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Abstract
Background  Laparoscopic cholecystectomy (LC) is the standard of care for benign gallstone disease. There are no robust 
Indian data on the 30-day morbidity and mortality of this procedure. A prospective multicentre observational study was 
conducted by the Indian Association of Gastro-Intestinal Endo Surgeons (IAGES) to assess the 30-day morbidity and mor-
tality of LC in India.
Materials and methods  Participating surgeons were invited to submit data on all consecutive LCs for benign diseases per-
formed between 09/12/2020 and 08/03/2021 in adults. Primary outcome measures were 30-day morbidity and mortality. 
Univariate and multivariate analyses were performed to identify variables significantly associated with primary outcomes.
Results  A total of 293 surgeons from 125 centres submitted data on 6666 patients. Of these, 71.7% (n = 4780) were elective. A 
total LC was carried out in 95% (n = 6331). Laparoscopic subtotal cholecystectomy was performed in 1.9% (n = 126) and the 
procedure were converted to open in 1.4% of patients. Bile duct injury was seen in 0.3% (n = 20). Overall, 30-day morbidity 
and mortality were 11.1% (n = 743) and 0.2% (n = 14), respectively. Nature of practice, ischemic heart disease, emergency 
surgery, postoperative intensive care, and postoperative hospital stay were independently associated with 30-day mortality. 
Age, weight, body mass index, duration of symptoms, nature of the practice, history of Coronavirus Disease-2019, previous 
major abdominal surgery, acute cholecystitis, use of electrosurgical or ultrasonic or bipolar energy for cystic artery control; 
use of polymer clips for cystic duct control; conversion to open surgery, subtotal cholecystectomy, simultaneous common 
bile duct exploration, mucocele, gangrenous gall bladder, dense adhesions, intraoperative cholangiogram, and use of drain 
were independently associated with 30-day morbidity.
Conclusion  LC has 30-day morbidity of 11.1%, 30-day mortality of 0.2%, conversion to open rate of 1.4%, and bile duct 
injury rate of 0.3% in India.

Keywords  Laparoscopic cholecystectomy · Morbidity · Mortality · Bile duct injury · Clavien–Dindo score

Gallstone disease is a common clinical condition with rising 
prevalence [1]. Laparoscopic cholecystectomy (LC), the standard 
of care for gallstone disease and other benign gallbladder patholo-
gies, is one of the most commonly performed surgical procedures 
worldwide [2]. A systematic review and meta-analysis [3] pub-
lished in 2018 reported morbidity, bile duct injury, and mortal-
ity rates of this procedure at around 1.6–5.3%, 0.32–0.52%, and 
0.08–0.15% respectively. This analysis, however, included data 
published over several decades and cannot be used to indicate the 
current safety profile of this procedure.

Although there are some single-centre retrospective stud-
ies from India reporting on the 30-day safety of LC [4], 
there is no large, prospective, multicentre study. Such data 
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are needed for benchmarking, quality improvement, and 
informed patient consent. Even globally, there are very few 
large, prospective studies on 30-day morbidity and mortal-
ity of LC that use a validated method of capturing compli-
cations such as Clavien–Dindo grade [5]. Most studies on 
this topic are either retrospective (based on national registry 
data) or do not use a robust method of capturing complica-
tions [6–8].

This means there is globally an acute need for contemporary, 
prospective, multicentre, robust data on 30-day morbidity and 
mortality of LC. Because of these reasons, the Indian Association 
of Gastro-Intestinal Endo Surgeons (IAGES) decided to perform 
a prospective multicentre observational cohort study to evaluate 
the 30-day morbidity and mortality of LC in India.

Material and methods

Design

This was a multicentre, prospective, observational, cohort 
study. Google forms soliciting surgeons’ participation were 
circulated via social media and IAGES membership com-
munication channels.

Patient eligibility

Participating surgeons submitted data on all consecutive LC 
performed by them between 09/12/2020 and 08/03/2021 in 
adult patients for benign gallbladder pathologies. 30-day 
follow-up data were collected for each patient.

Regulatory approval and data collection

Ethics committee permission was obtained at the leading pri-
mary Institute: (IRB: JLHL/IEC/2020), and the study was reg-
istered with the Clinical trial of Research of India (Registration 
number CTRI/2020/11/029448). Contributing Surgeons took 
part in a Zoom® meeting held to describe the study design and 
data capturing required for the study. Individual centres were 
recommended to follow local regulations and obtain additional 
permissions as needed. Anonymised patient data were collected 
using a Microsoft Excel® database as approved by the core team. 
Individual datasheets were carefully examined for errors, and any 
doubts were clarified with collaborators. Data were then pooled 
and analysed.

Inclusion and exclusion criteria

Inclusion criteria:

1.	 Age ≥ 18 years

2.	 LC as a primary procedure for benign symptomatic gall-
bladder disease

3.	 LC for benign gallbladder disease performed with other 
procedures like hernia surgery, appendectomy, and hys-
terectomy was included in the study (but not the removal 
of a normal gallbladder as part of other surgery like 
Whipple's).

4.	 Procedure performed in a centre in India

Exclusion criteria

1.	 Patients undergoing cholecystectomy for malignancy
2.	 Operations performed outside the study period
3.	 Planned open cholecystectomy

Primary outcome

30-day morbidity and mortality of patients undergoing LC in 
India.

Secondary outcome

1.	 To assess procedure-specific complication rates such as 
bleeding, bile leak, bowel injury, bile duct injury, and 
conversion to open surgery.

2.	 To study the effect of a range of patient-specific, sur-
geon-specific, and facility-specific variables on 30-day 
morbidity and mortality.

Statistical analysis

Data were analysed using IBM SPSS version 26 and Jam-
ovi version 1.8.4. Normality was tested using Kolmogorov 
Smirnoff test. A value of < 0.05 was considered statistically 
significant. Descriptive statistics were applied to numerical 
variables. Data were represented as mean ± SD (standard 
deviation) or median and IQR (interquartile range) as appro-
priate. Frequencies were compared using the Chi-Square test 
or Fisher's exact test as appropriate and means were compared 
using the t test. Binomial logistic regressions were carried out 
with 30-day morbidity (all Clavien-Dindo grades) or 30-day 
mortality as dependent variables to test if variables were inde-
pendently associated with dependent outcomes. No attempt 
was made to develop a predictive model.

