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Abstract
Background  There are no prediction models for bile leakage associated with subtotal cholecystectomy (STC). Therefore, 
this study aimed to generate a multivariable prediction model for post-STC bile leakage and evaluate its overall performance.
Methods  We analysed prospectively managed data of patients who underwent STC by a single consultant surgeon between 
14 May 2013 and 21 December 2021. STC was schematised into four variants with five subvariants and classified broadly as 
closed-tract or open-tract STC. A contingency table was used to detect independent risk factors for bile leakage. A multiple 
logistic regression analysis was used to generate a model. Discrimination and calibration statistics were computed to assess 
the accuracy of the model.
Results  A total of 81 patients underwent the STC procedure. Twenty-eight patients (35%) developed bile leakage. Of these, 
18 patients (64%) required secondary surgical intervention. Multivariable logistic regression revealed two independent pre-
dictors of post-STC bile leak: open-tract STC (odds ratio [OR], 7.07; 95% confidence interval [CI], 2.191–25.89; P = 0.0170) 
and acute cholecystitis (OR, 5.449; 95% CI, 1.584–23.48; P = 0.0121). The area under the receiver-operating characteristic 
curve was 82.11% (95% CI, 72.87–91.34; P < 0.0001). Tjur’s pseudo-R2 was 0.3189 and the Hosmer–Lemeshow goodness-
of-fit statistic was 4.916 (P = 0.7665).
Conclusions  Open-tract STC and acute cholecystitis are the most reliable predictors of bile leakage associated with STC. 
Future prospective, multicentre studies with higher statistical power are needed to generate more specific and externally 
validated prediction models for post-STC bile leaks.
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Total cholecystectomy is the definitive treatment for sympto-
matic and complicated cholecystolithiasis. However, recent 
nationwide studies have demonstrated a shift toward subtotal 
cholecystectomy (STC) in the United States [1] and England 
[2] over the past two decades despite the spectrum of adverse 
effects associated with it [3–5].

Postoperative bile leakage is a significant adverse out-
come of STC that affects up to 20% of patients who undergo 
this surgery [6–8]. Although some bile leaks spontaneously 
resolve, this postoperative event is associated with high 

morbidity rates and prolonged hospitalisation [3–8]. Addi-
tional investigations and multiple procedures, including 
endoscopic retrograde cholangiopancreatography (ERCP), 
ultrasound-guided drain insertion, and reoperations, are 
often required to manage ongoing bile leaks and their 
sequelae.

Several authors have postulated that patient characteris-
tics and surgical techniques may influence the incidence of 
bile leak after STC, but this has not yet been established [3, 
4, 9–12]. After analysing 100 case series published between 
January 1985 and June 2022 (Supplementary Material, Sec-
tion 1), it was apparent that identifying the predictors of 
bile leaks associated with STC was not a focus, as it was 
attempted by only one author [13]. Consequently, there is 
limited knowledge of the risk factors for post-STC bile leaks, 
and there are no available preoperative or intraoperative 
assessment scales to identify those who are most at risk [14].
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Identifying factors associated with bile leaks would ena-
ble surgeons to prepare and optimise postoperative moni-
toring to ensure the early detection of leaks and mitigate 
the risk of post-STC bile leaks via targeted perioperative 
interventions. Additionally, accurate predictive models can 
inform the shared decision-making process with patients and 
ultimately improve the quality and transparency of commu-
nication and the consent process for cholecystectomy [15].

This study aimed to generate a multivariable logistic 
regression model to detect and quantitatively characterise 
the predictors of bile leak associated with STC. The objec-
tives of this study were to characterise the cohort of patients 
who underwent STC, stratify patients by the occurrence of 
post-STC bile leakage, identify independent preoperative 
and intraoperative clinical factors associated with post-STC 
bile leakage, and model the statistical relationships of the 
predictors and post-STC bile leak.

Materials and methods

Study setting, design, and patient selection

The study was conducted in a university acute care hospital, 
which is a tertiary academic centre for hepatobiliary surgery. 
The emergency general surgery unit was the destination for 
patients with acute biliary events requiring an urgent chol-
ecystectomy during the index admission or an elective chol-
ecystectomy after a course of conservative treatment, ERCP 
or tube cholecystostomy, and temporary discharge.

