Surg Endosc (2016) 30:876-882
DOI 10.1007/s00464-015-4282-y

Wildg

and Other nterventional Techniques

@ CrossMark

)

Laparoscopic hepaticojejunostomy after bile duct injury

Adolfo Cuendis-Velazquez' - Carlos Morales-Chavez” - Itzé Aguirre-Olmedo”
Fernanda Torres-Ruiz' - Martin Rojano-Rodriguez' + Luis Fernindez-Alvarez® «

Eduardo Cérdenas-Lailson' - Mucio Moreno-Portillo!

Received: 19 March 2015/ Accepted: 10 May 2015 /Published online: 20 June 2015

© Springer Science+Business Media New York 2015

Abstract

Background The incidence of bile duct injuries (BDI)
after cholecystectomy, which is a life-threatening condition
that has several medical and legal implications, currently
stands at about 0.6 %. The aim of this study is to describe
our experience as the first center to use a laparoscopic
approach for BDI repair.

Methods A prospective study between June 2012 and
September 2014 was developed. Twenty-nine consecutive
patients with BDI secondary to cholecystectomy were
included. Demographics, comorbidities, presenting symp-
toms, details of index surgery, type of lesion, preoperative
and postoperative diagnostic work-up, and therapeutic
interventions were registered. Videos and details of laparo-
scopic hepaticojejunostomy (LHJ) were recorded. Injuries
were staged using Strasberg classification. A side-to-side
anastomosis with Roux-en-Y reconstruction was always
used. In patients with E4 and some E3 injuries, a segment 4b
or 5 section was done to build a wide anastomosis. In E4
injuries, a neo-confluence was performed. Complications,
mortality, and long-term evolution were recorded.
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Results Twenty-nine patients with BDI were operated.
Women represented 82.7 % of the cases. The median age
was 42 years (range 21-74). Injuries at or above the con-
fluence occurred in 62 %, and primary repair at our insti-
tution was performed at 93.1 % of the cases. Eight neo-
confluences were performed in all E4 injuries (27.5 %).
The median operative time was 240 min (range 120-585)
and bleeding 200 mL (range 50-1100). Oral intake was
started in the first 48 h. Bile leak occurred in 5 cases
(17.2 %). Two patients required re-intervention (6.8 %).
No mortality was recorded. The maximum follow-up was
36 months (range 2-36). One patient with E4 injury
developed a hepaticojejunostomy (HJ) stenosis after
15 months. This was solved with endoscopic dilatation.
Conclusions The benefits of minimally invasive approa-
ches in BDI seem to be feasible and safe, even when this is
a complex and catastrophic scenario.

Keywords Bile duct injury - Cholecystectomy - Biliary
fistula - Biliary tract surgical procedures - Laparoscopic
Roux-en-Y hepaticojejunostomy

The incidence of bile duct injuries (BDI) after laparoscopic
cholecystectomy currently stands at about 0.6 %. Biliary
injuries produced during laparoscopic cholecystectomy
have proved to be more severe and complex. Such a
complex pathology is best managed with a multidisci-
plinary approach involving surgeons, interventional radi-
ologists, and endoscopists [1].

A side-to-side Roux-en-Y hepaticojejunostomy (RYHJ)
is the best surgical alternative in patients with complete
section of the common bile duct. Even in centers with
experience at repairing BDI, complete rehabilitation is
accomplished in 75-98 % of patients [2].
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Up to now, laparoscopic reconstruction after BDI is
limited to case reports. Nevertheless, laparoscopic bil-
iodigestive derivations for the treatment of other biliary
and pancreatic pathologies have proved to be safe and
feasible [3-7].

The aim of this study is to describe our experience as the
first center in Mexico to use a minimally invasive approach
for BDI repair.

Materials and methods

Between June 2012 and September 2014, 29 patients with
BDI secondary to cholecystectomy were treated at our
hospital. Three of the injuries were inflicted at our center;
the other 26 were referred from other institutions. Infor-
mation regarding the demographics of patients, comor-
bidities, presenting symptoms, details of cholecystectomy,
type of injury, preoperative and postoperative diagnostic
work-up, therapeutic interventions, and details of LHJ were
recorded prospectively, with prior approval of the local
Committee for Human Investigation.