Results

Basic demographics

A total of 293 surgeons from 125 institutes contributed data 
on 6666 patients. Of these, 68.4% (n = 4544) were females 
with a mean age of 45.5 ± 14.8 years. The mean body mass 
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index (BMI) was 26.08 ± 4.76 kg/m2. Approximately 43.1% 
of patients suffered from at least one other co-morbidity. 
Nearly 3.8% (n = 255) patients had a history of Coronavirus 
Disease-2019 (COVID-19) infection and 17.6% (n = 1174) 
of patients had undergone a previous open or laparoscopic 
major intraabdominal surgery. Most (78.3%) surgeons 
had > 10 years’ experience in laparoscopy; 12.3% had 6 to 
10 years experience; 7.4% had 1–5 years experience; and 
2.0% had < 1 year experience in laparoscopy. Data on 30-day 
morbidity and mortality were available for all the patients 
giving us a 100% follow-up in this study.

Indications, investigations, and prior ERCP/
cholecystostomy

Majority (71.7%; n = 4780) of the procedures were elective. 
The indication for surgery was biliary colic in 65.4% and 
acute cholecystitis in 17.3%. A preoperative Ultrasound scan 
was performed on all the patients in this study. Ultrasound 
findings of increased wall thickness; impacted stone at neck; 
and pericholecystic fluid were seen in 30.9% (n = 2061), 
11.3% (n = 756), and 16% (n = 1066), respectively. Mag-
netic resonance cholangiopancreatography (MRCP) was 
performed in 14% (n = 932) while a Computerised Tomog-
raphy (CT) abdomen was carried out in 6.3% (n = 419). 
Approximately 7% (n = 463) patients had undergone a pre-
operative Endoscopic Retrograde Cholangio-Pancreatogram 
(ERCP) and 0.7% (n = 46) patients had a prior percutaneous 
cholecystostomy.

Surgical approach, important findings, 
and operating time

A total laparoscopic cholecystectomy was performed in 95% 
(n = 6331) of the patients while laparoscopic subtotal chol-
ecystectomy was performed in 1.9% (n = 126). Conversion 
to open cholecystectomy was needed in 1.4% of patients 
(n = 96). A simultaneous laparoscopic common bile duct 
exploration was performed in 1.2% (n = 79) of patients. 
An additional procedure like appendectomy, hysterectomy, 
ureteric stone removal, or hernia repair was carried out in 
0.5% (n = 34) patients. An intraoperative cholangiogram 
was performed in 1.4% (n = 95) patients. Cystic artery was 
controlled using titanium clips in 83.1% (n = 5537), poly-
mer clips in 5.4% (n = 360), electrosurgical energy in 5.4% 
(n = 360), ultrasonic /bipolar energy in 3.7% (n = 252), and 
by ligation in 2.2% (n = 151). Cystic duct was controlled 
by titanium clips in 81.3% (n = 5412), polymer clips in 
10.8% (n = 721), ligation in 4.3% (n = 292), and transfixa-
tion in 3.3% (n = 225). Mucocele, empyema, gangrene, and 
perforation were noted in 8.1% (n = 540), 8.7% (n = 581), 
3.3% (n = 222) and 3.4% (n = 228), respectively. A “frozen” 
Calot’s triangle was encountered in 11.2% (n = 745). An 

intraabdominal drain was used in 29.3% (n = 1955). The 
mean duration of surgery was 53 ± 36 min, and the mean 
duration of postoperative stay was 1.85 ± 1.41 days.

Histopathology

Histopathology revealed chronic cholecystitis in 70.7% 
(n = 4177), acute cholecystitis in 20.1% (n = 1338), and 
xanthogranulomatous cholecystitis in 1.4% (n = 101). In 
approximately 0.5% (n = 30) patients, histology revealed an 
incidental malignancy.

Readmission/reintervention

Approximately 0.9% (n = 58) patients needed to be readmit-
ted during the study period. Additional endoscopic, radio-
logical, and surgical procedure were needed in 0.4% (n = 27), 
0.5% (n = 35), and 0.3% (n = 19), respectively.

30‑day morbidity and mortality

A 30-day Morbidity was reported in 11.1% (n = 743) and 
14 (0.2%) patients died during the 30 days. Most of the 
complications were Clavien–Dindo grade I (2.8%) or grade 
II (7.2%). Grade III (0.9%), grade IV (0.2%), and grade V 
(0.2%) complications were less common (Table 1). Bleed-
ing was encountered in 1.5% (n = 103), and it needed blood 
transfusion in 0.7% (n = 44). A bowel injury occurred in 
0.1% (n = 4), and bile duct injury was seen in 0.3% (n = 20). 
Bile leak and intraabdominal collections were reported in 
0.9% (n = 58) and 0.8% (n = 56), respectively. Wound and 
chest infections were noticed in 1.5% (n = 98) and 0.4% 
(n = 27), respectively. One patient each developed deep 
venous thrombosis and pulmonary embolism. Five patients 
(0.1%) had a myocardial infarction and 15 patients (0.2%) 
had a stroke. Approximately 8.5% (n = 568) needed intensive 
care postoperatively (Table 1).

Several variables were significantly associated with 
30-day morbidity on univariate analysis (Tables 2 and 3). 
On binomial, logistic regression, only age, weight, BMI, 
duration of symptoms, nature of surgeon practice, history 
of COVID-19, previous major abdominal surgery, acute 
cholecystitis (vs biliary colic), use of unipolar electrosur-
gical energy or ultrasonic/bipolar energy for cystic artery 
control (vs titanium clips); use of polymer clips for cystic 
duct control (vs titanium clips); conversion to open surgery, 
subtotal cholecystectomy, simultaneous common bile duct 
exploration (vs laparoscopic cholecystectomy), mucocele, 
gangrenous gallbladder, dense adhesions, intraoperative 
cholangiogram, and use of abdominal drain were indepen-
dently associated with 30-day morbidity (Table 4).

Similarly, many variables were associated with 30-day 
mortality on univariate analysis (Tables 5 and 6). But on 
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binomial, logistic regression only nature of surgeon practice, 
ischemic heart disease, emergency surgery, postoperative 
ICU stay, and postoperative duration of stay were indepen-
dently associated with 30-day mortality (Table 7).

