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Aim
To analyze and evaluate the presentation, characteristics, related investigation,
and outcomes of reconstructive hepaticojejunostomy in patients with
postcholecystectomy bile-duct injuries (BDI).
Patients and methods
This studywas done inMinia University Hospital (Minia Hepatobiliary Unit), including
26patientswhounderwenthepaticojejunostomyRoux-en-Y forpostcholecystectomy
BDI between May 2017 and May 2020, retrospectively and prospectively.
Results
The study included 26 patients who suffered from iatrogenic BDIs; 19 (73%)
patients underwent open cholecystectomy (OC), and seven (27%) patients
underwent laparoscopic cholecystetomy (LC). Regarding injury type, the
leaking, obstructing, collection, peritonitis, and vascular injuries were 26.9, 46.1,
19.3, 7.7, and 4.4%, respectively. However, the Strasberg classification of injury
was as follows: E1=15.4%, E2=46.1%, E3=30.8%, and E4=7.7%. In this
retrospective study, between May 2017 and December 2020, 26 patients with
major BDI sustained during cholecystectomy and requiring surgical treatment in the
form of HJ Roux-en-Y were referred to Minia Hepatobiliary Center. Preoperatively,
ultrasound was done for all patients, computed tomography in three (11.5%), PTC
in three (11.5%), endoscopic retrograde cholangio-pancreatograpgy (ERCP) in 17
(65%), and magnetic resonance cholangio-pancreatograpgy (MRCP) was done for
16 (61.5%) patients.
Conclusion
Early detection of BDI and early referral to specialized hepatobiliary referral centers
are essential for early management of BDI and prevention of its complications.
Surgical reconstruction using Roux-en-Y hepaticojejunostomy mucosa to mucosa
repair remains the golden-standard procedure of choice for treating these injuries
with successful outcome and better long-term result.
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Introduction
Cholecystectomy is one of the most common general
surgical operations performed worldwide. The risk of
bile-duct injury (BDI) during laparoscopic
cholecystectomy is two to three-times higher than
during open cholecystectomy. The worldwide
incidence of BDI is 0.5% or one in 200 cases. BDI
and its consequences result in significant morbidity and
may even cause mortality; it also increases the cost of
treatment and can be a common reason for medicolegal
suits against the surgeons [1,2]. Injuries to the bile
ducts are unfortunately not rare and often turn out to be
tragedies. A BDI will probably occur, at least once in a
lifetime, in the hands of every surgeon who performs
laparoscopic cholecystectomy [3].

Cholecystectomy is responsible for 80–85% of BDI.
The incidence of BDI following laparoscopic
Wolters Kluwer - Medknow
cholecystectomy has increased over the past decade
(0.4– 0.6%), despite the expertise gained worldwide
in performing this procedure, while its incidence after
open cholecystectomy was 0.1–0.2% [4,5].

BDI during cholecystectomy (in order of its frequency
and importance) is ignored or misidentified and
sometimes aberrant anatomy, inexperience, and/or
overconfidence on the part of the surgeon, difficult
pathology, bleeding, and thermal injury.
Misinterpretation of biliary ductal anatomy, that is,
misidentification of the common bile duct (CBD) as
the cystic duct, is the commonest etiological factor for
DOI: 10.4103/ejs.ejs_266_21
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BDI during laparoscopic cholecystectomy; aberrant
anatomy (the most common mechanism of BDI is
misidentification of anatomy) and difficult pathology
are less commonly responsible for the BDI. Aberrant
biliary ductal anatomy is frequently blamed but is not
usually responsible for majority of the BDI [6].

Multiple classification schemes have been developed to
describe CBD injuries. This has been very useful in
standardizing discussions and research regarding the
incidence of injuries and the outcomes of repair [7,8].

The diagnosis of BDI mandates immediate referral to a
hepatobiliary surgeon. Whether the injury is identified
during surgery, or at any time in the postoperative
period, the operating surgeon should not attempt repair
since attempted repair by the injuring surgeon is
associated with an increased risk of morbidity and
mortality [9]. Each failed repair is associated with
some loss of bile-duct length and greatly exacerbates
an already-difficult situation [10].

The management of BDI depends on the type, extent,
and level of injury, and the time of its diagnosis. Initial
proper treatment of BDI diagnosed during the
cholecystectomy can avoid the development of a bile-
duct stricture. If a major injury is discovered and an
experienced biliary surgeon is not available, an external
drain and, if necessary, trans-hepatic biliary catheters are
placed, and the patient is transferred to a referral center
[11]. There is consensus that BDI is best handled in
specialized hepatobiliary units. However, the optimal
time of operative repair remains controversial [12].

