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Background  
The optimal management strategy for choledocholithiasis remains debated. This study 
compared single-stage laparoscopic common bile duct exploration (LCBDE) with the 
conventional two-stage approach—endoscopic retrograde cholangiopancreatography 
followed by laparoscopic cholecystectomy (ERCP+LC)—focusing on efficiency, recovery, 
and patient-centered outcomes. 

Methods  
A prospective randomized study was conducted on 200 patients with concomitant 
gallbladder and bile duct stones, equally allocated to LCBDE or ERCP+LC groups. 
Operative parameters, postoperative pain, complications, hospital stay, and satisfaction 
were analyzed (p<0.05). 

Results  
Both groups achieved comparable duct clearance (LCBDE 98% vs ERCP+LC 97%, p=0.65). 
LCBDE showed significantly lower pain at 24 hours (p=0.01) and day 3 (p=0.02), with 
faster recovery and earlier return to activity. Mean hospital stay was shorter after LCBDE 
(6.0 ± 2.0 vs 6.5 ± 2.3 days, p=0.20). Multivariate analysis identified ERCP as an 
independent predictor of prolonged stay (+0.8 days; p=0.008). Major complications were 
slightly lower with LCBDE (3% vs 5%, p=0.47). Economic analysis revealed a 40–45% cost 
reduction with the single-stage approach. 

Conclusion  
LCBDE achieved equivalent duct clearance with significantly lower pain and shorter 
adjusted hospital stay, supporting its wider adoption as a safe, efficient, and 
cost-effective single-stage strategy for managing choledocholithiasis in experienced 
centers. 

INTRODUCTION 

Choledocholithiasis, or the presence of common bile duct 
(CBD) stones, remains a significant clinical problem en
countered in 10–20% of patients with gallbladder stones.1 

These stones can lead to serious complications such as 
obstructive jaundice, cholangitis, and pancreatitis, making 
prompt diagnosis and effective management crucial.2 

Over the past decades, two primary management strate
gies have evolved: the two-stage approach, involving pre
operative endoscopic retrograde cholangiopancreatography 
(ERCP) followed by laparoscopic cholecystectomy (LC), and 
the single-stage approach, which combines laparoscopic 
CBD exploration (LCBDE) with LC in one procedure.3 While 
ERCP has been considered the standard in many centers, 

the single-stage laparoscopic approach has gained atten
tion due to advancements in minimally invasive surgery 
and increasing expertise among surgeons.4 

Proponents of the one-stage approach argue that it of
fers several potential advantages, including reduced hos
pital stay, fewer anesthesia exposures, and lower overall 
costs, while achieving comparable stone clearance rates.5 

However, critics highlight the technical challenges, the 
need for specialized equipment and training, and the risk of 
bile duct injury or incomplete clearance.6,7 Therefore, de
termining which approach provides superior outcomes in 
terms of efficacy, safety, and recovery remains a topic of ac
tive investigation. 
This study aims to compare the clinical outcomes, safety 

profile, and postoperative recovery between one-stage la

Mohamed Sayed MT, Zaki Mahmoud NA, Ali Abdullah AA. Streamlining
Choledocholithiasis Management: A Comparative Analysis of Efficiency, Recovery, and
Patient-Centered Outcomes in Single-Stage versus Two-Stage Approaches. Academic
Medicine & Surgery. Published online December 11, 2025. doi:10.62186/001c.150126

https://orcid.org/0009-0004-1520-1451
https://orcid.org/0000-0002-4917-1834
https://orcid.org/0000-0002-8433-3966
https://doi.org/10.62186/001c.150126
https://doi.org/10.62186/001c.150126


paroscopic management (LCBDE with LC) and the conven
tional two-stage approach (ERCP followed by LC) in pa
tients with gallbladder and CBD stones. 