Discussion

This large prospective, multicentre study of 30-day mor-
bidity and mortality of LC in India conducted under the 
auspices of the Indian Association of Gastrointestinal Endo-
scopic Surgeons revealed 30-day morbidity of 11.1%, 30-day 
mortality of 0.2%, conversion to open surgery rate of 1.4%, 
and bile duct injury rate of 0.3%.

In comparison, Pucher et al. in their meta-analysis of 
505,292 patients reported a conversion rate, BDI, morbid-
ity, and mortality rates of 4.2–6.2%, 0.32–0.52%, 1.6–5.3%, 
and 0.08–0.14%, respectively [3]. But this meta-analysis 
included data from 150 studies performed over several dec-
ades, and authors admitted that data quality and reporting 
were heterogeneous with significant “reporting bias”. In 
comparison, ours is a prospective study with 100.0% 
follow-up. Moreover, because this meta-analysis included 
data from studies over a prolonged period, it cannot represent 
the contemporary picture. The Chole-S study is probably 
the only similar study in the literature [8]. It is a national 
(United Kingdom), prospective study on a similar number 
of patients. The 30-day morbidity rate in that study of 10.8% 

Table 1   Details of complications (a) and Clavien–Dindo Score (b)

(a) Complications Number
(6666)

Percentage 
of total cases

 Bleeding 103 1.5
 Blood transfusion required 44 0.7
 Bowel injury 4 0.1
 Bile duct injury 20 0.30
 Bile leak 58 0.9
 Intra-abdominal collection 56 0.8
 Wound infection 98 1.5
 Chest infection 27 0.4
 DVT 1 0.01
 Pulmonary embolism 1 0.01
 Myocardial Infarct 5 0.1
 Stroke 15 0.2

(b) Clavien–Dindo grade of Complications Number Percentage 
of total cases

 No complication 5910 88.7
 Grade I 195 2.8
 Grade II 480 7.2
 Grade III 58 0.9
 Grade IV 10 0.2
 Grade V 13 0.2

Table 2   Univariate analysis continuous variables: 30-day morbidity

Mean ± SD in those with 
30-day morbidity

Mean ± SD in those without 
30-day morbidity

p value 95% Confidence Intervals

Lower Upper

Age (years) 49.93 ± 15.34 44.97 ± 14.59  < .001 3.850 6.07
Weight (kg) 69.65 ± 14.37 65.59 ± 12.44  < .001 3.098 5.02
BMI 26.88 ± 5.60 25.96 ± 4.63  < .001 0.564 1.28
Duration of symptoms 77.91 ± 184.10 130.47 ± 255.15  < .001 − 71.327 − 33.80
Duration of surgery 65.36 ± 45.33 52.23 ± 35.26  < .001 10.369 15.89
Postoperative duration of stay 2.68 ± 3.56 1.80 ± 1.09  < .001 0.764 1.00
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Table 3   Univariate analysis categorical variables: 30-day morbidity

Variable Category 1 Category 2 Morbidity OR 95% Confi-
dence Interval

p value

Cat 1/yes % Cat 2/yes % Lower Upper Pearson Chi-Square

Gender Male Female 14.5% 10.0% 1.534 1.313 1.792  < 0.001*
Age Age > 65 years Age < 65 years 17.6% 10.5% 1.813 1.486 2.213  < 0.001*
Obesity Obese Non Obese 13.9% 10.9% 1.328 1.098 1.605 0.003*
DM Yes No 15.3% 10.5% 1.534 1.284 1.832  < 0.001*
HTN Yes No 14.7% 10.3% 1.504 1.277 1.771  < 0.001*
IHD Yes No 21.8% 10.9% 2.283 1.712 3.046  < 0.001*
CLD Yes No 19.3% 11.3% 1.874 0.966 3.633 0.059
CKD Yes No 21.7% 11.3% 2.185 1.227 3.892 0.006*
COPD Yes No 16.6% 11.3% 1.564 1.020 2.399 0.039*
Past H/o covid-19 

infection
Yes No 20.0% 11.0% 2.014 1.467 2.764  < 0.001*

Previous major 
abdominal surgery

Yes No 8.6% 12.0% 0.692 0.555 0.861  < 0.001*

US findings increased 
wall thickness

Yes No 16.5% 9.1% 1.986 1.703 2.316  < 0.001*

US findings impacted 
stone

Yes No 18.3% 10.1% 1.999 1.673 2.389  < 0.001*

Pre-operative ERCP Yes No 18.0% 10.9% 1.795 1.399 2.303  < 0.001*
Prior Percutaneous 

cholecystostomy
Yes No 28.3% 11.3% 3.102 1.625 5.920  < 0.001*

Shrunken contracted 
GB

Yes No 17.3% 10.8% 1.719 1.364 2.166  < 0.001*

Gangrenous GB Yes No 34.2% 10.6% 4.391 3.291 5.858  < 0.001*
Empyema GB Yes No 26.5% 9.9% 3.267 2.668 4.000  < 0.001*
Perforated GB Yes No 30.3% 10.7% 3.615 2.696 4.848  < 0.001*
Dense adhesions Yes No 20.0% 8.5% 2.699 2.310 3.154  < 0.001*
Frozen calots Yes No 24.4% 9.7% 2.994 2.481 3.613  < 0.001*
Private hospital/gov-

ernment hospital
Private hospital Government Hospital 11.4% 12.0% 0.940 0.752 1.177 0.591

Both government and 
private hospitals/
government hospital

Government and 
private hospital

Government hospital 9.7% 12.0% 0.786 0.528 1.170 0.234

Operating surgeons 
Experience in lapa-
roscopy

1–5 years  < 1 year 11.6% 6.0% 2.059 0.957 4.430 0.060

Operating surgeons 
Experience in lapa-
roscopy

6–10 years  < 1 year 10.9% 6.0% 1.919 0.910 4.049 0.082

Operating surgeons 
Experience in lapa-
roscopy

 > 10 years  < 1 year 11.6% 6.0% 2.066 1.006 4.242 0.044*

Lap to open chol-
ecystectomy/lap 
cholecystectomy

Lap to open cholecys-
tectomy

Lap cholecystectomy 46.9% 9.9% 8.069 5.359 12.150  < 0.001*

Subtotal cholecystec-
tomy/lap Cholecys-
tectomy

Subtotal cholecystec-
tomy

Lap cholecystecomy 37.3% 9.9% 5.441 3.756 7.880  < 0.001*

Lap cholecystectomy 
with other proce-
dures/lap cholecys-
tectomy

Lap cholecystectomy 
with other porce-
dures

Lap cholecystecomy 28.6% 9.9% 3.658 2.037 6.570  < 0.001*
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seems comparable to our 11.1%. Similarly, the 30-day mor-
tality rate in that study was 0.12% compared to 0.2% in our 
study. Even that study was published six years ago.

