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Abstract. Biliary complications are described as frequent
causes of morbidity during the postoperative course of or-
thotopic liver transplantation (OLTx), even in recent
papers. The authors report here on their experience with
duct-to-duct anastomosis as their method of choice for bil-
iary reconstruction in a consecutive series of 100 OLTx in
adult patients. The original technique, as described by
Starzl, was modified by the authors by performing a wide,
longitudinal plasty of both the donor and recipient bile
ducts, joined together with two polidioxanone running su-
tures, producing the effect of a side-to-side anastomosis.
This technique was used in all procedures, even when a
significant discrepancy was evident between the ducts
(n=10). Follow-up was completed in 100% of the patients
for a period of 2-40 months (mean 13.1 months). Four
major complications (4% ) occurred including hepatic ab-
scesses due to ascending cholangitis, T-tube dislocation,
partial occlusion by a branch of the T-tube at the anasto-
motic site, and disruption of the bile duct after T-tube
removal. In four other patients, transient abdominal pain
followed removal of the stent. Neither strictures nor fistu-
las were observed. Choledochocholedochostomy on a T-
tube stent represents, in our experience, the technique of
choice for biliary reconstruction in OLTx. The procedure,
as described in the present study, proved to be safe in pre-
venting strictures and leakages and appears to be feasible
in nearly 100% of all adult patients undergoing OLTx.
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Complications of bile duct reconstruction are described as
a common cause of graft failure in orthotopic liver trans-
plantation (OLTx). Ascending cholangitis, anastomotic
leakages, strictures, and “sludge” formation were so fre-
quently present in the postoperative courses of the patients
that Calne was prone to consider the bile duct anastomosis
asthe technical “Achilles’ heel” of OLTx [2,13,14,18].
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Nowadays, increased experience with liver procure-
ment and replacement, along with the development of the
procedure worldwide, are causing a dramatic reduction in
the number of surgical complications. Nonetheless, biliary
problemsstill remain a frequent pitfall, with the result that
several methods of reconstruction during OLTx have
been advocated and tested [1, 8-10, 20].

The end-to-end choledochocholedochostomy seems to
be the safest and the preferred method of biliary drainage
[5, 6,17], although in pediatric patients or when a discrep-
ancy exists between the donor and recipient’s common he-
patic duct, choledochojejunostomy on a Roux-en-Y loop
is reported, by many authors, to be the technique of choice
[7,17]).

The present paper describes the authors’ experience in
biliary reconstruction, based on 100 consecutive OLTx. A
personal modification of the original duct-to-duct anasto-
mosis, as reported by Starzl et al. [14], has been constantly
adopted with excellent results. Furthermore, we review
recent literature in order to assess and compare the in-
cidence of complications with different types of recon-
struction and to identify the procedure of choice under
different anatomopathological situations.

Materials and methods

One hundred OLTXx, consecutively performed in our department
from 1987 to 1990 on 91 patients with end-stage liver disease, are
considered. Indications for grafting are listed in Table 1. All patients
were adult. Lythiasis of the common bile duct and dilatation of the
biliary tree were present in five patients. A discrepancy between
donor and recipient ducts, unrelated to lythiasis, was evident in five
other cases.

Biliary tract complications were defined as morbidity related to
the biliary reconstruction necessitating medical orsurgical treatment.
An abdominal ultrasound scan was performed routinely during the
first postoperative week. and then: before discharge from the hospi-
tal,before removal of the T-tube, every 6 monthsduringthe follow-up
period, or whenever clinical and biochemical signs requiredit.

T-tube cholangiography was performed in the operating room at
the end of the operation and then before removal of the T-tube, or
whenever indicated, under antibiotic prophylaxis.
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Table 1. Indications for liver transplantation
Cirrhosis 55

HCClincirrhosis 16
Primary biliary cirrhosis 3
Budd-Chiari syndrome 1
Cholangiocarcinoma 5
Other hepatic tumors 6
Fulminant hepatic failure 5
Retransplantation 9
Total 100

Liver biopsies were not obtained routinely but only when com-
plications were suspected.

Initially, immunosuppression was maintained with cyclosporin
and steroids. Starting with the 30th OLTX, a triple drug therapy was
adopted that included cyclosporin, azathioprine, and steroids. Re-
jection episodes were treated with steroid boluses and, if unrespon-
sive, with OKT3 monoclonal antibodies for 10-14 days. ABO-iden-
tical or -compatible donors were always used.

Follow-up was completed in 100% of the patients for a period of
2-40 months (mean 13.1 months). The records of all patients were
reviewed to identify complications related to the reconstruction of
the biliary tract. All patients who died after OLTx underwent autop-
sy, and reports were reviewed for evidence of biliary tract problems.

Operative technique

The surgical technique of the donor and recipient operations were
similar to those described by Starzl et al. [14-16). Belzer’s UW solu-
tion for liver perfusion and cold storage was employed starting with
the 30th OLTx.

