
Characterization of common bile duct injury after laparoscopic
cholecystectomy in a high-volume hospital system

Julia F. Kohn1,2 • Alexander Trenk2 • Kristine Kuchta2 • Brittany Lapin2 •

Woody Denham2
• John G. Linn2 • Stephen Haggerty2 • Ray Joehl2 •

Michael B. Ujiki2

Received: 8 April 2017 / Accepted: 28 July 2017 / Published online: 24 August 2017

� Springer Science+Business Media, LLC 2017

Abstract

Background Despite the popularity of laparoscopic

cholecystectomy, rates of common bile duct injury remain

higher than previously observed in open cholecystectomy.

This retrospective chart review sought to determine the

prevalence of, and risk factors for, biliary injury during

laparoscopic cholecystectomy within a high-volume

healthcare system.

Methods 800 of approximately 3000 cases between 2009

and 2015 were randomly selected and retrospectively

reviewed. A single reviewer examined all operative notes,

thereby including all cases of BDI regardless of ICD code

or need for a second procedure. Biliary injuries were

classified per Strasberg et al. (J Am Coll Surg

180:101–125, 1995). Logistic regression models were uti-

lized to identify univariable and multivariable predictors of

biliary injuries.

Results 31.0% of charts stated that the Critical View of

Safety was obtained, and 12.4% of charts correctly

described the critical view in detail. Three patients (0.4%)

had a cystic duct leak, and 4 (0.5%) had a common bile

duct injury. Of the four CBDI, three patients had a partial

transection of the CBD and one had a partial stricture.

Patients who suffered BDI were more likely to have had

lower hemoglobin, urgent surgery, choledocholithiasis, or

acutely inflamed gallbladder. Multivariable analysis of BDI

risk factors showed higher preoperative hemoglobin to be

independently protective against CBDI. Acutely inflamed

gallbladder and choledocholithiasis were independently

predictive of CBDI.

Conclusions The rate of CBDI in this study was 0.5%.

Acutely inflamed conditions were risk factors for biliary

injury. Multivariable analysis suggests a protective effect

of higher preoperative hemoglobin. There was no correla-

tion of CVS with prevention of biliary injury, although

only 12.4% of charts could be verified as following the

technique correctly. Better implementation of CVS, and

increased caution in patients with perioperative inflam-

matory signs, may be important for preventing bile duct

injury. Additionally, counseling patients with acute

inflammation on increased risk is important.

Keywords Laparoscopic cholecystectomy � Common bile

duct injury � Critical View of Safety � Complications

Laparoscopic cholecystectomy (LC) is one of the most

common surgeries in the United States, with over 700,000

performed per year [1]. LC was popularized in the 1980s

after the advent of laparoscopy and quickly became the

standard of care for symptomatic cholelithiasis. However,

the rapid adoption of this procedure precluded detailed

research into the technique at the time, and no level 1

studies were ever conducted to validate the overall safety

of LC. More recently, a systematic review of laparoscopic

versus open cholecystectomy found no difference in mor-

bidity or mortality, but the authors were unable to find and

include low-bias trials from the literature [2]. However,

there have been many studies that expand the indications
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for LC. Systematic reviews examining the safety of LC in

various circumstances, including acute cholecystitis, gall-

stone pancreatitis, and biliary colic, have encountered

significant bias in many included studies [3–5].

Despite the popularity and wide use of laparoscopic

cholecystectomy, the rate of serious complications with LC

remains higher than seen with open cholecystectomy. One

of the most serious intraoperative complications is com-

mon bile duct injury (CBDI), treatment of which may

require additional procedures ranging from ERCP to sur-

gical reconstruction and even liver transplantation. Previ-

ously, a 0.1–0.25% rate of CBDI was cited for open

surgery [6, 7]; however, the rate of CBDI is generally

acknowledged to be higher in LC. Various sources cite

different rates of bile duct injury in LC, ranging from 0.3%

[8, 9] to as high as 2.6% using NSQIP data [10]. In

response to the increased rate of CBDI, Strasberg et al.

