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Symptomatic gallstone disease is one of the most common medical conditions leading to 

surgical intervention today.  The most effective treatment for this disease remains chole-

cystectomy.  Since the introduction of laparoscopic cholecystectomy (LC) 17 years ago, this 

approach has replaced traditional open cholecystectomy in 60 to 98% of all cholecystectomies 

performed in Dutch hospitals.  Several studies showed that the threshold for cholecystectomy  

has been lowered in Europe and the United States.  Annually, over 15,000 patients under-

go LC in the Netherlands, making it the most frequently performed abdominal surgical 

procedure.  While LC is associated with a shortened post-operative hospital stay and better 

cosmetic results, the incidence of bile duct injury (BDI) varies widely in the literature. BDI 

is a feared complication after LC, associated with substantial morbidity and mortality.  The 

incidence of injuries is influenced by the definition of injury and the method used for data 

collection, ranging from interview, questionnaire to well-controlled prospective audits provid-

ing a complete data collection.  The incidence after an open procedure has been reported 

as 0.2% to 0.5%, whereas the incidence after laparoscopic cholecystectomy was respectively 

0.5 to 1.4%.  Studies from the Netherlands in the early 1990s after the introduction of the 

procedure showed an incidence of 0.8% to 1.1%.  In the United States cholecystectomy is 

commonly performed ( 750,000 each year), with an estimated incidence of BDI of 0.5%.  

At the Academic Medical Center in Amsterdam, around 40-55 patients are referred for treat-

ment of BDI yearly, with no decrease noted in recent years. Therefore, the 0.4-0.5% men-

tioned in the reviews may be an underestimation of the real incidence of BDI, at least in the 

Netherlands. 

GENERAL INTRODUCTION  
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Several authors have suggested classifications for BDI. McMahon suggested a simple subdivi-

sion into minor and major bile duct injuries.  The Strasberg classification is a more detailed 

classification. Injuries are classified A to E. Type A injuries are bile leaks from a minor duct 

still in continuity with the common bile duct. These leaks occur at the cystic duct or from the 

liver bed. Type B injuries are an occlusion of part of the biliary tree, usually the result of an 

injury to an aberrant right hepatic duct. Type C injuries are bile leaks from a duct not in com-

munication with the common bile duct, usually diagnosed in an early post-operative period as 

an intraperitoneal bile collection. Type D injuries are lateral injuries to extrahepatic bile ducts. 

These types of injuries may involve the common bile duct, common hepatic duct, or the right 

or left bile duct. Type E injuries are circumferential injuries of major bile ducts, which are 

subdivided according to the Bismuth classification ( , chapter 5, page 81).  This type of 

injury causes separation of the hepatic parenchyma from the lower ducts and duodenum.

In Amsterdam a simplified classification was developed, with direct implications for the 

further clinical management of BDI.  The Amsterdam classification classifies BDI as follows: 

Type A injury, cystic duct leakage; type B, bile duct leakage; type C, bile duct stricture; and 

type D, bile duct transection. In general, type A, B and C injuries can initially be treated by 

endoscopic stenting, while in patients with a type D injury, reconstructive surgery is indicated.

Risk factors and measures to prevent and recognize BDI are outlined in many publications.  

Older age, male sex, severity of the disease, and characteristics of hospitals are believed to in-

fluence the risk of BDI.  Other factors are inherent to the laparoscopic approach, inadequate 

training of the surgeon, and anatomical local risk factors. Several local risk factors are de-

scribed, such as aberrant anatomy, acute cholecystitis, severe chronic scarring of the gallblad-

der, and bleeding in the Calot triangle obscuring the operative field. BDI generally occurs as a 

result of technical errors or misidentification of the biliary anatomy. Excessive traction leading 

to tenting of the common bile duct is another factor predisposing to clipping and ligation of 

the bile duct. Injuries due to misidentification occur when the surgeon mistakes the common 

bile duct or an aberrant right hepatic duct for the cystic duct. Way et al. suggested that errors 

leading to laparoscopic bile duct injuries stem principally from visual perceptual illusion, not 

from errors of skill, knowledge and judgement.  In a comment on Way’s findings, Lillemoe 

addressed that the concept of human error should not be overinterpreted as an ‘excuse’ for 

surgeons to avoid responsibility for complications. Knowledge of anatomy and mechanism of 

injury, and an appropriate level of suspicion will prevent misperception error that may occur 

with this procedure.
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Several techniques are suggested to prevent BDI.  The infundibular technique, which 

depends on observing the cystic duct flare as it becomes the infundibulum, can be mislead-

ing in the face of acute inflammation. This technique is therefore unreliable and should not 

be used for the identification of the ducts. The guidelines for a critical view of safety (CVS) 

were first described by Strasberg and advocated by the Dutch association for Surgery.  In this 

technique, the neck of the gallbladder must be dissected off the liver bed (i.e. unfolding Calot’s 

triangle) to achieve conclusive identification of the two structures to be divided: the cystic 

duct and the cystic artery .

