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Abstract

Background: A wide variety of techniques to restore
biliary-enteric continuity after biliary injuries, the biliary tree
is most commonly anastomosed to the jejunum; either as
(Roux-en-Y or asimple loop anastomosis) or less commonly
to the duodenum. The anastomosis may be performed to the
bile duct, common hepatic duct, 1 st or 2nd order hepatic duct
branches, or to the gallbladder. Anastomoses may be performed
in an end-to-side or side-to-side fashion, using continuous or
interrupted sutures. Stents may be deployed across the anas-
tomosis.

Aim of Sudy: Biliary strictures and injuries; present a
surgical technical challenge for Hepato-biliary surgeons. High
biliary strictures are difficult to treat and re-stenosis rates
reported of 10 - 30% following corrective repair, Complication
rates; mostly due to inflammation, ischemia and tension at
the anastomosis site. A combined prospective and retrospective
study to evaluate the outcome of bile duct reconstruction
using a continuous and interrupted suture technique for
anastomosis. A combined prospective and retrospective study
to evaluate the outcome of bile duct reconstruction using a
continuous and interrupted suture technique for anastomosis..

Patients and Methods: A total number of 30 patients
presented with biliary injuries, biliary strictures or stenosis
permitted for surgical interventionsin a General Surgical
Department of Al-Azhar University Hospitals from February
2015 to May 2019, 15 patients were performed by continuous
suture as (Group A), and 15 patents performed by interrupted
suture technique as (Group B). Data and Statistical Analysis:
Data on our series of bile duct anastomosis with either distal
biliary duct or small bowel performed including: Surgical
procedure, diagnosis, co-morbidities, peri-operative morbidity,
and clinical symptoms after repair, liver function tests and
the need for surgical or radiological interventions following
surgery were evaluated as a prospectively collected on an
ingtitutionally approved electronic database. Non-parametric
data were described as median and range and parametric data
as average and standard deviation. The outcome measures
were assessed: peri-operative morbidity, clinical symptoms
after repair, liver function tests and the need for surgical or
radiological interventions following surgery.
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Results: End-to-ends Biliary reconstruction, Hepatico-,
Choledocho jejnostomy anastomoses were performed. In
(Group A) 15 patients underwent biliary reconstruction using
the continuous suture technique. The median operative time
was 140 minutes (range 60-300 minutes). Post-operative
morbidity was present in three patients (12.5%), shows post-
operative biliary leak, wound sepsis, post-operative fever in
sequence. In 14 (98.25%) of the 15 patients, there has been
no recurrence of jaundice, cholangitis or biliary dilatation on
abdominal ultrasonography and liver function tests improved
and have returned to normal without further surgical or
radiological intervention. Out of anastomoses, there were two
patientsin (group A) who developed leakage, and 3 patients
who developed a stricture for an incidence of 1.75% and
3.25% respectively. Our overall biliary complication rate was
4%, which is lower than previously reported.

Conclusions: A continuous suture technique of biliary
anastomoses results in an extremely low incidence of common
significant complications.

Key Words: Biliary reconstruction — Risk factors and compli-
cations.

Introduction

RECONSTRUCTION of the biliary tracked is
required in several clinical situations, including
resection for benign or malignant biliary strictures,
intra-operative biliary injury, and liver transplan-
tation [1] .

End-to-end ductal anastomosisis a physiologic
biliary reconstruction that is commonly used in
general surgery, including iatrogenic bile duct
injuries [2].

The end-to-end ductal anastomosis has some
limitations and cannot be performed in patients
with complex vasculo-biliary injuries. Injury of a
right hepatic artery is the most frequent type of
vasculo-biliary injury. A right hepatic artery injury
is the most frequent type of Vasculo-biliary injuries
3.
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End-to-end ductal anastomosis and Roux-en-
Y Hepatico -jegjunostomy are the two most common
biliary reconstructions, and the former is the most
common in patients who have had liver transplan-
tation, including those with Primary Sclerosing
Cholangitis [4].

The traditional technique of Hepatico-
jgjunostomy has been challenged in recent years,
by end-to-end biliary reconstruction in these patient
groups, however, in patients with iatrogenic bile
duct injuries, Hepatico-jejunostomy is performed
most frequently [5].

End-to-end ductal anastomosis has many ad-
vantages: It is physiologically simpler and associ-
ated with fewer post-operative complications than
Hepatico -jegjunostomy and establishes physiologic
bile flow; therefore, (proper digestion and absorp-
tion are possible following this procedure), Post-
operative diagnostic and therapeutic endoscopic
procedures is possible. Despite its advantages, it
is not possible to perform end-to-end ductal anas-
tomosisin al patients [6].

