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INTRODUCTION

Cholelithiasis is a prevalent digestive disorder, accounting 
for up to one-third of general surgery procedures [1]. Approx-
imately 5%–10% of these patients develop choledocholithiasis, 

although the true incidence may be underestimated. The dis-
ease is dynamic—gallstones may spontaneously migrate into 
the intestine—so imaging provides only a snapshot. It is not 
uncommon to observe disappearance of previously identified 
stones or the appearance of new stones during surgery [1].

Improvements in minimally invasive surgery and diagnostic 
modalities have contributed to earlier and often incidental de-
tection. In conjunction with contemporary guidelines advocat-
ing treatment of all confirmed cases, this has notably shortened 
the disease’s natural history [1].

Endoscopic retrograde cholangiopancreatography (ERCP) 
has conventionally been the treatment of choice, either prior 
to or following cholecystectomy (two-stage approach). Laparo-
scopic bile duct exploration (LBDE), however, provides a one-
stage alternative and has potential to alter standard practice 
[2,3]. Evidence indicates that stone clearance, morbidity, and 
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mortality are comparable for ERCP and LBDE. ERCP is more 
frequently associated with pancreatitis, whereas bile leakage is 
the principal risk with LBDE [4-12].

There are two types of LBDE: choledochotomy and transcys-
tic. The transcystic approach, employing 2.8–3.5 mm choledo-
choscopes and utilized in approximately 30% of reported cases, 
is associated with improved outcomes—including reduced in-
cidence of bile leaks, shorter operative times, decreased length 
of hospital stay, and lower overall costs [12-18]. Therefore, it 
is essential that studies distinguish between these techniques; 
failure to do so may mask the specific benefits offered by mini-
mally invasive approaches [17].

Study objectives
• �To establish transcystic LBDE as the first-line treatment for 

choledocholithiasis in patients with an in situ gallbladder.
• �To define criteria for appropriate patient selection for this 

technique.
• �To determine risk factors associated with bile duct injury in 

individuals undergoing this procedure.

MATERIALS AND METHODS

Study design and sample
This prospective observational cohort study included 71 pa-

tients who underwent elective laparoscopic cholecystectomy 
with transcystic LBDE at our institution between June 2020 
and June 2024. Diagnosis of choledocholithiasis was estab-
lished through ultrasound, computerized tomography, mag-
netic resonance cholangiopancreatography (MRCP), or prior 
ERCP. All patients were followed for a minimum of 6 months, 

with clinical and laboratory assessments performed at 1 month 
and imaging (predominantly MRCP) at 6 months.

Two groups were compared in the analysis:
• Group A: Patients who developed bile duct injury
• Group B: Patients who did not experience bile duct injury

Definition of bile duct injury
Bile duct injury was defined as the occurrence of either post-

operative bile leak or biliary stricture. Biliary stricture was di-
agnosed based on follow-up imaging, commonly using MRCP 
[19]. The diagnosis of bile leak was established if drain biliru-
bin measured at least 3x the serum level, or when additional 
intervention, such as drainage, reoperation, or procedures for 
biliary peritonitis, was required [20]. The severity of bile leaks 
was graded according to the International Study Group of Liv-
er Surgery (ISGLS) criteria [21]:

• �Type A: No change in management and no associated infec-
tion.

• �Type B: Requires active therapeutic measures not involving 
laparotomy or laparoscopy, and is associated with mild to 
moderate infection.

• �Type C: Necessitates surgical intervention and is accompa-
nied by severe infection.

Exclusion criteria
The exclusion criteria included patients with neoplasms of 

the biliary tract and those initially managed with non-trans-
cystic approaches (such as choledochotomy or transinfundibu-
lar techniques).
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Fig. 1. Arrangement of the patient, operat-
ing team, and instruments utilized during 
the procedure. Endoloop-assisted traction 
(Ethicon, Johnson & Johnson), which is 
externally maintained using a hemostatic 
clamp, is demonstrated.
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Data and ethics
The study adhered to STROBE guidelines and received ap-

proval from our hospital’s Ethics Committee (EO260-23_HIE), 
in accordance with the principles outlined in the Declaration 
of Helsinki.

Surgical technique
Fig. 1 and 2 depict the arrangement of the patient, surgical 

team, and instruments during the procedure. The operation 
utilized a laparoscopic approach with four trocars. Initially, an 
anterograde cholecystectomy was performed, after which the 
cystic–common bile duct angle was carefully dissected, aiming 
to limit the use to three trocars during this phase. Following 
this, an Endoloop (Ethicon, Johnson & Johnson) (Fig. 2A) was 
attached at the junction between the infundibulum and cystic 
duct, then brought out through the right hypochondrium us-
ing the assistance of an EndoClose (Covidien, Medtronic) (Fig. 
2B). This enabled application of traction on the gallbladder to 
achieve a 90° angle between the cystic duct and common bile 
duct, as illustrated in Fig. 3. Next, a partial transverse incision 
was made on the anterior wall of the cystic duct 1–2 centime-
tres from the hepatic duct. At this stage, the fourth trocar was 
inserted, intended for introducing the choledochoscope, which 
should be advanced along the same traction line created by the 
Endoloop on the cystic duct. In selected cases, a Flexor Parallel 
access system (Cook Medical) (Fig. 2C) functioned as the in-
troducer. The choledochoscopy was generally carried out using 
the SpyGlass Discover system (Boston Scientific Corporation) 
(Fig. 2D). If stones were visualized, extraction was attempted 
with the NGage device (Cook Medical) (Fig. 2E, 4). For stones 
that were large or impacted, lithotripsy was performed with the 
Auriga XL laser system (Boston Scientific Corporation) and a 
270-micron Holmium:YAG fiber (Cook Medical) (Fig. 2F, 2G, 
5). When appropriate, crushing maneuvers were employed. 

