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Abstract
AIM: To discuss the surgical method and skill of biliary 
restricture after Roux-en-Y hepaticojejunostomy for bile 
duct injury.

METHODS: From November 2005 to December 2006, 
eight patients with biliary restricture after Roux-en-Y 
hepaticojejunostomy for bile duct injury were admitted 
to our hospital. Their clinical data were analyzed 
retrospectively.

RESULTS: Bile duct injury was caused by cholecys-
tectomy in the eight cases, including seven cases 
with laparoscopic cholecystectomy and one with mini-
incision choleystectomy. According to the classification 
of Strasberg, type E1 injury was found in one patient, 
type E2 injury in three, type E3 injury in two and type E4 
injury in two patients. Both of the type E4 injury patients 
also had a vascular lesion of the hepatic artery. Six 
patients received Roux-en-Y hepaticojejunostomy for the 
second time, and one of them who had type E4 injury 
with the right hepatic artery disruption received right 
hepatectomy afterward. One patient who had type E4 
injury with the proper hepatic artery lesion underwent 
liver transplantation, and the remaining one with type E3 
injury received external biliary drainage. All the patients 
recovered fairly well postoperatively.

CONCLUSION: Roux-en-Y hepaticojejunostomy is still 
the main approach for such failed surgical cases with 
bile duct injury. Special attention should be paid to 
concomitant vascular injury in these cases. The optimal 
timing and meticulous and excellent skills are essential 
to the success in this surgery. 
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INTRODUCTION
Since i ts introduct ion in the 1990s by Dubois [1], 
laparoscopic cholecystectomy has become the “gold 
standard” treatment for symptomatic gallbladder stone 
disease. Limited postoperative discomfort, shorter 
hospitalization, and rapid postoperative recovery have 
been proven to be advantageous of  the procedure. 
Concomitantly, it became obvious that the incidence 
of  bile duct injury rose from 0.06% to 0.3%, as known 
for open cholecystectomy, to 0.5% to 1.4% when 
performed laparoscopically[2-6]. Bile duct injury following 
cholecystectomy is an iatrogenic catastrophe associated 
with significant perioperative morbidity and mortality[7,8], 
reduced long-term survival and quality of  life[9,10], and 
high rates of  subsequent litigation. Apparently, it is a 
great surgical challenge to handle with biliary restricture 
after Roux-en-Y hepaticojejunostomy for bile duct injury. 
The operation can be much more complex and difficult 
when compared with the first attempt for bile duct injury 
reparation.

MATERIALS AND METHODS
Methods
From November 2005 to December 2006, eight cases of  
biliary restricture after Roux-en-Y hepaticojejunostomy, 
performed at other hospitals for bile duct injury, were 
admitted to our hospital. The average age of  those 
patients, seven female and one male, was 48.9 ± 7.5 
(35-60) years. Bile duct injuries were all caused by 
cholecystectomy in other hospitals, including seven 
cases with laparoscopic cholecystectomy and one case 
with mini-incision choleystectomy. Although bile duct 
injury in three patients was initially treated by a T-tube 
placement within a choledocho-choledochostomy, Roux-
en-Y hepaticojejunostomy was performed afterward (with 
a range of  4-13 mo) in those patients because of  failure 
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in primary reparation. For the remaining five patients, 
Roux-en-Y hepaticojejunostomy was performed initially 
either during the operation of  cholecystectomy or within 
a week after cholecystectomy. Unfortunately, all patients 
developed biliary restricture during the follow-up period, 
and were therefore transferred to our hospital.

Bile duct injury was classified according to Strasberg[11] 
when the medical files from the referring hospital were 
reviewed. After admission, those patients received 
abdominal CT and MRCP examination. Type E1 injury 
was found in one patient, type E2 injury in three, type E3 
injury in two and type E4 injury in two patients (Table 1 
and Figure 1). Both of  the patients with type E4 injury 
also had a vascular lesion of  the hepatic artery, with 
disruption of  either the right hepatic artery or the proper 
hepatic artery. The average period between the primary 
Roux-en-Y hepaticojejunostomy and the operation in 
our hospital was 41.3 ± 46.5 (5-148) mo. Six of  the eight 
patients received Roux-en-Y hepaticojejunostomy for the 
second time without stent implantation, and one of  the 
six patients who had type E4 injury with the right hepatic 
artery disruption underwent right hepatectomy afterward. 
One patient who had type E4 injury with the proper 
hepatic artery lesion received liver transplantation, and the 
remaining one patient with type E3 injury received external 
biliary drainage. 

