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ORIGINAL ARTICLE

Biliary tract reconstruction:
comparison of different techniques
after 187 paediatric liver transplantations

Abstract Biliary complications
after liver transplantation are com-
mon and cause significant morbidity
and mortality. In order to evaluate
the complications related to differ-
ents sort of biliary reconstruction,
from January 1984 to July 1992 we
retrospectively analysed 187 conse-
cutive liver transplants in 136 paedia-
tric patients at Addenbrooke’s Hos-
pital, Cambridge. There were 51
(27.2% ) retransplantations. Biliary
reconstruction consisted of: type 1 —
common bile duct - Roux loop
(CBD-RL); n =90 (48.1% ); type 2 -
gallbladder conduit — Roux loop
(GC-RL),n =51 (27.2%); type 3 -
gallbladder conduit - common bile
duct (GC-CBD), n =20 (10.6%);
type 4 — common bile duct — com-
mon bile duct (CBD-CBD),n =18
(9.6 %); and type 5 — common bile
duct —common bile duct + gallblad-
der drainage (CBD-CBD + GB),

n =8 (4.2%). There were, in all 26
biliary complications (14 % ). Of
these 26 complications, biliary stric-
ture was the most common (17/26;
65.3%) and 6 out of these 17

(35.2 % ) were associated with
chronic rejection. Hepatic artery
thrombosis was directly related to
biliary leakage in 6 out of 26

(23.1 %) biliary tract complications.
This series demonstrated that type 1
and type 4 reconstructions were re-
lated to fewer biliary complications
(9790, 10% and 2/18; 11 %, respec-
tively) than the other techniques:
8/51 (16 %) for GC-RL 5/20 (25%)
for GC-CBD and 2/8 (25 %) for
CBD-CBD + GB (P =0.09).

Key words Liver transplantation,
biliary tract - Biliary tract
reconstruction, pediatric liver
transplantation - Pediatric liver
transplantation, biliary tract

Introduction

Orthotopic liver transplantation has been performed
in Cambridge/King’s College Hospital since 1968, but
the children’s liver transplantation programme began
in 1983, when suitable donor organs began to become
available [17]. Although there have been great tech-
nological and immunological advances in liver trans-
plantation, biliary complications remain an important
cause of post-transplant morbidity and mortality: 16.6 %
and 9.6%, respectively [14]. A number of technical
manoeuvres have been suggested to decrease the
biliary complication rate, particularly those that would

ensure optimum vascularisation of the biliary anasto-
mosis.

To analyse the biliary tract complications with differ-
ent types of biliary reconstruction, 187 consecutive
paediatric liver transplantations were reviewed.

Patients and methods

Between January 1984 and July 1992, 187 consecutive liver trans-
plants in 136 pacdiatric patients were analysed rctrospectively at
Addenbrooke’s Hospital, Cambridge. Seventy patients (51 %) were
male and 66 (49 % ) female. The median age at the time of transplan-
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Table 1 Indica-
tions for paedia-
tric liver transplan-
tation

Indication Number

Biliary atresia 85
Alpha-1 antitrypsin deficiency 15
Tyrosinosis

Acute hepatic failure
Chronic active hepatitis
Metabolic disease
Oxalosis

Neonatal hepatitis
Inborn error metabolism
Alagille’s syndrome
Sclerosing cholangitis
Cryptogenic cirrhosis

Total 136
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tation was 5-7 years (range 3 months—16 years). The indications for
liver transplantation are summarized in Table 1.

There were 134 whole liver transplants and 53 reduced-size liver
transplants. Of the 53 reduced liver transplants, 42 involved the left
lateral segment, 7 the right lobe, and 4 the left lobe. The techniques
for reduced grafts have already been described [1,2].

There were 51 (27.2% ) retransplants and the causes were: chro-
nic rejection (n =29), liver infarction (n = 13), biliary stricture and
cholangitis (n =5) and primary non-function (n = 4).

