which 0 indicates “no pain” and 10 indicates “worst pain imaginable”. Pain assessments were
performed at 2, 6, 12, 24, and 48 h after surgery. At each time point, VAS scores were recorded both at rest and during
movement. Resting pain was evaluated when the patient was lying quietly in bed without any physical activity. Pain
during movement was assessed when the patient performed a standardized activity. As part of routine postoperative care,
VAS scores were recorded by ward nurses who were not involved in the intraoperative procedures.
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Secondary Outcomes

(1) Postoperative analgesia indicators: Rescue analgesia was defined as any additional analgesic medication adminis-
tered beyond the PCIA regimen when patients reported a VAS score of 4 or higher despite PCIA use. The rescue
analgesic protocol consisted of intravenous flurbiprofen axetil 50 mg. The incidence of rescue analgesia uses and
the total dose of rescue analgesics within 48 h after surgery were recorded. PCIA utilization was evaluated by
recording the total number of patient demands (button presses) and the number of effective deliveries within the
first 48 postoperative hours. The demand-to-delivery ratio was calculated to reflect patient analgesic requirements.
The incidence of referred shoulder pain was recorded, which is defined as pain localized to one or both shoulders
after surgery.

(2) Recovery indicators: Time to first ambulation was defined as the interval from the end of surgery to the first time
the patient was able to stand and walk independently with or without assistance. Postoperative length of hospital
stay was calculated from the day of surgery to the day of discharge.

(3) Adverse Events: The incidence of postoperative nausea and vomiting (PONV) and other adverse events including
dizziness, pruritus, and urinary retention were recorded during the first 48 h after surgery.

(4) Patient satisfaction was assessed at 48 h after surgery using the Patient Satisfaction Questionnaire Short Form
(PSQ-18). This validated instrument contains 18 items evaluating seven dimensions of healthcare satisfaction:
general satisfaction, technical quality, interpersonal manner, communication, financial aspects, time spent with
doctor, and accessibility and convenience. Each item was rated on a 5-point Likert scale, with higher values
indicating greater satisfaction.

Statistical Analysis

Statistical analysis was performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables were
tested for normality using the Shapiro—Wilk test. Normally distributed data were expressed as mean + standard deviation
and compared among the three groups using one-way analysis of variance, followed by the Least Significant Difference
test for post hoc pairwise comparisons. Non-normally distributed data were presented as median with interquartile range
and analyzed using the Kruskal-Wallis H-test, with the Mann—Whitney U-test for pairwise comparisons when significant
differences were detected. Categorical variables were expressed as frequencies and percentages and compared using the
chi-square test or Fisher’s exact test as appropriate. Repeated measures analysis of variance was applied to compare VAS
scores across multiple time points among the three groups. A two-tailed P value of less than 0.05 was considered
statistically significant.

Results

Baseline Characteristics

A total of 202 patients were included in this study, with 54 patients in Group C, 73 patients in Group L, and 75 patients in
Group CL. The baseline characteristics of patients in the three groups are presented in Table 1. There were no statistically
significant differences among the three groups in terms of age, sex, body mass index, ASA classification, operative time,
intraoperative blood loss, or comorbidities including hypertension and diabetes mellitus (all P>0.05). The three groups
were comparable at baseline, indicating that subsequent comparisons of outcome measures were not confounded by
differences in patient characteristics.

Postoperative Pain Level

The changes in VAS scores at rest and during movement over the 48-h postoperative period are illustrated in Figure 2.
For resting VAS scores (Figure 2A), Group C showed a decrease from 5.83+1.24 at 2 h to 2.76+0.92 at 48 h, Group
L from 4.92+1.18 to 2.28+0.84, and Group CL from 4.25+1.13 to 1.98+0.76. At each time point, Group CL demonstrated
the lowest VAS scores, followed by Group L, with Group C showing the highest scores (all P<0.001). Repeated measures
ANOVA revealed significant effects of time (F=312.456, P<0.001), group (F=47.832, P<0.001), and time-by-group
interaction (F=3.275, P=0.008).
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Table | Baseline Characteristics of Patients in Three Groups

