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Introduction: Reconstructive hepatico-jejunostomy is recommended for major bile duct injuries
(BDIs) during cholecystectomy. Complications of biliary leak, cholangitis, bleeding, anastomotic
strictures and biliary cirrhosis remain a major concern affecting a patient’s outcome after
surgery. The aim of this study was to analyse the results of surgical repair of major BDIs at our
institution and identify predictors for the development of major complications.
Methods: A retrospective study of 57 patients with major BDI after cholecystectomy referred
to a tertiary hepato-biliary centre from July 1999 to July 2011 and subsequently managed with
reconstructive bilio-enteric anastomosis was performed.
Results: Of 57 patents 35 (61.4 %) were primary referred. 22 (38.6 %) were secondary referred,
of which 17 were for correct reconstructive surgery performed elsewhere and 5 were following
attempted endoscopic management. 17 (29.8 %) had local and systemic perioperative
complications. 13 (22.8%) had major complications (bile leak, bleed, stricture and/or biliary
cirrhosis). No association was found between age, type of cholecystectomy, type of injury,
vascular injury and occurrence of major complications. Secondarily referred patients after
therapeutic interventions (p=0.010) and reconstructive surgery after repair performed by nonspecialists suffered an increased incidence of major complications (p=0.032). Secondary referral
was also an independent predictor of major complications (p=0.024).
Conclusion: Early referral of patients with no previous intervention to a tertiary hepato-biliary
center and specialist surgical repair is recommended for improved outcome after reconstructive
hepatico-jejunostomy for major BDIs during cholecystectomy.
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Introduction
Managing BDI after cholecystectomy continues to be a major
challenge and requires a multi disciplinary approach between
surgeons, gastroenterologists and radiologists. The
recommended treatment for major bile duct injury (BDI) after
cholecystectomy is hepatico-jejunostomy performed between
the confluence of bile ducts and a Roux loop of intestine.
© Tropical Gastroenterology 2015

Surgical repair of BDI has slowly evolved over time and
remains technically challenging even for the experienced
surgeon. It has associated morbidity affecting a patient’s short
and long term outcomes. This morbidity includes lifethreatening complications of biliary leak, sepsis, cholangitis,
bleeding, anastomotic strictures and biliary cirrhosis with portal
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hypertension and end-stage liver disease. Numerous factors
influence the results of treatment.

leakage, postoperative bleeding, anastomotic strictures or
biliary cirrhosis).

The aim of this study was to analyse the outcome after
surgical repair of major BDIs at our institution and identify

Surgical management consisted of a Roux-en-Y hepaticojejunostomy. The biliary reconstruction of transected bile ducts

predictors for the development of major complications.

(type E injuries) was performed by an end-to-side Roux-en-Y
hepatico-jejunostomy according to the Hepp–Couinaud

Patients and methods
Study Population

technique. A Roux-en-Y loop of at least 40 cm length was used
carefully, avoiding tension at the anastomosis. After excision

A retrospective analysis of a prospective database of all patients

of any scar tissue, a mucosa-to-mucosa one-layer anastomosis
was created with absorbable 4-0 suture PDS using the

referred with a major BDI following cholecystectomy and
treated surgically by the senior author at the Jaslok Hospital

interrupted technique. The anastomosis was always done at
the confluence of the two ducts and after opening the entire

and Research center during a 12 year period from July 1999 to
July 2011 was performed.

extent of the horizontal length of the left hepatic duct. The hilar
plate was lowered to facilitate this step. This ensured a wide

Major BDI included all transections or partial lacerations
of the common hepatic duct, common bile duct, or major

anastomosis even when the duct was small and non-dilated.
The posterior row of sutures was placed first and tied only

segmental ducts at the portahepatis.
Minor leaks from the cystic duct or gallbladder bed were

after all had been placed. This helped to ensure deep accurate
placement as the intestine and the bile duct remained far apart.