In this study, we focussed on LC and not on the planned 
open procedure as LC has now become the standard of care 
for benign gallbladder disease even in developing countries 
such as India and the authors cannot think of any situation 
where they would “plan” to do an open cholecystectomy 
from the outset. Indeed, even though we had mentioned 
“planned” open cholecystectomy as an exclusion criterion 
for this study to avoid any confusion, none of our collabora-
tors performed any planned open cholecystectomy during 
the study period.

Age was independently associated with 30-day morbid-
ity in our study. Similar results have been noticed by other 
authors [9, 10]. This is probably due to increased frailty, 
presence of co-morbidities, higher use of antiplatelet and 
anticoagulants, and difficult local anatomy due to recurrent 
attacks and previous surgeries in these patients. Similarly, 
obesity, which was independently associated with 30-day 
morbidity in our study was associated with a higher risk of 
conversion to open surgery and bile duct injury in previ-
ous studies too [10–12]. This may be due to technical dif-
ficulties and obesity-associated co-morbidities. We found 
ischemic heart disease (IHD) to be independently associ-
ated with 30-day mortality. Others have also shown heart 

disease to be associated with a prolonged hospital stay, 
increased risk of readmissions, and resource utilisation in 
patients undergoing LC [13].

History of COVID-19 was noted in 3.8% of the patients 
and was independently associated with 30-day morbidity 
in our study. The countrywide lockdown for COVID-19 
ended in India on 31st May 2020 and the gradual process 
of unlocking started on 1st June 2020. In most hospitals, 
elective surgeries had resumed by the case enrolment 
period of December 2020 to March 2021. This is further 
confirmed by the majority (71.7%; n = 4780) of the proce-
dures being elective in our study. However, it is possible 
that the presentation of patients in this study was delayed 
due to the pandemic and this may have impacted the mor-
bidity and mortality. But given that there is no robust pre-
pandemic data on the outcomes of LC from India, one can-
not be certain of that. Similarly, we are unable to deduce 
if patients with higher co-morbidity were excluded during 
the study period given the lack of pre-pandemic multicen-
tre Indian data on this group of patients.

Acute cholecystitis and intraoperative findings of 
mucocele, gangrene, and dense adhesions were indepen-
dently associated with 30-day morbidity in this study. These 
findings are unsurprising and others have also found acute 
cholecystitis to be associated with longer operating times, 
higher conversion rates, morbidity, and mortality [11, 12].

Table 3   (continued)

Variable Category 1 Category 2 Morbidity OR 95% Confi-
dence Interval

p value

Cat 1/yes % Cat 2/yes % Lower Upper Pearson Chi-Square

Lap cholecystectomy 
with CBD explora-
tion/lap cholecys-
tectomy

Lap cholecystectomy 
with CBD explora-
tion

Lap cholecystecomy 37.2% 9.9% 5.412 3.394 8.630  < 0.001*

Urgent surgery/elec-
tive surgery

Urgent surgery 
(within 48 h)

Elective 17.3% 10.3% 1.832 1.375 2.442  < 0.001*

Emergency surgery/
elective surgery

Emergency surgery 
(48 h to 14 days)

Elective surgery 13.5% 10.3% 1.370 1.152 1.631  < 0.001*

Cystic artery control Titanium clip Ultrasonic or 
advanced bipolar

11.4% 6.7% 1.771 1.075 2.918 0.023

Cystic artery control Titanium clip Polymer clip 11.4% 7.8% 1.519 1.024 2.254 0.036
Cystic artery control Titanium clip Electrosurgical 

energy
11.4% 10.8% 1.055 0.749 1.486 0.761

Cystic artery control Titanium clip Ligation 11.4% 29.1% 0.312 0.217 0.447  < 0.001*
Cystic duct control Titanium clip Polymer clip 10.6% 6.9% 1.589 1.177 2.145 0.002*
Cystic duct control Titanium clip Ligation 10.6% 18.8% 0.510 0.376 0.693  < 0.001*
Cystic duct control Titanium clip Transfixation suture 10.6% 33.3% 0.237 0.177 0.317  < 0.001*

DM diabetes mellitus, HTN hypertension, IHD ischemic heart disease, COPD chronic obstructive pulmonary disease, CKD chronic kidney dis-
ease, CLD chronic liver disease, US ultrasonography, ERCP endoscopic retrograde cholangiopancreatography, GB Gallbladder, CBD common 
Bile Duct, Lap: laparoscopic
*Significant values
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Table 4   Binomial logistic regression—30-day morbidity [AIC 3881, R2 (McF) 0.190, p value of model < 0.001]

Predictor Estimate SE Z p Odds ratio 95% Confidence 
Interval

Lower Upper

Intercept − 4.05285 0.48206 − 8.4074  < .001* 0.0174 0.00675 0.0447
Age 0.01144 0.00352 3.2481 0.001* 1.0115 1.00455 1.0185
Weight 0.03002 0.00682 4.3989  < .001* 1.0305 1.01678 1.0443
BMI − 0.03555 0.01780 − 1.9970 0.046* 0.9651 0.93199 0.9993
Duration of symptoms − 0.00119 3.04e−4 − 3.9049  < .001* 0.9988 0.99822 0.9994
Surgeon practice
 Private hospital–government hospital − 0.28601 0.13865 − 2.0629 0.039* 0.7513 0.57249 0.9858
 Both govt and private–government hospital − 0.79743 0.25269 − 3.1558 0.002* 0.4505 0.27453 0.7392

Gender
 Male–female − 0.16709 0.11460 − 1.4581 0.145 0.8461 0.67590 1.0592

DM
 Yes–no − 0.07311 0.11841 − 0.6174 0.537 0.9295 0.73698 1.1723

HTN
 Yes–no − 0.14870 0.11347 − 1.3105 0.190 0.8618 0.68998 1.0765

IHD
 Yes–no 0.35593 0.19030 1.8703 0.061 1.4275 0.98309 2.0728

CLD
 Yes–no − 0.14326 0.38113 − 0.3759 0.707 0.8665 0.41055 1.8290

CKD
 Yes–no 0.20125 0.35102 0.5733 0.566 1.2229 0.61463 2.4333

COPD
 Yes–no 0.11666 0.25216 0.4626 0.644 1.1237 0.68553 1.8421

Past h/o COVID
 Yes–no 0.62448 0.18636 3.3509  < .001* 1.8673 1.29591 2.6906

Previous major abdominal surgery
 Yes–no − 0.36689 0.12667 − 2.8963 0.004* 0.6929 0.54055 0.8881