Biliary duct reconstruction is akey surgical
step in complex Hepato-biliary procedures. Major
complications include anastomotic stricture, biliary
leak, bleeding, and cholangitis. No definitive data
supports the use of interrupted or continues suturing
technique [7].

Complications occur mostly due to
inflammation, ischemia and tension at the anasto-
motic site. These complications are ideally reduced
through the use of continuous sutures, which induce
less scarring, lessinterruption in blood flow through
fewer knot sites, and better suture expansion [g].

Genera principles:
The main conditions must be met for proper
healing of biliary anastomosis:
1- The anastomosed healthy edges; (no inflamma-
tion, ischemiaor fibrosis).
2- Tension-free anastomosis.
3- Properly vascularized anastomosis [9].

Biliary reconstruction should not be performed
in presence of active inflammatory process, patients
with ischemia, fibrosis and inflammation within
the bile ducts [10] .

Multiple techniques for biliary reconstructions
have been defined, including End-to-End Choledo-
cho-choledochostomy, and Side-to-Side Choledo-
cho-choledochostomy, Roux-en-Y Hepatico-
jejunostomy, aswell as variationsin stenting such
as T tube or internal stenting [11].

Specific similar outcomes between end-to-end
Choledocho-choledochostomy and side-to-side
Choledocho-choledochostomy. The standard ap-
proach for performing end-to-end Choledocho-
choledochostomy is with an interrupted suture
technique [12].

Although; mostly considered the continuous
suture technique to be quicker. For end-to-end
Choledocho-choledochostomy has not been widely
adopted because of concern for higher stricture
rates than an interrupted suture technique. However,
acomparison of these techniques has not been
reported.

Currently, end-to-end ductal anastomosisisthe
standard biliary reconstruction for in adults. This
method is preferable because of an intact sphincter
Oddi that can prevent septic cholangitis from
ascending infections [13].

Additionally; the procedure facilitates subse-
quent endoscopic diagnostic and therapeutic pro-
cedures in patients with biliary complications.
However, end-to-end ductal anastomosis with a
small duct (<4mm in diameter) is associated with
ahigher risk of biliary strictures than Hepatico-
jujenostomy [14].

Patients and M ethods

We performed aretrospective review of the
prospectively collected database. All patients aged
>22 years undergoing Biliary Reconstructionin
General Surgery Department of Al-Azhar Univer-
sity Hospitals, operated by variable surgical teams,
between February 2015 and May 2019, with at
least 6 month follow-up were included for the
analysis. Patients were divided into two groups on
the basis of the procedure.

A primary End-to-End Choledocho-
choledochostomy was performed for biliary recon-
struction. All other types of reconstruction were
included, such as choledocho -jejunostomy.

A Written consent Approval was approved by
our surgery department protocol Review Board
before we performed the study to all patients after
afull explanation of the procedure.

Data were collected, using a standardized data
collection sheet, including patient age, sex, diag-
nosis, Data were collected in follow-up on all
patients who met the criteria for inclusion until
the close of data analysis (10 months after the final
Hepatico -jejunostomy anastomosis was performed,
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January 2015). End-pointsincluded biliary leak,
anastomotic stricture, and time of leak or stricture,
re-operation, per-cutaneous or endoscopic inter-
ventions for biliary complications had been ob-
tained.

The patient considered has a biliary leak if one
of the following criteriais evident:

1- Bile drainage into intra-operatively placed drains
for >7 days after Surgery.

2- Post-operative cholangiography shows aleak.
3- Well defined biliary leakage from the wound or
abdominal collection.

Re-operation in which aleak was identified.

The patients considered have a biliary stricture
if all of the following were present:

1- Clinical manifestation of stricture as; (jaundice
and elevated bilirubin or alkaline phosphatase).

2- Cholangiography study demonstrate anastomotic
stricture.

In group A (Continuous Suture Stentless Tech-
nique): The continuous anastomotic technique was
performed with 5.0 PDS suture over a5 French
pediatric feeding tube. Patientsin this group; a
stent was not used for this anastomosis, a double-
armed suture was first placed at the 6 o'clock
position and tied with the knot outside the lumen.
Then, each arm was run to the 12 o'clock position
in opposite directions and the suture was tied with
the final knot outside the bile duct lumen.