RESULTS
All patients recovered uneventfully, and no significant 
complications occurred postoperatively. Three patients 
received additional or alternative surgical procedures. In 
one patient who had type E4 injury with the right hepatic 
artery disruption, the primary bile-enteric anastomosis 
of  the left hepatic duct was fairly good, however the 
scarred biliary stricture occurred in the primary biliary-
enteric anastomosis of  the right hepatic duct, and multiple 
small abscesses were located in the right lobe of  the 
liver. Considering the possibility of  liver failure caused by 
insufficient remnant liver volume, we did not perform right 
hemihepatectomy at that time. Carefully removing those 

inflammatory scar tissues, we identified the openings of  the 
right anterior hepatic duct and the right posterior hepatic 
duct. We connected these two bile duct openings into one 
by plastic reconstruction and performed biliary-enteric 
reanastomosis. Six weeks later, the abscess was found in 
the right hepatic lobe of  this patient on CT with clinical 
symptoms. However, the left hepatic lobe compensatory 
enlarged and liver function improved, and thus the right 
hemihepatectomy was performed safely afterward. The 
other patient with type E4 injury had proper hepatic artery 
disruption, although compensatory collateral arterial blood 
supply from the left gastric artery could be identified by 
CT (Figure 2). The patient presenting secondary biliary 
cirrhosis combined with portal hypertension at admission 
received liver transplantation. The remaining patient with 
type E3 injury suffered from severe biliary infection, and 
the general condition was extremely poor. Although several 
stones were removed in the biliary-enteric anastomosis of  
the left duct during the operation, we could not expose 

Table 1  Patient basic status of bile duct injury

Patient
number

 Type of 
   injury
(Strasberg)

Combined
with vascular
   injury

Operation
   type 

Postoperative 
liver function

    1         E1         - Roux-en-Y     Normal
    2         E2         - Roux-en-Y     Normal
    3         E2         - Roux-en-Y     Normal
    4         E2         - Roux-en-Y     Normal
    5         E3         - Roux-en-Y     Normal
    6         E3         - External biliary 

drainage
    TBIL among
    100 mmol/L

    7         E4 right HA 
injury

Roux-en-Y, right 
hepatectomy 
afterward

    Normal

    8         E4 Proper HA 
injury

Liver 
transplantation

    Normal

HA: Hepatic artery; Roux-en-Y: Roux-en-Y hepaticojejunostomy; TBIL: Total 
bilirubin.

Figure 2  Computed Tomography angiography (CTA) of one type E4 injury 
patient displayed the lesion of the proper hepatic artery (arrow), although some 
compensatory collateral arterial blood supply from the left gastric artery could be 
identified. This patient received liver transplantation.

> 2 cm
   E1

< 2 cm
   E2 E3

E4
E5

Figure 1  Strasberg classification of bile duct injury. E1: Transected main bile duct 
with a stricture more than 2 cm from the hilus; E2: Transected main bile duct with 
a stricture less than 2 cm from the hilus; E3: Stricture of the hilus with right and left 
ducts in communication; E4: Stricture of the hilus with separation of right and left 
ducts; E5: Stricture of the main bile duct and the right posterior sectoral duct.



the main opening of  the right hepatic duct even when 
painstakingly dissecting hepatic hilar tissue about 3 cm 
in depth. As a result, external biliary drainage had to be 
carried out.

At a median follow-up of  10 (range 4-17) mo, the six 
patients who received Roux-en-Y hepaticojejunostomy for 
the second time and one undergoing liver transplantation 
was clinically and biochemically stable without any 
pathologic findings. The symptoms of  biliary infection 
of  the patient receiving external biliary drainage were 
controlled, the liver function was ameliorated, and total 
bilirubin dropped from the preoperative level of  318 
µmol/L to a level of  around 100 µmol/L. This patient 
was waiting for liver transplantation. 

DISCUSSION
In the United States and Canada, 34%-49% of  surgeons 
have experienced a major bile duct injury, in one or two 
cases[5,12]. Increasing evidence has suggested that such 
injury should be managed by an experienced hepatobiliary 
surgeon[13] and the early recognition of  injury directly 
affects the outcome[7]. Patients treated by the injuring 
surgeons have an increased death risk of  11% at nine 
years[14], yet in North America 58%-75% of  injuries 
are still repaired by the injuring surgeons[9,12]. Similarly, 
such situation also occur in China. Undoubtedly, it is a 
surgical challenge to handle the failed cases of  Roux-en-Y 
hepaticojejunostomy for bile duct injury. 