introduced the Critical View of Safety in 1995, a technique

designed to minimize the risk of injury to the extrahepatic

bile ducts by identifying all structures within the triangle of

Calot and that enter the gallbladder before dividing any

[11]. This approach has three components: the triangle of

Calot (bordered by the cystic duct, common hepatic duct,

and inferior liver edge) is cleared, the lower third of the

gallbladder is separated from the liver, and only two

structures are seen entering the gallbladder. The common

bile duct does not need to be exposed to achieve a Critical

View, which could prevent injuries incurred while dis-

secting this structure. This technique has been widely

disseminated, and the Society of Gastrointestinal and

Endoscopic Surgeons (SAGES) Safe Cholecystectomy

Task Force Program has encouraged more consistent

implementation to improve the safety of LC (https://www.

sages.org/safe-cholecystectomy-program/). However, the

rate of CBDI during LC has not fallen to OC levels.

Common bile duct injury remains overall rare, though

the true rate of CBDI after LC is difficult to determine.

Definitions of bile duct injury vary within the literature,

and study design has hindered the identification of risk

factors for biliary injury. Many single-center series are too

small to discover biliary injuries, given the low rate of

occurrence; these studies often lack sufficient power to

analyze complications. Larger cohorts studied by aggre-

gating cases from ICD codes or examining cases referred to

tertiary hepatobiliary centers may miss injuries that were

repaired intraoperatively or not documented separately

within the medical record.

NorthShore University HealthSystem consists of four

teaching hospitals affiliated with the University of Chicago,

and has a robust minimally invasive surgery practice, with

an estimated 500–600 cholecystectomies performed per

year and a mature electronic medical record dating to the

year 2000. Our study sought to determine the prevalence

of, and risk factors for, common bile duct injury during

laparoscopic cholecystectomy at this four-hospital

institution.

Materials and methods

This study was reported based on recommendations of the

STROBE statement for reporting observational studies

[12]. After institutional review board approval, 800 of

approximately 3000 cholecystectomy cases performed at

NorthShore between 2009 and 2015 were randomly

selected. The electronic medical record was retrospectively

reviewed to complete a database consisting of preoperative,

intraoperative, and postoperative data. A data dictionary

was created to ensure consistent data collection, and

chart review strategies were designed to minimize missing

data; any missing data were excluded from analysis. A

single reviewer examined all operative notes, thereby

including all cases of biliary injury regardless of severity,

ICD code, or need for a second procedure.

Continuous variables were recorded as-is in the database

and were not categorized. Cases where the gallbladder was

removed only as part of a partial hepatectomy, with no

history of gallbladder pathology, were excluded from the

database. Intraoperative choledocholithiasis was deter-

mined by any intraoperative cholangiography or postop

diagnosis of choledocholithiasis by the surgeon. Bile duct

injuries were assigned a Strasberg class according to pub-

lished standards [11] (Table 1). Intentional openings to the

common bile duct, e.g., for laparoscopic common bile duct

exploration, were not counted as biliary injuries and were

analyzed as part of the no-injury cohort [11]. The Critical

View of Safety was defined as per Strasberg [11, 13] and

the SAGES Safe Cholecystectomy Task Force Program:

(1) the triangle of Calot is fully cleared, (2) the lower third

of the gallbladder is separated to expose the liver bed, and

(3) only two structures are seen entering the gallbladder,

with the liver bed visible, before any structure is divided.

Operative reports where the surgeon chose and described a

different method of dissection (e.g., fundus-first) or the

surgery was converted to open before dissecting the tri-

angle of Calot were recorded separately.

Differences in patient demographics, preoperative, and

surgical characteristics were compared using non-para-

metric methods for small sample size (Fisher’s Exact test

or the Wilcoxon Rank-Sum test). Logistic regression

analysis was utilized to identify predictors of biliary injury.