In group B (Interrupted Suture Sentless Tech-
nique): The interrupted anastomotic technique was
per formed with 4 or 5.0 polydioxanone (PDS)
sutures over a5 French pediatric feeding tube with
aphalange cut in the distal end to avoid migration
of the feeding tube in to the biliary system. The
back row sutures were placed and tied such that
the knots are in the lumen of the anastomosis.
Then, anterior sutures were placed and tied such
that the knots are on the outside of the bile duct.

Operative technique:
Division of bile duct:

A- Division of Proximal Part of Extra-hepatic Bile
Duct:

In most pancreato-duodenectomy cases, the
bile duct is divided at the middle or upper part of
the extra-hepatic bile duct. Encircling the bile duct;
isimportant not to injure the right hepatic artery
running just beneath the duct. Before dividing the
bile duct, its duodenal side issimply ligated or
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closed with continuous suture, meanwhile the
hepatic side should be occluded with a Bulldog
clamp. Electric cautery is used to divide the duct
while coagulating the bleeding from the ductal
wall. When intra-operative frozen section diagnosis
is necessitated, division of the duct should be
performed by a surgical blade or scissors to preserve
the surgical margin from heat damage by electro-

cautery. The clamp may be released just before
starting the bilio-enteric anastomosis to prevent
contaminating the operative field with bile juice.

B- Division of intra-hepatic bile duct:

During the resection of the hilar or intra-hepatic
ducts, the orifice of the bile duct is revealed by
dividing the fibrous connective tissue after remov-
ing the portal and arterial tributaries from the
Glisson's pedicle.

A stay suture with atraumatic needleis placed
in the stump of each duct immediately at the time
of detection. The suture has to be positioned in the
anterior wall of the anastomosis asit used for
preserving the intra-luminal space by lifting it up.
After diathermy control the bleeding from the bile
duct wall, careful inspection is necessary to avoid
over-looking tiny branches of the bile ducts such
as those arising from the caudate lobe, segment 4,
and/or segment 5, which joins the hilar bile duct
and may cause post-operative biliary leakage.

Anastomotic technique:
Basic procedure of the anastomosis:

The goal of surgical treatment isto reconstruct
the proper bile flow to the alimentary tract. The
long-term results depend on the type of performed
biliary reconstruction. Two neighboring duct ori-
fices can be joined by two interrupted stitches to
prepare them for anastomosis as a common channel.

Sutures of the posterior layer of anastomosis:

Single-layer interrupted sutures with 4-0 or 5-
0 absorbable mono-filament material are used for
the anastomosis. Expert operators can use a limited
number of continuous sutures in anastomosis of
the extra-hepatic duct.

Technigue of end-to-end ductal anastomosis:

Both proximal and distal ductal stumps should
be dissected and approximated without tension.
End-to-end ductal anastomosis is recommended
for patients when the maximal length loss of the
bile duct is 4cm. The sutured ends have to be
healthy, without inflammation or ischemia. The
diameter of both anastomosed ends has to be com-
parable.
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If there was a difference between diameters of
anastomosed ends, the narrower end was incised
longitudinally in the anterior surface to extend it.
End-to-end ductal anastomosis repair was not
carried out in bile ducts that were too narrow
(diameter <4mm). The approximating of both ends
is possible because of awide Kocher Maneuver
(mobilization of the pancreatic head with the 2 nd,
3rd and ascending part of the duodenum out of the
peritoneum). Patients undergoing afirst or second
bile duct repair can be a candidate for end-to-end
ductal anastomosis. Hepatico jejunostomy should
be performed in patients who do not satisfy the
mentioned criteria.

Suture type:

Both continuous (Group A) or interrupted
(Group B) and absorbabl e (polydioxanone) or non-
absorbable (prolene or polypropylene), 5-0, 6-0 or
7-0 sutures are used for end-to-end ductal anasto-
mosis in patients undergoing biliary reconstructions.

T-Tube:

The advantage of biliary drainageis limitation
of the inflammation and fibrosis may occur after
the surgical procedure. In some authors' opinions,
the presence of the biliary tube prevents anastomo-
sis stricture.

1- External T-drainage:

It involves using atypical T-tube with insertion
of its short branches into the bile duct and conduct-
ing of itslong branch through the abdominal wall
outside. It can be removed after healing of the end-
to-end ductal anastomosis (Fig. 1).

Fig. (1): T-Tube external biliary drainage.

2- Internal Y-drainage:

It involvesinsertion of short branches of the
T-tube into both the right and left hepatic ducts,
splinting of the anastomosis and conducting of its
long branch into the duodenum by the papilla of
Vater (Fig. 2).