METHODS 

STUDY DESIGN AND SETTING 

This was a prospective randomized comparative study con
ducted at Sohag University Hospital, Faculty of Medicine, 
Sohag University, Egypt, between January 2018 and Decem
ber 2024. A total of 208 patients with concurrent gallblad
der and common bile duct (CBD) stones were assessed for 
eligibility, 8 were excluded prior to randomization (5 did 
not meet inclusion criteria and 3 declined participation). 
The remaining 200 patients were randomly assigned to ei
ther the LCBDE group or the ERCP followed by LC group 
using a computer-generated randomization sequence in a 
1:1 allocation ratio. Randomization was concealed in sealed 
opaque envelopes, and allocation occurred after eligibility 
confirmation. The study flow and patient allocation process 
are illustrated in Figure 1. 

SAMPLE SIZE CALCULATION 

The sample size was determined a priori based on detecting 
a clinically relevant difference of 1.5 days in hospital stay 
between groups, assuming a standard deviation of 3 days, 
α = 0.05, and power (1–β) = 0.80. This required a minimum 
of 90 patients per group. To account for potential dropouts, 
100 patients were enrolled in each arm. 

ETHICAL APPROVAL 

The study protocol was approved by the Medical Research 
Ethics Committee (MREC) of the Faculty of Medicine, So
hag University (Approval No: SUV-MED-REC-2018-0317; 
Date: January 15, 2018). The research was conducted in ac
cordance with the ethical standards of the Declaration of 
Helsinki and written informed consent was obtained from 
all participants prior to enrollment. 

PATIENT SELECTION AND PREOPERATIVE ASSESSMENT 

Inclusion criteria were age 18–80 years and confirmed con
comitant gallbladder and CBD stones on preoperative mag
netic resonance cholangiopancreatography (MRCP) or 
demonstration of stones on intraoperative cholangiogra
phy. Exclusion criteria included prior biliary surgery, intra
hepatic stones, hemodynamic instability or acute ascend
ing cholangitis necessitating urgent ERCP, and American 
Society of Anesthesiologists (ASA) physical status > III. 
Preoperative assessment comprised history and physical 
examination, laboratory testing (complete blood count, 
liver function tests, coagulation profile), abdominal ultra
sound, MRCP and anesthetic risk evaluation. 

OPERATIVE TECHNIQUES AND PERIOPERATIVE CARE 

Procedures were performed by a team of consultant sur
geons and endoscopists with comparable caseload. In the 
LCBDE group, standard four-port laparoscopic cholecystec
tomy was followed by CBD exploration via a transcystic ap
proach when feasible; choledochotomy was employed for 
large or multiple stones. Stone extraction used Dormia bas
kets, balloon catheters or, selectively, lithotripsy. CBD clo
sure was by primary duct closure or T-tube drainage ac
cording to intraoperative findings (primary closure in 70/85 
applicable cases, T-tube in 15/85). Intraoperative cholan
giography verified duct clearance. In the ERCP+LC group, 
ERCP with sphincterotomy and stone extraction was per
formed under fluoroscopic guidance; laparoscopic chole
cystectomy was scheduled within 3–5 days thereafter. Stan
dard anesthesia, perioperative antibiotics, DVT prophylaxis 
and analgesic protocols were applied to both groups. 

POSTOPERATIVE CARE AND DISCHARGE CRITERIA 

Postoperatively, all patients received standardized analge
sia, early ambulation, and gradual reintroduction of oral in
take. Laboratory and imaging evaluations were performed 
to assess biliary function and exclude retained stones. 
Patients were discharged once they achieved full oral in

take, adequate pain control with oral medications, no signs 
of bile leakage, and stable vital parameters for at least 24 
hours. 

FOLLOW-UP 

All patients were followed for one year postoperatively. Fol
low-up visits were scheduled at 1 week, 1 month, 6 months, 
and 12 months. Each visit included clinical assessment, 
liver function tests, and ultrasonography. MRCP was per
formed selectively in cases with abnormal liver enzymes 
or biliary symptoms to detect retained or recurrent CBD 
stones. Patient satisfaction was reassessed at 3 months us
ing a validated 5-point Likert scale. 

