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ISOLATED SEGMENTAL BILE DUCT INJURY 
AFTER LAPAROSCOPIC CHOLECYSTECTOMY 

Isolated segmental bile duct injury (ISBDI) is a distinct type of bile duct injury seen after 

laparoscopic cholecystectomy. Several small series only described the surgical approach of this 

severe complication. The aim of this study was to determine the prevalence, clinical character-

istics, diagnostic modalities and multidisciplinary treatment outcome in ISBDI patients.

ISBDI patient data, obtained from a consecutive series of 500 bile duct injury patients referred 

to a tertiary centre, were analysed. Patient characteristics, diagnostic modalities, and treatment 

outcome by surgeons, gastroenterologists and intervention radiologists were determined. 

Forty-two patients (8%) were identified among 500 bile duct injury patients having ISBDI.  

ISBDI was diagnosed in only 5 patients (5/42, 12%) before referral to a tertiary centre. Post-

operative symptoms in ISBDI patients are no different from overall bile duct injury patients. 

The mean interval between referral and accurate diagnosis was 126±361 days. Eighteen 

patients (43%) underwent surgery, 16 patients underwent endoscopy (38%) and 6 patients 

(14%) were treated by percutaneous radiological intervention. Surgical and endoscopic thera-

py of ISBDI patients is associated with higher morbidity compared to bile duct injury patients 

(post-operative abscesses 22% vs. 8%, p=0.044; endoscopic failure 25% vs. 4%, p=0.057). 

ISBDI is a rare complication, difficult to diagnose, and associated with more treatment-related 

morbidity compared to general bile duct injury patients.   
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The incidence of bile duct injury after laparoscopic cholecystectomy is reported worldwide 

and varies from 0.3 to 1.4%.  Bile duct injury is associated with increased morbidity, high 

rates of malpractice litigation claims, and poor long-term quality of life.  Injury to an iso-

lated part of the biliary tree is less reported and it has been suggested that it is associated with 

delayed diagnosis and difficulty concerning management. Isolated segmental bile duct injury 

(ISBDI) differs from classical bile duct injury (BDI) described in various reports, as it includes 

injury to segmental ducts with communication failure to the proximal parts of the biliary 

tract.  ISBDI mostly affects the anterior or posterior right segmental duct draining segments 

V+VIII and VI+VII, respectively. Isolated duct injury has been previously described from a 

surgical perspective in few small series and incidental case reports.  Consequently, many 

surgeons are unfamiliar with the incidence, clinical characteristics and, in particular, the non-

surgical treatment of ISBDI patients. Previous studies on bile duct injury patients reported a 

prevalence of 5-7% isolated segmental injury.  The low prevalence might be explained by 

inability to distinguish patients with isolated injury from ‘classic’ bile duct injuries. Therefore, 

the determination of specific symptoms associated with isolated injury would be of clinical 

relevance.     

Concerning the treatment of ISBDI, there is no consensus on indications for surgery, endo-

scopic stenting or radiological intervention. Some authors propagate surgical reconstruction 

in patients with injury to the right hepatic duct  or complex high injuries , some only convert 

to surgery when endoscopic or percutaneous transhepatic drainage of the segmental bile duct 

is not sufficient.  Determination of treatment-related morbidity in ISBDI patients could 

guide hepatobiliary gastroenterologists and surgeons in choosing the optimal strategy.     

The aim of this study was to assess the prevalence of ISBDI among patients referred for multi-

disciplinary treatment of post-operative BDI. Subsequently, clinical characteristics, diagnostic 

modalities and treatment outcome in ISBDI patients were determined. 

proefschrift Philip DEF18-feb.in44   44 2/22/08   11:00:26 AM



Between January 1990 and December 2005, 500 consecutive patients referred to the Aca-

demic Medical Center in Amsterdam for management of BDI were included in a prospective 

database as previously described.  Clinical data obtained from the referring centres included 

indication for cholecystectomy, type of operation, and type of injury. From this database, 

patients were evaluated for the presence of ISBDI. In the present study, patients with injury 

to the right or left hepatic duct, right posterior duct (segment VI-VII), the right anterior duct 

(segment V-VIII) and a single segmental duct were included. 

