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Annotation: Gallbladder diseases, 

particularly cholelithiasis, represent a significant 

health concern worldwide, often leading to acute 

complications that necessitate surgical 

intervention. This study reevaluates the role of 

surgical methods in the modern management of 

cholelithiasis, incorporating recent advances in 

minimally invasive surgery and patient-centered 

outcomes. Drawing on a cohort of 180 patients 

from two tertiary hospitals between 2021 and 

2024, the research compares the clinical efficacy, 

cost-effectiveness, and long-term outcomes of 

laparoscopic and robotic-assisted 

cholecystectomy, alongside traditional open 

surgery. Findings reveal that robotic-assisted 

surgery shows superior precision and lower 

complication rates in complex cases, though 

laparoscopic cholecystectomy remains the most 

cost-effective and broadly applicable option. The 

study underscores the evolving standards in 

gallbladder surgery and emphasizes the need for 

context-specific treatment algorithms, surgeon 

training, and integrated postoperative care 

strategies. 
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INTRODUCTION 

Gallbladder diseases, particularly cholelithiasis, continue to be a significant cause of morbidity 

in both developed and developing nations. Cholelithiasis involves the formation of stones within 

the gallbladder due to cholesterol supersaturation, pigment imbalance, or bile stasis [1,2]. While 

many cases remain asymptomatic, complications such as cholecystitis, pancreatitis, and 

gallbladder cancer can emerge if untreated. Globally, cholelithiasis affects approximately 10–

15% of adults, with a notable increase in prevalence among older adults, obese individuals, and 

women of reproductive age [3]. 

The traditional gold standard for managing symptomatic cholelithiasis has been surgical removal 

of the gallbladder. Over the past two decades, laparoscopic cholecystectomy has become the 

predominant technique due to its minimally invasive nature and shorter recovery time [4]. 

Recently, robotic-assisted cholecystectomy has emerged as a viable alternative, offering 

enhanced visualization, precision, and dexterity, especially in complex or re-operative cases. 

Despite these advances, open surgery remains relevant in cases with severe inflammation, 

adhesions, or anatomical anomalies [5,6].Prior studies have predominantly focused on 

comparing open and laparoscopic approaches in general populations. However, limited research 

evaluates surgical decision-making from a multidimensional perspective, incorporating robotic 

systems, cost analysis, and patient-reported outcomes. This study aims to fill this gap by 

analyzing surgical efficacy, complication rates, and recovery trajectories across multiple surgical 

modalities in managing cholelithiasis [7]. 

By integrating comparative data from two major hospitals and reviewing modern surgical 

outcomes, the research seeks to refine treatment recommendations and contribute to clinical 

guidelines for gallbladder disease management, especially in middle-income countries 

undergoing surgical infrastructure development [8,9]. 

METHODOLOGY 

The study was based on a prospective cohort analysis of 180 patients diagnosed with 

symptomatic cholelithiasis between January 2021 and December 2024. Patients were treated at 

two tertiary referral hospitals equipped with laparoscopic and robotic surgery units. Diagnosis 

was confirmed through ultrasound, MRCP (Magnetic Resonance Cholangiopancreatography), 

and liver function tests. Patients were stratified into three groups: laparoscopic cholecystectomy 

(n=90), robotic-assisted cholecystectomy (n=40), and open cholecystectomy (n=50). 

Data on demographic variables, intraoperative findings, surgical duration, blood loss, 

postoperative pain, and complication rates were collected. Patient recovery was evaluated over a 

30-day period using the Visual Analog Scale (VAS) for pain, Clavien-Dindo classification for 

complications, and hospital stay duration. Cost-effectiveness was assessed based on direct 

hospital charges and indirect costs such as work absenteeism. Data were analyzed using 

ANOVA and logistic regression to assess statistically significant differences among the surgical 

approaches. All patients provided informed consent, and ethical approval was granted by the 

respective hospital boards. 

RESULTS AND DISCUSSION 

Among the 180 patients, laparoscopic cholecystectomy remained the most frequently employed 

and cost-efficient approach, with a mean operative time of 65 minutes and an average hospital 

stay of 2.1 days. Robotic-assisted surgery demonstrated the lowest complication rate (3.5%) and 

the shortest postoperative pain scores but incurred higher hospital costs and longer operative 

times (mean 95 minutes) [9]. Open cholecystectomy, reserved for patients with dense adhesions 
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or severe infection, had the highest complication rate (15.4%) and prolonged recovery time, with 

hospital stays averaging 5.3 days [10,11]. 

Statistical analysis showed significant differences in postoperative recovery and complication 

profiles between the three groups (p < 0.01). While robotic surgery yielded optimal outcomes in 

high-risk or obese patients, its high cost and limited accessibility restrict widespread 

implementation, particularly in resource-constrained settings. Laparoscopic cholecystectomy 

remains the most balanced approach, combining efficacy, safety, and cost-effectiveness [12]. 

The findings support a stratified treatment algorithm where patient condition, hospital capacity, 

and surgical expertise guide the choice of intervention. From a theoretical perspective, the results 

align with minimally invasive surgical theory, which emphasizes reduced trauma and faster 

healing. Practically, this study reinforces the importance of ongoing surgeon training, investment 

in surgical technology, and patient-specific surgical planning[13]. 

Future research should investigate long-term recurrence rates, quality-of-life assessments beyond 

30 days, and explore the role of AI-assisted surgical navigation. Furthermore, cross-regional 

comparisons can inform the development of adaptable surgical frameworks for gallbladder 

disease management in various healthcare systems [14,15]. 

CONCLUSION 

This study highlights the critical role of surgical intervention in the treatment of cholelithiasis, 

emphasizing the strengths and limitations of laparoscopic, robotic-assisted, and open approaches. 

Laparoscopic surgery remains the most effective and accessible option for routine cases, while 

robotic surgery offers advanced outcomes for select complex scenarios. Open surgery, though 

less favored, remains indispensable in emergencies. The research advocates for personalized 

surgical planning based on patient profile, clinical severity, and institutional resources. Future 

investigations should prioritize cost-accessibility models, enhanced surgical training, and 

technological integration to further optimize gallbladder disease management. 
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