OUTCOME MEASURES 

The primary outcome was successful removal of both CBD 
stones and the gallbladder without conversion to alterna
tive approaches. Successful stone clearance was defined as 
the complete removal of all CBD stones, confirmed intraop
eratively by cholangiography or endoscopic visualization. 
Secondary outcomes included operative time (minutes), 

intraoperative complications, conversion rate, postopera
tive pain (Visual Analogue Scale, 0–10) on postoperative 
days 1 and 3, length of hospital stay, postoperative com
plications (Clavien–Dindo grade ≥ II within 30 days), re
tained CBD stones (any stone detected by ultrasonography 
or MRCP within six months postoperatively), and patient 
satisfaction (5-point Likert scale at discharge and 3-month 
follow-up), Although a validated 5-point Likert scale was 
used to assess patient satisfaction, responses were sub
sequently grouped into three categories (1 = dissatisfied 
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Figure 1. Study flow diagram of patient enrollment and analysis.         

[scores 1–2], 2 = neutral [score 3], 3 = satisfied [scores 4–5]) 
for statistical clarity and comparability. 

STATISTICAL ANALYSIS 

Data were analyzed using IBM SPSS Statistics version 28.0 
(IBM Corp., Armonk, NY, USA). Quantitative variables were 
presented as mean ± standard deviation (SD) or median 

(interquartile range) depending on data distribution, and 
qualitative variables as frequency and percentage. 
Comparisons between groups were performed using the 

Student’s t-test or Mann–Whitney U test for continuous 
variables, and the Chi-square test or Fisher’s exact test 
for categorical variables. Multivariate logistic regression 
analysis was conducted to identify independent predictors 
of success and complications. A p-value <0.05 was consid
ered statistically significant. 
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Table 1. Baseline Demographic and Clinical Characteristics      

Parameter LCBDE (n=100) ERCP + LC (n=100) p-value 

Age (years, mean ± SD) 49.8 ± 11.6 50.4 ± 12.2 0.68 

Sex (M/F) 48/52 46/54 0.75 

BMI (kg/m²) 27.5 ± 3.8 27.8 ± 4.0 0.60 

Previous abdominal surgery (%) 15 18 0.55 

Total bilirubin (mg/dL, preop) 2.8 ± 1.5 3.1 ± 1.8 0.18 

Direct bilirubin (mg/dL, preop) 2.3 ± 1.4 2.6 ± 1.6 0.15 

Values are expressed as mean ± SD or n (%). No significant baseline differences were found between groups. 

COST ANALYSIS 

The cost analysis was performed using actual hospital-
based data from Sohag University Hospital. Only direct 
medical costs were considered, including procedure-related 
expenses, anesthesia, hospital stay, and postoperative 
medications. Indirect costs (e.g., patient loss of income or 
travel expenses) were not included. The mean total cost per 
patient was calculated for each group, and presented as a 
percentage difference between groups. Cost data were ana
lyzed using Student’s t-test or Mann–Whitney U test as ap
propriate. 

RESULTS 

Between January 2018 and December 2024, 200 patients 
were enrolled and analyzed: 100 patients underwent single-
stage laparoscopic common bile duct exploration with 
cholecystectomy (LCBDE group) and 100 patients under
went two-stage management with ERCP followed by la
paroscopic cholecystectomy (ERCP + LC group). All patients 
completed the planned follow-up schedule (mean follow-up 
12.6 ± 3.3 months). 

BASELINE DEMOGRAPHIC AND CLINICAL 
CHARACTERISTICS 

Baseline characteristics were similar between groups (Table 
1). Mean age was 49.8 ± 11.6 years in the LCBDE group ver
sus 50.4 ± 12.2 years in the ERCP + LC group (p = 0.68). Sex 
distribution, BMI, history of previous abdominal surgery, 
and preoperative total and direct bilirubin levels did not 
differ significantly between groups (sex M/F 48/52 vs 46/54, 
p = 0.75; BMI 27.5 ± 3.8 vs 27.8 ± 4.0, p = 0.60; previous ab
dominal surgery 15% vs 18%, p = 0.55; total bilirubin 2.8 ± 
1.5 mg/dL vs 3.1 ± 1.8 mg/dL, p = 0.18; direct bilirubin 2.3 ± 
1.4 mg/dL vs 2.6 ± 1.6 mg/dL, p = 0.15). 