Factors with p\ 0.10 on univariable analysis were entered

into a multivariable logistic model. Either pathology or

surgeon diagnosis of a disease was entered into the mul-

tivariable model, due to colinearity. Patients with missing

data were excluded from logistic regression analysis. All
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statistical analysis was performed using SAS 9.3 (SAS

Institute, Cary, NC). Statistical significance was defined as

a p value\0.05.

Results

All 800 cases in the database were confirmed as eligible

and included in this analysis. Of these 800 cases, cholan-

giography was performed selectively and attending sur-

geons were present in OR for critical parts of every case.

Seven patients (0.9%) had a biliary injury discovered

intra- or postoperatively (Tables 2, 3). Three patients

(0.4%) had a cystic duct stump leak, and four had an injury

to the common bile duct (0.5%). Two patients had two

unique biliary complications; in total, there were four

Strasberg class A injuries, four class D injuries, and one

class E2 injury. Only three of these cases were completed

laparoscopically, and the remainder were converted to open

procedures. No patient required surgical re-intervention or

referral to an outside hospital for further care. The Critical

View of Safety was stated to be obtained in 31.0% of

charts; however, only 12.4% of charts described the critical

view in detail consistent with the definitions by Strasberg

and SAGES, and 12.0% both stated and described CVS

correctly.

There were no statistically significant differences

(p B 0.05) on demographic data or preoperative workup,

except for lower hemoglobin in biliary injury patients

(Table 4). Patients with biliary injuries were more likely to

have had urgent surgery rather than elective, and the sur-

geon was more likely to choose a non-CVS dissection

technique or convert the procedure to open. Biliary injury

patients were significantly more likely to have acute

Table 1 Strasberg classification of biliary injury

Strasberg injury classa Description of injury

A Bile leak from a minor duct still in continuity with the common bile duct, including cystic duct or from liver bed

B Occlusion of part of biliary tree

C Bile leak from duct not in communication with common bile duct (complete transection)

D Partial transection of extrahepatic bile ducts, including R or L hepatic duct

E: circumferential injury of major bile ducts (Bismuth class 1–5)

E1 CBD or low common hepatic duct, greater than 2 cm distal to hepatic duct confluence

E2 Proximal common hepatic duct, less than 2 cm distal to hepatic duct confluence

E3 Hilar injury; no intact common hepatic duct

E4 Destruction of hepatic duct confluence such that R and L ducts are separated

E5 Involves a divided aberrant right sectoral hepatic duct, with or without common hepatic duct injury

a Adapted from Ref. [11]

Table 2 Preoperative characteristics of patients with biliary injury

ID Preop Hgb

(g/dL)

Urgent

surgery

Pathology diagnosis Surgeon diagnosis

Preoperative Postoperative

109 13.0 Yes Acute cholecystitis, gangrenous

necrosis, cholelithiasis

Cholelithiasis, acute

cholecystitis with obstruction

Empyema

120 8.4 No Chronic cholecystitis Choledocholithiasis Choledocholithiasis

129 12.0 Yes Acute and chronic cholecystitis,

cholelithiasis

Acute cholecystitis with

gallstones

Acute cholecystitis with gallstones

242 11.3 No Chronic cholecystitis,

cholelithiasis

Chronic cholecystitis with

dilated CHD

Chronic cholecystitis with dilated CHD

and intraoperative BDI

243 12.5 Yes Acute hemorrhagic cholecystitis,

necrosis

Acute cholecystitis Cholecystitis with gangrene;

intraoperative BDI

416 13.1 Yes Acute cholecystitis, necrosis,

cholelithiasis

Acute cholecystitis Acute cholecystitis, gangrene

798 13.9 Yes Acute and chronic cholecystitis,

cholelithiasis

Choledocholithiasis and acute

cholecystitis

Choledocholithiasis and Mirizzi

syndrome

Hgb hemoglobin, CHD common hepatic duct, BDI bile duct injury
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inflammatory conditions (acute cholecystitis, gangrene,

necrosis, suppurative cholecystitis, or empyema), by both

surgeon and pathologic diagnosis, and there were signifi-

cantly lower rates of chronic cholecystitis in biliary injury

patients per pathology. There were no significant differ-

ences in whether the Critical View of Safety was stated or

described correctly.