Diagnosis
 Acute cholecystitis–biliary colic 0.67505 0.13527 4.9905  < .001* 1.9641 1.50671 2.5604
 Pancreatitis–biliary colic 0.15453 0.26191 0.5900 0.555 1.1671 0.69852 1.9501
 Polyp–biliary colic 0.88963 0.39634 2.2446 0.025* 2.4342 1.11942 5.2934
 Others–biliary colic 2.04229 0.11271 18.1202  < .001* 7.7083 6.18045 9.6138

Increased wall thickness on US
 Yes–no 0.00611 0.11644 0.0525 0.958 1.0061 0.80083 1.2641

Pericholecystic fluid on US
 Yes–no 0.20057 0.14395 1.3933 0.164 1.2221 0.92167 1.6205

Impacted stone on US
 Yes–no 0.07443 0.12373 0.6016 0.547 1.0773 0.84530 1.3729

Previous ERCP
 Yes–no 0.10832 0.16251 0.6665 0.505 1.1144 0.81042 1.5324

Previous percutaneous cholecystostomy
 Yes–no 0.33744 0.41095 0.8211 0.412 1.4014 0.62625 3.1358

Nature of surgery
 Emergency–elective 0.07091 0.11866 0.5976 0.550 1.0735 0.85073 1.3546
 Urgent–elective − 0.06495 0.19173 − 0.3387 0.735 0.9371 0.64356 1.3646

Surgeon experience of laparoscopy
 1–5 years– 0.52640 0.41707 1.2622 0.207 1.6928 0.74749 3.8337
 6 to 10 years– − 0.01100 0.40744 − 0.0270 0.978 0.9891 0.44505 2.1980



2618	 Surgical Endoscopy (2023) 37:2611–2625

1 3

Emergency surgery, postoperative ICU stay, and pro-
longed hospital stay were also found to be independently 
associated with 30-day mortality in this study. Similar 
results have also been seen in other studies [11, 12, 14]. 
Emergency surgery for acute cholecystitis is associated 
with longer operating times, higher conversion rates, higher 
bile leak rates, and longer hospital stay [14]. At the same 

time, early laparoscopic cholecystectomy has shown to be 
safer than delayed surgery for acute cholecystitis in a recent 
Cochrane review [15]. There is no contradiction between the 
two observations as though at higher risk than patients with-
out acute cholecystitis, early LC is still safer in this popula-
tion than delayed LC.

Table 4   (continued)

Predictor Estimate SE Z p Odds ratio 95% Confidence 
Interval

Lower Upper

 > 10 years– 0.02620 0.39310 0.0666 0.947 1.0265 0.47508 2.2181
Cystic artery control
 Ligation–titanium clips 0.05558 0.32568 0.1707 0.864 1.0572 0.55837 2.0015
 Cauterisation–titanium clips − 0.81572 0.22652 − 3.6011  < .001* 0.4423 0.28374 0.6895
 Polymer clips–titanium clips − 0.10719 0.28425 − 0.3771 0.706 0.8984 0.51462 1.5682
 Ultrasonic/advanced bipolar–titanium clips − 1.07139 0.29938 − 3.5787  < .001* 0.3425 0.19049 0.6159

Cystic duct control
 Polymer clips–titanium clips − 0.82115 0.21222 − 3.8694  < .001* 0.4399 0.29023 0.6668
 Ligated–titanium clips − 0.28965 0.22941 − 1.2626 0.207 0.7485 0.47746 1.1735
 Transfixed–titanium clips 0.37282 0.22138 1.6841 0.092 1.4518 0.94075 2.2405

Procedure type
 Lap cholecystectomy with CBD exploration–lap 

cholecystectomy
1.10305 0.30739 3.5884  < .001* 3.0133 1.64967 5.5043

 Lap to open cholecystectomy–lap cholecystectomy 1.65039 0.31264 5.2789  < .001* 5.2090 2.82252 9.6132
 Others–lap cholecystectomy 0.98993 0.36980 2.6769 0.007* 2.6910 1.30360 5.5552
 Subtotal cholecystectomy–lap cholecystectomy 1.02102 0.26221 3.8939  < .001* 2.7760 1.66047 4.6411

Mucocoele
 Yes–no − 0.47669 0.17458 − 2.7306 0.006* 0.6208 0.44093 0.8741

Shrunken GallBladder
 Yes–no − 0.09830 0.15761 − 0.6237 0.533 0.9064 0.66550 1.2344

Gangrenous GallBladder
 Yes–no 0.52741 0.20589 2.5616 0.010* 1.6945 1.13188 2.5369

Empyema GallBladder
 Yes–no 0.17092 0.14841 1.1517 0.249 1.1864 0.88696 1.5869

Perforated GallBladder
 Yes–no 0.07668 0.19711 0.3890 0.697 1.0797 0.73371 1.5888

Dense adhesions
 Yes–no 0.39898 0.11598 3.4402  < .001* 1.4903 1.18729 1.8707

Frozen Calot's triangle
 Yes–no 0.23835 0.14570 1.6359 0.102 1.2692 0.95388 1.6886

Duration of surgery − 0.00304 0.00131 − 2.3198 0.020* 0.9970 0.99441 0.9995
Intraoperative cholangiogram
 Yes–no 0.96646 0.28769 3.3593  < .001* 2.6286 1.49570 4.6197