excluded. Patients with benign bile duct strictures from trauma
or inflammatory processes and malignant bile duct strictures

The anterior row was similarly placed. Trans-hepatic stents
were placed only in selected cases. Drains to the anastomosis

were excluded.
The type of BDI was defined by imaging (computed

were placed routinely.
After discharge, patients were followed with regular liver

tomography (CT) with vascular reconstruction, magnetic
resonance cholangio-pancreatography (MRCP), endoscopic

function tests and ultrasound scan of the biliary tree. This was
done annually in patients who remained asymptomatic. Further

retrograde cholangio-pancreatography (ERCP), percutaneous
transhepatic cholangiography (PTC)) and surgical recognition.

imaging was done when biochemistry was abnormal or patients
developed symptoms of cholangitis.

BDIs were then categorized according to the Strasberg
classification. Presence of vascular injury was recorded.

Demographics, prior intervention, preoperative imaging,
Strasberg’s classification of BDI, presence of vascular injury,

Based on the therapeutic interventions attempted at the
referring center two groups were defined. Primary referred

type and timing of surgical reconstruction, short-term and
long-term complications and mortality were analysed.

patients were defined as those who had not undergone any
therapeutic intervention at the referring center. Secondary

Data analysis

referred patients presented following surgical, endoscopic or
radiologic interventions. Based on the timing and type of

Univariate analysis was performed using the Chi square test

surgery three operative groups were defined. Early primary
repair consisted of patients with no prior surgical intervention

(when appropriate the Fischer test) for the presence of risk
factors for the occurrence of major complications. Multivariate

operated within 3 weeks of the injury and late primary repair
consisted of patients with no prior surgical intervention

analysis was performed using binary logistic regression to look
for independent association of risk factors detected on

operated following 3 weeks of the injury. Delayed secondary
repair were patients who were referred for reconstructive

univariate analysis. P values of <0.05 were considered
statistically significant. Statistical analysis was performed using

surgery for correction of intended final reconstructive surgical
repair performed elsewhere. Complications within 30 days of

SPSS v.20.0 (Chicago, IL, USA) software for Windows.

procedure were defined as short-term complications and after
this as long-term complications. Complications specific for

Results
Study population

hepatico-jejunostomy were defined as minor (e.g. abscesses,
wound infection and cholangitis) and major (anastomotic

The study population comprised of 57 referred patients, 30
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men (52.6 %) and 27 women (47.4 %) with a median age of 42
years (range, 22 to 79 years), treated surgically for major BDIs

choledocho-jejunostomies and 10 were hepaticojejunostomies.
Of 5 patients with endoscopic intervention three had an ERCP

after cholecystectomy during a 12-year period. 39 patients were
of ASA class 1,18 patients were of ASA class 2 with none of

with stenting, of which two still needed a laparotomy with
drainage for biliary leak. Two had unsuccessful attempts at

ASA class 3 or 4. 12 patients had diabetes mellitus, 5 had
hypertension, 1 had an old cerebrovascular accident, 2 had

ERCP with stenting of which one needed percutaneous

hyperthyroidism and 2 had ischemic heart disease. Patient
demographics are listed in Table 1.
Patient clinical details and type of injury are listed in Tables
2 and 3 respectively.

Initial procedure and recognition of bile duct injuries
Of the 57 cases an open cholecystectomy was performed in 22
and a laparoscopic cholecystectomy in 35. The injury was
recognized intra-operatively at the index surgery by the primary
surgeon in 25 cases (43.9 %). At referral, 15 patients presented
with jaundice, 22 with a biliary fistula, 24 with cholangitis, 1
with abdominal pain and 1 with peritonitis.