We analysed a prospectively managed clinical data data-
base of all adult patients who underwent an urgent or elec-
tive STC by a single attending surgeon at the University 
Hospital between 14 May 2013 and 21 December 2021. All 
patients treated between 2020 and 2021 were free of corona-
virus disease 2019 (COVID-19) at the time of surgery. The 
postoperative follow-up was longitudinal, and the patients 
were reviewed in the wards and outpatient clinics. All peri-
operative and long-term clinical outcomes were regularly 
gathered, and the final follow-up was conducted via elec-
tronic review of the patient charts on 23 June 2022.

Ethical considerations and reporting guidance

All procedures were performed and all patients were man-
aged according to the ethical standards of the institution’s 
general surgery department. This included a comprehensive 
preoperative discussion, a second opinion from a hepato-
biliary surgery consultant before conversion to STC, and 
consultations with other subspecialists in the event of post-
operative complications. The Institutional Clinical Audit 
Management Board reviewed, approved, and registered the 
study protocol (registration number: 10817). The study is 

reported according to the preferred reporting of case series 
in surgery (PROCESS) and transparent reporting of a mul-
tivariable prediction model for individual prognosis or diag-
nosis (TRIPOD) guidelines (Supplementary Tables 1S and 
2S) [16, 17]. The data are in accordance with the findable, 
accessible, interoperable, reusable (FAIR) principles [18].

Operative technique

When a portion of the gallbladder, regardless of size, was 
left in its anatomical site during cholecystectomy, this was 
described as STC. The variants (STC-1, STC-2, STC-3, 
and STC-4) and subvariants (STC-1A, STC-1B, STC-1C, 
STC-2A, and STC-2B) of STC adopted by the operating 
surgeon in this series were described previously [19], and an 
overview is included in the Supplementary Material (Sec-
tion 2.2). Briefly, STC-1 describes circumferential resec-
tion of both the visceral and hepatic walls of the gallbladder 
(Supplementary Figures 1S and 2S). With STC-2, only the 
visceral wall was resected, either without (STC-2A) or with 
closing/clipping of the cystic duct (STC-2B) (Supplemen-
tary Figure 3S). STC-3 is involved in excision of the fundus 
of the gallbladder. None of the patients in this case series 
underwent STC-4.

STC was also broadly characterised into two 
types–closed-tract and open-tract STC. When the gallblad-
der remnant or cystic duct was closed, irrespective of the 
technique used, we described this type as a closed-tract STC. 
If the gallbladder remnant and cystic duct were left open, 
then we described this type as an open-tract STC.

Study data and outcomes

Data deduced from the database were subdivided into 
preoperative factors, intraoperative factors, postoperative 
outcomes, and long-term outcomes. Preoperative factors 
included demographic characteristics, medical history, clini-
cal presentation, biochemistry, preoperative diagnosis, and 
disease severity according to the Tokyo classification [20]. 
The intraoperative factors included the surgical approach, 
technical variant, main surgical finding, type of STC, and 
methods of closing the gallbladder remnant or cystic duct. 
Data of 152 preoperative and intraoperative variables were 
available; however, we only considered the most clinically 
relevant variables in the data analyses for this series.

The primary postoperative outcome was bile leakage. 
Postoperative bile leaks were classified into grades A, B, 
and C according to the International Study Group for Liver 
Surgery [21]. Grade A bile leaks required little to no change 
in clinical management. Grade B bile leaks required addi-
tional interventional procedures such as ERCP or percutane-
ous drainage, but they were manageable without reoperation. 
The grade C bile leak required reoperation. In this study, 
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grade A leaks that persisted longer than 1 week were not 
classified as grade B leaks. The secondary postoperative 
outcomes included 30-day complications, admission to the 
intensive therapy unit, secondary surgical procedures, length 
of hospitalisation, and readmission. The Clavien–Dindo 
classification was used to categorise postoperative compli-
cations [22]. Long-term outcomes included acute biliary 
events, completion of cholecystectomy, and overall survival.