Variable Group C (n=54) | Group L (n=73) | Group CL (n=75) | Fly* P
Age (years) 51.28+14.35 49.86£15.12 52.03+14.68 0.426 | 0.654
Sex, n (%) 0.095 | 0.954
Male 17 (31.48) 23 (31.51) 23 (30.67)

Female 37 (68.52) 50 (68.49) 52 (69.33)

BMI (kg/m?) 24.25+2.83 23.98+2.91 24.36x2.72 0.352 | 0.704
ASA classification, n (%) 0.183 | 0913
| 32 (59.26) 45 (61.64) 44 (58.67)

Il 22 (40.74) 28 (38.36) 31 (41.33)

Operative time (min) 43.15+8.86 44.38+9.23 43.72+8.95 0.298 | 0.743
Intraoperative blood loss (mL) 18.4246.58 19.35+7.24 18.93+6.91 0.285 | 0.752
Comorbidities, n (%)

Hypertension 12 (22.22) 14 (19.18) 17 (22.67) 0.312 | 0.856
Diabetes mellitus 6 (11.11) 9 (12.33) 8 (10.67) 0.108 | 0.948

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

For VAS scores during movement (Figure 2B), Group C decreased from 7.15+1.32 at 2 h to 3.64+1.02 at 48 h, Group
L from 6.18+1.25 to 2.95+0.91, and Group CL from 5.42+1.19 to 2.52+0.82. The between-group differences were
statistically significant at all time points (all P<0.001). Repeated measures ANOVA demonstrated significant main effects
of time (F=285.372, P<0.001) and group (F=52.146, P<0.001), as well as a significant time-by-group interaction
(F=2.987, P=0.015). The greatest between-group differences were observed during the early postoperative period,

with the differences gradually diminishing but remaining statistically significant at 48 h.
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Figure 2 Postoperative VAS scores at different time points among the three groups. (A) VAS scores at rest. (B) VAS scores during movement. Data are presented as mean
+ SD. Group C, control group; Group L, local infiltration group; Group CL, combined group. *#P<0.001, *P<0.01 vs Group C; *#P<0.001, *P<0.01, #P<0.05 vs Group L.

Abbreviation: VAS, Visual Analogue Scale.
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Postoperative Analgesia and Recovery Outcomes
The postoperative analgesia and recovery outcomes are summarized in Table 2. The incidence of rescue analgesia use
showed a decreasing trend from Group C (33.33%) to Group L (21.92%) and Group CL (16.00%), although the
difference did not reach statistical significance (P=0.053). Among patients who received rescue analgesia, no significant
difference in rescue analgesic dose was observed among the three groups (P=0.344).

The incidence of referred shoulder pain was significantly lower in Group CL (16.00%) compared with Group
L (30.14%) and Group C (35.19%) (P=0.032). Regarding PCIA utilization, both total demands and effective deliveries
were significantly lower in Group CL compared with Group L and Group C (all P<0.001). However, the demand-to-
delivery ratio was similar among the three groups (P=0.592). Time to first ambulation was significantly shorter in Group
CL (13.85£3.64 h) and Group L (15.26+3.92 h) compared with Group C (17.52+4.35 h) (P<0.001). Postoperative
hospital stay was also significantly reduced in Group CL and Group L compared with Group C (P=0.023).

Postoperative Adverse Events

The incidence of postoperative adverse events during the 48-hour observation period is illustrated in Table 3. PONV was
the most common adverse event, occurring in 35.19% (19/54) of patients in Group C, 28.77% (21/73) in Group L, and
26.67% (20/75) in Group CL, with no significant difference among the three groups (P=0.568). The incidence of
dizziness was 18.52% (10/54), 12.33% (9/73), and 9.33% (7/75) in Group C, Group L, and Group CL, respectively
(P=0.290). Pruritus occurred in 12.96% (7/54) of patients in Group C, 8.22% (6/73) in Group L, and 6.67% (5/75) in
Group CL (P=0.457). Urinary retention was observed in 9.26% (5/54), 5.48% (4/73), and 4.00% (3/75) of patients in
Group C, Group L, and Group CL, respectively (P=0.445). Although all adverse events showed a decreasing trend from
Group C to Group CL, none of these differences reached statistical significance (all P>0.05).