All patients were evaluated, and their conditions were
optimized by a multidisciplinary team including nutri-
tionists, infectologists, endoscopists, and anesthesiologists.
Antibiotic therapy was indicated as needed. All patients
were studied preoperatively with tri-phasic computed
tomography (CT) for abscess, collections, and vascular
injury assessment. When available, cholangiomagnetic
resonance imaging (CMRI) was done. Classification of the
injury was made according to Strasberg [8].

Either if the injury was or not identified at the primary
surgery, once the initial work-up at our hospital was fin-
ished, all patients were admitted to the operating room to
make a diagnostic laparoscopy. According to the operative
findings and general conditions of the patient, in some
cases we performed primary LHJ. In others, we drained
bile collections and 3 months later made an interval RYHJ.
These procedures were termed “early” when they were
made within 6 weeks of injury or “delayed” when done
later.

Surgical technique

In all cases, we used four ports: an umbilical (optical) and
left paramedian subcostal 12-mm trocars, a subxiphoid and
right subcostal 5-mm trocars (Fig. 1). After diagnostic
laparoscopy, bile collections were drained and dissection of
all intraabdominal adhesions was made. Afterward, the
inferior surface of the liver and porta hepatis was exposed.
We systematically made an intraoperative cholangiogram
in order to identify all segments of the intrahepatic biliary
tree (Fig. 2). To assess basal microscopic liver status,

Fig. 1 Trocar placement and site of insertion of cholangiogram
catheter

hepatic biopsies were always taken. Proliferation of bile
ducts at portal tract margins, periductal fibrosis, and active
periportal fibroplasia was reported in two of our patients.
We advocate the use of tension-free Hepp-Couinaud-like
side-to-side anastomosis with an ante-colic Roux-en-Y
reconstruction. For adequate length and exposure of the bile
duct in E1 and E2 injuries, the common hepatic duct was
incised longitudinally on its anterior surface and extended
to the left hepatic duct or both the left and the right hepatic
ducts [9] (Fig. 3). In cases where the common hepatic duct
had been devascularized during cholecystectomy, it was

Fig. 2 Transoperatory cholangiogram shows complete transection of
common bile duct and multiple surgical staples near the biliary tree

@ Springer



878

Surg Endosc (2016) 30:876-882

resected up to healthy bleeding tissue level and then incised
as described.

For E3 injuries, the extrahepatic portion of the left
hepatic duct was identified and a longitudinal ductotomy
was performed in order to expose the confluence and part
of the right duct.

Patients with E3, E4 and C injuries needed first a
partial section of segment 4b and/or 5, in order to ade-
quately expose the ducts. Their anterior aspect was
opened to increase the surface to construct a wide side-to
side anastomoses [9, 10]. The left duct and the right
ducts were identified using the technique previously
described by Strasberg [11]. For E4 injuries, we built a
neo-confluence, that is, a surgical approximation of
separated right and left hepatic ducts in order to perform
a single HJ [2].

To build the anastomosis, laparoscope magnification
and high-definition monitors were used. According to the
caliber of the ducts, anastomoses between the jejunal
limb and the previously dissected bile ducts were con-
structed with 3-0, 4-0, or 5-0 monofilament absorbable
sutures with interrupted stitches and extracorporeal slid-
ing knots.

Stenosis of the HJ is described as late complication in
13-24 % of the patients [2, 12]. In order to gain future
access to the HJ, we created an enteropexy of the blind
segment of the jejunal biliary limb beneath the subxiphoid
incision port (access loop), as other authors have

Fig. 3 Upper image shows a laparoscopic view of a transected
common bile duct with burned edges (green circle). Lower image
shows the common bile duct after the longitudinal ductotomy,
exposing the anterior surface of the confluence and /eft hepatic duct
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previously described [13, 14]. Percutaneous endoscopic
rehabilitation of the strictured HJ could be performed
through this limb with endoscopic techniques when
needed.

