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ABSTRACT
Background: Laparoscopic cholecystectomy (LC) is the gold standard for symptomatic cholelithiasis. While general anesthesia (GA) is conventionally used, spinal anesthesia (SA) is emerging as a viable alternative, potentially offering advantages in a resource-constrained setting. Objective: To compare the intraoperative and postoperative outcomes of spinal anesthesia versus general anesthesia for patients undergoing laparoscopic cholecystectomy. Methods: This prospective comparative study was conducted at Community-Based Medical College, Bangladesh, from April to September 2025. Eighty patients scheduled for elective LC were purposively selected and equally divided into SA (n=40) and GA (n=40) groups. Standardized protocols were followed. Data on intraoperative hemodynamics, postoperative pain (Visual Analog Scale), time to first analgesia, ambulation, oral intake, hospital stay, and complications were collected. Results: The analysis revealed a comparable demographic profile between groups. The spinal anesthesia cohort demonstrated significantly lower postoperative pain scores at 2, 6, and 12 hours (p<0.001) and a prolonged time to first analgesic request (p<0.001). Recovery milestones, including time to ambulation and oral intake, were achieved faster with spinal anesthesia (p<0.01). Furthermore, postoperative nausea and vomiting were significantly less frequent (10% vs. 32.5%, p=0.013). Conclusion: Spinal anesthesia is a safe and effective alternative for laparoscopic cholecystectomy, providing superior analgesia, fewer opioid-related side effects, and a faster early recovery. It is a highly recommended technique for community-based surgical practice.
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INTRODUCTION
Laparoscopic cholecystectomy (LC) has firmly established itself as the gold standard surgical intervention for symptomatic cholelithiasis and other gallstone-related pathologies [1]. Its widespread adoption over open surgery is attributed to significant patient benefits, including reduced postoperative pain, shorter hospital stays, more rapid recovery, and superior cosmetic outcomes [2]. The global prevalence of gallstone disease is considerable, making LC one of the most frequently performed general surgical procedures worldwide, a trend that holds in the Bangladeshi population [3]. The conventional anesthetic technique for LC has been general anesthesia (GA) with endotracheal intubation and controlled ventilation [4]. This approach ensures patient immobility, a secure airway, and controlled pneumoperitoneum, which are critical for the surgical procedure. However, GA is not without drawbacks. It is associated with a range of potential postoperative complications, including significant nausea and vomiting (PONV), sore throat, residual neuromuscular blockade, and postoperative cognitive dysfunction, particularly in vulnerable populations [5]. Furthermore, GA requires sophisticated equipment, multiple pharmacological agents, and a longer recovery period in the post-anesthesia care unit, which can strain resources in community-based healthcare settings [6]. In recent years, there has been a growing interest in alternative anesthetic techniques that can mitigate these disadvantages. Spinal anesthesia (SA), long the cornerstone for lower abdominal and orthopedic surgeries, has emerged as a viable and promising option for LC [7]. Proponents of SA highlight several potential advantages, such as the avoidance of airway instrumentation, reduced exposure to polypharmacy, superior postoperative analgesia in the initial hours, and a significant reduction in the incidence of PONV [8]. The patient remains awake, which allows for rapid awakening and potentially faster discharge from the recovery area. Several studies conducted in diverse settings have compared SA and GA for LC. A 2020 comparative study by Sharma et al. concluded that SA provided excellent intraoperative conditions and significantly lower pain scores in the immediate postoperative period compared to GA [9]. Similarly, a meta-analysis by Wang et al. (2022) consolidated findings from multiple trials, indicating that SA was associated with a lower analgesic requirement and a faster time to first ambulation and oral intake [10]. However, SA for LC is not without its own unique set of challenges. The most notable is the occurrence of shoulder tip pain due to diaphragmatic irritation from carbon dioxide insufflation, which can be distressing for the patient, though it is often transient and manageable [11]. Hemodynamic instability, primarily hypotension and bradycardia, also requires vigilant monitoring and proactive management [12]. Despite the existing body of research, there is a paucity of literature directly comparing these two anesthetic techniques within the context of a community-based teaching hospital in Bangladesh. The patient demographics, surgical workflows, and resource availability in such settings can differ significantly from tertiary care centers [13]. Therefore, a localized comparative study is imperative to guide clinical practice and optimize patient outcomes. This study aimed to fill this knowledge gap by conducting a prospective comparative analysis of spinal anesthesia versus general anesthesia for patients undergoing elective laparoscopic cholecystectomy at the Community-Based Medical College, Bangladesh, Mymensingh. The primary objectives are to compare intraoperative hemodynamic stability, postoperative pain scores, time to recovery milestones, and the incidence of procedure-related complications between the two groups. The findings will provide valuable evidence to help anesthesiologists and surgeons make informed decisions, potentially improving the efficiency and quality of surgical care in our community hospital setting.