Patient Satisfaction
The PSQ-18 scores at 48 h after surgery are presented in Table 4. The total PSQ-18 score was significantly different
among the three groups (P=0.004). Significant differences among the three groups were observed in the dimensions of

Table 2 Comparison of Postoperative Analgesia and Recovery Outcomes Among the Three Groups

Variable Group C (n=54) Group L (n=73) Group CL (n=75) | Fly*IH P
Rescue analgesia use, n (%) 18 (33.33) 16 (21.92) 12 (16.00) 5.862 0.053
Rescue analgesic dose (mg)* 50.00 (50.00-75.00) | 50.00 (50.00-62.50) | 50.00 (50.00-50.00) | 2.136 0.344
Referred shoulder pain, n (%) 19 (35.19) 22 (30.14) 12 (16.00) 6.854 0.032
PCIA total demands (times) 18.26+5.83 15.42+5.26 13.28+4.85 14.362 | <0.001
PCIA effective deliveries (times) 12.35+3.92 10.68+3.54 9.25+3.18 11.458 | <0.001
Demand-to-delivery ratio 1.48+0.28 1.45+0.26 1.44+0.24 0.526 0.592
Time to first ambulation (h) 17.52+4.35 15.26+3.92 13.85+3.64 13.827 | <0.001
Postoperative hospital stay (d) 3.00 (2.00-3.00) 2.00 (2.00-3.00) 2.00 (2.00-3.00) 7.528 0.023
Note: *Rescue analgesic dose was calculated only among patients who received rescue analgesia.
Abbreviation: PCIA, patient-controlled intravenous analgesia.
Table 3 Incidence of Postoperative Adverse Events Among the Three Groups
Adverse Event | Group C (n=54) | Group L (n=73) | Group CL (n=75) Va P
PONV 19 (35.19) 21 (28.77) 20 (26.67) 1.132 | 0.568
Dizziness 10 (18.52) 9 (12.33) 7 (9.33) 2478 | 0.29
Pruritus 7 (12.96) 6 (8.22) 5 (6.67) 1.564 | 0.457
Urinary retention 5(9.26) 4 (5.48) 3 (4.00) 1.621 | 0.445

Abbreviations: PONV, postoperative nausea and vomiting; Group C, control group; Group L, local infiltration group;

Group CL, combined group.
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Table 4 Comparison of PSQ-18 Scores Among the Three Groups

Dimension Group C (n=54) | Group L (n=73) | Group CL (n=75) F P

General satisfaction 3.48+0.72 3.82+0.65* 4.08+0.62** 12.856 | <0.001
Technical quality 3.65+0.68 3.92+0.64* 4,15£0.58+* 10.324 | <0.001
Interpersonal manner 4.22+0.58 4.28+0.55 4.25+0.54 0.186 0.83
Communication 4.12+0.62 4.18+0.58 4.15+0.56 0.168 0.845
Financial aspects 3.42+0.76 3.48+0.72 3.45+0.74 0.102 0.903
Time spent with doctor 3.75+0.68 3.8240.65 3.78+0.62 0.185 0.831
Accessibility and convenience 3.88+0.65 3.92+0.62 3.90+0.60 0.072 0.931
Total score 3.79+0.52 3.92+0.48* 4021045+ 5.628 0.004

Note: *P<0.05 vs Group C; *P<0.05 vs Group L.
Abbreviations: PSQ-18, Patient Satisfaction Questionnaire Short Form; Group C, control group; Group L, local infiltration group;
Group CL, combined group.

general satisfaction and technical quality (all P<0.001). Group CL demonstrated the highest scores in general satisfaction
and technical quality, followed by Group L, with Group C showing the lowest scores. These findings indicate that
patients receiving local anesthetic protocols, particularly the combined approach, reported greater overall satisfaction
with their care and perceived higher quality of pain management.

No significant differences were observed among the three groups in the dimensions of interpersonal manner,
communication, financial aspects, time spent with doctor, and accessibility and convenience (all P>0.05). These results
suggest that the differences in patient satisfaction were specifically related to pain management rather than other aspects
of healthcare delivery.