The types of biliary reconstruction were:

Type 1 — Common bile duct — Roux loop (CBD-RL),
n =90 (48.1%)

An end-to-side choledochojejunostomy is performed with a single
layer of interrupted 5 or 6.0 PDS suture. A 5 Fr silicone tube is
brought out through Roux-en-Y distally and passed up into the bil-
iary tree. The stent is then brought out through the abdominal wall.
The gallbladder is removed.

Type 2 — Gallbladder conduit — Roux loop (GB-RL)
n=51272%)

A gallbladder conduit is constructed before transplanting the liver
by anastomosing the donor common bile duct to Hartman’s pouch as
described elsewhere [4). Then the fundus of the gallbladder is
subsequently anastomosed to the recipient Roux-loop over a T tube
that is brought out through the conduit. The donor gallbladder fun-
dus is anastomosed to the Roux loop end-to-end using inter-
rupted 4.0 prolene and continuous 5 or 6.0 PDS. The anastomosis is
splinted with the small 2- or 4-mm T tube brought out through the
gallbladder wall and then through a stab incision below the main
wound.

Type 3 — Gallbladder conduit - common bile duct
(GB-CBD),n =20 (10.6%)

A gallbladder conduit is constructed before transplanting the liver
by anastomosing the donor common bile duct to Hartman’s pouch.
Then the fundus of the gallbladder is subsequently anastomosed to
the recipient common bile duct as described by Calne [4].

Type 4 — Common bile duct — common bile duct
(CBD-CBD)n =18 (9.6%)

An end-to-end choledochocholedochostomy is performed between
the recipient and donor common bile duct with a S or 6.0 PDS suture
utilizing a single interrupted layer. The anastomosis is splinted with
the upper limb of a no.8 or 10 T tube, which is inserted into the
supraduodenal portion of the recipient’s own common bile duct.
The T tube is then brought out through the abdominal wall. The gall-
bladder is removed.

Type 5-Common bile duct—common bile duct
+ gallbladder drainage (CBD-CBD + GB),n =8 (4.2%)

An end-to-end choledochocholedochostomy is performed between
the recipient and donor common bile duct as with type 4 reconstruc-
tion but without any stenting of the bile duct. Then a no.12 or 14
Foley catheter is placed in the donor gallbladder and brought out
through the abdominal wall.

Biliary strictures were treated either by surgical intervention or
by percutaneous transhepatic dilatation, as described elsewhere
[22]. Median follow-up was 15 months (range 2 months-3 years).

All patients were given a combination of cyclosporin, steroid,
and azathioprine immunosuppression. Antithymocyte immunoglo-
bulin was used prophylactically in later patients. Abdominal ultra-
sound was performed on all patients routinely on the 1st postopera-
tive day to confirm vascular patency. Cholangiograms were perfor-
med after the 10th postoperative day prior to clamping the bile tube.
When indicated, subsequent cholangiography was obtained by en-
doscopic retrograde cholangiopancreatography or percutaneous
transhepatic cholangiography.

The chi-square test for overall comparison and relative risk
(odds ratio) was used for statistical analysis.

Results

There were 26 biliary complications in 187 liver trans-
plants (14%), combinations with biliary stricture
(n =17.9 %) or with biliary leakage (n = 9.5%).

The CBD-RL and CBD-CBD anastomoses yielded
fewer biliary complications —9/90 (10% ) and 2/18 (11 %),
respectively — than the other sorts of biliary yeconstruc-
tion (P = 0.09). However, the occurrence of strictures and
leakages was independent of the type of other biliary tract
anastomosis: 8/51 (16 % ) for GC-RL, 5/20 (25 % ) for GC-
CBD and 2/8 (25% ) for CBD-CBD + GB.

The occurrence of biliary stricture was associated with
the development of chronic rejection in six cases. Hepatic
artery thrombosis was related to biliary leakage in six
cases. The biliary complications related to each sort of bil-
iary reconstruction are summarized in Table 2.

