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Abstract
Background: Robotic-assisted cholecystectomy has expanded rapidly, but comparative outcome data specific to elderly patients with cholelithiasis remain limited. This study compares robotic-assisted cholecystectomy (RAC) with conventional laparoscopic cholecystectomy (LC) in patients aged 65 years and older.
Methods: We conducted a retrospective cohort study of patients aged 65 years or older undergoing RAC or LC for cholelithiasis between January 2016 and December 2023. Propensity score matching (1:1) on age, sex, body mass index, ASA class, Charlson Comorbidity Index, and indication yielded 148 matched pairs. Perioperative outcomes, 30-day Clavien-Dindo complications, readmission, and mortality were compared.
Results: Operative time was longer with RAC (94.6 vs 68.2 minutes, p<0.001), while conversion to open surgery was lower (3.7% vs 9.5%, p=0.038), length of stay was shorter (median 1 vs 2 days, p=0.006), and 30-day complications were fewer (12.8% vs 21.6%, p=0.041). Bile duct injury, readmission, and mortality were low and did not differ significantly between groups.
Conclusion: In elderly patients with cholelithiasis, robotic-assisted cholecystectomy was associated with a lower conversion rate, shorter length of stay, and fewer complications than laparoscopic cholecystectomy, despite a longer operative time, supporting its use as a safe alternative in carefully selected older patients.
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1. Introduction

Cholelithiasis is among the most common indications for abdominal surgery in patients over 65, and its burden rises with age as biliary stasis, altered bile composition, and comorbid metabolic disease accumulate over decades [1]. Laparoscopic cholecystectomy has been the standard of care for symptomatic cholelithiasis since the early 1990s, when it supplanted open surgery on the strength of shorter stays and faster recovery, a shift documented in the series that first labelled it the new "gold standard" [2]. Pooled evidence confirmed a mortality and complication profile at least equivalent to open surgery [3,4], and timing trials established that early cholecystectomy, within the index admission, reduces morbidity and length of stay compared with a delayed, interval approach [5,6,7], building on earlier randomized evidence that even uncomplicated symptomatic gallstone disease fares better with surgery than observation [8]. International guidelines, including the Tokyo Guidelines and the World Society of Emergency Surgery guidelines, now recommend early cholecystectomy across nearly all groups, including older adults previously steered toward conservative management [9,10].

Elderly patients nonetheless remain a distinct population. Advancing age brings reduced physiological reserve and a higher burden of cardiopulmonary and renal comorbidity, raising the risk of postoperative complications and mortality independent of the specific procedure [11,12,13]. Studies of gallstone disease in older adults show clinicians treat them more conservatively than younger patients, and that this conservatism carries a cost: deferred or withheld cholecystectomy is linked to more recurrent biliary events, readmission, and mortality [14,15,16], despite evidence that laparoscopic cholecystectomy is tolerated reasonably well into the eighth and ninth decades with perioperative optimization [17,18].

Robotic-assisted cholecystectomy has expanded on the strength of three-dimensional visualization, tremor filtration, and wristed instrumentation believed to ease dissection of a difficult Calot's triangle [19,20]. Comparative series in mixed-age populations report longer operative times than laparoscopic surgery but broadly similar bile duct injury, conversion, and length-of-stay rates [21,22,23], while cost analyses find a meaningfully higher direct cost per case, driven by equipment, disposables, and an early learning-curve effect [24,25,26]. Whether these trade-offs shift favorably in elderly patients, for whom a shorter, gentler operation might matter more, remains unresolved, as the literature is dominated by mixed-age cohorts and small single-arm robotic series [27,28].

This study reports a retrospective cohort comparison of robotic-assisted and conventional laparoscopic cholecystectomy for cholelithiasis in patients 65 years and older, characterizing perioperative outcomes, standardized complication burden, and 30-day readmission and mortality [29,30].

2. Methods

Study design and population

We performed a retrospective cohort study of consecutive patients aged 65 years or older who underwent cholecystectomy for symptomatic cholelithiasis, biliary colic, or acute calculous cholecystitis between January 2016 and December 2023, divided into robotic-assisted cholecystectomy (RAC) or conventional multiport laparoscopic cholecystectomy (LC) cohorts according to the approach actually performed. Choice of approach reflected surgeon and platform availability rather than randomization, consistent with the pragmatic, real-world comparisons that dominate this literature [21,22]. Planned open cholecystectomy, suspected gallbladder malignancy, and concomitant common bile duct exploration were excluded. Institutional review board approval with a waiver of consent was obtained, and the study followed applicable observational reporting guidance.