A

B

C

D

E F

G

Fig. 2. Various devices employed during the 
procedure. (A) Endoloop (Ethicon, Johnson & 
Johnson). (B) EndoClose (Covidien, Medtron-
ic). (C) Flexor Parallel access system (Cook 
Medical). (D) SpyGlass Discover system (Bos-
ton Scientific Corporation). (E) NGage device 
(Cook Medical). (F) Auriga XL laser system 
(Boston Scientific Corporation). (G) 270-mi-
cron Holmium:YAG fiber (Cook Medical).

Fig. 3. Final exposure of the cystic duct, appropriately oriented to fa-
cilitate access to the working channel with multiple devices. Although 
infrequent, an introducer may sometimes be utilized to enhance access 
to the lumen.
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Management of microlithiasis or sludge involved flushing with 
pressurized saline. Intraoperative cholangiography (Fig. 6) 
was selectively performed when bile duct clearance remained 
uncertain, especially if any portion of the exploration—either 
distal or proximal to the cystic duct—could not be fully ac-
complished. Correlation between imaging findings and num-
ber of stones removed was not emphasized, as the pathological 
condition is dynamic. The cystic duct stump was closed with 
double non-absorbable clips. In cases where transcystic access 
was unsuccessful, an infundibular approach was considered. 
Choledochotomy was reserved for situations in which distal 
exploration or stone extraction via the cystic duct could not be 
achieved.

Study variables
A comprehensive range of variables was examined to deter-

mine possible risk factors for bile duct injury.

Epidemiological and preoperative variables
We collected data on sex, age, American Society of Anesthe-

ologist (ASA) classification [21], and Charlson Comorbidity 
Index, which estimates 1-year mortality risk from comorbidi-
ties and age [22]. Nutritional status was assessed using serum 
albumin, in addition to evaluating diabetes, international 
normalized ratio (INR), and imaging characteristics such as 
bile duct diameter and number/size of stones. Preoperative 
interventions—including ERCP, percutaneous transhepatic 
cholangiography (THPC), or radiological drainage (e.g., cho-
lecystostomy)—were documented. Laboratory results from 
within 48 hours before surgery included amylase, bilirubin, 
aspartate aminotransferase (AST), alamine aminotransferase 
(ALT), gammaglutamyl transferase (GGT), alkaline phospha-
tase (ALP), white blood cell (WBC) count, and hemoglobin.

Intraoperative variables
We examined potential effects of cholecystitis, cystic/com-

mon bile duct diameter, and characteristics of stones, as well 
as the surgical approach utilized. Additional intraoperative 
aspects included the type of introducer, instruments, cranial 
exploration, f lushing or crushing techniques, details on lith-
otripsy use (including frequency and energy settings), duode-
noscopy, duration of surgery, and intra-abdominal drainage 
placement.

Postoperative variables
Complications were classified according to the Clavien-Din-

do system [23], including bleeding, pancreatitis, and cholan-
gitis. We documented admissions to the intensive care unit 
(ICU), need for ERCP or THPC, and detected residual stones 
or sludge. Duration of hospitalization and early postoperative 
laboratory values (amylase, bilirubin, AST, ALT, GGT, ALP, 
WBC, hemoglobin) were also analyzed.

Fig. 4. Application of a basket to grasp and extract the lithi​asis.

Fig. 5. Process of lithotripsy for stone fragmentation, enabling its sub-
sequent removal using a basket or by expulsion into the duodenum 
through irrigation. 

Fig. 6. Cholangiography obtained at the end of the exploration reveals 
no filling defects, consistent with complete duct clearance.
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Table 1. Demographic and preoperative characteristics

Mean ± SD Median [Q1–Q3] Min, Max n %

Age (yr) 61.4 ± 17.3 62.1 [50.9–76.0] 21.2, 89.9 - -
Sex Female - - - 41 58.6%

Male - - - 29 41.4%
ASA physical status scale 1 - - - 13 22%

2 - - - 28 47.5%
3 - - - 15 25.4%
4 - - - 3 5.1%

Age-adjusted Charlson Comorbidity Index 0 - - - 15 21.4%
1 - - - 6 8.6%
2 - - - 12 17.1%
3 - - - 6 8.6%
4 - - - 13 18.6%
5 - - - 8 11.4%
6 - - - 6 8.6%
7 - - - 1 1.4%
8 - - - 2 2.9%
9 - - - 1 1.4%

Diabetes mellitus Yes - - - 15 22.4%
No - - - 52 77.6%
Unknown - - - 4 -

Albumin (g/dL) 3.9 ± 0.5 3.9 [3.5–4.3] 2.8, 5.0 - -
INR 1.1 ± 0.1 1.1 [1.0–1.2] 0.9, 1.4 - -
CBD diameter (mm) 9.0 ± 3.7 8.0 [7.0–11.0] 3.0, 19.0 - -
Choledocolitiasis size (mm) 6.3 ± 4.8 6.0 [3.0–9.0] 0.0, 20.0 - -
Choledocolitiasis number 1 - - - 19 27.5%

2 - - - 9 13%
3 - - - 15 21.7%
4 or more - - - 7 10.1%
Debris - - - 5 7.2%

Interventional preoperative procedures No - - - 48 67.6%
ERCP - - - 12 16.9%
PTC - - - 5 7%
IR - - - 1 1.4%
ERCP + - - - 4 5.6%
PTC
ERCP + - - - 1 1.4%
IR - - - - -

Amylasea) (U/L) 170.4 ± 761.5 56.5 [37.0–82.0] 9.0, 5,856.0 - -
Bilirrubinea) (mg/dL) 2.6 ± 2.7 1.6 [0.6–3.6] 0.2, 14.1 - -
GGTa) (U/L) 463.1 ± 611.4 348.0 [99.0–593.0] 11.0, 4,418.0 - -
ALPa) (U/L) 256.1 ± 280.8 163.5 [105.5–342.5] 10.0, 2,022.0 - -
ASTa) (U/L) 137.1 ± 222.2 61.0 [23.0–140.0] 12.0, 1,482.0 - -
ALTa) (U/L) 198.2 ± 235.1 115.0 [27.0–310.0] 5.0, 1,233.0 - -
Leukocytosisa) (×103 μL) 7,928 ± 3,368 7,510 [6,050–9,030] 2,650, 25,140 - -
Hemoglobinea) (g/dL) 13.1 ± 1.5 13.2 [12.1–14.3] 9.6, 16.6 - -