Preoperative preparation
Initial treatment should focus on resuscitation of  the 
patient, drainage of  any collections to create a controlled 
enterocutaneous fistula and treatment of  sepsis. Any 
unuseful intra-abdominal drains may be withdrawn 
subsequently from the hilum, reducing the inflammation 
caused by such a foreign body, thereby allowing the tissue 
to mature. Nutritional supports should be maintained 
during the whole perioperative period[15], since bile duct 
injury may even result in a systemic inflammatory response, 
with subsequent development of  multiorgan failure. A 
low serum level of  albumin at the time of  surgery is often 
associated with a poor outcome[16]. Thus, it is important 
to address any nutritional deficit with enteral feeding, as 
long periods of  biliary-enteric discontinuity will impair the 
function of  the intestinal barrier and increase the risk of  
endotoxaemia and fat soluble vitamin deficiency[17].

Choice of operative method
If  the bil iary conf luence is intact and there is no 
associated vascular injury, a hepaticojejunostomy onto the 
extrahepatic bile duct gives the best result[15,18-20]. Based 
on our preliminary experience, the number and diameter 
of  bile duct openings at the hilum is not the limiting 
factor of  the surgery. Murr et al[20] reported a 91% success 
rate and an 88% 5-year stricture-free survival. In liver 
transplantion surgery, biliary complications are almost 
universal following hepatic artery thrombosis. Vascular 
injuries contribute significantly to postoperative morbidity 
and mortality, particularly in cases of  delayed diagnosis[21]. 
It has been shown that ductal ischemia due to concomitant 

hepatic arterial damage may be a cause of  failed primary 
hepatojejunostomal reconstruction or late peripheral bile 
duct stenosis[22,23]. Occlusion of  the right hepatic artery can 
lead to necrosis of  the right hepatic lobe; therefore, it may 
be appropriate to consider a right hemihepatectomy[21]. 
In the case of  poor general condition and uncontrollable 
biliary system infection, external biliary drainage might 
be the unique choice at the time of  emergency. Patients 
who have developed secondary biliary cirrhosis should be 
considered to be the candidates for liver transplantation 
rather than further reconstruction, especially if  there 
is significant portal hypertension[15]. Bile duct injury 
associated with complex vascular lesions might even 
necessitate liver transplantation[24].

Exposure of proximal bile duct
It is extremely important to create the biliary-enteric 
anastomosis to a healthy, non-inflamed, non-scarred 
duct. After the failure of  the first attempt of  Roux-en-Y 
hepaticojejunostomy, such dissection would become 
particularly difficult, for the level of  scarred biliary stricture 
could be much higher than that of  the primary bile duct 
injury. Once all adhesions of  the right upper quadrant 
are sectioned, dissection of  the jejunal limb is perfomed 
because misplacement and erroneous construction of  
Roux-en-Y are found in some patients[25]. For a correct 
hilar dissection, it is necessary to avoid the interruption of  
arterial branches as much as possible. No effort is given 
to completely dissect the arterial supply to the liver[26]. The 
hepatic artery itself  and the previous surgical suture could 
be a useful anatomical mark in searching the bile duct 
at the hepatic hilum. The hilar plate is sectioned and the 
hilus is retracted caudally. If  bile leak is observed during 
dissection, fine bile dilators are carefully inserted to identify 
the main ducts. Once the bile duct is explored, the scarred 
duct has to be removed up to a level at which a healthy 
duct is found. If  the bifurcation is lost, with the isolated 
left and right hepatic duct, or the confluence is high and 
deep in the liver, dissection of  the proximal bile ducts is 
not easily obtained. In such cases, partial liver resection of  
the segment Ⅳ and Ⅴ is done to allow adequate exposure 
of  the left and right ducts, as described by Strasberg[27]. 

Surgical technique
In the present study, al l patients received surgical 
repairs at their primary hospitals, and some even 
experienced numerous attempts. All those failed biliary-
enteric anastomoses were placed at a too low level 
and exhibited technical faults such as the use of  non-
absorbable silk suture materials or a two-layer anstomotic 
technique. Attention to the anatomical placement of  the 
anastomosis is of  great importance[19,28,29], as failure after 
hepaticojejunostomy is usually caused by an anastomotic 
stricture, which is often ischemic in nature[28]. The healthy 
soft opening of  the bile duct is crucial to the success 
of  biliary-enteric reconstruction, however, the number 
and diameter of  bile duct openings are comparatively 
of  less importance. If  bile duct openings at the hilum 
are nearby, plastic reconstruction could merge them into 
one or two openings (Figures 3 and 4). Although it is still 
controversial whether interrupted suturing or continuous 
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running suturing is better for biliary-enteric anastomosis, 
we prefer the latter even in those extremely difficult cases 
with a single bile duct opening less than 3 mm in diameter. 
Actually, the distribution of  tension in a continuous 
running suture would be more equal than an interrupted 
suture. Moreover, without the disturbance of  multiple 
stitches as in interrupted suture, a continuous running 
suture would provide surgeons an easier way to focus their 
attentions to performing the anastomosis. The assistant 
surgeon should never pull the suture too tight during the 
entire procedure as we do expect to leave a ‘growth factor’ 
in every stitch. To improve the quality of  biliary-enteric 
anastomosis is beyond the quarrel of  the interrupted 
suture or continuous running suture. Based on our 
experience, traditional silk suturing should be abandoned 
in biliary-enteric anastomosis, since it might cause ‘silk 
suture reactive stones,’ looking like a necklace around the 
anastomosis area in some cases. Compared to most of  
the reported literature using absorbable PDS® suture for 
the anastomosis, we routinely use the non-absorbable 
Prolene® suture. Having observed a few cases of  
anastomotic edema of  bile duct reconstruction using PDS® 
suture in previous liver transplanted patients, we consider 
that such absorbable suturing might be responsible for 
the foreign body reaction. However, this requires further 
investigations to draw a conclusion as to whether the 
absorbable PDS® suture or the non-absorbable Prolene® 
suture is advantageous in biliary-enteric anastomosis. 