The aim of this study was to evaluate the presentation,
characteristics, related investigation, and outcomes of
reconstructive hepaticojejunostomy in patients with
postcholecystectomy BDI.
Patients and methods
This study was done in Minia University Hospital
(Minia Hepatobiliary Unit), including 26 patients
who underwent hepaticojejunostomy Roux-en-Y for
postcholecystectomy BDI betweenMay 2017 andMay
2020, retrospectively and prospectively. This study
includes all patients who were subjected to surgical
repair of postcholecystectomy BDI. In all patients, the
only type of surgical repair done in the form of
biliary–enteric anastomosis was hepaticojejunostomy
Roux-en-Y. The title, aim, and plan of the study
were discussed and approved regarding ethics of
research in the General Surgical Department, Minia
Faculty of Medicine. Full written and informed
consent was obtained from all relevant participant.
Patients
Inclusion criteria

This study included patients with iatrogenic major BDI
postcholecystectomy that included all transactions or
partial lacerations of the common hepatic duct,
common bile duct, or major segmental ducts at porta
hepatis andwho underwent hepaticojejunostomyRoux-
en-Y as a definite treatment.

Exclusion criteria

Patients with noncholecystectomy-related BDI.
Patients with cholecystectomy-related BDI that had
been managed by other lines of treatment
(endoscopically or radiologically), for example,
endoscopic retrograde cholangio-pancreatograpgy
(ERCP) or other types of surgical repair.

Data collection
Data for this study were obtained from the patients and
from the medical records of the patients included in the
medical archive of Hepatobiliary Unit ofMinia General
Surgery Department and all patients gave informed
written consent for surgery, possible consequences,
and the use of data for scientific purposes.

Preoperative recorded data for patients: Patient
demographics that include patient’s age and sex, the
type of offending cholecystectomy, time of recognition
of injury, presentation of patients after injury or at the
time of referral includes, presence of drain,
preoperative laboratory data, magnetic resonance
cholangio-pancreatograpgy (MRCP), ERCP, or
PTC, and level of injury.

Intraoperative data include
Findings in exploration, for example, evidence of
vascular injury right or main hepatic artery or portal
vein injury, presence of collection, and detection of the
level of injury according to Strasberg classification [13]

E1–low common hepatic duct (CHD) stricture, with a
length of the common hepatic-duct stump of more
than 2 cm.
E2–proximal CHD stricture–hepatic-duct stump less
than 2 cm.
E3–hilar stricture, no residual CHD, but the hepatic
ductal confluence is preserved.
E4–hilar stricture, with involvement of confluence and
loss of communication between the right and left
hepatic duct.
E5–involvement of aberrant right sectorial hepatic duct
alone or with concomitant stricture of the CHD.

Surgical technique
For postcholecystectomy BDI, the hepaticojejunostomy
was done in the following steps.
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Hepaticojejunostomy steps

The duodenojejunal junction is identified by the
ligament of Treitz and inferior mesenteric vein.
(1)
 About 10–20 cm from the duodenojejunal
junction is the site taken for Roux limb.
(2)
 Jejunum is cut with stapler transection. Roux limb
is passed retrocolic to the right of the middle colic
artery to reach the CHD area.
(3)
 End-to-side anastomosis: jejunum is incised over
its ant mesenteric border 1 cm proximal to the
stapled site, lengthy distal part distal to the
proposed anastomosis should not be kept as it
may cause blind loop and recurrent infection.
(4)
 In total, three interrupted-stay sutures are placed
in CHD at 3, 9, and 12 o’clock.
(5)
 Ideally from CHD outside-in, then from the
jejunum inside-out, bites are taken, so that knots
are placed outside, but posterior knots can be
placed inside by taking bites from inside-out and
outside if technical difficulty arises.
(6)
 Posterior-wall anastomosis was either taken
interrupted on continuous sutures.
(7)
 All sutures are placed and kept long with
hemostats (rubber over 4×4); only after placing
all posterior sutures, the jejunum is pushed gently
into the CHD and knots are tied; all threads are
kept long and cut at the end.
(8)
 Anterior sutures are taken similarly with knot
placement outside in an interrupted pattern.
After taking all bites, knots are tied sequentially
at the end.
(9)
 With parachute technique, the jejunum is pushed
and posterior and anterior knots are placed
sequentially.
(10)
Table 1 Clinical presentation after injury and level of injury as
Stenting of the hepaticojejunostomy can be done
by 6–8-Fr small stent, epidural stent, but is not
mandatory. When it is done, it is brought out
through the Roux jejunal limb outside and then
through a stab wound through the abdomen.
diagnosed by cholangiographic studies according to
(11)