Abdominal drain
 Yes–no 0.43712 0.11298 3.8691  < .001* 1.5482 1.24072 1.9320

Estimates represent the log odds of "30-day Morbidity = Morbidity" vs. "30-day Morbidity = No morbidity"
DM diabetes mellitus, HTN hypertension, IHD ischemic heart disease, COPD chronic obstructive pulmonary disease, CKD chronic kidney dis-
ease, CLD chronic liver disease, US ultrasonography, ERCP endoscopic retrograde cholangiopancreatography, GB Gallbladder, CBD common 
Bile Duct, Lap laparoscopic
* Significant values
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The method of controlling cystic duct and artery was 
independently associated with 30-day morbidity in this 
study. Somewhat counterintuitively, the use of more secure 
locking polymer clips for cystic duct closure was associated 
with higher morbidity than the use of titanium clips. Simi-
larly, the use of electrosurgical energy, ultrasonic energy, and 
advanced bipolar for cystic artery was associated with higher 
morbidity. These findings are probably due to selection bias 
as surgeons might have used these methods to control cystic 
duct and artery in more difficult cases. In a recently pub-
lished review, the authors did not find any significant dif-
ference in outcomes between the different methods used to 
control the cystic duct [16]. There is probably hence a need 
for randomised studies to understand this better. Similarly, 
an Intraoperative cholangiogram was associated with higher 
30-day morbidity—once again probably due to its selective 
use in difficult cases as only 1.5% of patients in this study 
underwent an intraoperative cholangiogram. This is prob-
ably also the explanation for drains being associated with 
higher morbidity.

Laparoscopy converted to open cholecystectomy, subto-
tal cholecystectomy, and simultaneous common bile duct 
explorations were all independently associated with 30-day 
morbidity in our study. These findings are unsurprising and 
have been confirmed by previous authors [17, 18].

A total of 34 patients in our study underwent additional 
surgeries such as hernia repair, appendectomy, ureteric stone 
removal, or hysterectomy. These combined surgeries offer 
the benefit of two procedures in single anaesthesia and hos-
pital admission [19]. However, this advantage may come at 
a cost. We found that combining another procedure with LC 
was associated with higher 30-day morbidity on univariate 
analysis. More focussed studies need to examine this issue 
in more detail in the future.

Somewhat counterintuitively, we observed a lower risk 
of 30-day morbidity and mortality in the hands of sur-
geons with < 1 year of experience. This difference was not 

significant, and there can be several explanations for this 
observation—such as low numbers (n = 134) or that surgery 
was taken over by more experienced surgeons if found to be 
difficult intraoperatively as surgeons in this category would 
typically be trainees.

Limitations and strengths

The biggest weakness of this study is the self-reporting of 
complications. However, the authors believe anonymised 
data collection and pooling before analysis would have 
encouraged collaborators to submit accurate data as there 
was no personal incentive to underreport complications. And 
the morbidity and mortality rates in this study seem similar 
to what authors see in their institutions perhaps suggesting 
complications were fully reported. Other possible concerns 
could be regarding the inclusion of all consecutive cases 
during the study period. Though we repeatedly reminded 
our collaborators to include all consecutive cases during the 
study period to get rid of selection bias, we cannot be certain 
of this.

The study included surgeons practising in different set-
ups (government hospitals as well as small and large pri-
vate hospitals) with wide variation in health care facilities. 
The surgeons' expertise and training differed too as did the 
patient population thus leading to heterogenicity of data. 
Also, since ours was a multicentre study, the preoperative 
workup, and postoperative care, and overall quality of care 
would have varied from one institution to the other. But it 
was important for obtaining an estimate of the true picture of 
30-day morbidity and mortality of LC in India. Although it 
was not our purpose to publish individual centre outcomes to 
preserve anonymity, surgeons in these centres should be able 
to compare their data to the pooled national data reported 
in this study and drive local quality improvement projects.

Table 5   Univariate analysis continuous variables: 30-day mortality

Mean ± SD in those 
with 30-day mortality

Mean ± SD in those with-
out 30-day mortality

p Mean diff SE diff 95% Confidence 
Intervals

Lower. Upper

Age 62.43 ± 13.34 45.50 ± 14.74  < .001 − 16.92 3.944 − 24.66 − 9.193
Weight 73.74 ± 13.37 66.03 ± 12.74 0.024 − 7.71 3.408 − 14.39 − 1.030
BMI 28.09 ± 5.05 26.06 ± 4.75 0.112 − 2.02 1.272 − 4.52 0.469
Duration of symptoms 56.86 ± 100.03 124.62 ± 48.84 0.308 67.77 66.520 − 62.63 198.168
Duration of surgery 92.93 ± 51.63 53.64 ± 36.70  < .001 − 39.28 9.829 − 58.55 − 20.018
Postop duration of stay 7.21 ± 7.91 1.89 ± 1.55  < .001 − 5.33 0.425 − 6.16 − 4.494
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Table 6   Univariate analysis categorical variables: 30-day mortality

Variable Category 1 Category 2 Morbidity OR 95% Confidence 
Interval

p value

Cat 1% Cat 2% Lower Upper Fisher's Exact Test

Gender Male Female 0.4% 0.1% 2.898 1.004 8.363 0.047*
Age 65  > 65 years  < 65 years 1.0% 0.1% 9.680 3.350 27.968  < 0.001*
Obesity (obese/non 

obese)
Obese Non obese 0.4% 0.2% 2.765 0.925 8.267 0.070

DM Yes No 0.6% 0.1% 4.399 1.540 12.565 0.008*
HTN Yes No 0.5% 0.1% 4.039 1.399 11.657 0.010*
IHD Yes No 2.0% 0.1% 16.633 5.733 48.255  < 0.001*
CLD Yes No 1.8% 0.2% 9.060 1.165 70.443 0.113
CKD Yes No 2.9% 0.2% 16.381 3.596 74.609 0.009*
COPD Yes No 0.6% 0.2% 3.203 0.416 24.638 0.284
Past Ho covid infection Yes No 0.4% 0.2% 1.938 0.252 14.869 0.421
Previous major abdomi-

nal surgery
Yes No 0.3% 0.2% 1.277 0.356 4.583 0.724

US findings increased 
wall thickness

Yes No 0.5% 0.1% 5.608 1.757 17.902 0.002*

US findings impacted 
stone

Yes No 0.6% 0.1% 3.957 1.370 11.426 0.016*

Preop ERCP Yes No 0.4% 0.2% 2.218 0.495 9.938 0.257
Prior percutaneous 

cholecystostomy
Yes No 4.3% 0.2% 25.030 5.442 115.135 0.004*

Shrunken contracted GB Yes No 0.5% 0.2% 2.910 0.810 10.461 0.113
Gangrenous GB Yes No 2.7% 0.1% 22.347 7.687 64.965  < 0.001*
Empyema GB Yes No 0.7% 0.2% 4.211 1.317 13.470 0.028*
Perforated GB Yes No 2.2% 0.1% 16.016 5.324 48.180  < 0.001*
Dense adhesions Yes No 0.6% 0.1% 7.542 2.362 24.080  < 0.001*
Frozen calots triangle Yes No 1.1% 0.1% 10.701 3.703 30.926  < 0.001*
Private/government Private Government 0.2% 0.4% 0.564 0.157 2.026 0.419
Both government and 