Referral of patients and interventions performed
Of 57 patients 35 (61.4 %) were primary referrals. Of these in 8
patients with a biliary leak only drainage with no attempt toward
reconstruction was performed. 3 were laparotomy with
drainage, 1 was a laparoscopy with drainage and 4 were
percutaneous drainage. In primary referrals the median time
from injury to referral was 1 month (range 0-3 years). 22 (38.6
%) were secondary referrals, of which 17 were to correct
reconstructive surgery performed elsewhere and 5 were after
prior attempted endoscopic management. Of the 17 repairs 4
were end-to-end ductal anastomosis over a T tube, 3 were
Table 1:

Demographic details of patients with bile duct injury

Age (years)
• Median (Range)
• Mean +/-SD
Gender
• M:F
American Society of Anaesthetists –(ASA)
Pre-operative classification
• 1 (healthy)
• 2 (mild disease)
Comorbidities
• Type 2 Diabetes Mellitus
• Hypertension
• Cerebrovascular accident
• Hyperthyroidism
• Ischaemic heart disease

42 (22-19)
47.60
30:27

39
18
12
5
1
2
2

Table 2:

Clinical details of patients with bile duct injury

Symptomatology
Number of patients (%)
• Jaundice
15 (26.3%)
• Biliary fistula
22 (38.6%)
• Cholangitis
24 (42.1%)
• Abdominal pain
1 (1.7%)
• Peritonitis
1 (1.7%)
Initial Procedure
• Open cholecystectomy
22(38.6%)
• Laparoscopic cholecystectomy
35(61.4%)
Intraoperative recognition
• Yes
25(43.9%)
• No
32(56.1%)
Referral
• Primary
35(61.4%)
• Secondary
22(38.6%)
Interventions at referring hospital
• Drainage only
8 (14%)
• Laparotomy and drainage
3
• Laparoscopy and drainage
1
• Percutaneous drainage
4
• Repair
17 (29.8%)
• End to end over T tube
4
• CDJ
3
• HJ
10
• Interventional radiology
5 (8.7%)
• ERCP with stent
1
• ERCP with stenting with laparotomy
with drainage
2
• ERCP attemped
1
• ERCP attemped with percutaneous
drainage
1
Time to referral
Time duration
Time from injury to referral in primary
1 month (0-3 years)
referred (Median, Range)
Time from management to referral in
1 year
secondary referred (Median, Range)
(1 month to 8 years)
Table 3:

Type of injury details of patients with bile duct injury

Type of injury (Strasberg)
• C
• D
• E1
• E2
• E3
• E4
• E5
Vascular injury right hepatic artery
• Yes
• No

Number of patients (%)
5 (8.8%)
2 (3.5%)
1(1.7%)
19 (33.3%)
20 (35.1%)
8 (14.1%)
2 (3.5%)
7 (12.3%)
50 (87.7%)
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drainage. In secondary referred the median time from
intervention to referral was 1 year (Range: 1 month to 8 years).

Bile Duct Injuries According to the Strasberg
Classification

had wound infection. Of patients with systemic complications
2 patients hadcholangitis, 1 patient developed pleural effusion
and 1 patient developed pneumonia. 40 patients remained free
of local or systemic complications.

Long-term complications and mortality
According to Strasberg’s classification of bile duct injuries
there were 5 patients with a Type C, 2 with type D ,1 with Type

Follow-up ranged from 36 to 120 months (median, 84 months)

E1, 19 with type E2 , 20 with Type E3 , 8 with type E4 and 2 with
type E5. 7 patients were identified to have concomitant right

as of July 2014. All patients, barring one were alive by July
2014. This death occurred because of liver failure secondary to

hepatic artery injury.

biliary cirrhosis. 5 patients developed an anastomotic stricture
needing dilatation and 2 developed biliary cirrhosis. 52 patients

Hospital stay

had no late complications.

The median length of stay after definitive repair was 12 days
(Range 7-31 days).