  Critical view of safety. Calot’s triangle is dissected free of all tissue except for the cystic duct and artery. 

The base of the liverbed should be exposed. With permission of JACS Jan; 180(1). Copyright © 1995. All rights 

reserved
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Traditionally, BDI was treated by surgical intervention. However, the different types of injury 

and moments of detection demand a multidisciplinary approach. Endoscopic treatment 

options consist of endoscopic sphincterotomy, dilation of a stricture or insertion of stents. 

Surgical repair mainly consists of primary repair of the common bile duct by an end-to-end 

anastomosis or a hepaticojejunostomy. Percutaneous radiologically-guided techniques were 

introduced to dilate ductal or anastomotic strictures, or to provide drainage awaiting defini-

tive surgery. The short- and long-term outcomes of these procedures have been published 

extensively.  However, most reports originate from single disciplines in tertiary centres 

and describe selected small series of BDI patients. Series were too small to determine reliable 

predictors of success. Therefore an evaluation of a multidisciplinary approach by gastroen-

terologists, radiologists, and surgeons is required. The determination of predicting factors for 

success would be extremely useful for guiding patient management and improving long-term 

outcome. 

In contrast with the good outcome after surgical treatment in tertiary centres is the long-term 

survival reported by Flum. In a striking report from the U.S. the detrimental effect of BDI on 

survival in patients who underwent surgical reconstruction was demonstrated.  In a nation-

wide cohort of nearly 1.6 million Medicare beneficiaries, BDI patients are nearly 3 times more 

likely to die during the first few years after a cholecystectomy compared to patients without 

BDI . To provide evidence for the benefit of a multidisciplinary approach in BDI pa-

tients, a survival analysis in patients treated by gastroenterologists, radiologists, and surgeons 

would be of great interest. 

  Proportion of patients surviving after cholecystectomy with or without common bile duct injury.

With permission of American Medical Association. Copyright © 2003. All rights reserved.
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Despite the good functional outcome in BDI patients, the patient-reported outcome at the 

outpatient clinic remains unsatisfactory. Many patients report undefined abdominal com-

plaints, whereas objective symptoms of recurrent jaundice or cholangitis can be demonstrated 

in only a few patients. Patients are still preoccupied with the unexpected course of events 

after the removal of the gallbladder. They are disappointed by the prolonged hospital stay, the 

occasionally delayed diagnosis, the additional invasive interventions or even relaparotomy 

in the worst cases. Boerma et al. were the first to address the issue of poor quality of life after 

BDI in a relatively small group of patients.  After this publication, several other studies were 

performed and discrepant results were published.  As a result, our interest in quality of life 

outcome in BDI increased further and a more thorough longitudinal analysis was initiated. 

Malpractice litigation is a major concern in modern medical practice.  The debate over litiga-

tion systems continues worldwide in general medicine and in surgical literature in particu-

lar.  Since the introduction of LC in the United States, malpractice litigation resulting from 

BDI has increased substantially and resulted in an estimated cost of between $40 million and 

$100 million annually.  Patients’ series regarding BDI litigation are merely reported from the 

U.S., while the Dutch situation is unknown. Therefore an evaluation of the Dutch system for 

surgical malpractice after BDI would be of great interest. Although surgeons, healthcare pro-

viders, hospitals and insurers, are interested in factors associated with claim outcome and the 

amount of financial compensation paid to BDI patients, these factors have been little investi-

gated. Finally, the outcome of BDI litigation claim is often reviewed and judged by an expert 

witness. However, to date no studies have assessed the reliability of expert witness testimonies 

in BDI litigation cases. As guidelines for expert witness testimonies are generally lacking, the 

reliability of this system may be arbitrary.
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The Academic Medical Center (AMC) is a referral centre for Hepato-Pancreato-Billiary (HPB) 

surgery. Based on the wide experience gained with more than 500 BDI patients referred to the 