OPERATIVE AND HOSPITALIZATION OUTCOMES 

Operative time was significantly shorter in the LCBDE 
group (142 ± 35 min) compared with the ERCP + LC group 
(288 ± 60 min; p < 0.001). Conversion to open surgery oc
curred in 4% of LCBDE cases and 6% of ERCP + LC cases (p 
= 0.50). Mean hospital length of stay was 6.0 ± 2.0 days for 
LCBDE and 6.5 ± 2.3 days for ERCP + LC; the difference did 

not reach statistical significance in univariate analysis (p = 
0.20) (Table 2). However, in multivariate linear regression 
(Table 2), procedure type (ERCP) was independently asso
ciated with a prolonged hospital stay (+0.8 days; SE 0.3; p 
= 0.008), after adjustment for age, preoperative bilirubin, 
stone number, diabetes, and intraoperative complications. 

POSTOPERATIVE PAIN AND RECOVERY 

At 24 hours, the proportion of patients reporting severe 
pain (VAS 8–10) was lower in the LCBDE group than in the 
ERCP + LC group (15% vs 25%, p = 0.01). By postopera
tive day 3, moderate pain (VAS 4–7) was less frequent in 
the LCBDE group (10% vs 20%, p = 0.02). Pain resolution 
rates were 85% for LCBDE and 78% for ERCP + LC (p = 0.20). 
Mean time to bilirubin normalization did not differ signifi
cantly between groups (3.2 ± 1.5 days vs 3.5 ± 1.8 days, p = 
0.18) (Table 3). 

COMPLICATIONS AND SUCCESS RATES 

Minor complications occurred in 5% of LCBDE patients and 
7% of ERCP + LC patients (p = 0.55). Major complications 
were observed in 3% and 5% of patients, respectively (p 
= 0.47). There were no life-threatening complications in 
either group. Overall procedural success (complete stone 
clearance and cholecystectomy without conversion to alter
native modalities) was 98% in the LCBDE group and 97% in 
the ERCP + LC group (p = 0.65). One-year stone recurrence 
rates were 2% versus 4% (p = 0.40) (Table 4). 

ECONOMIC AND LONG-TERM OUTCOMES 

Resource utilization differed markedly between strategies. 
LCBDE involved a single procedure per patient compared 
with two procedures per patient for ERCP + LC. Total op
erating room time averaged 142 minutes for LCBDE versus 
288 minutes for the staged approach (+103% for ERCP + 
LC). Readmission rates and ICU admissions were higher in 
the ERCP group (readmission 6% vs 3%; ICU admissions re
ported in supplementary analysis). LCBDE was associated 
with a median cost reduction of 40% (95% CI: 35–50%) 
compared to the two-stage approach (p < 0.001) (Table 5). 
Mean follow-up duration was comparable (12.5 ± 3.2 vs 12.8 
± 3.5 months, NS). Patient satisfaction (1–3 scale) trended 
higher after LCBDE (2.5 ± 0.8 vs 2.3 ± 0.9; p = 0.08) but did 
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Table 2. Predictors of Length of Hospital Stay       

Predictor Variable Coefficient SE p-value Impact on LOS 

Procedure type (ERCP) +0.8 0.3 0.008 +0.8 days 

Age (per 10 years) +0.5 0.2 0.01 +0.5 days 

Preop bilirubin > 4 mg/dL +1.2 0.4 0.003 +1.2 days 

Multiple stones +0.7 0.3 0.02 +0.7 days 

Intraop complications +2.1 0.6 0.001 +2.1 days 

Diabetes +0.6 0.3 0.04 +0.6 days 

Adjusted R² 0.42 

Model significance (F-test) p < 0.001 

Multivariate linear regression model adjusted for age, bilirubin, comorbidities, and intraoperative complications. 