ISBDI patients were identified as having probable injury to a segmental duct after endoscopic 

retrograde cholangio-pancreatography (ERCP) was performed showing an incomplete biliary 

tree. Other diagnostic imaging modalities were performed when indicated, using percutane-

ous transhepatic cholangiography (PTC), magnetic resonance cholangio-pancreatography 

(MRCP), or computerized tomography (CT). When an abdominal drain was still in situ, a 

cholangiography was performed by this route (drainography).

Anatomical identification of the segmental injury was increased by re-evaluation of all 

cholangiographic images by a surgeon, radiologist and gastroenterologists. 

ISBDI patients’ characteristics including patient demography, type of cholecystectomy, post-

operative symptomatology, type of treatment in the initial hospital, time interval between re-

ferral and accurate diagnosis of affected segmental duct, and location of injury were recorded. 

Treatment outcome was analysed based on type of treatment, treatment-related morbidity, 

and BDI-related mortality after referral to a tertiary centre. Outcome in ISBDI patients was 

compared with the total cohort of BDI patients referred to our centre. 

Data from patient characteristics, management and outcome show descriptive statistics in 

number of patients and percentages. Mean and median values are given with a minimum and 

maximum. Statistical tests for comparison were performed using Chi-square or Fisher’s exact 

tests for variables on a nominal scale. 
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Forty-two patients (8.4%) were identified with ISBDI in a consecutive series of 500 BDI 

patients referred for multidisciplinary treatment. The majority of ISBDI patients had under-

gone laparoscopic cholecystectomy (n=37, 88%) for symptomatic cholelithiasis (n=32, 76%). 

Post-operative symptomatology such as bile leakage, cholestasis and fever did not significantly 

differ between ISBDI patients and BDI patients  The majority of ISBDI patients were 

referred with bile leakage (n=29, 69%) of unknown origin. The median interval between 

initial cholecystectomy and referral was 26 days (range 0-4612). In 5 patients (11.9%) ISBDI 

was diagnosed before referral to a tertiary centre, and 37 patients (88.1%) were referred with 

no suspicion on ISBDI. Accurate diagnosis of the affected segmental duct was made after the 

first diagnostic test in our centre in 20 of the 37 patients, while a delay in identification of seg-

mental involvement occurred in 17 patients. The mean interval between referral to our centre 

and accurate diagnosis of the affected segmental duct was 126 ± 361 days (median 0, range 

0-1983). For example, delay was caused due to stricture formation in segment VI-VII, 5 years 

after initial stent therapy.   

The initial diagnostic imaging was performed by means of ERCP (n=24, 65%), ultrasound 

(n=8, 22%), PTC (n=3, 8%), MR (n=1, 3%), or CT (n=1, 3%). ISBDI was diagnosed during 

the first ERCP in 18 of 24 patients (75%) after referral. The other 6 six patients underwent 

additional ERCP (n=4), PTC (n=1) or MR (n=1) to diagnose isolated injury.   

The localization of injury in the present series was as follows: right hepatic duct in 12 patients 

(28.6%) , segment VI-VII duct in 22 patients (52.4%) , segment 

V-VIII duct in 7 patients (16.6%) , and in 1 patient (2.4%) an isolated segmen-

tal injury of segment VIII was diagnosed. 

  1 Isolated segmental bile duct injury in 3 patients.
Left panel: MRI shows complete stop in right hepatic duct; middle panel: Percutaneous transhepatic catheriza-
tion of segment VI-VII without further communication; right panel: ERCP without filling of segments V-VIII. 
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Treatment-related morbidity in ISBDI patients compared to BDI patients is summarized in 

. Initial treatment in ISBDI patients consisted of radiological intervention in 8 patients 

(19%), and endoscopical intervention in 19 patients (45%). Patients who underwent radio-

logical intervention were treated with a rendez-vous procedure (n=4) and PTC with dilation 

(n=4). Due to failure of initial PTC with dilation (n=2) and endoscopic stent therapy (n=3), 

5 patients eventually underwent reconstructive surgery. In all, surgical therapy by means of 

a hepaticojejunostomy was performed in 18 patients (43%). Treatment-related complica-

tions in ISBDI patients who underwent endoscopic stent therapy for bile leakage were higher 

compared to BDI patients treated for bile leakage (25% vs. 3.5%, p=0.06). After performing 

a hepaticojejunostomy, more post-operative abscesses occurred in ISBDI patients compared 

to BDI patients (22.2% vs. 7.5%, p=0.04). No differences were found between ISBDI and BDI 

patients concerning rate of post-operative anastomotic leakage, bleeding, wound infection or 

post-operative stricture formation.  