AMC over the last 17 years, the present thesis describes our findings in three parts. The aim 

of the studies described in part I was to assess the outcome of a multidisciplinary approach 

for the treatment of bile duct injury patients referred to a tertiary centre, and to determine 

predicting factors for success. The aim of the studies described in part II was to assess longi-

tudinal quality of life outcome in a large series of BDI patients. And the aim of part III was to 

evaluate the Dutch malpractice litigation system for BDI patients.

 describes the various consequences of bile leakage and bile duct injury for patients, 

surgeons and hospital insurers. This brief report of 3 patients with bile leakage following 

laparoscopic cholecystectomy for symptomatic cholelithiasis illustrates the drawback of using 

post-cholecystectomy bile leakage as performance indicator for quality of care as assessed by 

the Netherlands Healthcare Inspectorate.  evaluates the treatment of BDI patients 

who underwent an intraoperative end-to-end anastomosis (EEA) during cholecystectomy 

in another hospital and were referred for additional treatment. EEA (with or without T-tube 

drainage) has been reported to be associated with stricture formation of the anastomosis area 

and recurrent jaundice. However, EEA is less complex than a biliodigestive anastomosis, and 

strictures can generally be treated by non-surgical interventions. For this reason, we evaluated 

if EEA is an alternative in patients with intraoperatively detected BDI. 

Solitary lesions to the anterior or posterior segmental duct or right hepatic duct are a distinct 

type of BDI and require specialised treatment. In  we determine the prevalence, 

clinical characteristics, diagnostic modalities, and treatment outcome in patients with seg-

mental duct injury.

Predictive factors for successful outcome after reconstructive surgery in BDI patients are un-

der discussion. Controversy exists concerning the influence of previous interventions before 

referral to a tertiary centre, and the timing of repair on outcome. In  we primarily 

assess the role of these two factors on the long- and short-term outcomes after reconstructive 

surgery. 

While surgical reconstruction via a hepaticojejunostomy is indicated only for severe injuries, 

e.g. a transection of the bile duct, endoscopic stent therapy is widely accepted as the initial 

treatment modality for bile leakage and/or bile duct strictures. In  we review the 

literature and discuss the outcome after endoscopic therapy and in particular the sequential 
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insertion of multiple stents. After the appearance of studies indicating that an aggressive type 

of stenting might be associated with a more favourable outcome, our treatment policy was 

modified at the end of 2001. In  we analyse the short- and long-term outcomes of 

stent therapy in our series and determine predictive factors of a successful outcome. In addi-

tion, the benefit of the policy change to a more aggressive stent approach was evaluated. It has 

previously been suggested that a multidisciplinary approach by gastroenterologists, radiolo-

gists, and surgeons is beneficial for BDI patients; the outcome after a combined approach 

remains nevertheless unreported. In  we describe the referral pattern of BDI patients 

to a tertiary centre and within a multidisciplinary team. The outcome of this approach is 

determined in a survival analysis. 

In contrast to the clinical outcome described in the previous chapters, chapters 7 and 8 evalu-

ate the outcome from the patients’ point of view in terms of quality of life and BDI-related 

symptomatology after a long-term follow-up.  presents the results of a longitudinal 

quality of life assessment and determines the impact of injury- and treatment-related factors 

on outcome. Additionally, the influence of malpractice litigation and the outcome of the ver-

dict on quality of life are discussed. In  a more detailed analysis is performed on the 

influence of socio-demographic and psychosocial factors on quality of life.

Medical liability is a great concern in current surgical practice. The debate over litigation 

systems continues worldwide, in general medicine and in surgical literature in particular. In 

 the percentage of BDI patients who have been treated in the AMC and who are 

involved in malpractice litigation are described and patients’ characteristics are determined. 

To evaluate the Dutch arbitration system for medical liability after BDI, the largest Dutch 

insurance company for medical liability was consulted.  presents the results of this 

evaluation and determines factors predicting the outcome of a claim and the amount of 

financial compensation paid to BDI patients. Given that expert testimony plays an important 

role in the outcome of the verdict, in chapter 11, we present the results of asking a panel of 

experienced surgical experts to review ten BDI litigation cases, and we subsequently deter-

mined the inter-observer variability. In  we report the outcome of this expert panel 

consultation. The reliability of the expert testimonies is tested and the experts’ view on the 

BDI malpractice experience in the Netherlands is described.  
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