METHODOLOGY

Study design and population
This prospective comparative study was conducted at the Department of Surgery and Anesthesiology, Community-Based Medical College, Bangladesh. A purposive sample of 80 patients scheduled for elective laparoscopic cholecystectomy was recruited. All participants provided comprehensive written informed consent before enrolment.

Inclusion and exclusion criteria
Participants were aged 20-50 years, of both genders, and classified as American Society of Anesthesiologists (ASA) physical status I or II. The indication for surgery was symptomatic cholelithiasis. Exclusion criteria encompassed contraindications to spinal anesthesia (e.g., coagulopathy, local skin infection), known hypersensitivity to local anesthetics, severe cardiorespiratory disease, pregnancy, and instances requiring conversion to open laparotomy.

Study protocol
Eligible patients were allocated into two equal groups (n=40 each): Group SA (Spinal Anesthesia) and Group GA (General Anesthesia). Standardized protocols for anesthetic administration and surgical technique were rigorously followed for all cases. Data on intraoperative hemodynamic parameters, quality of surgical conditions, and postoperative outcomes—including pain scores (using a validated scale), time to first ambulation, and any complications—were systematically recorded on a pre-designed data collection sheet.

Statistical analysis
Data analysis was performed using the Statistical Package for the Social Sciences (SPSS), version 23.0. Continuous variables were compared using Student’s t-test, while categorical data were analyzed with the Chi-square test. A p-value of less than 0.05 was established as the threshold for statistical significance for all inferential tests.

RESULT
The study successfully analyzed data from all 80 enrolled patients, with 40 prospectively allocated to the Spinal Anesthesia (SA) group and 40 to the General Anesthesia (GA) group. A preliminary analysis confirmed that the demographic and baseline clinical profiles of the two cohorts were well-matched, thereby establishing a valid foundation for comparative analysis. The mean age of participants was comparable, at 42.3 ± 8.1 years in the SA group and 40.9 ± 9.4 years in the GA group (p>0.05). Gender distribution was also similar, with the SA group comprising 22 females (55.0%) and the GA group comprising 25 females (62.5%). Furthermore, the majority of patients in both groups were classified as American Society of Anesthesiologists (ASA) physical status I (67.5% in SA vs. 62.5% in GA), indicating a similar burden of systemic disease and operative risk.

Intraoperative monitoring revealed distinct hemodynamic patterns contingent upon the anesthetic technique. Patients in the SA group demonstrated a significantly higher propensity for cardiovascular instability. Specifically, hypotension was observed in 27.5% (n=11) of the SA group compared to only 7.5% (n=3) in the GA group (p<0.05). Similarly, bradycardia occurred in 15.0% (n=6) of SA patients versus 2.5% (n=1) of those receiving general anesthesia (p<0.05). All such episodes were transient and managed effectively with standard pharmacological interventions. A notable surgical finding unique to the SA cohort was the incidence of shoulder tip pain, referred from diaphragmatic irritation, which was reported by 17 patients (42.5%) and was absent in the GA group.

The most compelling advantages of spinal anesthesia emerged in the postoperative period, where recovery parameters were consistently superior. Pain assessment using the Visual Analog Scale (VAS) demonstrated significantly lower median scores in the SA group at 2 hours (2 vs. 5), 6 hours (2 vs. 4), and 12 hours (1 vs. 3) post-surgery. This enhanced analgesia translated directly into a markedly prolonged duration of pain relief; the time to the first request for rescue analgesia was more than double in the SA group (185.4 ± 22.5 minutes) compared to the GA group (75.8 ± 18.3 minutes), a statistically significant difference (p<0.001).

Furthermore, the expedited recovery associated with spinal anesthesia was reflected in earlier achievement of key functional milestones. Patients in the SA group were able to ambulate significantly sooner, with a mean time to first ambulation of 320.5 ± 45.2 minutes, compared to 415.8 ± 52.7 minutes in the GA group (p<0.01). Similarly, the time to first oral intake was shorter in the SA group (285.6 ± 40.1 minutes) than in the GA group (365.3 ± 48.9 minutes) (p<0.01).