private/government
Both Government and 

private
Government 0.0% 0.4% 1.004 1.000 1.008 0.556

Operating surgeons
Experience in laparos-

copy

1–5 years  < 1 year 0.0% 0.0% 1.000

Operating surgeons
Experience in laparos-

copy

6–10 yeaS  < 1 year 0.4% 0.0% 1.000

Operating surgeons
experience in laparos-

copy

 > 10 years  < 1 year 0.2% 0.0% 1.000

Lap to open cholecys-
tectomy/lap cholecys-
tectomy

Lap to open cholecys-
tectomy

Lap cholecystectomy 2.1% 0.2% 12.18 2.664 55.726 0.016*

Subtotal cholecystec-
tomy/lap cholecystec-
tomy

Subtotal cholecystec-
tomy

Lap cholecystectomy 0.8% 0.2% 4.581 0.587 35.755 0.211

Lap cholecystectomy 
with other procedures/
lap cholecystectomy

Lap cholecystectomy 
with other procdures

Lap cholecystecomy 0.0% 0.2% 1.000

Lap cholecystectomy 
with CBD exploration/
lap Cholecystectomy

Lap cholecystectomy 
with CBD exploration

Lap cholecystecomy 0.0% 0.2% 1.000

Urgent/elective Urgent Elective 0.5% 0.1% 5.276 1.020 27.290 0.083*
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The use of Clavien–Dindo scoring has its limitations 
as it does not tell us anything about the nature of com-
plications. To overcome this, we have also reported indi-
vidual complications. Another potential weakness of our 
study is the 30-day follow-up. We would, therefore, not 
have been able to capture morbidity and mortality occur-
ring after that period. The use of a 90-day follow-up [20] 
could overcome this weakness. At the same time, 30-day 
morbidity and mortality are widely used as surrogates for 
surgical safety in the academic literature.

At the same time, there are few prospective, contempo-
rary, multicentre national studies on LC on such a large 
number of patients making this study a valuable addition 
to the surgical literature on this topic. It is also the first 
large experience from India with patients operated across 
the entire spectrum of Indian hospitals allowing us to 
obtain close to a true estimate of the safety of LC in India 
and also test for independent associations of variables 
with 30-day morbidity and mortality. Our use of validated 
CD grade of complications for capturing 30-day morbid-
ity, 100% follow-up rate, and careful, manual checking of 
data are other factors worth highlighting.

Conclusion

This multicentre, prospective study of 6666 patients 
undergoing LC in 125 centres found a 30-day morbidity 
and mortality rate of 11.1% and 0.2%, respectively. Fac-
tors independently associated with 30-day mortality were 
the nature of surgeon practice, ischemic heart disease, 
emergency surgery, postoperative ICU stay, and postoper-
ative duration of stay. Age, body weight, BMI, duration of 
symptoms, nature of surgeon practice, history of COVID-
19, previous major abdominal surgery, acute cholecystitis 
(vs biliary colic), use of electrosurgical energy or ultra-
sonic/ advanced bipolar energy for cystic artery control 
(vs titanium clips); use of polymer clips for cystic duct 
control (vs titanium clips); conversion to open surgery, 
subtotal cholecystectomy, simultaneous common bile duct 
exploration (vs laparoscopic cholecystectomy), mucocele, 
gangrenous gallbladder, dense adhesions, intraoperative 
cholangiogram, and use of abdominal drain were indepen-
dently associated with 30-day morbidity. Our results show 
that morbidity and mortality following LC in Indian hos-
pitals are comparable to that in other large series reported 
from other parts of the world. We also encourage more 
surgeons from other Indian hospitals to participate in 
similar collaborative studies.
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bile duct, Lap laparoscopic
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Table 6   (continued)

Variable Category 1 Category 2 Morbidity OR 95% Confidence 
Interval

p value

Cat 1% Cat 2% Lower Upper Fisher's Exact Test

Emergency/elective Emergency Elective 0.5% 0.1% 4.413 1.398 13.923 0.012*
Cystic artery control Titanium clip Ultrasonic/advanced 

bipolar
0.1% 0.0% 0.999 0.998 1.000 1.000

Cystic artery control Titanium clip Polymer clip 0.1% 0.6% 0.259 0.055 1.226 0.121
Cystic artery control Titanium clip Electrosurgical energy 0.1% 0.3% 0.520 0.065 4.171 0.433
Cystic artery control by Titanium clip Ligation 0.1% 1.3% 0.108 0.023 0.513 0.027*
Cystic duct control by Titanium clip Polymer clip 0.1% 0.4% 0.310 0.080 1.201 0.103
Cystic duct control by Titanium clip Ligation 0.1% 0.3% 0.377 0.046 3.073 0.343
Cystic duct control by Titanium clip transfixation 0.1% 1.3% 0.096 0.025 0.373 0.006*
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Table 7   Binomial logistic regression—30-day mortality [AIC 180, R2 (McF) 0.605, p value of model < 0.001]

Predictor Estimate SE Z p Odds ratio 95% Confidence 
Interval

Lower Upper

Intercept − 31.2030 8762.09046 − 0.003 0.997 2.81e−14 0.00000 Inf
Surgeon practice
 Private hospital–government hospital − 2.56233 1.17080 − 2.188 0.029* 0.0771 0.00777 0.765
 Both govt and private–government hospital − 24.7373 3652.51261 − 0.006 0.995 1.81e−11 0.00000 Inf

Age 0.05225 0.03882 1.3459 0.178 1.0536 0.97645 1.137
Gender
 Male–female − 0.62868 1.27027 − 0.494 0.621 0.5333 0.04423 6.430
 Weight 0.04001 0.06056 0.6606 0.509 1.0408 0.92433 1.172
 BMI 0.07594 0.14834 0.5119 0.609 1.0789 0.80670 1.443

