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Abstract 
The study was to improve surgical safety and reduce the incidence of bile duct injury (BDI) during 
laparoscopic cholecystectomy. The clinical information of 31 cases with bile duct injury during 
Laparoscopic Cholecystectomy (LC) was analyzed retrospectively. Thirty patients with bile duct 
injury were divided into 5 types according to Bismuth typing, including: type I 9 cases, type II 12 
cases, type III 4 cases, type IV 3 cases, type V 3 cases. After median follow-up of 48 months, 30 
(97%) patients are alive and 29 (94%) remain in good general condition with normal liver func-
tion. One patient died from acute obstructive suppurative cholangitis (AOSC). One patient ap-
peared to have pain under the xiphoid that was resolved after 3 months. Recurrent strictures fol-
lowing repair have developed in two (6%) patients with high injuries combined with right hepatic 
arterial injury. Appropriate surgical indications, handling Calot triangle carefully and correctly, 
and conversion to open surgery at the right moment are the keys of prevention and treatment of 
bile duct injury during LC. 
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1. Introduction 
Laparoscopic cholecystectomy (LC) was first introduced in 1991 in China. Because of its minimal invasion, less 
pain, faster recovery and other advantages, LC was accepted fast by the majority of doctors and patients as the 
gold standard for surgical treatment of benign gallbladder disease [1]. However, numerous reports have de- 
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monstrated that the incidence of bile duct injury has risen from 0.1% to 0.2% in the era of open cholecys-
tectomy to 0.4% to 0.7% in the era of laparoscopic cholecystectomy [2] [3]. As the complex conditions of bile 
duct injury, the difficulties of its management. Iatrogenic bile duct injury may lead to great suffering for the 
patients. So, the discussion of prevention, timely and correct treatment of bile duct injury in LC is particularly 
necessary.  

2. Patients and Methods  
From January 2000 to January 2010, thirty-one patients with bile duct injury were treated in Second Affiliated 
Hospital of Chongqing Medical University and the Wanzhou people’s Hospital in China. These patients who 
were included in the study were diagnosed with clinical manifestation and imageological examination after LC. 
Among these patients 12 were males and 19 females (1:1.5), with a mean age of 41.2 years (range 18 to 83). 
Three patients were found to have bile duct injury during the operation. Twenty-five patients appeared abdominal 
pain, fever, jaundice or bile leakage postoperative 1 week to 1 month. And bile duct injury were found by imag-
ing examination such as Ultrasound, Computed Tomography (CT) or Endoscopic Retrograde Cholangiopan-crea- 
tography (ERCP). Three patients appeared recurrent cholangitis or obstructive jaundice after 1 month of LC. 
They were diagnosed by ERCP or Percutaneous Transhepatic Cholangiography (PTC). 

3. Results 
3.1. The Clinical Characteristics  
The clinical characteristics of the patients which included classification of bile duct injury [2] and the methods 
of examination were summarized in the Table 1. And some imaging findings are shown in Figure 1. In these 31 
patients, 3 cases caused by anatomical variation, the other were because of the false recognition for Calot’s tri-
angle.  

3.2. Treatment for Bile Duct Injury 
The patients who were found bile duct injury during the operation were converted to open surgery. The break-
down of bile duct was less than 0.3 cm and was noticed by bile leakage. The injured duct was transverse sutured 
and there was no need for T tube drainage. Because the bile leaked into the peritoneum and caused inflammatory 
edema, the patients who were found bile duct injury 24 - 72 h after LC needed second operation such as proxim-
al bile duct drainage and additional abdominal drainage until the inflammation subsided, while some were pri-
mary repaired or had a reconstruction of the biliary tract. These patients all underwent Roux-Y anastomosis. 
Three patients with bile duct stenosis caused by bile duct injury underwent resection of stenosis (Figure 2(C)), 
duct anastomosis or bile duct jejunum Roux-Y anastomosis (Figure 2(A), Figure 2(B), Figure 2(D)).  
 
Table 1. The clinical characteristics of patients.                                                                          

Bismuth  
classification  Clinical manifestation Methods cases 

Type I Low CBD stricture, with a length of the common 
hepatic duct stump of >2 cm. 

