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Robotic surgery for complex bile duct stones: a retrospective
single-center comparative study
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Abstract Background and Aims: Complex biliary stones are often accompanied by hilar adhesions, distorted
anatomy, biliary variations, or biliary-enteric fistulas. Conventional laparoscopic surgery is limited in
such settings, with high conversion and complication rates. Robotic surgical systems provide high-

definition 3D vision and enhanced dexterity, potentially improving surgical outcomes. This study
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compared the clinical efficacy of robotic vs. laparoscopic surgery for complex biliary stones.

Methods: A retrospective analysis was performed on 145 patients with complex biliary stones who
underwent minimally invasive surgery at Fujian Provincial Hospital, Fuzhou University, from January
2023 to January 2025. Patients were divided into a robotic group (#n=62) and a laparoscopic group (n=
83). Intraoperative outcomes, postoperative complications, and recovery parameters were compared.
Stone recurrence was assessed during follow-up.

Results: Baseline characteristics were comparable between groups (all £>0.05). The conversion rate
was 0 in the robotic group vs. 7.2% in the laparoscopic group (P=0.038). The postoperative complication
rate was significantly lower in the robotic group (1.6% vs. 10.7%, P=0.044). Time to first oral intake,
first flatus, and postoperative hospital stay were all shorter in the robotic group (all P<0.05). No stone
recurrence was observed in either group during follow-up until June 2025.

Conclusion: Robotic surgery is a safe and feasible approach for complex biliary stones, offering

reduced conversion and complication rates and faster recovery compared with laparoscopy. It holds

promise for wider clinical application in complex biliary disease.
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Figure 1 Trocar placement for common bile duct

exploration and stone extraction (R1: arm 1,
bipolar; R3: arm 3, electrocautery hook; A:

assistant port; C: arm 2, camera port)
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Figure 2 Trocar placement for hepatectomy (R1: arm 1,

bipolar; R3: arm 3, ultrasonic scalpel/needle
holder; R4: arm 4, atraumatic forceps; A:

assistant port; C: arm 2, camera port)
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Table 1 General characteristics of patients undergoing robotic and laparoscopic surgery for bile duct stones

Bkt HIAE A4 (n=62) M54 (n=83) Xl P
R (S x £ 5) 65.79+14.72 64.94+15.57 0.333 0.740
PERn(%)]

5 36(58.1) 26(41.9)

@ 26(41.9) 33(39.8) 0070 0.070
R R [n(%))] 60(96.7) 80(96.4) — 1.000"
BRI (%)) 15(24.2) 22(26.5) 0.100 0.752
LR (%)] 19(30.7) 26(31.3) 0.008 0.930
e (% )] 5(8.2) 8(9.6) 0.108 0.743
TR L (%)) 13(20.9) 19(22.9) 0.076 0.782
ARG ASA 53[0 (% )]

1 15(24.2) 18(21.7)

2 24(38.8) 33(39.8) 0.128 0.938

3 23(37.1) 32(38.6)

JFLhIfiE Child-Pugh 439 [n(%)]

A 60(96.8) 80(96.4)

— 1.000"

B 2(3.2) 3(3.6)

FART A (%)]

JELEVE I B HIHE LT R 45(72.6) 58(69.9)

JILSE Y1 6(9.6) 6(7.2)

0.779 0.855

JHEIBR+28 RS Wt HUA T 5(8.2) 8(9.6)

HFEIER-+IR A VI BUf 6(9.6) 11(13.3)

1+ 1) % JH Fisher }i iR
Note: 1) Using Fisher's exact test
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Figure 3 Intraoperative images of a patient with cholecystoduodenal fistula A: Cholecystoduodenal fistula; B: Closure of the
duodenal fistula; C: Choledochoscopy via R3 port
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Figure 4 Intraoperative images of a patient undergoing middle hepatic vein-guided anatomical hemihepatectomy combined

with transhepatic duct lithotomy A: Dissection of the left hepatic artery; B: Dissection of the left portal vein; C:
Division of the left hepatic duct; D: Exploration of the bile duct stump via R3 port
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Table 2 Intraoperative and postoperative outcomes of patients undergoing robotic and laparoscopic surgery for bile duct

stones
Ei=tan LS AL (n=62) I B4 (n=83) Xt P
FARM (min,x + 5) 104.10+25.82 108.52+28.35 -0.965 0.336
A i (mL, % + 5) 29.03+30.23 30.36+31.29 -0.257 0.798
TR (%)] 0(0.0) 6(7.2) — 0.038"
IR AE (%)) 1(1.6) 9(10.7) = 0.044"
Clavien-Dindo Jf- & AE 3 EHINEL LA 1-[n(%)] 0(0.0) 3(3.6) — 0.261"
MR (%)] 0(0.0) 5(6.0) = 0.071"
YIA Y n(%)] 0(0.0) 3(3.6) — 0.261"
Jiti R n (%)) 1(1.6) 5(6.0) = 0.239"
J¥a A (%) | 1(1.6) 3(3.6) — 0.636"
AR 0 (% )] 1(1.6) 2(2.4) = 1.000"
ik (%)) 0(0.0) 1(1.2) — 1.000"
ARJE R E A (d,% + ) 2.27+1.06 2.69+1.27 -2.077 <0.040
ARIEHSE(d,x + 5) 2.16+0.41 2.59+0.73 -4.142 <0.001
ARJFAERERTE (d, % £ 5) 5.85+1.80 6.80+2.30 -2.666 <0.004

7+ 1) 2K JH Fisher KA 1

Note: 1) Using Fisher's exact test
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