SD, standard deviation; ASA, American Society of Anesthesiologist; INR, international normalized ratio; CBD, common bile duct; ERCP, endoscopic retro-
grade cholangiopancreatography; PTC, percutaneous transhepatic cholangiography; IR, interventional radiology; GGT, gammaglutamil transferase; ALP, 
alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; -, not available.
a)Laboratory values taken from a blood test performed 24–48 hours before surgery.
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Table 2. Demographic and preoperative characteristics (comparative analysis)

Bile injury
p-value Effect size

Yes (n = 11) No (n = 60)

Age (yr) Mean ± SD 71.7 ± 9.0 59.5 ± 17.8 0.031* 0.256
Median [Q1–Q3] 72.7 [67.1–78.6] 60.4 [45.8–75.1]
Min, Max 53.7, 82.1 21.2, 89.9

Sex Female 5 (45.5%) 37 (61.7%) 0.338 0.080
Male 6 (54.5%) 23 (38.3%)

ASA physical status scale 2 6 (60.0%) 22 (44.9%) 0.768 0.180
3 3 (30.0%) 12 (24.5%)
1 1 (10.0%) 12 (24.5%)
4 0 (0.0%) 3 (6.1%)
Unknown 1 11

Age-adjusted Charlson Comorbidity Index 0 0 (0.0%) 15 (25.4%) 0.451 0.321
4 2 (18.2%) 11 (18.6%)
2 3 (27.3%) 9 (15.3%)
5 3 (27.3%) 5 (8.5%)
1 1 (9.1%) 5 (8.5%)
3 1 (9.1%) 5 (8.5%)
6 1 (9.1%) 5 (8.5%)
8 0 (0.0%) 2 (3.4%)
7 0 (0.0%) 1 (1.7%)
9 0 (0.0%) 1 (1.7%)

Diabetes mellitus Yes 8 (72.7%) 44 (78.6%) 0.699 0.004
No 3 (27.3%) 12 (21.4%)
Unknown 0 4

Albumin (g/dL) Mean ± SD 4.0 ± 0.7 3.8 ± 0.5 0.537 0.081
Median [Q1–Q3] 4.0 [3.6–4.5] 3.8 [3.5–4.3]
Min, Max 2.8, 5.0 3.0, 4.6

INR Mean ± SD 1.2 ± 0.1 1.1 ± 0.1 0.023* 0.280
Median [Q1–Q3] 1.2 [1.1–1.2] 1.1 [1.0–1.1]
Min, Max 1.0, 1.4 0.9, 1.4

CBD diameter (mm) Mean ± SD 9.5 ± 3.6 8.9 ± 3.8 0.507 0.082
Median [Q1–Q3] 9.0 [7.0–11.0] 8.0 [6.5–11.0]
Min, Max 4.0, 17.0 3.0, 19.0

Choledocolitiasis size (mm) Mean ± SD 8.3 ± 3.3 6.4 ± 4.2 0.225 0.170
Median [Q1–Q3] 7.0 [6.0–10.0] 7.0 [3.0–8.0]
Min, Max 4.0, 14.0 0.0, 20.0

Choledocolitiasis number 1 5 (50.0%) 31 (52.5%) 0.292 0.351
2 1 (10.0%) 8 (13.6%)
3 3 (30.0%) 3 (5.1%)
4 or more 0 (0.0%) 6 (10.2%)
Clear CBD 0 (0.0%) 5 (8.5%)
Debris 1 (10.0%) 4 (6.8%)
Dilatated CBD without sludge/lithiasis 0 (0.0%) 2 (3.4%)

Interventional preoperative procedures No 4 (36.4%) 44 (73.3%) 0.031* 0.244
Yes 7 (63.6%) 16 (26.7%)

Amylasea) (U/L) Mean ± SD 86.1 ± 76.8 188.0 ± 836.8 0.365 0.120
Median [Q1–Q3] 66.0 [40.0–104.0] 55.0 [37.0–81.0]
Min, Max 9.0, 287.0 14.0, 5,856.0
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Post-discharge follow-up
We recorded data on hospital readmissions, additional pro-

cedures, mortality, and follow-up laboratory values (at 1 and 
6 months). Associations with bile duct injury were analyzed. 
MRCP findings at 6 months were included when obtained.

Statistical analysis
Categorical variables, including sex and readmission, were 

summarized using frequencies and percentages, while quanti-
tative variables, such as age, stone size, and days until reinter-
vention, were reported as median and interquartile range. The 
assumption of normality for numeric variables was evaluated 
using the Anderson-Darling test. Associations between biliary 
injury and clinical or sociodemographic variables were ex-
amined with the chi-squared test and Fisher’s exact test when 
appropriate. Comparisons of quantitative variables between 
groups with and without biliary injury were conducted using 
the Mann-Whitney U test. Cramer’s V was calculated to assess 
strength of association (classified as small if <0.2, moderate if 
0.2–0.6, and large if >0.6, per Cramer, 1946), and Cohen’s d was 
used for effect size (small if <0.5, moderate if 0.5–0.8, and large 

if >0.8, in accordance with Cohen, 1988). For variables demon-
strating statistical significance in the preceding analyses, a 
univariate logistic regression model was applied to estimate the 
risk associated with each in relation to biliary injury. A type I 
error of 0.05 was used for all tests. Statistical analyses were per-
formed using R software (version 4.4.1).