Discussion

The present study demonstrated that combining port-site ropivacaine infiltration with intraperitoneal instillation sig-
nificantly improved postoperative pain control, reduced the incidence of referred shoulder pain, and shortened the time to
first ambulation and hospital stay following LC. These findings align with growing evidence supporting the additive
analgesic effects of targeting different pain components through regional anesthetic techniques.

The superior analgesic efficacy observed in the CL group can be explained by the distinct origins of post-LC pain. Cha
et al'* conducted a prospective randomized trial demonstrating that peritrocal infiltration primarily attenuates parietal pain
arising from abdominal wall incisions, whereas intraperitoneal instillation more effectively addresses visceral and shoulder
tip pain. Their four-group design revealed that combining both techniques produced additive effects on total pain scores and
reduced fentanyl consumption to a greater extent than either method alone. Similarly, Das et al'' compared equipotent
concentrations of bupivacaine and ropivacaine for intraperitoneal instillation, confirming that local anesthetics effectively
reduce visceral pain during coughing, respiration, and mobilization. A recent meta-analysis pooled data from 24 rando-
mized controlled trials involving 1705 patients, demonstrated that intraperitoneal ropivacaine instillation significantly
decreased opioid consumption within the first 24 postoperative hours while reducing the incidence of nausea, vomiting, and
shoulder pain."> The reduction of referred shoulder pain was observed in the CL group. The pathophysiology of post-
laparoscopic shoulder pain involves phrenic nerve irritation. The phrenic nerve originates from the anterior branches of C3-
C5 spinal nerves, predominantly C4, while the supraclavicular nerve sharing C3-C4 roots innervates the shoulder region.'®
Carbon dioxide pneumoperitoneum creates an acidic intraperitoneal environment and causes passive diaphragmatic
distension, which irritates and potentially damages the phrenic nerve. Furthermore, artificial pneumoperitoneum induces
peritoneal microvascular rupture, releasing inflammatory mediators that sensitize nociceptors and exacerbate pain
perception.'® A randomized trial investigated pulmonary recruitment maneuvers confirmed that residual CO, beneath the
diaphragm represents a major contributor to shoulder pain, with interventions targeting gas removal demonstrating
significant pain reduction.'” Intraperitoneal local anesthetic instillation interrupts this referred pain pathway through direct
blockade of nociceptive transmission from the subdiaphragmatic region to the phrenic nerve. Haneef et al demonstrated that
interventions reducing subdiaphragmatic irritation significantly decrease shoulder pain incidence and severity.'® When
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local anesthetics are instilled intraperitoneally, they spread across the peritoneal surface including the subhepatic and
subdiaphragmatic spaces, blocking afferent nerve endings before pain signals can ascend through the C3-C5 pathway. Yi
et al'” demonstrated that ultrasound-guided phrenic nerve block using ropivacaine significantly reduced both the incidence
and severity of shoulder pain, providing evidence that interrupting phrenic nerve transmission effectively prevents this
complication. Previous studies have confirmed that incision infiltration provides better control of abdominal incision pain
from 30 min to 24 h postoperatively, while intraperitoneal instillation is more effective for shoulder pain control.*® In this
study, the combined analgesic effect of both methods showed the best pain control effect, likely due to complementary pain
relief targeting different pain components.

This study selected ropivacaine as the local anesthetic, which is a pure left-handed long-acting amide local anesthetic
that inhibits nerve impulse conduction by reversibly blocking sodium ion channels.?' A previous study explained that
ropivacaine prevents the increase in voltage-dependent Na' conductance in splanchnic nerves, which contain visceral
sensory afferents responsible for transmitting pain signals from the peritoneal cavity to the central nervous system.?
Compared with bupivacaine, ropivacaine exhibits lower lipophilicity, resulting in reduced cardiac toxicity while maintain-
ing effective sensory blockade. The RELIiEVE trial confirmed that intraperitoneal ropivacaine instillation during laparo-
scopic sleeve gastrectomy not only reduced acute postoperative pain but also enhanced respiratory effort recovery without
any drug-related adverse events.”® In addition, after intraperitoneal administration, ropivacaine is absorbed through the
peritoneum into the systemic circulation, producing a certain degree of systemic analgesic effect.** These mechanisms of
action may be one of the reasons for the superior efficacy of the combination therapy. The balanced general anesthesia
protocol used in this study involved sequential administration of propofol and sufentanil for induction. Previous studies
have confirmed that propofol-sufentanil preparations maintain physical stability within the standard clinical application
window, supporting the safety and reliability of this anesthetic regimen as the baseline protocol in the present study.?