Statistical analysis

The data collected were entered using Microsoft Excel, val-
idated, and edited before being analysed using GraphPad 
Prism version 9.3.1 (350) for macOS (GraphPad Software, 
Inc., San Diego, CA, USA). The computing packages for 
conventional and advanced statistics were used. To assess 
whether the relationship between the independent risk fac-
tor and the occurrence of bile leak after STC was more than 
expected by chance, a contingency table was used to com-
pute the odds ratio (OR) with the 95% confidence interval 
(CI) via the Baptista–Pike method. Fisher’s two-sided test 
was used to determine the strength of each univariate rela-
tionship. Statistically significant variables associated with 
bile leak (P ≤ 0.05) were further considered for multivariable 
analyses via multiple logistic regression. To evaluate post-
operative outcomes, continuous data were compared using 
the Kolmogorov–Smirnov test.

To evaluate the discriminatory performance of the model, 
particularly how well the model separates those with post-
STC bile leak development from those without, the area 
under the receiver-operating characteristic curve, which is a 
trade-off between sensitivity and specificity and ranges from 
0.5 (a model no better than chance) to 1.0 (a model with per-
fect accuracy), was reported [23]. The positive and negative 
predictive values of the model were also reported. Tjur’s 
coefficient of discrimination (pseudo-R2) statistic was cal-
culated to describe the ability of the model to predict post-
STC bile leak with a range from 0 (model with no predic-
tive ability) to 1 (model with perfect predictive ability) [24]. 
The model calibration, specifically the goodness-of-fit, was 
evaluated using the Hosmer–Lemeshow test, and P > 0.05 
indicated a robust model that cannot be rejected [25].

Results

General characterisation

Between 2013 and 2021, 538 cholecystectomies were per-
formed; 81 (15.1%) were STC. A complete report of the 
characteristics and clinical outcomes of the 81 patients who 
underwent STC is provided in Supplementary Table 3S 

(Section  3). The key characteristics of this cohort are 
described below.

Baseline demographic and preoperative characteristics

The median age was 56 years (interquartile range [IQR], 
22.5 years), and most patients were female (69.1%). Forty-
four patients (54.3%) had a body mass index ≥ 30 kg/m2. 
Twenty-eight patients (34.6%) had a Charlson’s age-comor-
bidity index ≥ 3. Fifty-six patients (69.1%) had a history of 
unplanned hospitalisation with an acute complication of 
gallstone disease, and 30% of these patients had been hos-
pitalised at least twice. Forty-six patients (56.8%) underwent 
emergent STC during the index admission, and the rest of 
the patients underwent elective surgery. One in four patients 
(27.2%) of the STC surgical cohort had a history of either 
ERCP (17 patients) or a tube cholecystostomy (5 patients).

Intraoperative characteristics

Cholecystitis was classified as acute in 50 patients (61.7%), 
and 31 patients (38.3%) had chronic cholecystitis. The three 
most common forms of acute gallbladder disease were sup-
purative (23 patients, 28.4%), gangrenous (16 patients, 
19.8%), and perforated (10 patients, 12.1%) cholecystitis. 
Contracted gallbladder and Mirizzi syndrome type 1 were 
detected in 13 (16%) and 2 (2.5%) patients, respectively. 
STC was performed laparoscopically in the majority of 
patients (97.5%). Two patients (2.5%) underwent open 
conversion. Regarding the extent of gallbladder resection, 
STC-1 was performed in 61 patients (75.3%), STC-2 in 19 
patients (23.5%), and STC-3 in 1 patient (1.2%). A closed-
tract STC was performed in 43 patients (53.1%), and of 
these, ENDOLOOP ligature was used in 35 patients (81.4%). 
There were no bile duct, vascular, or visceral injuries. The 
perihepatic space was drained in 76 patients (93.8%).

All gallbladder specimens were sent for histopathological 
assessment. There were no malignancies detected. Based on 
the histology, acute and chronic cholecystitis were confirmed 
in 46 (56.8%) and 34 (42.0%) patients, respectively (one 
patient had missing data). Of those with acute cholecystitis, 
45.7% had suppurative or gangrenous cholecystitis.