RESULTS

Bile sludge (n = 5) or choledocholithiasis (n = 52) was iden-
tified in 57 patients (80.2%), while 12 patients (16.9%) had a 
clear bile duct. Malignant biliary dilation was observed in 2 
patients (2.8%), including one distal cholangiocarcinoma and 
one gallbladder carcinoma. The mean operative time was 209 
± 92.5 minutes, and the transcystic approach was successful 
in 92.9% of cases. In cases where this approach failed (7.1%), 
incomplete stone fragmentation necessitated conversion either 
to a transinfundibular approach (1.4%) or to choledochotomy 
(5.7%). The transinfundibular route was chosen in a single case 
due to significant cystic duct distortion from scleroatrophic 
cholecystitis. The mean bile duct diameter was 10.1 ± 2.9 mm, 

Table 2. Continued

Bile injury
p-value Effect size

Yes (n = 11) No (n = 60)

Bilirrubinea) (mg/dL) Mean ± SD 2.1 ± 2.5 2.7 ± 2.8 0.479 0.085
Median [Q1–Q3] 1.0 [0.5–2.2] 1.7 [0.6–3.7]
Min, Max 0.2, 8.2 0.2, 14.1

GGTa) (U/L) Mean ± SD 205.2 ± 235.2 512.0 ± 648.9 0.014* 0.296
Median [Q1–Q3] 106.0 [14.0–328.0] 404.5 [130.0–609.0]
Min, Max 11.0, 765.0 12.0, 4,418.0

ALPa) (U/L) Mean ± SD 199.5 ± 221.8 267.1 ± 291.2 0.152 0.175
Median [Q1–Q3] 109.0 [81.0–241.0] 177.0 [110.0–351.0]
Min, Max 10.0, 743.0 53.0, 2,022.0

ASTa) (U/L) Mean ± SD 42.9 ± 43.7 153.1 ± 236.2 0.021* 0.279
Median [Q1–Q3] 21.5 [14.0–67.0] 74.0 [24.0–156.0]
Min, Max 12.0, 140.0 12.0, 1,482.0

ALTa) (U/L) Mean ± SD 74.9 ± 94.9 220.8 ± 246.4 0.018* 0.283
Median [Q1–Q3] 28.0 [14.0–143.0] 143.0 [33.0–376.0]
Min, Max 7.0, 314.0 5.0, 1,233.0

Leukocytosisa) (×103 μL) Mean ± SD 10,232 ± 5,538 7,506 ± 2,663 0.050 0.234
Median [Q1–Q3] 9,390 [6,870–12,150] 7,135 [5,895–8,470]
Min, Max 4,550, 25,140 2,650, 18,853

Hemoglobinea) (g/dL) Mean ± SD 13.0 ± 1.3 13.1 ± 1.6 0.892 0.017
Median [Q1–Q3] 13.3 [12.3–13.9] 13.2 [12.1–14.3]
Min, Max 10.5, 14.8 9.6, 16.6

SD, standard deviation; ASA, American Society of Anesthesiologist; INR, international normalized ratio; CBD, common bile duct; ERCP, endoscopic retro-
grade cholangiopancreatography; PTC, percutaneous transhepatic cholangiography; IR, interventional radiology; GGT, gammaglutamil transferase; ALP, 
alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
a)Laboratory values taken from a blood test performed 24–48 hours before surgery.
*Statistically significant difference (p < 0.05).
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Table 3. Intra-operative characteristics (comparative analysis)

Bile injury
p-value Effect size

Yes (n = 11) No (n = 60)

Intraoperative cholecistitis Yes 8 (72.7%) 31 (55.4%) 0.337 0.090
No 3 (27.3%) 25 (44.6%)
Unknown 0 4

Cystic duct length (mm) Mean ± SD 28.3 ± 20.2 23.1 ± 11.3 0.732 0.068
Median [Q1–Q3] 25.0 [10.0–50.0] 20.0 [20.0–30.0]
Min, Max 10.0, 50.0 4.0, 50.0

Cystic duct diameter (mm) Mean ± SD 3.8 ± 2.5 4.4 ± 3.4 0.373 0.144
Median [Q1–Q3] 3.0 [2.0–4.0] 3.0 [3.0–4.0]
Min, Max 2.0, 8.0 2.0, 20.0

CBD diameter (mm) Mean ± SD 9.7 ± 3.1 10.1 ± 2.9 0.580 0.074
Median [Q1–Q3] 9.0 [7.0–12.0] 10.0 [8.0–12.0]
Min, Max 6.0, 15.0 5.0, 20.0

Choledocolitiasis (number) Clear CBD 1 (9.1%) 11 (19.0%) 0.293 0.359
Debris 0 (0.0%) 5 (8.6%)
1 2 (18.2%) 17 (29.3%)
2 1 (9.1%) 8 (13.8%)
3 6 (54.5%) 9 (15.5%)
4 or more 1 (9.1%) 6 (10.3%)
Tumoral dilatation 0 (0.0%) 2 (3.4%)

Choledocolitiasis size Clear CBD 1 (9.1%) 11 (19.6%) 0.611 0.198
Non clear CBD 10 (90.9%) 38 (67.9%)
Debris 0 (0.0%) 5 (8.9%)
Tumoral dilatation 0 (0.0%) 2 (3.6%)

Intraoperative image Choledocoscopy 4 (36.4%) 30 (50.8%) 0.261 -
IOC 1 (9.1%) 2 (3.4%)
Choledocoscopy + IOC 5 (45.5%) 26 (44.1%)
Choledocoscopy + PTC 1 (9.1%) 1 (1.7%)
Unknown 0 1

Surgical approach Transcystic 8 (72.7%) 57 (96.6%) 0.025* 0.368
Coledochotomy 2 (18.2%) 2 (3.4%)
Trans-infundibular 1 (9.1%) 0 (0.0%)

Cystic duct introducer No introducer 4 (36.4%) 39 (66.1%) 0.092 0.182
Introducer 7 (63.6%) 20 (33.9%)
Unknown 0 1

Working instruments employed NGage Nitinol Stone Extractor 4 (44.4%) 23 (59.0%) 0.308 0.368
Dormia NStone  1 (11.1%) 3 (7.7%)
Dormia + Fogarty Catheter 1 (11.1%) 3 (7.7%)
SpyBite Biopsy Forceps 0 (0.0%) 4 (10.3%)
Dormia + NGage 1 (11.1%) 3 (7.7%)
Fogarty 2 (22.2%) 1 (2.6%)
Pediatrics NG tube/Elefant 0 (0.0%) 2 (5.1%)

Laparoscopic flush No 7 (63.9%) 34 (60.7%) > 0.999 0.000
Yes 4 (36.4%) 22 (39.3%)
Unknown 0 1

Craneal to the cystic duct CBD exploration Yes 5 (45.5%) 33 (66.0%) 0.507 0.069
No 6 (54.55) 22 (40.0%)
Unknown 0 4
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with laser lithotripsy utilized in 51.4% of patients. Complete 
bile duct clearance was obtained in 94.4% of cases. The mean 
postoperative hospital stay was 5.3 ± 4.2 days.