The shortened time to first ambulation and reduced hospital stay observed in this study align with enhanced recovery after
surgery (ERAS) principles. In this study, the CL group achieved a mean time to first ambulation of 13.85 h, which was shorter
than the 17.52 h observed in the control group. A recent meta-analysis involving 1489 LC patients demonstrated that ERAS
pathways significantly reduced length of stay, time to first flatus, and pain scores compared with conventional care.*® Within
ERAS protocols, local anesthetic techniques help reduce the need for opioids and avoid opioid-related adverse effects such as
nausea, vomiting, ileus, and respiratory depression, thereby promoting early ambulation and gastrointestinal function recovery
in patients.”” Regional anesthesia techniques for laparoscopic surgery further improve pain control, reduce readmission rates,
and enhance patient experience, reinforcing their value as an integral part of perioperative care.”® The PSQ-18 results of this
study showed that the between-group differences were specifically observed in the dimensions of general satisfaction and
technical quality, while other dimensions remained comparable. These differences suggested that the improvement in
satisfaction was potentially attributable to pain management rather than other aspects of care. Previous study has shown
1*® reported that
patients who received local anesthetic infiltration combined with general anesthesia achieved lower pain scores and higher

that the degree of pain reduction is one of the strongest predictor of patient satisfaction.> El-Tallawy et a

satisfaction compared with general anesthesia alone in a day surgery setting.

Based on the findings of this study, the combination of port-site infiltration and intraperitoneal instillation may be
considered as part of the analgesic strategy for elective LC, particularly in ambulatory surgery settings. The technique
requires minimal additional operative time and utilizes readily available medications, making it feasible for widespread
implementation. A similar study demonstrated that the addition of intraperitoneal instillation to trocar-site infiltration
provided better shoulder pain control than trocar-site infiltration alone in patients undergoing laparoscopic abdominal
surgery.”! Surgeons should ensure adequate distribution of local anesthetic to both the gallbladder bed and subdiaphrag-
matic spaces to maximize visceral and referred pain control. For patients at higher risk of postoperative nausea and
vomiting or those with contraindications to opioid analgesics, this combined approach offers particular advantages by
reducing rescue opioid requirements. Integration of this technique within institutional ERAS protocols may further
enhance its benefits through synergistic effects with other recovery-enhancing interventions.

This study has several limitations. The single-center design limits generalizability, as institutional practices, patient
populations, and surgical techniques may differ substantially across settings. The retrospective design limits definitive
causal inference and introduces potential selection bias. Furthermore, formal blinding of outcome assessors was not
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implemented, and group allocation could be identified through operative records, which may introduce observer bias.
Although baseline characteristics were comparable across groups, unmeasured confounders cannot be excluded. Patient
willingness to participate in different analgesic protocols and individual expectations regarding pain management were
not assessed, potentially introducing preference-related bias that could affect reported pain scores and satisfaction
outcomes. Additionally, the presence of preoperative chronic pain conditions, anxiety disorders, or catastrophizing
tendencies was not documented. The fixed concentration and volume of ropivacaine used did not allow exploration of
dose-response relationships. Future prospective randomized trials with larger sample sizes should evaluate different
timing of administration, optimal concentrations, and cost-effectiveness of combined local anesthetic strategies.

Conclusion

In this study, under standardized balanced general anesthesia with postoperative PCIA, the addition of port-site
ropivacaine infiltration and intraperitoneal instillation was associated with improved postoperative pain control, reduced
incidence of referred shoulder pain, earlier ambulation, and shorter hospital stay compared with conventional analgesia or
port-site infiltration alone following LC. The analgesic benefits were most pronounced during the early postoperative
period and were reflected in improved patient satisfaction regarding pain management. This combined approach may
serve as a feasible component of enhanced recovery protocols. However, given the retrospective nature of this study,
prospective randomized trials are needed to confirm these findings and to determine optimal dosing strategies.
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