Postoperative characteristics

Twenty-eight patients (34.6%) had bile leaks. There were 
10 (12.3%) grade A, 14 (17.3%) grade B, and 4 (4.9%) 
grade C bile leaks. The median maximum volume of the 
bile leak was 230 mL (range, 50–1200 mL; IQR, 290 mL). 
The median duration of the bile leak was 5 days (range, 
2–26 days; IQR, 7.5 days).
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Univariable analyses of preoperative factors

As highlighted in Table 1, there were no significant dif-
ferences in the age, sex, body mass index, comorbidities, 
surgical history, history of gallstone disease, duration of 
acute symptoms, preoperative laboratory values, preopera-
tive diagnosis of acute cholecystitis, Tokyo classification of 
acute cholecystitis, American Society of Anaesthesiologists 
grade, and nature of admission of the bile leak and no bile 
leak groups.

Univariable analyses of intraoperative factors

Table 1 shows the five factors significantly associated with 
post-STC bile leak. Bile leaks were more likely to occur in 
patients whose surgical findings were consistent with those 
of acute cholecystitis (OR, 3.274; 95% CI, 1.182–9.503; 
P = 0.0308). Furthermore, undergoing STC-2 (OR, 3.640; 
95% CI, 1.313–9.991; P = 0.0257) and STC-2A (OR, 6.212; 
95% CI, 1.898–18.25; P = 0.0026), leaving the hepatic wall 
intact (OR, 4.219; 95% CI 1.506–11.46; P = 0.0132), and 
leaving the gallbladder tract open (OR, 8.479; 95% CI, 
2.941–25.68; P < 0.0001) significantly increased the likeli-
hood of post-STC bile leak.

Multivariable analyses of bile leak predictors

Table 2 presents the model derived from multiple logis-
tic regression using four variables significantly associated 
with postoperative bile leak in the univariate analyses. 
STC-2 was excluded from the regression model because of 
multicollinearity (i.e., it was less specific and highly cor-
related with STC-2A) because this could diminish the sta-
tistical significance of the model. The multivariate model 
was built by entering the factors using a single step. The 
multivariate analysis identified two independent factors as 
predictors of post-STC bile leak. Open-tract STC was the 
strongest predictor of post-STC bile leak (OR, 7.07; 95% 
CI, 2.191–25.89). Acute cholecystitis was another predictor. 
Its presence increased the odds of developing post-STC bile 
leak by fivefold (95% CI, 1.584–23.48).

Overall performance of the prediction model

Figure 1 depicts the highly accurate discriminatory perfor-
mance of the multiple logistic regression model [26–29]. 
An area under the receiver-operating characteristic curve of 
82.11% was observed. The positive and negative predictive 
values of the model were 66.67% and 84.31%, respectively. 
Tjur’s pseudo-R2 statistic was estimated to be 0.3189, and 
the Hosmer–Lemeshow statistic was 4.916 (P = 0.7665), 
thus demonstrating a reliable model with highly accurate 
calibration of the predicted and actual bile leak rates.

Associations between bile leak and short‑term 
postoperative outcomes

As shown in Table 3, post-STC bile leaks were significantly 
associated with Clavien–Dindo grade III and IV complica-
tions (OR, 93.6; 95% CI, 13.74–990.5; P < 0.0001). Post-
STC bile leaks were significantly associated with admis-
sion to the intensive care unit (10.5% vs. 0%; P < 0.0001) 
and longer postoperative hospitalisation (9 days vs. 4 days; 
P < 0.0001). Patients with bile leaks were more likely to 
undergo secondary surgical procedures during the index 
admission (OR, 60.0; 95% CI, 9.014–642.2; P < 0.0001).

Associations between bile leak and long‑term 
postoperative outcomes

None of the patients were lost to follow-up. The median 
follow-up duration for all 81 patients was 3.9 years (range, 
0.4–9 years). Acute biliary events, completion of cholecys-
tectomy, and all-cause mortality did not appear to be signifi-
cantly altered by post-STC bile leaks (Table 3). By 13 May 
2022, 6 of the 81 patients (7.4%) died because of malignant 
oncological disease (pancreas, breast, lung, and kidney) and 
COVID-19.