Among the 71 patients, 15.4% (n = 11: 9 leaks, 2 strictures) 
experienced biliary injuries. Reintervention was necessary in 
3 patients (4.3%). Malignancy accounted for 2 of these cases: 
one patient with high-grade dysplasia required pancreaticodu-
odenectomy and another, with pT2 gallbladder carcinoma and 
a positive cystic margin, was treated with margin re-excision 
with laparoscopic resection of segments IVb and V and hilar 
lymphadenectomy.

Bile leakage was recorded in 12.7% (n = 9) and represented 
the most common complication, with a range of severities 
observed: 1 type A (managed conservatively), 7 type B cases 
(treated using percutaneous/ERCP/THPC drainage), and 1 
type C that required surgery and resulted in death from biliary 
sepsis and biliohemorrhage. In this case, choledochotomy with 
T-tube drainage was performed. Biliary stricture was observed 
in 4.2% (3 patients).

Sample and factors analysis
Descriptive data and preoperative factors are presented in 

Table 1. Table 2 provides a comparison between patients with 
(Group A) and without (Group B) bile duct injury.

Intraoperative factors
A group-wise comparison of intraoperative variables is pro-

vided in Table 3.

Postoperative factors
Comparisons of postoperative outcomes between the groups 

are outlined in Table 4.

Post-discharge follow-up
A comparative assessment of post-discharge findings be-

tween groups is shown in Table 5.

DISCUSSION

To our knowledge, this represents the largest cohort study 
of transcystic LBDE in our country. Our data support the 
practical feasibility of a one-stage transcystic approach for the 
majority of patients, irrespective of stone burden or bile duct 
diameter—even in cases involving nondilated ducts [24]. The 
strategy described here, which avoids both papillary manipula-
tion and choledochotomy—and therefore reduces the associat-
ed complications [14]—was successfully completed in 92.3% of 
cases, with a bile duct clearance rate of 94.4%, closely matching 
results reported in larger cohorts [25]. We recommend the 
transcystic approach as the first-line option for patients with 
choledocholithiasis and cholecystolithiasis and suggest that 
strict selection based on cystic duct diameter is unnecessary. 
Noteworthy, the conversion rate to choledochotomy remained 
low, despite our experience stemming from an earlier series, 

Table 3. Continued

Bile injury
p-value Effect size

Yes (n = 11) No (n = 60)

Crush and flush No 10 (90.9%) 51 (91.1%) > 0.999 0.000
Yes 1 (91.1%) 5 (8.9%)
Unknown 1 4

Lithotripsy Yes 8 (72.7%) 28 (47.5%) 0.124 0.145
No 3 (27.3%) 31 (52.5%)

Lithotrispsy: energy (joules) Mean ± SD 0.8 ± 0.4 1.0 ± 0.5 0.217 0.212
Median [Q1–Q3] 0.5 [0.5–1.2] 1.2 [0.5–1.2]
Min, Max 0.5, 1.2 0.5, 1.8

Lithotripsy: frequency (hertzs) Mean ± SD 5.5 ± 1.1 6.3 ± 1.5 0.195 0.223
Median [Q1–Q3] 5.0 [5.0–5.5] 5.0 [5.0–8.0]
Min, Max 5.0, 8.0 5.0, 8.0

Duodenoscopy No 9 (81.8%) 31 (56.4%) 0.178 0.153
Yes 2 (18.2%) 24 (43.6%)

Operative time (min) Mean ± SD 208.6 ± 83.1 209.5 ± 94.9
Median [Q1–Q3] 185.0 [170.0–252.0] 195.0 [140.0–295.0] 0.967 0.006
Min, Max 95.0, 365.0 35.0, 385.0

Use of intra-abdominal drainage Yes 9 (81.8%) 42 (73.7%) 0.718 0.023
No 2 (18.2%) 15 (26.3%)

CBD, common bile duct; IOC, intraoperative cholangiography; PTC, percutaneous transhepatic cholangiography; -, not available.
*Statistically significant difference (p < 0.05).
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Table 4. Post-operative characteristics (comparative analysis)

Bile injury
p-value Effect size

Yes (n = 11) No (n = 60)

Bile leak No 2 (18.2%) 60 (100.0%) < 0.001* 0.831
Yes 9 (81.8%) 0 (0.0%)

CBD stricture No 8 (72.7%) 60 (100.0%) 0.003* 0.491
Yes (ERCP) 1 (9.1%) 0 (0.0%)
Yes (MRI) 1 (9.1%) 0 (0.0%)
Yes (PTC) 1 (9.1%) 0 (0.0%)

Morbidity (Clavien-Dindo) 0 1 (9.1%) 41 (68.3% < 0.001* -
1 0 (0.0%) 5 (8.3%)
2 1 (9.1%) 13 (21.7%)
3a 6 (54.5%) 1 (1.7%)
3b 2 (18.2%) 0 (0.0%)
4a 0 (0.0%) 0 (0.0%)
4b 0 (0.0%) 0 (0.0%)

Bleeding No 10 (90.9%) 60 (100.0%) 0.155 0.114
Yes 1 (9.1%) 0 (0.0%)

Pancreatitis No 9 (81.8%) 59 (98.3%) 0.061 0.200
Yes 2 (18.2%) 1 (1.7%)

Cholangitis No 9 (81.8%) 54 (90.0%) 0.601 0.032
Yes 2 (18.2%) 6 (10.0%)

ICU admission No 9 (81.8%) 60 (100.0%) 0.022* 0.280
Yes 2 (18.2%) 0 (0.0%)