Strasberg–Bismuth classification

n (%)

Presentation
Entero-enterostomy is done 60 cm distal to the
stoma to complete the Roux-en-Y anastomosis,
this is usually side-to-side, either hand sewn or
stapler.
Obstructive jaundice 12 (46.1)

(12)
External bile leak (fistula) 7 (26.9)

Biliary collection +abdominal pain 5 (19.3)
Finally, a tubal drain is brought out through a
separate stab wound on the abdominal wall.
Biliary peritonitis 2 (7.7)

Level of injury (Strasberg)

E1 4 (15.4)

E2 12 (46.2)

E3 8 (30.8)

E4 2 (7.6)

Degree of dilatation

A (<1.5 cm) 17 (65.4)

B (1.5–3 cm) 9 (34.6)
Postoperative data: follow-up
A − Short-term postoperative complications were
defined as those occurring within 30 days of the
repair surgery or during the same hospitalization.

B − Long-term postoperative complications were those
occurring after 30 days postrepair and the most
important complication was anastomotic strictures.
Clinically significant biliary stricture was defined as a
stricture that resulted in signs and symptoms requiring
surgical, endoscopic, or percutaneous intervention.
Statistical analysis
Statistical analysis was performed with SPSS, version
23.0. The statistical program SPSS (SPSS Inc., 233
South Wacker Drive, 11th Floor, Chicago, IL 60606-
6412) for windows. Data were expressed as range
(minimum and maximum), mean and SD for
numerical data, or number and percent for
categorical data. Student’s t test, χ2, and Fisher exact
test were used for comparison as the most appropriate.
P value of less than 0.05 was considered statistically
significant.
Results
The study included 26 patients who suffered from
iatrogenic BDIs; the age of all patients ranged from
20 to 66, with mean 45.4 and SD 11.5. The study
included 17 (65.4%) female patients and nine (34.6%)
male patients, 19 (73%) patients underwent open
cholecystectomy (OC), and seven (27%) patients
underwent laparoscopic cholecystetomy (LC).

Regarding injury type, the leaking, obstructing,
collection, and peritonitis were 26.9, 46.1, 19.3, and
7.7%, respectively. However, the Strasberg
classification of injury was as follows: E1=15.4%,
E2=46.1%, E3=30.8%, and E4=7.7% (Table 1).

In this retrospective study, between May 2017 and
December 2020, 26 patients with major BDI sustained
during cholecystectomy and requiring surgical
treatment in the form of HJ Roux-en-Y were
referred to Minia Hepatobiliary Center.
Preoperatively, ultrasound was done for all patients,



Table 2 Long-term follow-up and outcome (N=24)

Number of patients n (%) [24 (92.3%)]

Follow-up period (month) The median follow-up was 13
(1–35) months

a − Late complications 5 (20.8)

1– Anastomotic stricture 2 (8.3)

2 − Recurrent cholangitis 2 (8.3)

3 − Both stricture and
recurrent cholangitis

1 (4.2)

Table 3 Long-term outcome (Terblanche)

Outcome
(Terblanche)

Terblanche clinical grading classification [n
(%)]

I − excellent 16 (66.7)

II − good 5 (20.8)

III − fair 2 (8.3)

IV − poor 1 (4.2)
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computed tomography in three (11.5%), PTC in three
(11.5%), ERCP in 17 (65%), and MRCP was done for
16 (61.5%) patients.

In total, 24 patients underwent long-term follow-up
with the median follow-up of 13 (1–35) months.
Long-term complications were detected in five
(20.8%) out of 24 patients with long-term follow-
up, in the form of recurrent cholangitis two (8.3%),
where the initial attacks developed at 6, 10, 17, and 30
months from definitive surgery, stricture two (8.3%)
that occurred at 9, 21, 22, and 25 months from surgery,
and both stricture and recurrent cholangitis one (4.2%)
that happened at 18 and 25 months from surgery
(Table 2).

The long-term outcome according to Terblanche
clinical grading system was excellent (grade I) in 16
(66.7%) patients, good (grade II) in five (20.8%)
patients, fair (grade III) in two (8.3%) patients, and
poor (grade IV) in one (4.2%) patient. As regards
McDonald’s grading, grades A, B, C, and D were
16/24 (67%), 5/24 (21%), 2/24 (8%), and 1/24 (4%),
respectively (Table 3).