Univariable analysis of risk factors for BDI (Table 5)

identified risk factors for biliary injury (p B 0.05) to be

higher ASA class; urgent surgery; preoperative diagnosis of

acute cholecystitis; postoperative diagnosis of acute chole-

cystitis per pathology, gangrene/necrosis per pathology and

surgeon; suppurative cholecystitis/gallbladder empyema per

surgeon; and intraoperative choledocholithiasis. Converting

to open, a longer operative time, and a different dissection

method were also significantly associated with cases where

biliary injury occurred. Protective factors included higher

preoperative hemoglobin and a postoperative diagnosis of

chronic cholecystitis by pathology.

Multivariable analysis (Table 6) demonstrated that

higher preoperative hemoglobin was independently pro-

tective of BDI (OR 0.64, p = 0.0065). Converting to open,

choledocholithiasis documented intraoperatively, a diag-

nosis of acute cholecystitis by pathology, or a postoperative

diagnosis of gangrene or necrosis by the surgeon were also

independently predictive of biliary injury.

Discussion

The rate of biliary injury in this study was 0.9%, with a

0.5% rate of common bile duct injury. Nearly all of the

patients with biliary injury in this study had Class A (cystic

duct leak) and Class D (partial common bile duct tran-

section) injuries, and all were repaired within the

institution; these are less likely to be identified by larger

BDI studies. Longer operative duration and increased

conversion to open were expected to be predictive of bil-

iary injury, as all major biliary injuries in this study were

discovered and repaired intraoperatively. In this study,

choledocholithiasis was independently predictive of biliary

injury, in keeping with previous studies [14].

Acute inflammation and a need for urgent surgery were

independently predictive of biliary injury during LC. This

seems to contradict findings from the Cochrane review of

early LC for acute cholecystitis [3], which found no increase

in BDI for patients having acute surgery for acute chole-

cystitis; however, the review also found high levels of bias in

the studies used. Despite the increase in risk found by this

study, it may remainmore appropriate to perform surgery for

acute cholecystitis urgently, given an increased risk of

perioperative complications in patients who are treated with

antibiotics and later undergo interval surgery [15–18].

Higher preoperative hemoglobin was independently

protective of BDI based on multivariable analysis. Given

that both groups of patients have close to normal-range

hemoglobin (12.0 in BDI, 13.4 in no BDI), this may not be

specifically related to preoperative anemia, but rather may

function as another indication of increased preoperative

inflammation that may increase risk for BDI. Although

preoperative anemia has not been well documented as a

contributing factor to laparoscopic cholecystectomy com-

plications [19], it has been associated with an increased

postoperative complications in other surgical specialties

[20–23]; further examination of LC outcomes for patients

with anemia may be warranted. Caution in interpreting this

result is necessary, given the few data points in the biliary

injury group.

There was no correlation of Critical View of Safety with

prevention of biliary injury, although only 31.0% of charts

Table 3 Perioperative characteristics of patients with biliary injury

ID Urgent

surgery

CVS

stated

CVS description Converted

to open

BDI

class

Repaired

109 Yes Yes Not consistent with Strasberg and SAGES Safe Cholecystectomy Program

criteria—documentation states the cystic duct was divided before the cystic

artery was revealed, and there was no discussion of liver bed

No A and

E2

ERCP and

stent

120 No Yes Consistent with Strasberg and SAGES Safe Cholecystectomy Program criteria No A ERCP and

stent

129 Yes N/a N/a (BDI created after converting to open) Yes D Oversewn

242 No N/a N/a (BDI created when trying to dissect window of safety; converted to open) Yes D T-tube

placement

243 Yes N/a N/a (different dissection technique chosen; BDI created after converting to open) Yes D and

D

T-tube

placement

416 Yes No N/a (different dissection method chosen) No A ERCP and

stent

798 Yes N/a N/a (cystic duct and artery could not be seen; converted to open) Yes A Drain

monitored
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stated it had been obtained, and only 12.0% of charts both