CBD clearance Yes 8 (72.7%) 59 (98.3%) 0.011* 0.317
No 3 (27.3%) 1 (1.7%)

Postoperative ERCP No 8 (72.7%) 58 (96.7%) 0.024* 0.262
Yes 3 (27.3%) 2 (3.3%)

Postoperative PTC No 7 (63.6%) 58 (96.7%) 0.004* 0.360
Yes 4 (36.4%) 2 (3.3%)

Length of staya) (day) Mean ± SD 10.3 ± 5.6 4.4 ± 3.2 0.001* 0.390
Median [Q1–Q3] 11.0 [7.0–14.0] 4.0 [3.0–5.0]
Min, Max 2.0, 21.0 1.0, 18.0

Total stayb) (day) Mean ± SD 12.6 ± 8.0 7.1 ± 5.9 0.017* 0.285
Median [Q1–Q3] 12.0 [7.0–15.0] 4.5 [3.0–9.5]
Min, Max 3.0, 28.0 1.0, 30.0

Amylasec) (U/L) Mean ± SD 120.5 ± 208.8 97.4 ± 181.0 0.211 0.156
Median [Q1–Q3] 32.0 [24.0–92.0] 56.5 [33.0–80.0]
Min, Max 14.0, 703.0 14.0, 1,221.0

GGTc) (U/L) Mean ± SD 184.5 ± 103.5 355.7 ± 488.0 0.260 0.14
Median [Q1–Q3] 180.0 [122.0–219.0] 236.0 [121.0–431.0]
Min, Max 7.0, 374.0 18.0, 3,254.0

ASTc) (U/L) Mean ± SD 129.8 ± 123.3 122.0 ± 132.7 0.949 0.009
Median [Q1–Q3] 65.0 [30.0–190.0] 70.0 [44.0–153.0]
Min, Max 14.0, 374.0 15.0, 650.0

ALTc) (U/L) Mean ± SD 152.7 ± 110.5 161.4 ± 138.4 0.965 0.007
Median [Q1–Q3] 144.0 [51.0–260.0] 120.5 [66.0–211.0]
Min, Max 21.0, 322.0 13.0, 597.0

ALPc) (U/L) Mean ± SD 147.2 ± 64.5 211.0 ± 276.2 0.594 0.067
Median [Q1–Q3] 138.0 [97.0–175.0] 147.5 [94.0–221.0]
Min, Max 59.0, 291.0 51.0, 2,042.0
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and these conversion rates are comparable to those reported 
elsewhere [24].

The incidence of postoperative pancreatitis was slightly high-
er than previously described in other series [17,25], but this did 
not result in adverse clinical consequences. This finding may 
be attributable to our protocol of systematically measuring 
amylase levels during the first 24 hours postoperatively, which 
allowed for the identification of hyperamylasemia and for dis-
tinguishing true pancreatitis from postoperative abdominal 
pain.

The incidence of biliary stricture following laparoscopic 
common bile duct exploration remains low, consistently fall-
ing within the 0%–2% range in recent literature, regardless of 
prior abdominal operations [26]. Reported bile leak rates after 
transcystic LBDE are generally 1%–3% in studies using the 
ISGLS definition [27]. This value corresponds to those from 
large cohorts of LBDE, for which bile leak constitutes the most 
frequent complication; most episodes are low-grade and resolve 
with conservative or endoscopic measures [27]. In our series, 
bile leak was also the most frequent complication. The margin-
ally increased rates of leaks and strictures may be related to a 
higher proportion of individuals with a history of biliary inter-
ventions (primarily ERCP), which could contribute to height-
ened local inflammation and technical difficulty. Additionally, 
our sample included a greater number of patients with higher 
ASA physical status scores, reflecting an increased burden of 
systemic comorbidities, previously identified as a risk factor for 
biliary complications after surgery [25,27].

Our study demonstrates that bile duct injury is associated 
with increased complications, prolonged hospitalization, high-
er rates of ICU admission and readmission, and a greater reli-
ance on postoperative THPC and ERCP. These findings high-
light the substantial clinical and economic consequences of bile 
duct injury. One of the primary aims was to assess, specifically 
through evaluation of preoperative and intraoperative factors, 

the potential for optimizing patient selection and identifying 
predictors of bile duct injury risk.

In our cohort, the transcystic approach, irrespective of cystic 
duct or common bile duct diameter, was linked to a reduced 
risk of bile duct injury. Consistent with prior research [28,29], 
the identification of residual choledocholithiasis or biliary 
sludge—diagnosed postoperatively using ERCP, THPC, or 
MRCP—correlated with a higher occurrence of bile duct in-
jury. This relationship may clarify the significant differences 
seen in preoperative liver enzyme profiles. Normal transami-
nase results may cause clinically significant choledocholithiasis 
to be overlooked, increasing the likelihood of incomplete bile 
duct clearance and subsequent bile duct injury. Notably, lower 
preoperative levels of AST, ALT, and GGT were significantly 
correlated with bile duct injury, with affected patients display-
ing lower median values than those without injury. Conversely, 
this correlation was not observed for other markers of cholesta-
sis, such as bilirubin or ALP, which did not show significant 
variation between groups.

We did not detect significant differences with respect to 
intraoperative cholecystitis. Nonetheless, higher preoperative 
leukocyte counts might be linked to the occurrence of bile 
duct injury. An unexpected observation, given that none of the 
patients underwent surgery with coagulopathy, was the associ-
ation between elevated INR values and a heightened risk of bile 
duct injury.