Analysis of risk factors for the occurrence of major
complications after BDI repair

Patient morbidity and mortality details are listed in Table 4.
Comparison details are listed in Tables 5 and 6.13 patients

Short-term complications and mortality

(22.8%) had major short or long term complications (bile leak,
bleed, stricture and/or biliary cirrhosis). The two groups with

Of the 57 patients who underwent biliary reconstruction, no
deaths occurred in the postoperative period. Of the patients

and without major complications were similar in age, sex, ASA
status, presence of comorbidities and blood loss during

with local complications 7 patients had a bile leak
postoperatively which was managed conservatively in all cases.

surgery. No association was found between age, type of
cholecystectomy, type of injury, vascular injury and occurrence

1 patient had bleeding from a pseudo-aneurysm of the right
hepatic artery managed by angio-embolization and 8 patients

of major complications. Secondary referred patients after
therapeutic interventions (p=0.010) and reconstructive surgery

Table 4:

for intended final reconstructive repair performed elsewhere
(p=0.032) were associated with a significantly increased

Morbidity and mortality of details of patients with
bile duct injury

Postoperative complications
Local
• Bile leak
• Bleeding
• Wound infection
Systemic
• Cholangitis
• Pneumonia
• Pleural effusion
• Complication free
Long term complications
• Stricture formation
• Biliary cirrhosis
• Complication free
• Complication free short or long
Major Complication
• Yes
• No
Mortality
• In hospital
• Long term

Number of patients (%)
7 (12.3%)
1(1.8%)
6 (10.5%)
2(3.5%)
1(1.8%)
1(1.8%)
40(70.1%)
4 (7%)
2(3.5%)
52(91.2%)
37 (64.9%)
13(22.8%)
44(77.2%)
0
1 (1.8%)

incidence of major complications. Secondary referral was also
an independent predictor of major complications (p=0.024).
Table 5:

Comparison of groups of patients with major
complications after bile duct injury

Major
complications

No

Age
• <42
23 (79.3%)
• >42*
21 (75%)
Sex
• Male
22 (73.3%)
• Female 22 (81.5%)
Comorbidities
• Yes
16 (88.9%)
• No
28 (71.8%)
Blood Loss
• <200ml 39 (81.2%)
• >200 ml 5(55.6%)
*Median age

Yes

Total

Univariate
analysis
(p value)

6 (20.7%)
7 (25%)

29
28

0.698

8 (26.7%)
5 (18.5%)

30
27

0.464

2 (11.1%) 18
11 (28.2%) 39

0.153

9 (18.8%)
4(44.4%)

0.092

35
9
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Table 6:

Univariate and multivariate analysis of risk factors for major complicationsafter bile duct injury

Major
complications
Age
• <42
• >42*
Level and type of injury
• Low (E1,E2)
• High(E3,E4,E5)
• Minor (C,D)
Cholecystectomy
• Open
• Laparoscopic
Referral
• Primary
• Secondary
Vascular injury
• Yes
• No
Timing of repair
• Early
• Late
• Redo hepatjejenostomy
(Delayed)
*Median age

No

Yes

Total

23 (79.3%)
21 (75%)

6 (20.7%)
7 (25%)

29
28

16 (80%)
22 (73.3%)
6 (85.7%)

4 (20%)
8 (26.7%)
1 (14.3%)

20
30
7

18 (81.8%)
26 (74.3%)

4 (18.2%)
9 (25.7%)

22
35

31 (88.6%)
13 (59.1%)

4 (11.4%)
9 (40.9%)

35
22

6 (85.7%)
38 (76%)

1 (14.3%)
12 (24%)

7
50

15 (75%)
19 (95%)
10 (58.8%)

5 (25%)
1 (5%)
7 (41.2%)

20
20
17

Univariate
analysis
(p value)
0.698

Multivariate
analysis
(p value)
0.887

Odds ratio

95%CI

0.903

0.220-3.702

0.729

0.970

0.979

0.321-2.987

0.509

0.702

1.329

0.310-5.706

0.010

0.024

11.826

1.379-101.411

0.566

0.700

0.626

0.058-6.766

0.032

0.309

0.531

0.157-1.799

Discussion

reporting long term results after BDI repair following open

BDI following cholecystectomy still remains a major challenge.