Transhepatic stents were never used. A closed suction
drain was placed routinely. Postoperative outcome,
immediate and late complications as well as mortality were
recorded and classified according to Strasberg [15]. Long-
term evolution was followed through a standardized clinic
appointments schedule at 15 days, 1, 3, 6, and 12 months,
and 1 year after the procedure thereafter. Cholangitis or
cholestasis was ruled out through clinical assessment and
biochemical analysis. Yearly CMRI was performed to
assess the anastomosis or before when biochemical or
clinical evidence of cholestasis was found (Fig. 4).

Statistical analysis

Variables are summarized using median, minimum, maxi-
mum values, and percentages.

Results

In a 2-year period, 29 patients with BDI were treated at our
institution. Forty-one percent of our patients had a BDI
which occurred at primary open cholecystectomy, 55.1 %
at a laparoscopic approach, and one patient at a converted
procedure. Twenty-six patients (89.6 %) were referred to
our service from an outside institution. Twenty-four
(82.7 %) of them were women. The median age of our
patients was 42 years (range 21-74). Table 1 shows the
characteristics and demographics of patients with BDI
reconstructed with LHJ.

Fig. 4 One-year postoperative cholangio resonance magnetic imag-
ing which shows patent hepaticojejunostomy
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Diagnosis and management of BDI

The diagnostic approach of all our patients is summarized
in Table 2. The median time between cholecystectomy and
diagnosis of BDI was 2 days (range 0-1095). In fifteen
patients, the injury was recognized postoperatively. Pre-
senting symptoms included jaundice, abdominal pain,
fever, chills, and abdominal distension.

Endoscopic retrograde cholangiopancreatography (ERCP)
was performed at the referral hospital in 13 patients (44.8 %).

Even though seven of our patients had right hepatic
artery injury demonstrated at initial CT scan, none of them
showed hepatic ischemic necrosis associated after at least
72 h from cholecystectomy.

Median time from BDI to LHJ was 11 days (range
0-1104). Only 13.7 % of our patients (n = 4) had a late
bile duct reconstruction, performed more than 6 weeks
after the BDI. Interval LHJ was performed in one case.

Injury classifications are presented in Table 1. Injuries at
or above the confluence occurred in 18 patients (62.06 %).
Twenty-seven (93.1 %) patients had a primary repair at our
institution. Of the two remaining patients, one of them had a
choledocho-choledochostomy. The other one had an end-to-
side HJ. Both of them needed a secondary reconstruction
due to anastomosis stricture, since they were no candidates
to endoscopic of radiological rehabilitation. Secondary
repair was performed from 5 months to more than 2 years
after a primary repair was done elsewhere. One of these
patients had formed intrahepatic gallstones, which were

Table 1 Characteristics of patients with bile duct injury recon-
structed with LHJ

Characteristics of patients with BDI N
Age* 42 (21-74)
Male (%) 517.2)
Female (%) 24 (82.7)
Patients with comorbidities (%) 15 (51)
Obese patients (%) 12 (41)
Type of cholecystectomy
Open (%) 12 (41)
Laparoscopic (%) 16 (55.1)
Converted (%) 1 (3.44)
Patients with previous BDR (%) 2 (6.8)
Injury classification (Strasberg)
C (%) 3 (10.3)
El (%) 2 (6.8)
E2 (%) 6 (20.6)
E3 (%) 10 (34.4)
E4 (%) 8 (27.5)

LHJ laparoscopic hepaticojejunostomy, BDR bile duct reconstruction

* Expressed as median and range

extracted during secondary repair through a simultaneous
laparoendoscopic approach.

Table 3 shows the characteristics of our LHJ. Neo-
confluences together with section of segment 4b were
performed in all patients with E4 injuries (n = 8). In the
remaining 21 patients, a side-to-side Hepp-Couinaud-like
anastomosis was built as described earlier. One conversion
was done because severe swelling of mesentery made
impossible to mobilize a jejunal limb in order to create a
tension-free HJ.