Abdominal pain, 
fever, jaundice Ultrasound or CT 9 

Type II Proximal CBD stricture-hepatic duct stump <2 cm Abdominal pain, 
fever, jaundice Ultrasound or CT 12 

Type III Hilar stricture, no residual CBD, but the hepatic 
ductal confluence is preserved. 

Bileleakageor bile 
peritonitis ERCP or PTC 4 

Type IV 
Hilar stricture, with involvement of confluence 

and loss of communication between right and left 
hepatic duct. 

Bile leakage or bile 
peritonitis ERCP or PTC 3 

Type V Involvement of aberrant right sectoral hepatic duct 
alone or with concomitant stricture of the CBD. 

Reccurent  
cholangitisor bile 

peritonitis 
ERCP 3 

CBD, common bile duct. 
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Figure 1. (A) (B) Magnetic resonance cholangiopancreatographic (MRCP) 
with three-dimensional reconstruction. Proximal common bile duct (CBD) 
stricture-hepatic duct stump <2 cm; (C) Magnetic resonance (MR) indi-
cated dilated intrahepatic bile duct.                                                             

 

 
Figure 2. (A) Transected common bile duct (CBD) (↑); (B) Longitudinal 
incision common bile duct (↑); (C) Low CBD stricture, with a length of the 
common hepatic duct stump of >2 cm (↑); (D) Bile duct jejunum Roux-Y 
anastomosis.                                                       

3.3. The Prognosis of Patients 
After treatment, one patient died due to obstructive suppurative cholangitis, the rest were discharged. After 
treatment, all 31 patients were followed up to 8 - 48 months, mean 18 months. One patient suffered from abdo-
minal pain under the xiphoid which was resolved within 3 months without any treatment. Recurrent strictures 
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following repair developed in two (6%) patients with high injuries combined with right hepatic arterial injury. 
These two patients underwent bile duct jejunum Roux-Y anastomosis again. 

4. Discussion 
4.1. The Main Reasons for Intraoperative Bile Duct Injury 
Bile duct injury is a major complication of LC. Anatomical anomalies, local pathology, and poor surgical tech-
niques are the main factors responsible [4]. Anatomic factors include bile duct variation, variation of the cystic 
duct, abnormal blood vessels, and hepatic portal rotation. Bile duct variations include the following types: right 
hepatic duct goes through the gallbladder triangle and enters into the cystic duct; Right hepatic duct directly 
peached into the gallbladder ampulla; Larger accessory right hepatic duct enters the gallbladder ampulla or cys-
tic duct; No right hepatic duct trunk, the right anterior and right posterior lobe hepatic ducts join the common 
hepatic duct separately, this form is called the split-type. Above all, accessory hepatic duct variation was one of 
the important anatomical biliary damage factor [5]. According to this variation, we must dissect and free the 
space behind the gallbladder ampulla. We also have to confirm that there are no abnormal tubes before disarti-
culating the cystic duct and the cystic artery. 

The variations of cystic duct include: short cystic duct, atrophic cholecystitis and abnormal position of the 
gallbladder. The length of a normal cystic duct is about 10 mm. Cystic duct which is less than 10mm but more 
than 5 mm is consider as short-type cystic duct. Vascular variations mainly refer to the variations of the cystic 
artery and right hepatic artery. Hepatic portal rotation is a rare phenomenon and may happen in the following 
conditions: Varieties of pathologic causes such as inflammation or cirrhosis may lead to hepatic lobe atrophy 
and compensatory hypertrophy of adjacent lobe of the liver, which make the first hepatic portal and hepatic 
segment or lobe split, rotate and shift in the axis of the inferior vena cava [5]. In the study, one patient were 
found short cystic duct. Two patients were found atrophic cholecystitis the variations of cystic duct. 

Lack of professional skills of the surgeon is another important factor [6]. In the study, the other 28 cases were 
caused by this factor. This situation contained the performer lacking of proficiency in laparoscopic technique, 
inadequate understanding of the endoscopic anatomy, blind hemostasis or large surface cautery when accidental 
bleeding occurs, and so on. 