Biliary strictures were managed by percutaneous
transhepatic dilatation in ten cases and by surgery in
seven. All of the biliary leaks were treated by revising the
biliary reconstruction. Hepatic artery thrombosis were
managed by surgical revision of the anastomosis or by re-
transplantation. QOverall, 16 of the 26 patients with biliary
complications (61.5 % ) required operative intervention.
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Table 2 Biliary complications o :
after 187 paediatric liver trans- Biliary reconstruction g;zfp_eglo) 2311652]) g;z'pfz‘z ) r(lzp_ef;g) ;1;3118685)
plantations. BS, Biliary stric- — - _ _ —
ture; C, cholangitis; CR, Biliary complications
chronic rejection; BL, biliary — ggg ¢ n=11 4(45%) 3(6%)  2(10%)  1(555%) 1(12.50%)
leakage; FIAT, hepaticartery  Bgg C&CR n =6 3(35%) 2(4%)  1(5%)
thrombosis; P, peritonitis. BL&HAT  n=6 2(2%) 2(4%)  1(5%) 1(12.50%)
Pt:0.092fo;ty%e§1and4ver— BL&P n=3 1(2%) 1(5%) 1(555%)
sus types 2,3 an
P Total n=26 9(10%)*  8(16%)  5(25%)  2(11%)*  2(25%)

The chi-square test was used to estimate the signifi-
cance when comparing the distinct types of biliary tract
reconstruction techniques. Comparing types 1 and 4 with
the other three types of reconstruction grouped together,
the odds ratio (OR) of developing any complication was
estimated as being 2.07 (0.83<OR 95% <5.19) with
X?=2.95 (P =0.09).

Discussion

Biliary complications remain a significant source of post-
operative morbidity and mortality. Strictures and leak-
ages account for most of these complications, which are
usually recognised within weeks of transplantation [14].
The morbidity ad mortality rates after orthotopic liver
transplantation in early studies were 34%-50% and
25%-30%, respectively, as a result of biliary complica-
tions [6, 18].

Biliary tract complications may be related to ischemia,
technical error orimmunological factors. Refinement and
standardisation of biliary reconstructive techniques have
lowered the incidence of biliary tract complications [10,
14,19]. Yet, it remains considerable, ranging from 12 % to
37% [9,10, 14, 16, 19,21, 23, 24]. In our series, the biliary
tract complication incidence was 14 % (26/187).

Direct anastomosis of the common bile duct to a Roux
loop or CBD-CBD reconstruction were associated with
significantly fewer complications — 9/90 (10%) and 2/8
(11 %), respectively — than the other three types of anas-
tomosis: 8/51 (16%) for GC-RL; 5/20(25%) for GC-
CBD and 2/8 (25% ) for CBD-CBD + GB; P =0.09.

Although the results of this statistical analysis are
not significant at the level of 5 %, the relative risk is equal
to 2.95, meaning that a patient’s chance of developing
some biliary tract complication when type 1 or type 4 rec-

onstruction was not applied was 2.95 times greater than
when either of these techniques was, in fact, applied.

These results show improvement when compared with
findings from our early studies where we had a 31 % com-
plication rate for CBD-CBD, 28 % for GC-RL and 48 %
for GC-CBD [17]. These findings are in line with those of
other groups [3, 13].

Hepatic artery thrombosis is a major factor in biliary
tract complications as the perfusion of the donor common
bile duct is largely dependent upon hepatic artery blood
flow. A number of factors are associated with the develop-
ment of hepatic artery thrombosis, including vessel size
and postoperative synthesis of anticoagulant factor [15].
The incidence of hepatic artery thrombosis in this series
was 6/187 (3.2 %), which compares favourably with other
reports of 4 % for adult patients, 12 % for paediatric liver
patients [5, 8, 20] and as much as 30 % for children under
1 year of age [7].

Most liver transplant centres currently use an end-to-
end choledochocholedochostomy or Roux-en-Y chole-
dochojejunostomy, depending on the patient’s age and
pathology [11, 12, 14]. Improvements in techniques and
management have resulted in a lower incidence of biliary
complications. In addition, early recognition and inter-
vention have reduced the associated morbidity and mor-
tality [14, 19, 24].

In conclusion, this series demonstrates that direct anas-
tomosis of the donor common bile duct to a Roux loop or
CBD-CBD reconstruction are the most effectiv’e ways to
reconstruct the biliary tract after paediatric liver trans-
plantation.
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