In the present series there was no significant association between the type of ISBDI and 

the type of definitive treatment . However, patients with a right hepatic duct injury 

(n=12) most frequently underwent surgical reconstruction by means of a hepaticojejunos-

tomy (n=8), while patients with another type of segmental injury (n=30) most frequently 

underwent endoscopic drainage (n=15). The long-term outcome based on readmissions and 

ISBDI-related mortality is described in . The median number of readmissions (2, range 

0-7) and the median number of days admitted in hospital (6, range 0-120) in ISBDI patients 

did not significantly differ from BDI patients . After a mean follow-up of 7 years 

(±3.7), the overall mortality related to segmental bile duct injury was 7% (n=3), all caused by 

infectious complications during follow-up. 

Liver enzyme abnormalities during follow-up were seen in 11 patients (26.2%), while segmen-

tal atrophy due to segmental bile duct occlusion was diagnosed in 4 patients (9.5%). In one of 

these patients, a hepaticojejunostomy for previous transection of the right hepatic duct had 

been performed. Nine years later, fever and cholestasis were the first symptoms of anasto-

motic stricture formation with subsequent liver atrophy. After several attempts at transhepatic 

dilation, surgical reconstruction of the anastomosis was indicated. During surgery, no safe 

anastomosis could be constructed on the narrow right hepatic duct, and therefore a hemi-

hepatectomy was decided on.
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In the present series of 500 BDI patients, referred to a tertiary centre for multidisciplinary 

treatment, the incidence of ISBDI is 8%. ISBDI is a severe complication of laparoscopic chole-

cystectomy, associated with late recognition, significantly more treatment-related morbidity 

and a disease-related mortality of 7%. ISBDI patients are not characterised by specific demog-

raphy, type of cholecystectomy or post-operative symptomatology. Initial ERCP might reveal 

a normal biliary tree, while in some patients identification of the affected segmental duct was 

missed and the diagnosis was made in retrospect. These findings explain the delayed detection 

of ISBDI, mainly after several weeks. The inability to distinguish ISBDI patients from classical 

BDI patients suggests that the true incidence of ISBDI is higher than reported in the literature. 

The most classical mechanism of bile duct injury is misidentification of the common bile duct 

for the cystic duct.  Technical hazards are excessive traction on the gallbladder, misuse of 

cautery, or the inappropriate use of clips.  Aberrant anatomy is a local risk factor reported by 

the initial surgeon in 26% of the operation reports in the present series of ISBDI patients. Lil-

lemoe et al. previously showed that low insertion of a right segmental hepatic duct is associ-

ated with an increased likelihood of segmental injury.  

Ultrasound is the first step in the diagnostic work-up of patients with suspicion of bile duct 

injury. If bile ducts are dilated or an intra-abdominal bile collection is detected, the next step 

should be classification of injury by MRCP or ERCP. If ERCP shows only the distal part of the 

biliary tract, a PTC can be performed to visualize the proximal biliary tract, followed by bil-

iary drainage . Although ERCP is one of the first steps taken, the diagnosis ISBDI is 

far more complicated than detecting a visible anomaly, and requires a high index of suspicion. 

The observer must actively search for missing parts in the intrahepatic biliary tree, which also 

demands complete filling of the intrahepatic bile ducts. Especially when bile leakage is present, 

this cannot always be achieved. The presence of bile leakage from the cystic - or common 

- bile duct does not exclude accompanying segmental duct injury. When ISBDI is suspected, 

potential missing segments should be visualized by performing MRCP, PTC or fistulography. 