Discussion

Bile leak is one of the most common adverse outcomes after 
STC [6–8]. Our findings indicate that patients who experi-
ence bile leaks after STC are more likely to require second-
ary surgical interventions, admissions to the intensive care 
unit, and longer hospitalisation. Despite a growing body of 
high-quality evidence surrounding the outcomes of STC, 
the factors associated with post-STC bile leakage have not 
been sufficiently investigated. Identifying the predictors of 
post-STC bile leak would enable surgeons to optimise perio-
perative care, improve communication with patients, and 
mitigate the burden of the disease.

This study identified open-tract STC as the most signifi-
cant independent predictor of bile leakage after STC. This 
was not surprising because of the similarities between open-
tract STC and the classic fenestrating STC, which has been 
associated with a higher incidence of bile leak [7, 12]. Fen-
estrating STC was described as the excision of the gallblad-
der wall with no attempt to close the gallbladder remnant 
other than an internal purse-string suture of the cystic duct 
[10, 30]. However, Strasberg and colleagues stressed that it 
is not always possible to close the cystic duct [30].

In our series, we deviated from using the words ‘fenes-
trating’ and ‘reconstituting’ [10, 12, 30, 31] because they do 
not directly emphasize whether the cystic duct is closed or 
left open. Because of the morbidity associated with a patent 
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Table 1   Summary of the univariable analysis to detect risk factors for bile leak associated with subtotal cholecystectomy

Variable Bile leak (%) No bile leak (%) Odds ratio (95% CI) P-value

Number of patients 28 53 – –
Preoperative factors
Age
 Median (IQR) 58 (25.25) 55 (23) – –
 ≥ 60 years 14 (50.0) 24 (45.3) 1.208 (0.4988–2.941) 0.8155

Sex
 Female 17 (60.7) 39 (73.6) 0.5548 (0.2046–1.554) 0.3123
 Male 11 (39.3) 14 (26.4) 1.803 (0.6434–4.887)

BMI, median (IQR) 30.7 (6.5) 29.8 (7.8) – –
BMI, by category
 < 25 kg/m2 4 (14.3) 7 (13.2) 1.095 (0.3319–4.069)  > 0.9999
 ≥ 25–29.9 kg/m2 6 (21.4) 20 (37.7) 0.4500 (0.1529–1.278) 0.2104
 ≥ 30–39.9 kg/m2 16 (57.1) 19 (35.8) 2.386 (0.9778–6.247) 0.0983
 ≥ 40 kg/m2 2 (7.1) 7 (13.2) 0.5055 (0.1010–2.659) 0.4865

Comorbidities excluding obesity 20 (71.4) 29 (54.7) 2.069 (0.8106–5.664) 0.1604
Past surgical history
 Midline laparotomy 0 2 (3.8) 0.000 (0.000–4.092) 0.5420
 Laparoscopic RYGB 1 (3.6) 0  + ∞ (0.2103 to + ∞) 0.3457

Previous hospitalisation for gallstone disease 19 (67.9) 37 (69.8) 0.9129 (0.3417–2.382)  > 0.9999
Duration of acute symptoms before admission, 

median (IQR)
6.5 (5) 6 (5) – –

Common bile duct dilatation (≥ 7 mm) 12 (42.9%) 14 (26.4) 2.089 (0.7745–5.641) 0.1431
WBC count per mm3, median (IQR) 9 (9.1) 8.9 (5.7) – –
CRP per mg/L, median (IQR) 230 (280) 121 (260) – –
Preoperative diagnosis of acute cholecystitis 18 (64.3) 28 (52.8) 1.607 (0.6594–3.930) 0.3549
Acute cholecystitis, by Tokyo classification
 Grade 1 3 (10.7) 8 (15.1) 0.6750 (0.1815–2.595) 0.7397
 Grade 2 7 (25.0) 15 (28.3) 0.8444 (0.3245–2.446) 0.7991
 Grade 3 8 (28.6) 5 (9.4) 3.657 (1.166–11.27) 0.0546