The incidence of common postoperative complications also differed notably between the groups. Postoperative nausea and vomiting (PONV), a frequent side-effect of general anesthesia and opioid analgesia, was significantly less prevalent in the SA group, affecting only 10.0% (n=4) of patients compared to 32.5% (n=13) in the GA group (p<0.05). The incidence of headache was low and comparable between the two cohorts. Despite these pronounced benefits in recovery quality, the mean total duration of hospital stay was not significantly different, with the SA group discharged at 27.4 ± 6.2 hours and the GA group at 28.9 ± 7.1 hours (p>0.05).


Table 1: Baseline demographic and clinical characteristics of the study participants
	Characteristic
	Spinal anesthesia (SA)
	General anesthesia (GA)
	p-value

	
	(n=40)
	(n=40)
	

	Age (years), Mean ±SD
	42.3 ± 8.1
	40.9 ± 9.4
	0.478

	Gender, n (%)
	0.497

	Female
	22 (55.0)
	25 (62.5)
	

	Male
	18 (45.0)
	15 (37.5)
	

	ASA physical status, n (%)
	0.637

	I
	27 (67.5)
	25 (62.5)
	

	II
	13 (32.5)
	15 (37.5)
	

	BMI (kg/m²), Mean ±SD
	25.6 ±3.1
	26.2 ±2.8
	0.351


Data analyzed using an independent t-test for continuous variables and a Chi-square test for categorical variables

Table 2: Intraoperative adverse events and surgical conditions
	Parameter
	SA (n=40)
	GA (n=40)
	p-value

	Hypotension, n (%)
	11 (27.5)
	3 (7.5)
	0.017

	Bradycardia, n (%)
	6 (15.0)
	1 (2.5)
	0.044

	Shoulder tip pain, n (%)
	17 (42.5)
	0 (0.0)
	<0.001

	Conversion to GA, n (%)
	2 (5.0)
	0 (0.0)
	0.153

	Operative time (min), Mean ± SD
	48.2 ±10.5
	45.8 ±9.7
	0.289


Data analyzed using an independent t-test for continuous variables and a Chi-square/Fisher's Exact test for categorical variables

Table 3: Postoperative pain scores (VAS) and analgesia requirements
	Parameter
	SA (n=40)
	GA (n=40)
	p-value

	VAS Score at 2 hours, Median (IQR)
	2 (1-3)
	5 (4-6)
	<0.001

	VAS Score at 6 hours, Median (IQR)
	2 (1-3)
	4 (3-5)
	<0.001

	VAS Score at 12 hours, Median (IQR)
	1 (1-2)
	3 (2-4)
	<0.001

	Time to 1st analgesia (min), Mean ± SD
	185.4 ±22.5
	75.8 ±18.3
	<0.001


Data analyzed using an independent t-test for continuous variables and the Mann-Whitney U test for VAS scores

Table 4: Postoperative recovery milestones
	Recovery Milestone
	SA (n=40)
	GA (n=40)
	p-value

	Time to Ambulation (min), Mean ± SD
	320.5 ±45.2
	415.8 ±52.7
	<0.001

	Time to Oral Intake (min), Mean ± SD
	285.6 ±40.1
	365.3 ±48.9
	<0.001


Data analyzed using an independent t-test

Table 5: Postoperative complications
	Complication
	SA (n=40)
	GA (n=40)
	p-value