Fig. (2): T-Tube internal biliary drainage.

This drainage tube can be removed endoscopi-
cally after healing of the end-to-end ductal anasto-
mosis. It should be noted that the internal Y -drainage
is less traumatic than the external T-drainage. There-
fore, it should be recommended as the drainage of
choice in end-to-end ductal anastomosis.

Results

Comparable results of both surgical techniques,
shows no difference in biliary complications, patient
survival between the two analyzed groups.

The non-traumatic, mono-filament, interrupted
5-0 suture is the technique of choice for end-to-
end ductal anastomosis in patients with biliary
duct injuries.

An anastomotic biliary leakage and bile duct
stenosis are the common post-operative complica-
tions after end-to-end ductal anastomosis. In pa-
tients with end-to-end ductal anastomosis; endo-
scopic control and treatment of these complications
are possible.

In anastomotic leakages and strictures, Endo-
scopic Retrograde Cholangio-Pancreatography
(ERCP) with stenting or stricture balloon dilatation
isthe first-line treatment. Percutaneous trans-
hepatic biliary drainage can also be performed.

The surgical techniques used in treating thirty
patients with biliary disease requiring biliary re-
construction over a 36 month period are shown in
(Table1).

The median length of hospital stay was 7 (5-
15) days. The median follow-up was 23 (2-36)
months. Six patients were lost to follow-up. Two
demented patients were discharged from follow-
up at 6 months. Two (12.5%) patients devel oped
arecurrent Jaundice and Elevated liver enzymes
at 6 and 16 months. Both were re-valuated by MRI
Cholangiography for stenosis and show free biliary
passage with no definite stenosis.
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Table (1): Characteristics of the study groups.

Point of difference Group A Group B p-vaue
Number 15 15
Gender M: 9 (75%); M: 11 (91.6%);
F: 6(25%) F: 4 (8.3%)
Approach Continuous Interrupted
Suture Suture
Technique Technique
15 (100%) 15 (100%)
Conversions rate 2 (12.5%) 0 p=0.004
Operative time 160 (£140 min) 150 (*145m) p=0.004
(minutes)
Estimated bleeding 14.7 (0-100) 14.7 (0-100)
(mL)
Hospital stay (days) 7 (5-15) 7 (5-15) p=0.08
Incidence of Leakage 0 (0%) 2 (12.5%) p=0.1
Incidence of 2(125) 0 p=0.1
re-stenosis

Thirteen patients (6 males 7 females, average
age 42 years, range 28-49) underwent Continuous
sutures stentless End-to-end biliary reconstruction
procedure with a mortality rate of 1.4%, morbidity
of 0% and recurrence rate at 2 years of 1.5%. No
worsening complications were recorded. General
health well-being improvement was recorded in
97% of patients. The follow-up ranged between 6
and 12 months, there was no mortality (Table 2).

Table (2): Complications and outcome of study groups.

Number of ~ Number of
Complication patients (%) patients (%) p-vaue
(Group A) (Group B)

Post-operative Cholangitis 0% 1(1.5%) p=0.1

Stricture 1(1.5%) 1(1.5%) p=0.1
Biliary Leakage 0 1(1.5%) p=0.08
Wound infection 0% 1(1.5%) p=0.852
Chest infection 2 (2.5%) 2(25%) p=0.852
Incisional Hernia 0% 3 (4%) p=0.852
Mortality Rate 0% 0%

The most complications were recorded: Biliary
leakage, wound sepsis and subsequent incisional
hernia and post-operative cholangitis. There were
no Technique related complications. There was
one conversion (1.5%) for widespread abdominal
adhesions following a previous surgery as shown
in (Table 2).

1 of the 3 patients with bile leak were aged <60
years. All of them anastomoses performed above
the level of the biliary confluence developed a
leak, compared to 12 (75.5%) of 15 anastomoses
performed below the level of the biliary confluence.
Pre-operative stenting was not arisk factor for bile
leak in this series (2.6% versus 6.1%; p=0.13).
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However, multi-variable stepwise logistic regres-
sion analysis showed that only biliary reconstruc-
tion following biliary injury (oddsratio [OR] =
6.84; p=0.002) and anastomosis above the biliary
confluence (OR=4.62; p=0.03) were significant
risk factorsfor biliary leak. Patients who underwent
biliary reconstruction for injury had a six-fold
higher risk of biliary leak compared to the rest of
the cohort, while those who had an anastomosis
above the confluence had afour-fold higher risk.