4.2. Management of Bile Duct Injury 
Only 25% - 32.4% of injuries are recognized during the operation, which is considered as the best time to per-
form repair [7]. Immediate restoration for bile ducts or biliary-enteric drainage is crucial to the success of the 
surgery. The most common injury types are the mechanical injury or burns of the bile ducts and accessory he-
patic duct. The key to treatment is early detection and correction. Mostly, a transection lesion of bile duct is due 
to shear injury. The ends tissue injury was lighter than the burns. End to end anastomosis of the bile duct should 
be done to restore the anatomical integrity of the biliary tract and retain the function of the sphincter of Oddi. 
This manner have good blood supply, no anastomotic tension and will not cause any narrowing. Drainage near 
the anastomosis would prevent secondary infection. [8] [9].  

Early management for injuries is very important [8] [10]. The management of BDIs can be divided into non- 
operative and operative repair as well as into early (<1 week), intermediate (1 to 6 weeks), and delayed (>6 
weeks) repair. The method and timing of the repair depends on several factors. The extent of injury, the exper-
tise of the surgeon and his team, the amount of acute inflammation in the area, and the hemodynamic stability of 
the patient are the most important factors in achieving successful repair. It is necessary to have careful long-term 
postoperative monitoring of liver function and good interdisciplinary cooperation, especially with the suggestion 
of radiologist [11] [12]. 

There are several methods of the early treatment which include Conservative treatment, a simple repair, end 
to end bile duct anastomosis, Roux-en-Y biliary-enteric anastomosis, pedicle flap repair, peritoneal drainage and 
ERCP and nasal bile duct drainage [13]. The indications for conservative treatment include bile leakage is less 
than 300 ml, with no peritonitis. Ultrasonography should be done to rule out collections under the liver. Main-
taining unobstructed drainage and preventing drainage tube slippage is crucial. After several weeks bile leakage 
would resolve [14] [15]. 

End-to-end anastomosis of bile ducts has the advantage of maintaining the physiological function of the bi-
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liary tract. It is suitable for bile duct transaction which was found during the surgery and the defect length is less 
than 1.5 cm. The contraindication is defect greater than 1.5 cm, severe local inflammation, and poor general 
condition. If the defect is larger than 1.5 cm, the bile duct defect should be underwent Roux-en-Y anastomosed. 
[16] [17]. The choledochoenterostomy will not subject to restrictions due to the length of bile duct defect, and 
the indications are broader. The contraindications are severe peritonitis and when the diameter of the injured bile 
duct is less than 3 mm [18]. In the study, the three patients who found injure underwent end-to-end anastomosis 
of bile ducts. The other patients underwent bile duct jejunum Roux-Y anastomosis again. And the prognosis 
were well. 

4.3. Bile Duct Injury Prevention during LC 
Although the incidence of bile duct injury during laparoscopic cholecystectomy is greater than during open cho-
lecystectomy, it can be minimized using specific operative strategies and principles [7] [19]. The strategies in-
clude selection of the proper patients for LC based on the experience of the surgeon, careful dissection for Ca-
lot’s triangle, selective using laparoscopic ultrasonography, and conversion to open cholecystectomy when 
needed. The following situations were suggested conversion to open surgery: 1) severe gallbladder contraction, 
edema, or suspected cancer; 2) Intraoperative finding of anatomical variations of the cystic duct; 3) Uncon-
trolled hemorrhage during the operation; 4) If there is bile leakage after the cystic duct was clipped; 5) Other 
unexpected circumstances such as failure to establish pneumoperitoneum, multiple adhesions due to previous 
upper abdominal surgery and inflammation, hypercapnia. 

During LC, the relative position of the cystic duct, the cystic artery and the common bile duct should be 
clearly identified in order to avoid bile duct injury [1] [20]. The “critical view of safety” (CVS) technique re-
commends clearing the triangle of Calot of fat and fibrous tissue and taking the gallbladder off the lowest part of 
its attachment to the gallbladder bed. CVS clarifies the relations of the anatomic structures that should be di-
vided, and therefore, it should be ideally and routinely applied in all LCs because of its highly protective role 
against bile duct injuries. Laparoscopic subtotal cholecystectomy is a safe and feasible alternative to conversion 
to open surgery during difficult laparoscopic cholecystectomy for patients with complicated cholecystitis [21]. 

5. Conclusion  
Appropriate surgical indications, handling Calot triangle carefully and correctly, and conversion to open surgery 
at the right moment are the keys of prevention and treatment of bile duct injury during LC. 
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