ASA, by class
 I 4 (14.3) 8 (15.1) 0.9375 (0.2902–3.164)  > 0.9999
 II 22 (78.6) 40 (75.5) 1.192 (0.4299–3.723)  > 0.9999
 III 1 (3.6) 5 (9.4) 0.3556 (0.02921–2.923) 0.6589
 IV 1 (3.6) 0  + ∞ (0.2103 to + ∞) 0.3457

Emergent/urgent STC 18 (64.3) 28 (52.8) 1.607 (0.6594–3.930) 0.3549
Intraoperative factors
Surgical approach
 Laparoscopic 27 (96.4) 52 (98.1) 0.5192 (0.02688–10.20)  > 0.9999
 Conversion to open 1 (3.6) 1 (1.9) 1.926 (0.09801–37.20)  > 0.9999

Main surgical finding
 Acute cholecystitis 22 (78.6) 28 (52.8) 3.274 (1.182–9.503) 0.0308
  Mild 1 (3.6) 0  + ∞ (0.2103 to + ∞) 0.3457
  Severe 21 (75.0) 28 (52.8) 2.679 (1.015–6.773) 0.0601
   Suppurative 9 (32.1) 14 (26.4) 1.320 (0.4946–3.681) 0.6121
   Gangrenous 6 (21.4) 10 (18.9) 1.173 (0.3556–3.634) 0.7770
   Perforated 6 (21.4) 4 (7.5) 3.341 (0.9209–11.15) 0.0864
  Chronic cholecystitis 6 (21.4) 25 (47.2) 0.3055 (0.1052–0.8461) 0.0308

STC, by variant
 STC-1 (A, B and C) 16 (57.1) 45 (84.9) 0.2370 (0.0872–0.6641) 0.0132
  STC-1A 6 (21.4) 28 (52.8) 0.2435 (0.0839–0.6727) 0.0089
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biliary tract, we believe that the terms ‘subtotal open-tract 
cholecystectomy’ and ‘subtotal closed-tract cholecystec-
tomy’ more accurately capture the complexity and differ-
ences in the technical execution of STC.

Whether open-tract STC as an independent predictor 
is a modifiable risk factor remains debatable. However, 
open-tract STC should be the last resort when neither total 
cholecystectomy nor closed-tract STC can be performed. 
Intraoperative ultrasonography [32] and intraoperative 
cholangiography [33] can be utilised in difficult gallblad-
der cases necessitating STC, even though their role in these 
settings is debated [34]. A national database study revealed 
that, in 2019, intraoperative cholangiography and bile duct 
exploration were performed in conjunction with only 5% of 
STCs (88 of 1772) in England [2, 35]. We did not attempt 
to perform intraoperative ultrasonography or intraoperative 

cholangiography. This was in accordance with our insti-
tutional policy, which stresses that postoperative patients 
with significant postoperative bile leakage and/or suspected 
retained gallstones in the common bile duct should be 
referred to the hepatology team to discuss the indications 
for an endoscopic ultrasound scan of the extrahepatic biliary 
tract and ERCP.

When indicated, an intraoperative ERCP can be consid-
ered to remove residual calculi in the common bile duct and/
or stent the duct, especially in patients with a history of 
common bile duct dilatation, choledocholithiasis, deranged 
liver function tests, and/or fresh bile visible in the gallblad-
der remnant. Although no reports support these suggestions 
for STC, few authors have shown that more favourable out-
comes are achieved with simultaneous laparoscopic chol-
ecystectomy and intraoperative ERCP than with two-stage 

Table 1   (continued)

Variable Bile leak (%) No bile leak (%) Odds ratio (95% CI) P-value

  STC-1B 9 (32.1) 14 (26.4) 1.320 (0.4946–3.681) 0.6121
  STC-1C 1 (3.6) 3 (5.7) 0.6173 (0.0460–4.334)  > 0.9999

 STC-2 (A and B) 11 (39.3) 8 (15.1) 3.640 (1.313–9.991) 0.0257
  STC-2A 11 (39.3) 5 (9.4) 6.212 (1.898–18.25) 0.0026
  STC-2B 0 3 (5.7) 0.000 (0.000–2.166) 0.5478