DM
 Yes–no 0.34934 1.04012 0.3358 0.737 1.4181 0.18466 10.891

HTN
 Yes–no − 2.24639 1.27472 − 1.762 0.078 0.1058 0.00870 1.287

IHD
 Yes–no 3.03137 1.26442 2.3974 0.017* 20.7255 1.73871 247.049

CLD
 Yes–no 2.94347 1.66741 1.7653 0.078 18.9817 0.72283 498.463

CKD
Yes–no 1.86858 1.50162 1.2443 0.213 6.4791 0.34145 122.940
COPD
 Yes–no − 0.82162 1.81506 − 0.452 0.651 0.4397 0.01254 15.423

Past h/o COVID
 Yes–no − 1.31443 1.76473 − 0.744 0.456 0.2686 0.00845 8.537

Previous major abdominal surgery
 Yes–no 0.12033 1.05336 0.1142 0.909 1.1279 0.14310 8.889

Duration of symptoms 0.00112 0.00173 0.6488 0.516 1.0011 0.99774 1.005
Diagnosis
 Acute cholecystitis–biliary colic − 2.29084 1.53087 − 1.496 0.135 0.1012 0.00504 2.033
 Pancreatitis–Biliary colic − 36.2340 4544.55434 − 0.0079 0.994 1.84e−16 0.00000 Inf
 Polyp–Biliary colic − 17.4889 11,771.91414 − 0.001 0.999 2.54e0−8 0.00000 Inf
 Others–Biliary colic 1.79435 1.17776 1.5235 0.128 6.0156 0.59809 60.504

Increased wall thickness on US
 Yes–no − 0.30060 1.14809 − 0.261 0.793 0.7404 0.07802 7.026

Pericholecystic fluid on US
 Yes–no 0.01482 1.39197 0.0106 0.992 1.0149 0.06631 15.534

Impacted stone on US
 Yes–no 1.12385 1.22132 0.9201 0.357 3.0767 0.28086 33.703

Previous ERCP
 Yes–no − 1.42167 1.43658 − 0.989 0.322 0.2413 0.01445 4.031

Previous percutaneous cholecystostomy
 Yes–no 0.54028 2.14183 0.2522 0.801 1.7165 0.02579 114.226

Nature of surgery
 Emergency–elective 2.58551 1.20623 2.1434 0.032* 13.2700 1.24775 141.129
 Urgent–elective 0.56157 1.64754 0.3408 0.733 1.7534 0.06942 44.287

Procedure type
 Lap cholecystectomy with CBD exploration–lap 

cholecystectomy
− 19.3653 10,645.24608 − 0.001 0.999 3.89e0−9 0.00000 Inf

 Lap to open cholecystectomy–lap cholecystectomy 0.77964 2.09117 0.3728 0.709 2.1807 0.03619 131.403
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Estimates represent the log odds of "30-day Mortality = Yes" vs. "30-day Mortality = No"
DM diabetes mellitus, HTN hypertension, IHD ischemic heart disease, COPD chronic obstructive pulmonary disease, CKD chronic kidney dis-
ease, CLD chronic liver disease, US ultrasonography, ERCP endoscopic retrograde cholangiopancreatography, GBgallbladder, CBD common 
bile duct, Lap laparoscopic
* Significant values

Table 7   (continued)

Predictor Estimate SE Z p Odds ratio 95% Confidence 
Interval

Lower Upper

 Others–lap cholecystectomy − 18.2073 13,727.94819 − 0.001 0.999 1.24e0−8 0.00000 Inf
 Subtotal cholecystectomy–Lap cholecystectomy 1.51952 1.90413 0.798 0.425 4.5700 0.10943 190.862

Surgeon experience of laparoscopy
 1–5 years– − 3.79909 9430.82053 − 4.0e−4 1.000 0.0224 0.00000 Inf
 6 to 10 years– 15.18161 8762.08994 0.0017 0.999 3.92e0 + 6 0.00000 Inf
 > 10 years– 15.53521 8762.08988 0.0017 0.999 5.58e0 + 6 0.00000 Inf

Mucocoele
 Yes–no − 18.9640 3249.91880 − 0.005 0.995 5.81e0−9 0.00000 Inf

Shrunken GallBladder
 Yes–no 0.24080 1.16570 0.2065 0.836 1.2723 0.12952 12.498

Gangrenous GallBladder
 Yes–no 1.44576 1.61118 0.8973 0.370 4.2451 0.18049 99.844

Empyema GallBladder
 Yes–no − 3.24204 1.78221 − 1.819 0.069 0.0391 0.00119 1.285
 Perforated GallBladder
 Yes–no − 0.17550 1.16795 − 0.150 0.881 0.8390 0.08504 8.278

Dense adhesions
 Yes–no − 0.54254 1.15088 − 0.471 0.637 0.5813 0.06092 5.546

Frozen Calot's triangle
 Yes–no 1.91558 1.35164 1.4172 0.156 6.7909 0.48018 96.039

Cystic artery control
 Ligation–titanium Clips 0.83385 2.36895 0.3519 0.725 2.3022 0.02217 239.104
 Cauterisation–titanium Clips 0.25942 1.58411 0.1637 0.870 1.2962 0.05811 28.911
 Polymer clips–titanium clips − 0.53489 1.80804 − 0.295 0.767 0.5857 0.01693 20.263
 Ultrasonic/advanced bipolar–titanium clips − 20.2786 5659.45980 − 0.003 0.997 1.56e0−9 0.00000 Inf

Cystic duct control
 Polymer clips–titanium clips 1.74338 1.46757 1.1879 0.235 5.7166 0.32206 101.471
 Ligated–titanium clips − 1.05000 2.18243 − 0.481 0.630 0.3499 0.00486 25.216

Transfixed–titanium clips 2.24815 1.65824 1.3557 0.175 9.4702 0.36717 244.260
Duration of surgery − 0.01803 0.01291 − 1.396 0.163 0.9821 0.95760 1.007
Intraoperative cholangiogram
 Yes–no − 19.1267 8181.62244 − 0.002 0.998 4.94e0−9 0.00000 Inf

Abdominal drain
 Yes–no 1.53118 1.39567 1.0971 0.273 4.6236 0.29991 71.282

ICU stay
 Yes–no 3.05561 1.11558 2.7390 0.006* 21.2341 2.38478 189.068

Postoperative duration of stay 0.46316 0.13248 3.4959  < .001* 1.5891 1.22568 2.060
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