The difficulty with diagnosing ISBDI is reflected in the delay between LC and referral to our 

centre (median 26 days) and the mean interval of more than 4 months between referral and 

the identification of the affected segmental duct. The delay in the present series was generally 

due to missed diagnosis, or ISBDI was not suspected until initial treatment was shown to be 

unsuccessful.

The treatment of ISBDI patients can be either through endoscopic stenting, percutane-

ous drainage/dilation, or surgical reconstruction. Failure of endoscopic stent therapy in the 

present series was relatively high (25-43%) due to missed segmental injury on cholangiog-
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raphy, or the inability to reach the proximal segmental duct with a stent. Previously we have 

shown that endoscopic stent therapy for bile duct strictures located proximal to the biliary 

bifurcation is associated with poorer outcome.  Therefore it could be advocated that surgical 

reconstruction is beneficial in the majority of patients with segmental strictures. On the other 

hand, the present study also shows that hepaticojejunostomy in ISBDI patients is associated 

with significantly more post-operative morbidity compared to BDI patients. The relatively 

high treatment-related morbidity in ISBDI patients underlines the importance of interdisci-

plinary consultation to discuss treatment possibilities to optimize outcome. 

In the present series, 4 patients were treated with a ‘rendez-vous procedure’ . In two 

patients the right hepatic duct was occluded (n=1) or injured (n=1). In both patients, duct 

communication was re-established by insertion of a percutaneous transhepatic guide wire 

which enabled the endoscopist to insert a stent and bridge the occlusion or leak. In the third 

patient with bile leakage from segment VI-VII, a rendez-vous procedure was performed. 

Due to subsequent stricture formation of the segmental duct, a hepaticojejunostomy was 

performed four months later. In the fourth patient a guide wire was positioned through a 

sub-hepatic biloma to enable endoscopic stent insertion . The biloma was drained 

percutaneously and endoscopic stent therapy was continued in the referring hospital. The 

combination of endoscopy and radiological intervention in a rendez-vous procedure has been 

shown to be beneficial in these distinct types of injury.  

Segmental liver atrophy developed in 4 patients due to ISBDI. In 2 patients, who underwent 

endoscopic therapy, subsequent ERCP showed occlusion of segmental ducts from segment 

VI/VII (n=1) and from segment VIII (n=1). In the absence of bile leakage and/or infection, 

patients were not additionally treated and were followed up at our outpatient clinic. A 78-

year-old asymptomatic patient was referred for a second opinion 2 years after initial cholecys-

tectomy. CT showed atrophy of segment V and hypertrophy of the left liver. In the absence of 

infection, no additional treatment was advised. The fourth patient underwent a right-sided 

hemi-hepatectomy as described above. 

Liver atrophy after segmental bile duct injury is scarcely reported.  Deprivation of blood flow 

and bile duct obstruction are suggested mechanisms that induce liver atrophy.  Although the 

presence and localization of vascular injury could not accurately be assessed in the present 

series, it probably contributed to the development of segmental atrophy. Although additional 

morbidity is limited in the present patients with segmental atrophy, taking the uncertainty 

about the long-term effects of segmental atrophy into account, we advocate clinical follow-up 

and surveillance of liver function. 

In summary, ISBDI has a low incidence and is rarely diagnosed in the initial hospital. Even 

hepatobiliary experts experience difficulty in recognising affected segmental bile ducts. 
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The present study shows that it is not likely to distinguish ISBDI patients from general BDI 

patients based on post-operative symptomatology. Post-cholecystectomy cholangiographies 

must be analysed thoroughly to identify missing parts in the intrahepatic biliary tree. A suf-

ficient level of experience and resources is required to diagnose ISBDI. Specialists involved in 

treatment of BDI patients should be aware of the relatively high treatment-related morbidity 

encountered in this distinct type of patient. 

  Diagnostic imaging of segmental injury.
Left panel : ERCP: Right intrahepatic bile ducts are not visible; right panel: Missing segments are visualized 
by PTC, in the same patient through selective cannulation of the affected bile duct, by injecting contrast fluid 
through sub hepatic-placed drains. 

  Rendez-vous procedure.
Left panel: a guide wire is positioned through the biloma and pulled across the defect during PTC. The guide 
wire restores continuity and is subsequently used to place stents (right panel).
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