	PONV, n (%)
	4 (10.0)
	13 (32.5)
	0.013

	Headache, n (%)
	3 (7.5)
	2 (5.0)
	0.645

	Dizziness, n (%)
	5 (12.5)
	4 (10.0)
	0.723


Data analyzed using the Chi-square test

Table 6: Postoperative hospital stays
	Parameter
	SA (n=40)
	GA (n=40)
	p-value

	Hospital stays (hours), Mean ±SD
	27.4 ±6.2
	28.9 ±7.1
	0.307


Data analyzed using an independent t-test

DISCUSSION
The findings of this prospective comparative study demonstrate that spinal anesthesia is a safe and effective anesthetic technique for laparoscopic cholecystectomy, offering several significant advantages in the postoperative period compared to general anesthesia. Our results contribute valuable evidence to the growing body of literature supporting the use of neuraxial anesthesia in minimally invasive abdominal surgery, particularly within a community-based hospital context. The demographic and baseline parameters of our study population were well-matched, which establishes a reliable foundation for comparing the outcomes between the two groups. The intraoperative findings, however, revealed distinct challenges and benefits for each technique. The significantly higher incidence of hypotension and bradycardia in the SA group is a well-documented physiological response to sympathetic blockade [14]. This aligns with previous research, which emphasized the need for vigilant monitoring and proactive management with vasopressors and fluids, which was successfully implemented in all our cases without any adverse sequelae [12]. Furthermore, the occurrence of shoulder tip pain in a substantial portion of the SA group, while a notable drawback, was transient and manageable with simple analgesics and reassurance. This phenomenon, caused by diaphragmatic irritation from CO2 pneumoperitoneum, is a known limitation of SA for laparoscopy but did not lead to any case conversions in our series [11]. The most compelling advantages of SA were observed in the postoperative recovery profile. Patients receiving SA reported significantly lower pain scores at 2-, 6-, and 12-hours post-surgery and required their first rescue analgesic much later than those in the GA group. This superior analgesia is a direct benefit of the continued sensory blockade provided by the intrathecal local anesthetic, which effectively covers incisional and visceral pain in the initial critical hours [9,15]. This robust pain control directly facilitated a faster return to mobility and function. The times to first ambulation and first oral intake were significantly shorter in the SA group. This accelerated recovery is a crucial outcome, as early mobilization is a key component of enhanced recovery after surgery (ERAS) protocols, which reduce the risk of thromboembolic events and promote overall patient well-being [16]. Another significant finding was the markedly lower incidence of postoperative nausea and vomiting in the SA group. PONV is a major cause of patient dissatisfaction and delayed discharge after GA, often triggered by inhaled anesthetics and systemic opioids [5]. By avoiding these agents, SA provides an inherent antiemetic benefit, significantly enhancing patient comfort in the immediate postoperative phase [17]. This finding is consistent with a meta-analysis that reported a consistent reduction in PONV rates with regional anesthesia techniques for various surgeries [18]. Despite these clear benefits in early recovery metrics, the total hospital stay was not significantly different between the two groups. This suggests that while SA facilitates a faster initial recovery, discharge decisions in our setting were influenced by standardized protocols and social factors beyond the immediate physiological milestones measured [19]. This highlights an area for potential improvement through the implementation of structured, SA-enhanced recovery pathways, which could translate early benefits into a reduced length of stay [20]. Research has indicated that neither intravenous (propofol) nor inhalational (sevoflurane) anesthesia demonstrates a clinically superior recovery pattern for patients undergoing ambulatory laparoscopic cholecystectomy [21]. In laparoscopic cholecystectomy, both sevoflurane and propofol, when combined with dexamethasone and ondansetron, provide effective control of post-operative nausea and vomiting (PONV) for up to 24 hours [22]. To minimize morbidity in comorbid patients, laparoscopic cholecystectomy requires a balanced anesthetic technique that accounts for the physiological challenges of pneumoperitoneum [23]. A few limitations of this study must be acknowledged. The purposive sampling technique, while practical, may introduce selection bias. The patients and anesthesiologists were not blinded to the group allocation due to the inherent nature of the interventions, which could influence subjective assessments. Future multi-center studies with larger sample sizes and blinded outcome assessors could provide further robust evidence.


Limitations:
The study's limitations include the use of a purposive sampling method, which may introduce selection bias, and the lack of blinding for participants and clinicians due to the nature of the anesthetic interventions.

CONCLUSION 
Spinal anesthesia is a safe and effective alternative to general anesthesia for laparoscopic cholecystectomy. It provides superior postoperative analgesia, significantly reduces opioid-related side effects like nausea and vomiting, and facilitates a faster early recovery. While associated with manageable intraoperative hemodynamic changes, its benefits make it a highly suitable technique for enhancing patient recovery and optimizing resource utilization in community-based surgical settings, warranting its broader consideration and application.

Recommendation:
Spinal anesthesia should be considered a routine option for eligible patients undergoing laparoscopic cholecystectomy in community hospitals. Implementing structured protocols for its use can optimize postoperative recovery, enhance patient satisfaction, and improve overall surgical care efficiency.
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