Table 3. Postoperative Pain and Recovery     

Parameter LCBDE ERCP+LC p-value 

24h pain score 

Mild (1–3) 15 (15%) 10 (10%) 0.01 

Moderate (4–7) 70 (70%) 65 (65%) 0.01 

Severe (8–10) 15 (15%) 25 (25%) 0.01 

3-day pain score 

No pain (0) 25 (25%) 18 (18%) 0.02 

Mild (1–3) 65 (65%) 62 (62%) 0.02 

Moderate (4–7) 10 (10%) 20 (20%) 0.02 

Pain resolution rate (%) 85 78 0.20 

Time to bilirubin normalization (days) 3.2 ± 1.5 3.5 ± 1.8 0.18 

p-values correspond to group-level comparison for each time point (24h and 3 days). 

Table 4. Complications and Success Rates     

Complication / Outcome LCBDE ERCP + LC p-value 

Minor complications 5 (5%) 7 (7%) 0.55 

Major complications 3 (3%) 5 (5%) 0.47 

Life-threatening complications 0 0 1.00 

Overall success rate 98 (98%) 97 (97%) 0.65 

Stone recurrence (1 year) 2 (2%) 4 (4%) 0.40 

Major complications defined as Clavien–Dindo grade ≥ II. No mortality was recorded. 

not reach statistical significance, Although the difference in 
patient satisfaction did not reach statistical significance (p 
= 0.08), the observed trend may reflect a clinically mean
ingful preference for the single-stage approach, particularly 
in the context of reduced postoperative pain and stream
lined care. 

DETAILED AND MULTIVARIATE ANALYSES 

Stone characteristics and laboratory profiles are presented 
in Tables 6 and 7; no significant between-group differences 
were found in stone size distribution or CBD diameter. 
Technical variations and extraction methods are detailed in 

Table 8. Multivariate linear regression for length of hospi
tal stay identified the following independent predictors of 
prolonged stay: procedure type (ERCP) +0.8 days (SE 0.3; p 
= 0.008), age per 10-year increment +0.5 days (SE 0.2; p = 
0.01), preoperative bilirubin >4 mg/dL +1.2 days (SE 0.4; p 
= 0.003), multiple stones +0.7 days (SE 0.3; p = 0.02), intra
operative complications +2.1 days (SE 0.6; p = 0.001), and 
diabetes +0.6 days (SE 0.3; p = 0.04). Post-hoc power analy
sis (Table 9) indicated adequate power (~85%) to detect the 
observed difference in length of stay. 
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Table 5. Economic and Long-term Outcomes     

Outcome LCBDE ERCP + LC Relative Impact 

Procedures per patient 1 2 +100% ERCP 

Total OR time (min) 142 288 +103% ERCP 

Readmission rate (%) 3 6 +100% ERCP 

Total hospital cost (EGP), mean ± SD 8500 ± 1200 12800 ± 1900 p value < 0.001 

Follow-up duration (months) 12.5 ± 3.2 12.8 ± 3.5 NS 

Patient satisfaction (1–3 scale) 2.5 ± 0.8 2.3 ± 0.9 0.08 

Cost analysis included direct hospital costs (operating room, anesthesia, consumables, and length of stay). Indirect costs were not assessed. 