One or more perioperative complications occurred in
nine patients as described in Table 4. No mortality was
reported in this series.

Regarding the complications and their treatment, one of
the patients developed a pneumothorax produced by a
central venous catheter placement, and this was solved with
a pleurostomy tube.

Of the five cases of bile leak, four of them were solved
without intervention as outpatients in the first 10 days after
LHJ. The presence of bile leak had no impact on the
decision to start oral intake or discharge.

We performed two re-interventions in the immediate
postoperative period: One because of a bile collection
which was formed due to bile leak and dysfunction of the
closed suction drain placed during surgery. In this case, we
made a laparoscopic drainage of the bile accumulated and
left a new drain. The patient had an adequate evolution
during postoperative period. He started oral intake 1 day
after re-intervention and was discharged 4 days later. The
second case of re-intervention was performed because of
intestinal obstruction due to a Petersen’s hernia. We per-
formed a diagnostic laparoscopy. The mesentery gap was
closed and afterward the patient had a satisfactory
evolution.

Late complications occurred in one patient who devel-
oped stenosis of the anastomosis after 15 months of LHJ.
This patient was asymptomatic but her follow-up labora-
tories suggested cholestasis and a CMRI showed HJ stric-
ture. We performed an HJ endoscopic dilatation, through
the access jejunal loop beneath the subxiphoid port. After
8 months of the endoscopic procedure, she remains
asymptomatic and with normal liver function tests.

The maximum follow-up in our study was 36 months
(range 7-36). Until now, one patient has been lost to fol-
low-up.

Discussion
Various authors have stated that the technical aspects of
repair are essential for early and long-term success of BDI

reconstruction, namely well-vascularized ducts, no tension,
biliary epithelium-to-mucosa anastomosis with largest
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Table 2 Diagnostic approach
of BDI in our patients

Diagnostic approach to BDI N

Injury recognized at cholecystectomy (%) 15 (51.7)
Intraoperative cholangiogram at cholecystectomy (%) 3(10.3)
Bilious drainage (%) 7 (24.1)
Jaundice (%) 10 (34.4)
ERCP previous to referral (%) 13 (44.8)
Days from cholecystectomy to diagnosis of BDI* 2 (0-1095)

Days from BDI to LHJ*

11.5 (0-1104)

BDI bile duct injury, ERCP endoscopic retrograde cholangiopancreatography, LHJ laparoscopic

hepaticojejunostomy

* Expressed as median and range

Table 3 Characteristics of LHJ

Characteristics of LHJ

Bile duct caliber (mm) 5 (2-25)*
Neo-confluence 8 (27.5)b
Hepp-Couinaud-like reconstruction 21 (72)°
Hepatic segments 4b/5 section 18 (66.6)°
Conversion to open procedure 1 (3.4)°

240 (120-585)*
200 (50-1100)*

Surgical time (minutes)
Operative bleeding (mL)

NPO (days) 2 (1-5)%
Hospital stay (days) 8 (4-15)*
Mortality 0*
Maximum follow-up (months) 36

LHJ laparoscopic hepaticojejunostomy, NPO non per os
4 Expressed as median and range
b Expressed as N (%)

possible diameter and complete drainage of all hepatic
segments [2, 9]. All of these aspects can be achieved with a
laparoscopic approach. Even more, there is no need to use
magnification loupes due to the inherent magnification and
high-definition images offered by laparoscopes.

Table 4 Perioperative complications

Other series report that secondary repair is the most
frequent type of reconstruction that they perform [1, 2]. In
contrast, only two of our patients (6.8 %) had a prior BDR.
We advocate a quick referral to our institution without
prior attempts of reconstruction, either if the lesion was
diagnosed during cholecystectomy or later. Most of our
patients were referred in a short time after cholecystec-
tomy. In four cases, we were called transoperatively or in
the first 48 h after BDI, to perform the LHJ. We believe
that this is part of the factors related to the good outcomes
we have achieved.