There was a significant difference between good and
poor outcome after surgical repair regarding interval for
referral, level of injury, number of anastomosis, using of
stent, operative time, and presence of early
complications (Table 4).
Discussion
Thesurgical approach for repairingpostcholecystectomy
bile-duct stricture is the most important determinant of
postoperative complications and long-term outcomes.
Hepaticojejunostomy for postcholecystectomy benign
bile-duct strictures offers the best possible long-term
results [14]. In this study, jaundice was the most
common presentation seen in 12 (46.1%) patients.
This result is in agreement with a series of Sikora
[15], while in the study of Mishra et al. [16], external
biliary fistula and biliary collection were the most
common presentations (33.6 and 32.9%, respectively).
Our explanation for these findings that most of the
patients referred to our center (tertiary center) after
they had the initial management at their primary
hospitals.

In the current study, based on the above
cholangiographic studies, the level of stricture was
classified according to Strasberg–Bismuth
classification into E1 in four (15.4%) patients, E2 in
12 (46.2%) patients, E3 in eight (30.8%) patients, and
E4 in two (7.6%) patients. In comparison with the
other studies, our study results were comparable to
those of Lubikowski et al. [17] study in which the E2
level was the most common (54%), while in Huang
et al. [18] study, E3 (28%) was the most common level.
Repair in patients with higher strictures
(Strasberg–Bismuth types III and IV were a
predictor of failure in some series) [19]. In this
study, it had effect on late biliary outcome, despite
its effect on early complications (P=0.044). It was
independently associated with an overall poor short-
term and long-term outcomes in Bansal et al. [20]
study, and was a significant predictor of postoperative
stricture in Walsh et al. [21] study.

The occurrence of major postoperative complications
was associated with an increased risk of biliary stricture
after surgery in Sulpice et al. [22] and Booij et al. [23]
studies, in the same line, in this study, early morbidity
was a significant predictor of late biliary morbidity, and
it was an independent predictor of late stricture
(P=0.018).

In this cohort, we analyzed the factors affecting early
morbidity as well as late biliary morbidity. In this study,
referral time to our center after injury diagnosis had a
significant impact on early complications or late biliary
morbidity. It was an independent predictor of worse
outcome in de Reuver et al. [24] and Martinez-Lopez
et al. [25] studies, also, longer delay of referral (>3
months) from index surgery was associated with poor
outcome in AbdelRafee et al. [26] study.

Intra-abdominal sepsis and abscesses (intra-abdominal
biloma) even if drained effectively may remain active in
the period after surgery, predisposing patients to



Table 4 Comparison between excellent and poor outcome after surgical repair as regards patients’ characteristics and
preoperative data

G1: excellent outcome [N=21 (87.5%)]
[n (%)]

G2: poor outcome [N=3 (12.5%)]
[n (%)]

Total [N=24 (100%)] [n
(%)]

P
value

Age (mean±SD) 41.41±12 40.29±13.09 45.42±11.5 0.713

Sex

Male 6 (25) 2 (8.3) 8 (33.3) 0.779

Female 15 (62.5) 1 (4.2) 16 (66.7)

Type of cholecystectomy

Lap 4 (16.7) 2 (8.3) 6 (25) 0.284

Open 17 (70.8) 1 (4.2) 18 (75)

Recognition of injury

Intraoperative 3 (12.5) 0 3 (12.5)

Early (<2 weeks) 13 (54.2) 2 (8.3) 15 (62.5) 0.072

Intermediate (2–6
weeks)

4 (16.7) 0 4 (16.7)

Late (> 6 weeks) 1 (4.2) 1 (4.2) 2 (8.3)

Interval for referral (months)

<10 days 6.23±14.29 14.58±33.07 7.13±17 0.021

10 days–3 months 2 (8.3) 0 2 (8.3)

> 3 months 18 (75) 1 (4.2) 19 (79.2) 0.035

1 (4.2) 2 (8.3) 3 (12.5)

Jaundice

Yes 9 (64.3) 2 (8.3) 11 (45.8) 0.930

No 12 (50) 1 (4.2) 13 (54.2)

Cholangitis+EBF

Yes 9 (64.3) 1 (4.2) 10 (41.7) 0.590

No 12 (50) 2 (8.3) 14 (58.3)

WBC (×103) 8.56±4.5 7.34±2.78 0.384

Albumin (g/dl) 3.84±0.51 3.82±0.51 0.899

Bilirubin (mg/dl) 3.51±1.28 5.61±2.98 0.293

ALP (KAU) 32.43±27.01 49.08±34.19 0.045

SGOT (μ/mol) 100.45±70.37 86.57±38.69 0.472

SGPT (μ/mol) 103.17±81.88 80.86±55.48 0.326

Level of injury

Low (E1, E2) 14 (54.2) 2 (8.3) 16 (66.7) 0.044

High (E3, E4) 7 (29.2) 1 (4.2) 8 (33.3)