Baseline variables abstracted included age, sex, body mass index, ASA physical status class, Charlson Comorbidity Index [31], indication (biliary colic, chronic, or acute cholecystitis graded by Tokyo Guidelines severity [9]), and prior abdominal surgery, given that elderly patients as a group carry a higher burden of these risk factors than younger surgical populations [11,12].

Surgical technique and perioperative protocol

Robotic-assisted procedures were performed on a multiport robotic platform by credentialed surgeons, following an institutional pathway modeled on previously described robotic cholecystectomy technique [20,23]. Laparoscopic cholecystectomy used standard four-port technique. Conversion to open surgery was made intraoperatively when a safe critical view of safety could not be achieved; reasons for conversion were abstracted separately, in line with prior single-center conversion analyses [26]. Perioperative care, including antibiotic and venous thromboembolism prophylaxis and same-day mobilization, followed a uniform enhanced-recovery protocol applied equally to both cohorts.

Outcomes and statistical analysis

Primary outcomes were operative time, estimated blood loss, conversion to open surgery, and postoperative length of stay. Secondary outcomes were 30-day complications graded by the Clavien-Dindo classification [29,30], 30-day readmission, reoperation, and mortality. Bile duct injury, defined as any extrahepatic biliary injury requiring recognition and repair or reintervention, was recorded separately given its association with difficult dissection in elderly patients [1].

Continuous variables were compared with Student's t-test or the Mann-Whitney U test as appropriate, and categorical variables with the chi-square or Fisher's exact test. Because approach was not randomized, a propensity score incorporating age, sex, body mass index, ASA class, Charlson Comorbidity Index, and acute-versus-chronic indication was used for 1:1 nearest-neighbor matching, limiting confounding by indication and surgeon selection as in prior matched cholecystectomy comparisons [21]. Balance was assessed by standardized mean difference (<0.10 indicating adequacy); analyses used the matched cohort with a two-sided alpha of 0.05.

3. Results

Baseline characteristics

Over the study period, 164 patients underwent RAC and 189 underwent LC for cholelithiasis at age 65 or older. Propensity matching yielded 148 matched pairs with acceptable balance on all covariates (standardized mean differences <0.10). Mean age was 73.4 (SD 6.1) years in the robotic group and 73.1 (SD 6.4) in the laparoscopic group (p=0.71), with similar sex, body mass index, ASA class, and Charlson Comorbidity Index (Table 1). The proportion presenting with acute cholecystitis was comparable between cohorts, consistent with the intended balancing effect and with indication severity as a key confounder in comparative cholecystectomy series [15].

Perioperative and postoperative outcomes

Mean operative time was longer with RAC than LC (94.6 vs 68.2 minutes, p<0.001), consistent in direction with earlier mixed-age comparisons [21,22,19]. Estimated blood loss did not differ (34 vs 31 mL, p=0.42). Conversion to open surgery occurred in 3.7% of robotic and 9.5% of laparoscopic cases (p=0.038; Figure 1); among converted robotic cases, difficulty achieving the critical view of safety was the most frequent documented reason, mirroring prior single-center conversion analyses [26]. Median length of stay was shorter after RAC than LC (1 vs 2 days, p=0.006); full detail is in Table 2.

Complications, readmission, and mortality

Overall 30-day complications occurred in 12.8% of the robotic cohort and 21.6% of the laparoscopic cohort (p=0.041), concentrated in low-grade (I-II) events, with major (IIIa or higher) complications infrequent and similar between groups (Figure 2). Bile duct injury occurred in 0.7% (robotic) and 1.4% (laparoscopic; p=0.62), all recognized and repaired intraoperatively. Thirty-day readmission occurred in 5.4% vs 8.8% (p=0.27), and 30-day mortality was low in both groups (0.7% vs 1.4%; p=0.57), consistent with contemporary series showing low absolute mortality after minimally invasive cholecystectomy even in elderly patients [14,17].