Attention to concomitant hepatic artery injury
It was reported that concomitant vascular injury was 
present in 71% of  patients with Bismuth level Ⅳ lesions 
and in 63% of  those with Bismuth level Ⅲ bile duct 
injury[23]. In our group, both of  the type E4 injury patients 
had a hepatic artery lesion. Special attention should be paid 
to concomitant vascular injury in those complicated cases. 
The prognostic impact of  vascular damage was underlined 
by Buell et al, who reported a 38% mortality rate in the 
presence of  arterial lesions as against 3% in patients with 
injuries limited solely to the bile duct[30]. When vascular 
injury is recognized during the original operation, we 
would recommend immediate arterial reconstruction 
if  the surgeon is capable or transfer the patient to a 
tertiary specialty department/clinic for definitive surgical 

repair. Delayed diagnosed vascular lesions are mostly 
not accessible for revascularization and can be followed 
by hepatic necrosis or persistent cholangitis resulting in 
end-stage liver cirrhosis. Based on our limited experience 
on one patient receiving liver transplantation and data 
reported by others, patients with bile duct injury associated 
with severe vascular lesion might be considered for liver 
transplantation. 

Major bile duct injury during cholecystectomy is 
a disaster not only for the patient, but also for the 
surgeon. Although it would be extremely difficult to 
manage the patients with biliary restricture after Roux-
en-Y hepaticojejunostomy for bile duct injury, good 
results could be achieved in the form of  Roux-en-Y 
hepaticojejunostomy for the second time in those 
complicated cases. Undoubtedly, a better general 
preoperative condition, careful selection of  the operation 
method, excel lent surg ica l sk i l l s and met iculous 
postoperative management would account for a favourable 
outcome in bile duct injury cases.

 COMMENTS
Background
Laparoscopic cholecystectomy has become the first choice of management 
for symptomatic cholecystolithiasis. While it is associated with decreased 
postoperative morbidity and mortality, bile duct injuries are reported more severe 
and more common when compared with open cholecystectomy. 

Research frontiers
Bile duct injury would be aggravated by delayed recognition or a failed initial repair. 
It is a great challenge for surgeons to handle the biliary restricture after Roux-en-Y 
hepaticojejunostomy for bile duct injury. In most cases, if the biliary confluence is 
intact and there is no associated vascular injury, a secondary hepaticojejunostomy 
on the extrahepatic bile duct gives the best result. 

Innovations and breakthroughs
It is extremely important to create the biliary-enteric anastomosis to a healthy, 
noninflamed, nonscarred duct, although the level of scarred biliary stricture could 
be much higher than that of the primary bile duct injury. Based on our preliminary 
experience, the number and diameter of bile duct openings at the hilum are not 
the limiting factors of the surgery. We prefer continuous running suture for biliary-
enteric anastomosis. 

Applications 
Although it would be of great difficulty to manage the patients with biliary restricture 

Figure 4  Plastic reconstruction in one type E3 patient merging several bile duct 
openings into one at the hilum after removal of the scarred ducts (the same patient 
in Figure 3). 

Figure 3  MRCP appearance of one type E3 injury patient showing dilation of 
intrahepatic bile ducts (arrows). 
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after Roux-en-Y hepaticojejunostomy for bile duct injury, good results could be 
achieved in a secondary Roux-en-Y hepaticojejunostomy in those complicated cases.

Terminology
Hepaticojejunostomy: anastomosis of hepatic duct and jejunum. 

Peer review
The paper by Yan et al describes their surgical experience on biliary restricture 
after Roux-en-Y hepaticojejunostomy for bile duct injury in a Chinese university 
hospital. The results of the surgery seem to be impressive.
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