stated that CVS had been obtained and described it cor-

rectly. This low rate of documentation suggests that this

technique is not universally used at NorthShore. Of the

operative notes where CVS was stated as obtained, 13.9%

were too brief to determine precisely how the dissection

had occurred, and 5.0% of charts where CVS was stated

had inaccurate descriptions, mainly relating to dividing the

cystic artery prior to identification of the cystic duct or

dissecting the cystic duct—common bile duct junction.

Table 4 Differences between

patients with BDI/cystic duct

leak versus those without

Biliary complication No complication p value

N % N %

Total # of patients 7 0.9 793 99.1

Male sex 2 28.6 206 26.0 0.8762

Tobacco use

Never 4 57.1 463 58.4

Former 3 42.9 254 32.0 0.6294

Current 0 0.0 76 9.6

BMI (n = 798), mean ± SD 31.0 10.0 30.2 7.1 0.8549

BMI group (n = 798)

\30 5 71.4 434 54.7 0.6626

30–34.9 1 14.3 187 23.6

35–39.9 0 0.0 102 12.9

C40 1 14.3 68 8.6

ASA class, mean ± SD 2.7 1.1 2.1 0.6 0.0708

Previous abdominal surgery 0 0.0 62 7.8 0.4412

Previous ERCP 2 28.6 88 11.1 0.1810

Percutaneous cholecystostomy 1 14.3 28 3.5 0.2285

Preoperative hemoglobin (n = 787), mean ± SD 12.0 1.8 13.4 1.6 0.0374

Urgent surgery 5 71.4 226 28.5 0.0444

Surgeon 0.5333

Critical view described correctly 1 14.3 98 12.4 0.6048

Critical view described incorrectly

Insufficiently detailed 0 0.0 515 64.9

Detailed but wrong 1 14.3 145 18.3 <0.0001

Different dissection method chosen 5 71.4 35 4.4

Critical view stated and described correctly 1 14.3 95 12.0 0.3267

Convert to open 4 57.1 15 1.9 <0.0001

Operative time (min) (n = 780), median, IQR 92 56–262 49 36–70 0.0064

Preoperative surgeon diagnosis

Acute cholecystitis 5 71.4 173 21.8 0.0017

Gangrene, necrosis 0 0.0 1 0.1 0.9251

Suppurative cholecystitis, empyema 0 0.0 2 0.3 0.8942

Postoperative surgeon diagnosis

Acute cholecystitis 2 28.6 183 23.1 0.7314

Gangrene, necrosis 2 28.6 19 2.4 <0.0001

Suppurative cholecystitis, empyema 1 14.3 6 0.8 0.0001

Intraoperative choledocholithiasis 2 28.6 54 6.8 0.0805

Pathology diagnosis

Chronic cholecystitis 2 28.6 620 78.2 0.0017

Acute cholecystitis 3 42.9 37 4.7 <0.0001

Necrosis, gangrene, ulceration 3 42.9 28 3.5 <0.0001

Statistically significant values are in bold

ASA American Society of Anesthesiologists, SD standard deviation, IQR interquartile range
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Although the Critical View of Safety should be effective in

reducing bile duct injuries, rates of CBD injury have not

fallen in countries where CVS is now mandatory during

laparoscopic cholecystectomy [24]. However, it is also

important to note that the utility of the Critical View is to

prevent injury due to misidentification of structures, and is

probably less likely to prevent class A injuries (cystic duct

stump leaks).

The number of charts with dissections not consistent

with CVS suggests two possibilities: either surgical

documentation does not reflect actual technique in the OR

or some surgeons may be aware of the Critical View of

Safety but lack complete understanding of its requirements.