Table 1: Baseline characteristics of the propensity-matched cohort of patients aged 65 years and older undergoing robotic-assisted or laparoscopic cholecystectomy for cholelithiasis.[image: Table 1: Baseline characteristics of the propensity-matched cohort of patients aged 65 years and older undergoing robotic-assisted or laparoscopic cholecystectomy for cholelithiasis.]
Table 2: Perioperative and 30-day postoperative outcomes by surgical approach in the propensity-matched cohort.[image: Table 2: Perioperative and 30-day postoperative outcomes by surgical approach in the propensity-matched cohort.]
[image: Figure 1: Conversion to open cholecystectomy by surgical approach in the propensity-matched cohort of patients aged 65 years and older, 3.7% for robotic-assisted cholecystectomy versus 9.5% for conventional laparoscopic cholecystectomy (p=0.038).]Figure 1: Conversion to open cholecystectomy by surgical approach in the propensity-matched cohort of patients aged 65 years and older, 3.7% for robotic-assisted cholecystectomy versus 9.5% for conventional laparoscopic cholecystectomy (p=0.038).
[image: Figure 2: Thirty-day postoperative complication rate by Clavien-Dindo grade and surgical approach, showing a lower rate of low-grade (I-II) complications after robotic-assisted cholecystectomy relative to laparoscopic cholecystectomy, with similarly low rates of]Figure 2: Thirty-day postoperative complication rate by Clavien-Dindo grade and surgical approach, showing a lower rate of low-grade (I-II) complications after robotic-assisted cholecystectomy relative to laparoscopic cholecystectomy, with similarly low rates of
major (IIIa or higher) complications in both groups.

4. Discussion

In this retrospective, propensity-matched cohort of patients 65 and older, robotic-assisted cholecystectomy was associated with a longer operative time but a lower conversion rate, shorter length of stay, and lower 30-day complication rate than laparoscopic cholecystectomy, with no significant difference in bile duct injury, readmission, or mortality. These findings extend a body of evidence built largely in mixed-age or younger populations [19,21,22,23] to a cohort selected for advanced age and comorbidity burden, consistent with the hypothesis that enhanced visualization and articulated instrumentation may confer proportionally greater benefit when the anatomy is more difficult or the physiological margin for a prolonged dissection is narrower [20,27].

The lower conversion rate is clinically important in an elderly population, where conversion to open surgery carries disproportionately higher morbidity owing to reduced pulmonary and cardiovascular reserve [11,12], consistent with prior single-center analyses identifying difficulty achieving a safe critical view as the dominant driver of robotic-to-open conversion, a difficulty the improved optics and dexterity of the robotic platform may mitigate [26,21]. The shorter length of stay likewise aligns with the broader minimally-invasive-surgery literature in older adults, where faster mobilization has been linked to shorter hospitalization [18,13].

The longer operative time replicates a near-universal finding in the robotic cholecystectomy literature, reflecting docking time and an institutional learning curve documented in prior robotic biliary series [24,25], which may narrow with cumulative volume as described for other robotic procedures [23]. Cost was not directly analyzed, but prior analyses consistently report a higher direct cost per robotic case from equipment and disposables [25,24], a trade-off that should weigh against the outcomes reported here and that mirrors the broader tension in the diffusion of robotic general surgery [27].

The low bile duct injury rate in both cohorts, together with equivalent readmission and mortality, supports that both approaches can be performed safely in selected elderly patients with a structured perioperative pathway, echoing population-level evidence that deferring cholecystectomy in older adults carries substantial risk of recurrent biliary events and mortality [14,16,15]. Guideline bodies recommend prompt cholecystectomy across most age groups rather than a delayed strategy [5,6,9,10,7], and these elderly-specific outcomes add further support regardless of platform, while suggesting robotic approach may offer incremental advantages meriting confirmation in larger, ideally multicenter or randomized, cohorts [3,4,2,32,31,30,1,17].

This study has limitations inherent to its retrospective, non-randomized design: unmeasured confounders influencing platform choice cannot be excluded despite propensity matching; the single-institution design limits generalizability; 30-day follow-up precludes assessment of longer-term outcomes such as incisional hernia; and cost, operating-room efficiency, and patient-reported outcomes were not captured, representing directions for future prospective work.

5. Conclusion

In this retrospective, propensity-matched cohort of patients aged 65 years and older undergoing cholecystectomy for cholelithiasis, robotic-assisted surgery was associated with a longer operative time but a lower conversion rate, shorter length of stay, and fewer 30-day complications than conventional laparoscopic cholecystectomy, with comparable rates of bile duct injury, readmission, and mortality. These findings suggest that robotic-assisted cholecystectomy is a safe and potentially advantageous option in carefully selected elderly patients, and support continued prompt surgical management of symptomatic cholelithiasis in this population using either minimally invasive platform, pending confirmation in larger multicenter and prospective studies.
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