cholecystectomy have shown similar results to those after
laparoscopic cholecystectomy.6–9 We did not observe any

Severe injuries such as bile duct transection or recurrent
strictures need reconstructive surgery. Surgical repair can be

effect of cholecystectomy technique affecting outcome in this
study.

complicated by biliary leak, sepsis, cholangitis, bleeding,
anastomotic strictures and biliary cirrhosis with portal

There were 22 patients above the age of 42 years. Older age
was not associated with occurrence of major complications

hypertension and end-stage liver disease. BDIs may hence
lead to prolonged morbidity, high costs, and an impaired quality

after surgical repair as noted in a few studies.10 However it has
been reported that even with successful management, quality

of life.1–3 An optimization of the management strategy can
reduce these complications.

of life is decreased and survival impaired, especially in elderly
patients.11

This article describes a consecutive series of 57 patients
undergoing reconstructive surgery for bile duct injury operated

The injury was recognized intra-operatively in 25 cases
(43.9 %) similar to other studies where the majority of biliary

at our institution over 12 years. In this series, 13 (22.8%)
patients had 1 or more major complication (bile leak, bleed,

injuries are not recognized during the initial cholecystectomy.9
After diagnosing injury, 22 of 57 (38.6 %) were referred following

stricture and/or biliary cirrhosis) affecting the short and/or long
outcome. We analysed possible predictors influencing the

prior surgical or endoscopic intervention to correct the injury.
These patients had a significantly higher incidence of major

occurrence of major complications in this study.
The index cholecystectomy was performed by the open

complications following reconstructive surgery in comparison
to those directly referred without any intervention. Also on

technique in 22 patients and laparoscopically in 35 patients.
As the incidence of BDIs is higher in laparoscopic

analysis this was found to be the only independent predictor
of the occurrence of major complications. These findings are

cholecystectomy (0.1-0.2% vs. 0.4 -0.6%) and tends to be more
severe the technique of index cholecystectomy may indirectly

similar to other studies that show that the outcome for
reconstructive surgery in a specialized center is influenced by

affect the outcome after surgical repair in these patients.4,5 Series

the referral pattern.12
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In the major BDIs, a Roux-en-Y hepatico-jejunostomy (HJ)
is the preferred method of repair as was performed in all patients

There was no increase in complication rate seen in this series
in patients with right hepatic artery injury. Stewart et al reported

in this study. Repair in the presence of peritonitis is associated
with poor outcome.13 Our practice was to initially control sepsis

that biliary injuries repaired by the primary surgeon are
associated with a higher incidence of postoperative abscess

via radiologic intervention or laparotomy/laparoscopy and
antibiotics and operate on patients at a later date (4-6 weeks),

bleeding, hemobilia, hepatic ischemia, and the need for
hepatic resection but a similar increase in the complication

after their index admission when the associated collections
and inflammation had subsided. The optimal timing of surgical

rate was not seen in patients treated by hepato-biliary
surgeons.20

repair remains controversial. Early surgical reconstruction
performed several days to within 3 weeks after injury, on non-

In conclusion, referral to a tertiary centre after therapeutic
interventions was an independent negative predictor of

dilated bile ducts and inflamed tissues is thought more difficult
with poorer short and long-term outcomes. However many

outcome. Reconstructive surgery after repair performed by nonspecialists had a worse outcome. Our findings thus support

authors have failed to identify early repair as an individual risk
factor.12,14,15 In this series, early repair within 3 weeks was

early referral of patients to a tertiary hepato-biliary center after
bile duct injury without intervention and specialist surgical

associated with the lowest incidence of major complications,
as reported in some other series also.16 Patients with late repairs

repair.

and repeat surgeries were associated with significantly higher
incidence of major complications though timing of repair was
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