As Hepp-Couinaud first described, a side-to-side biliary-
enteric anastomosis makes unnecessary an extensive and
potentially devascularizing dissection of the common bile
duct [16]. Thereafter, Strasberg and Mercado have proved
that this approach is ideal for E3 injuries, but can also be used
for E1 and E2 injuries as well as the right side component of
E4 and C injuries [2, 9]. Achieving a widely patent anasto-
mosis is easier when the anastomotic opening in the bile duct
is not limited by bile duct diameter. Creating a high anas-
tomosis also allows access to a portion of the biliary tree well
vascularized and not directly exposed to inflammatory
environment of the injury [17]. We believe that following
these principles with a laparoscopic approach must have

Grade® Complication N %
Mild complication requires minor invasive bedside procedure (or outpatient treatment) Seroma 2 6.8
Wound hematoma 1 34
Atelectasis 1 34
Bile leak 5 17.2
Pneumothorax 1 34
Moderate complication requires drug therapy Wound infection 0 0
Severe complication requires endoscopic procedures or re-operation HJ leak 1 34
Petersen’s Hernia 1 34

HJ hepaticojejunostomy
* [15]
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similar results plus the well-known and proven benefits of
minimally invasive surgery in multiple gastrointestinal
pathologies such as a reduction in: intraoperative blood loss,
intensity of postoperative pain [18], duration of postopera-
tive ileus, postoperative hospital stay [18, 19], cardiac [20]
and respiratory complications [20, 21], and even better
quality of life [18].

The use of transanastomotic stents is controversial.
Some authors place these stents as a way to lower the
intraductal pressure and obtain adequate flow through the
anastomosis. Nevertheless, since there is a tendency to
create the anastomosis at the hilar level, no transanasto-
motic stents are needed [2]. Even more, they can cause
pressure necrosis on the duct, promote scar formation, or
cause arteriobiliary fistula formation [22, 23].

The reported rate of strictures ranges from 2.2 to 35.2 %
[9, 24], finding the lowest stricture rates in series where the
side-to-side approach was used [9]. Since this is the tech-
nique of reconstruction we use, we expect similar outcomes.

Our team has formal training in gastrointestinal endo-
scopy, and this allows us to perform laparoscopic and
endoscopic simultaneous approaches. For instance, when
intrahepatic stones need to be retrieved during LHJ or
when endoscopic rehabilitation of strictured HJ is needed.
With these hybrid procedures we can overcome the limi-
tations that each technique have separately.

Up to now, laparoscopic reconstruction after BDI is
limited to case reports [25, 26]. Nevertheless, laparoscopic
biliodigestive derivations for the treatment of benign and
malignant biliary pathologies have proved to be safe and
feasible [3-6, 27]. Amongst these biliodigestive deriva-
tions, the largest series with longest follow-up are RYHJ
for the treatment of choledochal cysts in children [28-30]
and adults [31]. To our knowledge, this paper is the largest
published series of patients with BDI reconstructed through
a laparoscopic approach.

We have attempted when possible, to have constant
communication with the referring surgeon in order to
obtain all the information about the cholecystectomy, and
to avoid misunderstandings, managing a healthier doctor—
patient relationship. Therefore, we have been able to avoid
legal medical claims so far.

Conclusions

The present study demonstrates that a laparoscopic
approach to BDI repair is feasible and safe. Although our
series has a maximum follow-up of 36 months, we believe
that the results will be equally satisfying in a long-term
basis since we are using the same principles that have
already proved successful, plus the well-demonstrated
benefits of laparoscopic surgery.

The minimally invasive treatment of complex biliary
pathologies requires advanced laparoscopic and endoscopic
skills, as well as experience in bilioenteric reconstructions.
Even though this is our initial report, the results seem to be
promising.

Further studies with larger number of cases and longer
follow-up are needed to establish the role of minimally
invasive approaches in the reconstruction of BDI.
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