 STC-3 1 (3.6) 0  + ∞ (0.2103 to + ∞) 0.3457
STC, by intervention to hepatic wall
 Removal of hepatic wall 16 (57.1) 45 (84.9) 0.2370 (0.0872–0.6641) 0.0132
 Non-removal of hepatic wall 12 (42.9) 8 (15.1) 4.219 (1.506–11.46)

STC, by type of completion
 Open-tract STC 22 (78.6) 16 (30.2) 8.479 (2.941–25.68)  < 0.0001
 Closed-tract STC 6 (21.4) 37 (69.8) 0.1179 (0.0389–0.3401)

Method of closing the biliary tract
 Endoloop ligature 4 (14.3) 31 (58.5) 0.1183 (0.0408–0.3866) 0.0001
 Continuous suture 2 (7.1) 3 (5.7) 1.282 (0.2163–6.578)  > 0.9999
 Endo GIA stapler 0 1 (1.9) 0.000 (0.000–17.04)  > 0.9999
 Hem-o-lock system 0 2 (3.8) 0.000 (0.000–4.092) 0.5420

OR, odds ratio; CI, confidence interval; ICR, interquartile range; SD, standard deviation; BMI, body mass index; RYGB, Roux-en-Y gastric 
bypass; STC, subtotal cholecystectomy; WBC, white blood cell; ASA, American Society of Anaesthesiologists; ∞, infinity; GIA, gastrointesti-
nal anastomosis

Table 2   Multiple logistic 
regression model to predict bile 
leak associated with subtotal 
cholecystectomy

β, relating coefficient to probability, either β0 (intercept) or β1, β2, β3, β4, β5 (slopes) for each variable
CI, confidence interval; STC, subtotal cholecystectomy; STC-2A, subtotal cholecystectomy, subvariant 2A

Variables in model Regression coef-
ficient β (standard 
error)

Odds ratio (95% CI) Wald test P-value

Intercept, β0 −3.196 (0.7684) 0.0409 (0.0074–0.1563) 4.151 < 0.0001
Acute cholecystitis, β1 1.695 (0.6755) 5.449 (1.584–23.48) 2.510 0.0121
STC-2A, β2 1.148 (1.361) 3.151 (0.2580–81.69) 0.8432 0.3991
Non-removal of hepatic wall, β3 0.3339 (1.219) 1.396 (0.0645–12.72) 0.2738 0.7842
Open-tract STC, β4 1.956 (0.6223) 7.070 (2.191–25.89) 3.143 0.0017
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preoperative ERCP and laparoscopic cholecystectomy 
[36–38]. Ultimately, the decision to utilise these intraop-
erative diagnostic procedures, especially in laparoscopic 
surgery, is multidisciplinary and should be made in planned 
clinical governance meetings involving surgeons, hepatolo-
gists, and radiologists in specialised centres. It is worth not-
ing that a closed-tract STC is not completely free of bile 
leaks. We found that 14% (6/43) of patients who underwent 

this operation developed bile leaks, and it is likely that the 
genesis of bile leak after closed-tract STC is multifactorial.

Furthermore, our analyses revealed that acute cholecysti-
tis was an independent predictor of bile leak for patients who 
underwent STC. Our findings are synchronous with those of 
a recently published study that demonstrated that the inci-
dence of post-STC bile leak was higher for patients with 
acute cholecystitis compared to chronic cholecystitis [13]. 
Based on these results, a plausible course of action would be 
to delay surgery for patients with acute cholecystitis. How-
ever, Kohga and colleagues [13] highlighted the benefit of 
pursuing early surgery for patients with acute cholecystitis, 
particularly within the first 10 days of disease onset, because 
this was linked to a significantly decreased incidence of bile 
leak after STC compared to surgery performed between 
10 days and 10 weeks (7.7% vs. 47.1%) after onset. Addi-
tionally, attempts to delay surgery contradict the World Soci-
ety of Emergency Surgery guidelines, which advocate early 
laparoscopic cholecystectomy, especially within 10 days of 
the onset of acute symptoms, in the absence of absolute con-
traindications [39].