Table 6. Detailed Stone Characteristics    

Stone Parameter LCBDE (n = 100) ERCP + LC (n = 100) p-value 

Stone < 5 mm 25 (25%) 30 (30%) 0.25 

Stone 5–7 mm 50 (50%) 45 (45%) — 

Stone 8–10 mm 20 (20%) 18 (18%) — 

Stone > 10 mm 5 (5%) 7 (7%) — 

CBD diameter < 10 mm 15 (15%) 18 (18%) 0.32 

CBD diameter 10–15 mm 65 (65%) 62 (62%) — 

CBD diameter > 15 mm 20 (20%) 20 (20%) — 

single stone 5/85 (5.9%) 7/82 (8.5%) 0.50 

multiple stones 3/15 (20%) 5/18 (27.8%) 0.60 

Table 7. Laboratory Profiles   

Laboratory Parameter LCBDE ERCP + LC p-value 

Preoperative 

Total bilirubin (mg/dL) 2.8 ± 1.5 3.1 ± 1.8 0.18 

Direct bilirubin (mg/dL) 2.3 ± 1.4 2.6 ± 1.6 0.15 

Postoperative 

Total bilirubin (mg/dL) 1.4 ± 0.8 1.3 ± 0.7 0.32 

Direct bilirubin (mg/dL) 1.0 ± 0.6 0.9 ± 0.5 0.20 

Bilirubin < 1.0 mg/dL at discharge 65% 68% 0.65 

Time to normalization (days) 3.2 ± 1.5 3.5 ± 1.8 0.18 

Postoperative bilirubin measured at discharge; normalization defined as total bilirubin < 1.0 mg/dL. 

Table 8. Technical Variations   

Technical Aspect LCBDE ERCP + LC Notes 

Approach type Transcystic 15 (15%) / 
Transcholedochal 85 (85%) 

– LCBDE offers 
flexibility 

CBD closure 
method 

Primary closure 70 (82%) / T-tube 15 
(18%) 

– No difference in 
leak rates 

Stone extraction 
method 

Basket 80 (80%) / Balloon 15 (15%) / 
Irrigation 5 (5%) 

Basket 85 (85%) / Balloon 10 (10%) / 
Lithotripsy 5 (5%) 

Comparable 
efficacy 
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Table 9. Statistical Power Analysis    

Statistical Parameter Value Interpretation 

Sample size 200 (100 per group) Adequate for primary outcomes 

Power for LOS difference 85% Sufficient power 

Power for complication rate 65% Moderate power 

Power for pain scores 90% Good power 

Minimum detectable effect 15% relative risk reduction Clinically meaningful 

Type I error rate 5% Standard 

Post-hoc power analysis conducted using GPower 3.1, α = 0.05, two-tailed.* 

DISCUSSION 

In this prospective comparative series of 200 patients, sin
gle-stage laparoscopic common bile duct exploration 
(LCBDE) combined with laparoscopic cholecystectomy 
demonstrated clinical performance at least equivalent to 
the classic two-stage ERCP + LC strategy for duct clearance, 
while offering advantages in early patient-centered out
comes (lower early postoperative pain), resource utilization 
(fewer procedures and markedly lower total OR time), and 
estimated cost.8 

Length of stay and economic impact were important dif
ferentiators in our cohort. Although the observed mean 
hospital stay was shorter after LCBDE, this difference did 
not reach statistical significance in the univariate compari
son (p = 0.20). Nevertheless, multivariate modeling showed 
that procedure type (ERCP) independently predicted a 
longer length of stay (+0.8 days; p = 0.008), suggesting that 
when adjusting for confounders the staged approach is as
sociated with prolonged hospitalization. Therefore, while 
unadjusted comparisons indicate only a trend, adjusted 
analyses support an effect of the treatment pathway on 
hospital resource use. These findings align with recent in
stitutional and multicenter analyses that found shorter ad
missions and significantly lower hospital charges with 
LCBDE, supporting its viability as a cost-saving alternative 
in appropriate settings.9 

Our cost and patient-centered analyses together high
light the broader value of the single-stage approach. The 
LCBDE pathway was substantially less expensive than the 
two-stage ERCP + LC strategy, primarily due to shorter total 
hospital stay and the avoidance of duplicate anesthesia 
and admissions. Moreover, patients undergoing the single-
stage procedure reported significantly less pain at 24 hours 
and day 3, with a trend toward higher satisfaction (p = 
0.08). Although indirect costs (e.g., time off work, repeated 
anesthesia, and dual admissions) and detailed quality-of-
life data were not formally included, these findings suggest 
that the one-stage pathway not only reduces direct hospi
tal expenditures but also likely improves early recovery ex
perience and overall patient-perceived value. This integra
tion of cost efficiency with patient comfort underscores the 
multidimensional advantage of the single-stage strategy.10 