RHA injury

Yes 0 1 (4.2) 1 (4.2) 0.075

No 21 (87.5) 2 (8.3) 23 (95.8)

Intra-abdominal biloma

Yes 3 (12.5) 2 (8.3) 5(20.8) 0.067

No 18 (75) 1 (4.2) 19 (79.2)

Number of anastomosis

Single duct 19 (79.1) 2 (2) 21 (87.5) 0.048

Ductoplasty 1 (4.2%) 0 1 (4.2)

Double ducts 1 (4.2) 1 (62.5) 2 (8.3)

Stent use

Yes 6 (25) 0 6 (25)

No 15 (62.5) 3 (12.5) 18 (75) 0.028

Operative time (min) 158.48±48.03 229.09±79.68 0.016

Early complications

Yes 7 (29.2) 3 (12.5) 10 (41.2)

No 14 (58.3) 0 14 (58.3) 0.018
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fibrosis, resulting in late anastomotic stricture.
Furthermore, inflammatory changes in the surgical
bed produce tissue friability, resulting in increased
technical difficulty at repair time [27]. Similarly, in
this study, sepsis at referral due to biliary peritonitis or
severe cholangitis was asignificant predictor of early
and late morbidities (P=0.057), despite our aggressive
management of it before doing the definitive repair,
similarly, it was independent predictor of
complications and anastomotic failure after primary
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repair in Dominguez-Rosado et al. [28] study
and was a predictor of severe complications in
Patrono et al. [29] study and it was the only
independent predictor of major morbidity and a
significant predictor of late biliary stricture in
Sulpice et al. [22] study, in the same line, it was an
independent predictor of long-term complications in
Huang et al. [18] study.

In the same way, Schmidt et al. [19] found that the
presence of active peritonitis was independently
associated with long-term complications, such as
anastomotic stricture or secondary biliary cirrhosis.
Similarly, repair at a stage with active biliary or
peritoneal inflammation was a significant predictor
of long-term failure in Huang et al. [18] study.

In this study, HJ anastomosis was single with one duct
in 23 (88.5%) patients, ductoplasty (two-duct
anastomosis in one stoma) was done in one (3.8%)
patient, and double anastomosis with two ducts (right
and left hepatic ducts) in two (7.7%) patients. In review
of the literature, Singh et al. [30] performed two-duct
anastomosis in eight (2.7%) patients, three-duct
anastomosis in one (0.3%) patient, and ductoplasty
in 19 (6.3%). Bansal et al. [20] performed HJ with
two-duct anastomosis in two patients with type-IV
biliary stricture.The use of trans-anastomotic stents is
controversial [31,32]. However, some investigators
reported the benefit of stents in avoiding recurrent
cholangitis [33]. In the same line, in this study, we used
trans-anastomotic stents in 6/26 (23%) of our patients,
these stents had a positive impact on our long-term
biliary outcome (P=0.028), this was due to the
adequate biliary drainage and flow through the
anastomosis and the lower intraductal pressure with
stents. Similarly, Laukkarinen et al. [34] found low
rates of anastomotic leakage or stricture in their
experimental models when performed Roux-en-Y
HJ with a trans-anastomotic stent, also, Moris et al.
[35] recorded low stricture rate when performed HJ
with stenting for biliary obstruction of different
causes.

In this study, similarly, we had an acceptable long-term
outcome after performing Roux-en-Y HJ bilioenteric
reconstruction where it leads to 21/24 (87.5%) good
long-term biliary outcomes. Furthermore, it was our
most frequent operation. Similarly, the Roux-en-Y HJ
offered good long-term outcome or success in 88.3, 89,
90, 91.3, 92, and 97% of patients in Schmidt et al. [19],
de Reuver et al. [24], Pottakkat et al. [36], Lubikowski
et al. [17], Bansal et al. [20], and AbdelRafee et al. [26]
studies, respectively.
Conclusion
Early detection of BDI and early referral to specialized
hepatobiliary referral centers are essential for early
management of BDI and prevention of its
complications. Surgical reconstruction using Roux-
en-Y hepaticojejunostomy mucosa to mucosa repair
remains the golden-standard procedure of choice for
treating these injuries with successful outcome and
better long-term result.

We recommend long-term follow-up of the patients
after surgical repair for at least 10 years as anastomotic
stricture was diagnosed after a long period. Further
studies should be performed for the best management
of recurrent anastomotic stricture. Associated vascular
injuries should be emphasized and accurately evaluated.
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