This series improves our awareness of the factors asso-
ciated with bile leak development after undergoing STC 
for benign gallbladder diseases. The main strengths of 
this study are the variety of potential risk factors obtained 
from a prospectively managed database of patients treated 
at a busy regional academic centre for emergency and 
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Fig. 1   Discriminatory performance of the multivariable model to 
predict bile leak associated with subtotal cholecystectomy. AUC, 
area under the receiver-operating characteristic curve; CI, confidence 
interval

Table 3   Subgroup analysis of the short-term and long-term postoperative clinical outcomes

STC, subtotal cholecystectomy; ∞, infinity

Variable Bile leak (%) No bile leak (%) Odds ratio (95% CI) P-value

Total number of patients 28 53
Short-term outcomes
Complication, by Clavien–Dindo classification
 Grades I and II 10 (35.7) 44 (83.0) 0.1136 (0.0433–0.329)  < 0.0001
 Grades III and IV 18 (64.3) 1 (1.9) 93.60 (13.74–990.5)  < 0.0001

Admission to intensive care unit 3 (10.7) 0  + ∞ (1.714 to + ∞) 0.0384
Drain removed (days), median (range) 9 (3 – 36) 2.5 (1 – 25) –  < 0.0001
Hospital length of stay (days), median (range) 9 (4 – 38) 4 (1 – 42) –  < 0.0001
Post-STC surgical procedures, index admission 15 (53.6) 1 (1.2) 60.00 (9.014–642.2)  < 0.0001
30-day readmission, unplanned 3 (10.7) 6 (11.3) 0.9400 (0.2416–3.510)  > 0.9999
30-day mortality 0 0 – –
Long-term outcomes
Patients with acute biliary events 3 (10.7) 3 (5.7) 2.000 (0.4379–8.973) 0.4114
Acute biliary events 5 (17.9) 5 (9.4) 2.087 (0.5861–7.353) 0.3026
 Cholecystitis 2 (7.1) 0  + ∞ (0.8909 to + ∞) 0.1167
 Liver abscess 1 (3.6) 1 (1.2) 1.926 (0.09801–37.20)  > 0.9999
 Symptomatic choledocholithiasis 1 (3.6) 4 (7.5) 0.4537 (0.0359–3.022) 0.6544
 Common bile duct stricture 1 (3.6) 0  + ∞ (0.2103 to + ∞) 0.3457

Completion cholecystectomy 2 (7.1) 0  + ∞ (0.8909 to + ∞) 0.1167
Overall survival, by 13/05/2022 27 (96.4) 48 (90.6) 2.813 (0.3421–34.23) 0.6589
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hepatobiliary surgery that were analysed. Additionally, we 
performed relatively long, rigorous, and systematic sur-
veillance to assess short-term and long-term postoperative 
outcomes, and no patient was lost to follow-up. To the best 
of our knowledge, this is the most comprehensive analy-
sis of predictors of post-STC bile leak. By performing a 
multivariable logistic regression analysis, we determined 
some relevant risk factors.

However, this study had several limitations. Although our 
sample size was relatively larger than that of most published 
STC case series, it was still small. Consequently, the mul-
tivariable model could not be validated, and the decreased 
statistical power of the study could have resulted in the loss 
of certain associations or potential risk factors. Furthermore, 
the study cohort comprised patients who were exclusively 
treated by a single surgeon at a single institution, thus dimin-
ishing the generalisability of the study to a wider population.

Conclusions

As STC rates steadily increase, it is crucial to generate 
precise predictive models. The overall performance of 
our multiple logistic regression-based prediction model is 
accurate. Therefore, open-tract STC and acute cholecystitis 
are the most reliable predictors of bile leakage after STC. 
Our results will enable surgeons to identify patients at risk 
for bile leaks. Furthermore, they highlight the need for fur-
ther multicentre studies with large sample sizes to evaluate 
the risk of post-STC bile leaks prospectively. Although we 
appreciate that the risk of bile leak development after STC 
cannot be eliminated completely, further research would 
foster the development of externally validated predictive 
models and risk assessment tools, as well as guidelines for 
mitigating such risks and optimising the management of 
post-STC bile leaks. Ultimately, this would be another step 
in the right direction toward developing clinical pathways 
for patients requiring complex care for advanced gallblad-
der disease of inflammatory origin.
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