Once choledocholithiasis was identified, 67.6% of patients 
underwent immediate surgery. For the remaining patients, fac-
tors such as healthcare logistics, staffing constraints, resource 
limitations, or initial management by other departments ne-
cessitated preoperative interventions, as outlined in Table 1. 
All forms of prior interventions were independently associated 
with an increased risk of bile duct injury. The notable fre-
quency of these interventions in our cohort likely reflects the 
initial absence of clear, standardized protocols. ERCP was most 

Table 4. Continued

Bile injury
p-value Effect size

Yes (n = 11) No (n = 60)

Leukocytosisc) (×103 μL) Mean ± SD 11,707.3 ± 5,161.1 11,779.6 ± 3,453.1 0.404 0.104
Median [Q1–Q3] 10,450.0 [8,670.0–12,690.0] 11,710.0 [9,670.0–14,470.0]
Min, Max 5,770.0, 23,950.0 4,420.0, 20,500.0

Hemoglobinec) (g/dL) Mean ± SD 11.7 ± 1.2 12.5 ± 1.6 0.194 0.161
Median [Q1–Q3] 11.5 [10.8–11.9] 12.7 [11.2–13.9]
Min, Max 10.5, 14.1 9.4, 17.0

CBD, common bile duct; ERCP, endoscopic retrograde cholangiopancreatography; MRI, magnetic resonance imaging; PTC, percutaneous transhepatic 
cholangiography; ICU, intensive care unit; SD, standard deviation; GGT, gammaglutamil transferase; ALP, alkaline phosphatase; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; -, not available.
a)Length of stay defined as the number of post-operative days the patient stayed in hospital.
b)Length of stay defined as the number of days the patient stayed in hospital.
c)Laboratory values taken from a blood test performed 24–48 hours after surgery.
*Statistically significant difference (p < 0.05).



Víctor Nieto Barros, et al.

https://doi.org/10.14701/ahbps.25-145

460

Table 5. Follow-up characteristics (comparative analysis)

Bile injury
p-value Effect size

Yes (n = 11) No (n = 60)

Re-admission No 6 (54.5%) 55 (94.8%) 0.002* 0.399
Yes 5 (45.5%) 3 (5.2%)

Re-operation No 10 (90.9%) 57 (96.6%) 0.406 0.006
Yes 1 (9.1%) 2 (3.4%)

Mortality (90 days) No 7 (87.5%) 49 (100.0%) 0.140 0.138
Yes 1 (12.5%) 0 (0.0%)

Amylasea) (U/L) Mean ± SD 53.2 ± 25.9 74.7 ± 37.0 0.209 0.226
Median [Q1–Q3] 38.5 [36.0–79.0] 73.5 [44.0–91.0]
Min, Max 34.0, 93.0 6.0, 155.0

Bilirrubinea) (mg/dL) Mean ± SD 0.4 ± 0.2 0.9 ± 0.8 < 0.001* 0.483
Median [Q1–Q3] 0.4 [0.2–0.5] 1.0 [0.5–1.0]
Min, Max 0.2, 0.6 0.2, 5.4

ASTa) (U/L) Mean ± SD 19.0 ± 6.5 23.3 ± 13.1 0.159 0.195
Median [Q1–Q3] 17.5 [15.5–19.5] 22.0 [17.0–25.0]
Min, Max 13.0, 34.0 9.0, 93.0

ALTa) (U/L) Mean ± SD 23.4 ± 12.3 33.4 ± 42.5 0.546 0.083
Median [Q1–Q3] 22.0 [16.0–28.0] 22.5 [16.0–34.0]
Min, Max 11.0, 50.0 5.0, 286.0

GGTa) (U/L) Mean ± SD 86.1 ± 78.3 91.5 ± 90.6 0.811 0.034
Median [Q1–Q3] 51.0 [27.0–140.0] 75.5 [30.0–108.0]
Min, Max 12.0, 230.0 8.0, 468.0

ALPa) (U/L) Mean ± SD 115.6 ± 42.6 112.7 ± 61.9 0.559 0.082
Median [Q1–Q3] 111.0 [82.0–140.0] 99.0 [76.0–138.0]
Min, Max 65.0, 194.0 40.0, 374.0

Leukocytosisa) (×103 μL) Mean ± SD 8,662.0 ± 3,969.1 7,554.4 ± 2,792.2 0.455 0.106
Median [Q1–Q3] 8,000.0 [5,320.0–10,750.0] 7,200.0 [5,590.0–8,780.0]
Min, Max 3,330.0, 16,380.0 3,500.0, 15,180.0

Hemoglobinea) (g/dL) Mean ± SD 12.5 ± 1.4 13.5 ± 1.5 0.114 0.223
Median [Q1–Q3] 12.9 [11.8–13.5] 13.5 [12.2–14.5]
Min, Max 10.2, 14.4 10.9, 16.5

MRIb) (findings) No 5 (83.3%) 22 (86.4%) 0.673 0.405
abnormality
Stricture 0 (0%) 0 (0%)
Retained 0 (0%) 1 (3.8%)
stones
Others 1 (16.7%) 3 (11.4%)
Unknown 5 34

Amylasec) (U/L) Mean ± SD 60.6 ± 23.1 60.5 ± 25.8 0.874 0.039
Median [Q1–Q3] 57.0 [52.0–86.0] 61.0 [41.0–66.0]
Min, Max 21.0, 89.0 23.0, 117.0

Bilirrubinec) (mg/dL) Mean ± SD 0.7 ± 0.3 0.8 ± 0.4 0.821 0.039
Median [Q1–Q3] 0.6 [0.4–1.0] 1.0 [0.4–1.0]
Min, Max 0.4, 1.0 0.2, 2.1

ASTc) (U/L) Mean ± SD 19.7 ± 7.2 19.9 ± 6.5 0.930 0.015
Median [Q1–Q3] 19.0 [15.0–21.0] 17.0 [15.0–26.0]
Min, Max 13.0, 37.0 11.0, 32.0
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frequently performed, but was unsuccessful in cases involving 
residual stones (n = 6), papillary ectropion (n = 3), procedur-
al difficulties or intolerance (n = 2), and a history of subtotal 
gastrectomy (n = 1). THPC was the next most common and 
was mainly used for emergent biliary drainage in patients with 
cholangitis. In four patients, THPC was conducted following 
unsuccessful ERCP. Two patients at high surgical risk received 
percutaneous cholecystostomy before undergoing definitive 
surgery. We propose that both endoscopic and percutaneous 
interventions contribute to local inf lammation and increase 
the likelihood of stricture formation, complicating subsequent 
bile duct exploration and elevating the risk of injury. As clini-
cal experience increased and adherence to protocols improved, 
the necessity for preoperative procedures decreased. LBDE—
particularly via the transcystic route—offers the advantage 
of definitive management in a single procedure, reducing the 
need for additional interventions and their associated risks. 
Implementation of this approach has been associated with su-
perior outcomes, shorter hospitalization, and reduced health-
care expenditures. Our results support routine transcystic 
exploration in patients with suspected choledocholithiasis and 
gallbladder in situ, including in acute situations.