Our meta-analysis showed no significant differ-
ence in the outcome rate between continuous and

P=01 interrupted suture stent less biliary reconstruction

techniques and 0.934; 95 percent ClI, 0.457-1.910;
Z-value=—0.187; p=0.852) using random effect
model.

Finally, our meta-analysis showed no statistical
significance regarding Biliary leakage or stenosis
between the two techniques (OR, 1.641; 95 percent
Cl, 0.547-4.926; Z-value=0.833; p=0.377) using
random effect modelling.

Discussion

Kasahara and colleages compared different
biliary reconstructionsin 321 recipients of right
lobe LDLT. Biliary reconstruction was performed
with HJin 121 patients, end-to-end ductal anasto-
mosis in 192 patients, and combined HJ and end-
to-end ductal anastomosisin 8 patients. They found
that end-to-end ductal anastomosis showed a sig-
nificantly lower incidence of leakage and a higher
incidence of stricture [22].

Gazzaniga and colleagues performed end-to-
end ductal anastomosis in the immediate repair
procedures only when the injury did not exceed
one-third of the duct circumference and was not
|ocated more than 2cm below the ductal confluence,
or when injury was detected during the primary
operation. In this series, injuriesweretype E2 in
18 patients, type E3 in 29 patients, and type E4 in
15 patients. Direct repair is not recommended when
more than one-third of the bile duct circumference
isinjured. It cannot be carried out when the lesion
involves the bifurcation of 1 or both hepatic ducts
(Strasberg E3/E4). In such cases a Roux-en-Y -
Hepatico jgjunostomy is the only procedure avail-
able to repair the damage [23].

Koffron and colleagues reported an associated
injury of the artery in 61 % of patients with recurrent
strictures after primary bile duct repair [24].

Schmidt and colleagues reported that the pres-
ence of combined vascular and bile duct injuries
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and injury at or above the level of the biliary
bifurcation were significant independent predictors
of poor outcome in patients undergoing Roux-en-
Y Hepatico -jejunostomy.

The advantage of biliary drainage isto limit
the inflammation and fibrosis that occur after the
surgical procedure. Therefore, some authors believe
that the presence of the biliary tube prevents anas-
tomosis stricture [25].

Scatton and colleagues compared the incidence
of biliary complications after liver transplantation
in patients undergoing end-to-end ductal anasto-
mosis with or without T-tube in alarge multi-
center, prospective, randomized trial. The study
included 108 patients divided into 2 groups: patients
with (n=90) or without (n=90) a T-tube who under-
went surgery in 6 French liver transplantation
centers [26].

Continuous sutures are quicker to perform than
Interrupted Suture, and the patients without T-tubes
had fewer episodes of cholangitis and peritonitis,
and they demonstrated a favorable trend for fewer
overall biliary complications.

Conclusion:

End-to-end ductal anastomosis should be con-
sidered as the biliary reconstruction of choice
because it is more physiologic than Hepatico-
jgiunostomy and it is associated with fewer early
post-operative complications.

Anastomosis of the common hepatic duct or
common bile duct to aloop of jejunum (usually a
Roux loop) with asingle layer of monofilament
absorbable sutures is now the standard technique
of biliary-Enteric anastomosis in most centers.
Anastomotic biliary leaks and strictures remain
significant, though uncommon, complications.

End-to-end ductal anastomosisis used for bil-
iary reconstruction in patients undergoing liver
transplantation and surgical repair of iatrogenic
biliary injuries.

Concluded that complicationsin the T-tube
stent biliary reconstruction were less severe and
required less aggressive treatment than those in
the non-T-tube techniques. The incidence of anas-
tomotic strictures was higher in patients without
T-tubes.

The patients without T-tubes had fewer episodes
of cholangitis and peritonitis, and they demonstrated
afavorable trend for fewer overall biliary compli-
cations, anastomotic biliary leaks or fistulas, end-

to-end ductal anastomosis revisions, dilatation and
stenting, hepatic artery thrombosis.

Our analysis showed that: A bile duct injury
(usually iatrogenic), reconstruction is performed
on anon-dilated biliary tree in the presence of
inflammation, complex damage to the duct, often
inflicted by diathermy, and associated vascul ar
injury. We speculate that this is the reason why
these patients suffer a higher incidence of anasto-
motic leak. The biliary tree above the confluence
gets progressively narrower and thinner, making
anastomosi s to these ducts technically more chal-
lenging.
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