Programs such as the Safe Cholecystectomy Task Force

may be helpful in increasing surgeon awareness of proper

CVS technique. Moreover, photographic or video docu-

mentation of the Critical View intraoperatively has been

shown to be feasible [24, 25]; these additional methods of

recording the Critical View intraoperatively would

improve documentation, and could also assist with

Table 5 Univariable logistic

regression model for predicting

biliary injury

Odds ratio 95% confidence interval p value

Male sex 1.29 0.29 5.83 0.7379

Tobacco use

Never (reference)

Former 1.42 0.35 5.79 0.6278

Current 0.67 0.03 12.85 0.7926

BMI (continuous) 1.02 0.94 1.12 0.5975

BMI group (categorical)

30–34.9 vs.\30 0.63 0.10 3.89 0.6208

35–39.9 vs.\30 0.39 0.02 7.12 0.5217

C40 vs.\30 1.73 0.28 10.83 0.5581

ASA class 3.76 1.36 10.43 0.0109

Previous abdominal surgery 0.78 0.04 14.13 0.8666

Previous ERCP 3.62 0.79 16.52 0.0963

Percutaneous cholecystostomy 6.20 0.98 39.02 0.0520

Preoperative hemoglobin 0.68 0.50 0.91 0.0099

Urgent surgery 5.50 1.22 24.78 0.0264

Surgeon 0.4616

Critical view described correctly 6.70 0.69 65.52 0.1018

Critical view described incorrectly

Insufficiently detailed 0.06 0.00 1.59 0.0931

Detailed but wrong 0.68 0.07 6.67 0.7382

Different dissection method chosen 10.17 1.59 65.24 0.0144

Critical view stated and described correctly 4.28 0.55 32.97 0.1633

Convert to open 63.91 14.20 287.72 <0.0001

Operative time 1.01 1.01 1.02 0.0001

Preoperative surgeon diagnosis

Acute cholecystitis 7.87 1.74 35.50 0.0073

Gangrene, necrosis 35.56 0.37 256.75 0.1258

Suppurative cholecystitis, empyema 21.12 0.48 931.88 0.1144

Postoperative surgeon diagnosis

Acute cholecystitis 1.51 0.34 6.83 0.5907

Gangrene, necrosis 18.05 3.69 88.31 0.0004

Suppurative cholecystitis, empyema 27.95 3.60 216.96 0.0014

Intraoperative choledocholithiasis 6.17 1.34 28.48 0.0198

Pathology diagnosis

Chronic cholecystitis 0.13 0.03 0.57 0.0073

Acute cholecystitis 15.69 3.70 66.59 0.0002

Necrosis, gangrene, ulceration 15.26 3.60 64.70 0.0002

Statistically significant values are in bold
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continuing education for surgeons and residents. With

consistently improved operative technique and documen-

tation, it would be valuable to see if consistent application

of the Critical View actually reduces common bile duct

injury.

The limitations of this study included reduced statistical

power, given the rarity of biliary injuries; the data will be

stronger with eventual completion of the 3000-patient data-

basewhen resources permit.Moreover, known risk factors for

biliary injury could not be analyzed due to the retrospective

nature of this study. Due to the format of operative docu-

mentation,wecould not analyze the impact onbiliary injuryof

surgical residents, who were actively supervised by attending

surgeons in all cases, or the role of operating room equipment

malfunction on biliary injury. Despite these limitations, this

study may yield a greater biliary injury rate and greater detail

of injuries than a large national administrative database

review, potentially providing a better understanding of biliary

injury causes during LC.

In conclusion, our findings suggest that acute inflam-

mation remains a risk factor for biliary injury during

laparoscopic cholecystectomy. Better implementation of

the Critical View of Safety, and increased caution in dis-

secting acutely inflamed tissues, may be in order to prevent

even minor biliary injuries. Patients must also be appro-

priately informed on the risks of laparoscopic cholecys-

tectomy for acute cholecystitis.
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