Operative time comparisons in the literature are mixed. 
Some reports describe longer total theatre time for one-

stage LCBDE (when the entire single procedure is compared 
to a single component of the staged pathway), while others 
show parity or shorter aggregate OR time when the staged 
ERCP and LC are combined. In our cohort the aggregate op
erating-room time markedly favored the single-stage strat
egy, consistent with studies that account for the cumulative 
resource use of staged care.11 These differences highlight 
the importance of reporting aggregate rather than per-pro
cedure metrics when comparing pathways.12 

Safety remains central to any recommendation. We ob
served low rates of major complications (3% vs 5%) and 
no life-threatening events, comparable to contemporary se
ries demonstrating similar morbidity profiles between ap
proaches when performed by experienced teams.13 Notably, 
ERCP carries a specific risk of post-ERCP pancreatitis and 
procedure-related complications that may increase read
missions and extend hospitalization; conversely, LCBDE re
quires surgical instrumentation and technique (transcystic 
vs choledochotomy, primary closure vs T-tube) that de
mand operative skill and institutional resources.14 Our 
multivariate analysis confirms that intraoperative compli
cations and higher preoperative bilirubin are strong predic
tors of prolonged stay, reinforcing the principle of individ
ual patient selection.15 

Although patient satisfaction trended higher after 
LCBDE (p = 0.08) and did not achieve formal statistical 
significance, this result may represent a clinically relevant 
trend that warrants confirmation in larger multicenter 
studies. 

Practical implications : For centers with adequate la
paroscopic hepatobiliary experience and equipment, a one-
stage LCBDE pathway can streamline care — reducing the 
number of anesthetic events, cumulative OR time, and 
likely cost — while maintaining high clearance and accept
able safety. For patients with high operative risk, complex 
anatomy, or where local endoscopic expertise is stronger 
than surgical biliary experience, the staged ERCP approach 
remains valuable. 

Clinical applicability:  These findings may inform surgi
cal decision-making in tertiary centers where laparoscopic 
expertise and infrastructure are available, promoting effi
cient, patient-centered, and cost-effective management of 
concomitant gallbladder and CBD stones. 
Our findings derive from a single high-volume tertiary 

center where surgeons had substantial experience in 
LCBDE. Therefore, caution is warranted when extrapolating 
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these results to centers lacking similar laparoscopic biliary 
expertise. We suggest that broader adoption of single-stage 
LCBDE should be accompanied by structured training pro
grams and resource investment in laparoscopic biliary tech
niques to ensure safe implementation and reproducible 
outcomes across different care settings. 

LIMITATIONS 

This study was performed at a single tertiary referral center 
and thus may be subject to center-specific practice patterns 
and resource availability, which limits generalizability. Op
erator-dependent variability in technique and experience 
may have influenced outcomes despite comparable surgeon 
caseloads. Cost estimates reflect institutional charges and 
may not directly extrapolate to different health systems. Fi
nally, a post-hoc power analysis indicated that although the 
sample size provided adequate power for the primary end
points (length of stay, pain), the study had limited statisti
cal power (~65%) to detect small differences in rare adverse 
events, and thus, subtle safety differences between the two 
approaches cannot be excluded. 
Future multicenter trials should be powered specifically 

to detect clinically meaningful differences in rare but im
portant adverse events; for example, detecting a 2% ab
solute difference in major complications with 80% power 
would require a substantially larger sample size than the 
present study. 

CONCLUSIONS 

Single-stage LCBDE provides a safe, efficient, and cost-ef
fective alternative to ERCP+LC, offering comparable duct 

clearance, lower early postoperative pain, and a trend to
ward shorter hospitalization. Although the univariate dif
ference in length of stay did not reach statistical signif
icance, multivariate analysis identified ERCP as an 
independent predictor of prolonged stay; combined with 
the clear resource advantages (single vs two procedures, 
lower aggregate OR time and costs), these findings support 
adoption of LCBDE in experienced centers while simul
taneously advocating for structured training programs as 
a prerequisite for broader, safe implementation. For pa
tients with unfavorable anatomy, very high operative risk, 
or when endoscopic expertise predominates, the staged 
ERCP approach remains an important alternative. Larger 
multicenter and randomized studies with extended health-
economic and quality-of-life endpoints are warranted to 
confirm these findings and to refine selection algorithms. 
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