Examination of demographic variables showed no significant 
associations between sex, ASA status, Charlson score, nutri-
tional assessment, or presence of diabetes and the occurrence 
of bile duct injury. Notably, patient age was significantly cor-
related with bile leakage, with those sustaining duct injuries 

exhibiting a higher median age than their counterparts. While 
aging is frequently associated with bile duct dilation, duct 
diameter was not significantly related to injury rates in our co-
hort. This age effect may indicate that older patients experience 
delays in diagnosis and intervention, possibly due to their ini-
tial management by specialized departments such as geriatrics. 
Additionally, atypical clinical presentations in these patients 
may contribute to the challenges of early diagnosis.

Other than the choice of surgical technique, analysis revealed 
no significant differences between patient groups concerning 
the particular intraoperative methods employed. The risk for 
bile duct injury was unaffected by maneuvers such as cystic 
duct stenting, the crush and f lush method, proximal stone 
retrieval, laparoscopic irrigation, or duodenoscopy. Similarly, 
neither the auxiliary devices utilized, type or frequency of lith-
otripsy, drain use, nor operative duration showed any measur-
able influence on the risk of bile duct injury.

In the analysis of postoperative laboratory values obtained 
24–48 hours after surgery, no significant differences were 
identified between groups. Therefore, early postoperative in-
dicators—such as amylase, hemoglobin, bilirubin, transami-
nases, ALP, and leukocyte counts—do not seem to predict bile 
duct injury. Nonetheless, significant differences in bilirubin at 
one month and GGT at six months were observed postoper-
atively. The finding of lower bilirubin values at one month in 
the bile injury group is probably a methodological artifact, as 
our laboratory does not provide precise bilirubin measures in 

Table 5. Continued

Bile injury
p-value Effect size

Yes (n = 11) No (n = 60)

ALTc) (U/L) Mean ± SD 21.9 ± 16.0 20.9 ± 11.1 0.859 0.027
Median [Q1–Q3] 16.5 [14.0–21.0] 17.0 [14.0–26.0]
Min, Max 8.0, 64.0 7.0, 60.0

GGTc) (U/L) Mean ± SD 30.9 ± 39.4 39.2 ± 34.5 0.040* 0.294
Median [Q1–Q3] 12.5 [10.0–20.0] 28.0 [18.0–45.0]
Min, Max 8.0, 116.0 9.0, 163.0

ALPc) (U/L) Mean ± SD 92.8 ± 27.2 91.5 ± 35.4 0.681 0.063
Median [Q1–Q3] 87.0 [74.0–120.0] 84.5 [63.5–117.5]
Min, Max 58.0, 129.0 42.0, 188.0

Leukocytosisc) (×103 μL) Mean ± SD 7,596.0 ± 2,252.2 7,433.8 ± 1,925.2 0.865 0.026
Median [Q1–Q3] 7,075.0 [6,240.0–9,750.0] 7,075.0 [6,020.0–8,485.0]
Min, Max 4,530.0, 11,410.0 4,830.0, 13,150.0

Hemoglobinec) (g/dL) Mean ± SD 13.5 ± 2.4 14.1 ± 1.5 0.780 0.041
Median [Q1–Q3] 14.3 [12.3–14.8] 14.3 [13.7–14.9]
Min, Max 8.1, 16.3 9.0, 16.8

SD, standard deviation; GGT, gammaglutamil transferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; MRI, 
magnetic resonance imaging.
a)Laboratory values taken from a blood test performed one month after surgery.
b)MRI realizad 6 months alter surgery.
c)Laboratory values taken from a blood test performed six month after surgery.
*Statistically significant difference (p < 0.05).
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outpatient settings when values fall within the normal range. 
Consequently, we assumed these as 1 mg/dL, which may have 
led to an overestimation of levels in the non-injury group. The 
observation of lower GGT levels at six months in the injury 
group lacks a credible clinical basis and most likely represents 
a spurious association.

Despite substantial loss to follow-up, no radiological differ-
ences were identified between groups on MRCP performed at 
six months. Importantly, patients experiencing early postop-
erative biliary strictures did not exhibit lasting abnormalities 
on follow-up imaging, supporting the interpretation that these 
were likely transient inflammatory events rather than estab-
lished lesions.

Our study is subject to several limitations. Being a retrospec-
tive observational investigation, it carries inherent selection 
bias and reflects the clinical practice of a single primary-level 
institution. As such, the management strategy for choledocho-
lithiasis with gallbladder in situ described herein may not be 
applicable to other clinical environments. A notable limitation 
is that the intervention could not always be conducted within 
72 hours after diagnosis, which may permit progression of 
inf lammation and complicate surgical dissection. Addition-
ally, our series included a high proportion of patients who 
had undergone prior interventional procedures, as previously 
discussed. Moreover, the study comprises the first 71 cases 
performed, representing the complete learning curve. This fac-
tor may explain certain outcomes, such as increased operative 
times, higher bile leak rates, or longer hospitalizations, com-
pared to other published series [12,25].

In summary, the transcystic approach represents a valid, re-
producible, and safe first-line technique for patients presenting 
with choledocholithiasis and gallbladder in situ—regardless of 
stone number or size, cystic duct or bile duct diameter, clinical 
or biochemical presentation, or individual patient characteris-
tics. Based on these results, we propose that routine preselec-
tion of patients is unnecessary; only factors such as patient age 
and preoperative transaminase and leukocyte levels require 
closer monitoring. The intraoperative techniques employed 
and devices used do not seem to impact the incidence of bile 
duct injury. Nevertheless, there is a need for prospective ran-
domized studies to evaluate long-term outcomes in compari-
son with alternative techniques.
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