The donor’s common bile duct was transected close to the duode-
aum with only minimal dissection in order to preserve its vascular
support [11]. The galibladder and the biliary tree were irrigated with
cold saline or UW solution before and after in situ perfusion. In the
recipient, the bile duct was transected close to the hilum. In ali but
12 paticnts. the gastroduodenal artery was tied off in order to allow
the arterial anastomosis to be performed under optimal conditions.

In all cases a duct-to-duct biliary anastomosis was carried out. A
widening plasty was performed on both donor and recipient bile
ducts by a longitudinal incision, usually longer than the diameter of
the transected bile duct. By adapting the length of the longitudinal
incision on cither the donor or the recipient side, this techniquc per-
mitted the anastomosis to be performed regardless of the diameter
of the bile ducts.

The integrity of the vascularization of the ends of the ducts
should be demonstrated by manifest brisk bleeding of their accom-
panying arteries. Further resection of the ducts may be required to
obtain a well-vascularized anastomotic edge.

Two stitches are placed to join the upper ends of the longitudinal
incisions to the opposite free edges of the bile duct and they are tied
off (Fig.1). The anastomosis is performed with two running sutures
with 7/0 polidioxanone (PDS) using an everting technique.

Asilicon transanastomotic T-tube (usually 9 Frin diameter) isin-
serted through a small choledocotomy on the recipient’s common
duct and fixed with 6/0 PDS purse-string. The upper limb of the T-
tube is usually long enough to almost reach the hepatic duct bifurca-
tion; this prevents the migration of the limb into the cystic duct or
even through the anastomosis, and it may prevent formation of strlc-
tures in the duct proximal to the anastomosis.

The T-tube is removed 3-4 months after OLTx; a T-tube cholan-
giography is always performed, before removal, under antibiotic
prophylaxis. Bile cultures through the T-tube are obtained daily up
until its clamping in the 3rd postoperative week and then before
removal, together with the extremity of the tube, or whenever febrile
episodes, changes in bile flow, or an increase in bilirubin values occur
in the postoperative course.

Statistical analysis

Actuarial survival was computed by Wilcoxon life-table analysis.
Univariate analysis was achieved by means of Student’s #-test. A
probability value of less than 0.05 was considered significant.

Results

Survival for the entire serics and for the last 65 patients
(since the introduction of UW solution for liver preserva-
tnon) is shown in Fig. 2. In Fig.3, a normal cholangiogram
is depicted.

Five patients died during the immediate postoperative
period and were, therefore, excluded from the present
analysis. Eighty-three patients lived more than 1 month
after OLTx and 76 had a follow-up period longer than
3 months (i.e.. the time during which the T-tube was
removed).

Fig. 1 A-C. Technique of choledocho-
choledochostomy. A A wide longitudinal
plasty is performed on both donor (supe-
rior) and recipient (inferior) bile ducts.
Two stitches are placed on the opposite

‘free edges of the ducts. B Two running
sutures arc used to complete the anasto-
mosis. The anterior and posterior anasto-
moses are performed suturing outside the
choledochal lumen. The posterior is the
first to be performed by switching the bile
ducts. C A T-tube is inserted through the
anastomosis while completing its anterior
wall. Its exit is from the recipient bile
duct. A little purse-string fixes the longi-
tudinal branch of the T-tube
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Fig.2. Actuarial survival of the entire series of patients (3-year sur-
vival rate 64%) is depicted on the lower curve, and that of the last
65 patients (since 1989, the time when UW solution for liver preser-
vation was introduced into our protocols) on the upper curve. The 2-
year survival rate is 86%. Improvement in the results are explained
not only by the excellent quality of the graft obtained but also by re-
finements in surgical technique, in the management of patients, and
in indications for grafting
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Fig.3. T-tube cholangiogram 3 months after OLTx shows normal
caliber of both intra- and extrahepatic biliary tree with excellent
drainage of the dye into the duodenum. The duct-to-duct anasto-
mosis was performed despite a significant discrepancy between the
11-year-old donor’s bile duct and the dilated recipient’s duet (a 45-
year-old man with extra hepatic lythiasis). The arrow depicts the
anastomotic line

Biliary tract complications occurred in four patients
(4% of the entire number of procedures; Table 2). Of
these, one patient suffered from recurrent episodes of as-
cending cholangitis with intrahepatic abscess. The patient
was transplanted for hilar cholangiocarcinoma with bil-
iary sepsis. After OLTX, bile cultures and culture of the T-
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Table 2. Complications in 100 biliary reconstructions

Patient Complication Treatment Qutcome
1 Cholangitis + abscesses Drainage Resolved
2 T-tube dislodgment Replacement  Resolved
3 Biliary peritonitis + stricture D-to-D redo Resolved
4 T-tube obstruction Replacement  Resolved

tube removed during the 3rd month were always positive
for Pseudomonas aeruginosa, despite specific antimicro-
bial therapy. During the 4th postoperative month, a he-
patic abscess was percutaneously drained and a vigorous
antibiotic treatment undertaken with resolution of the in-
fection.

In the second patient, the T-tube was accidentally
removed on the 7th postoperative day, causing onset of
biliary peritonitis; it was immediately replaced surgically
without further complications.

A third patient had biliary peritonitis after removal of
the T-tube 3 months after OLTx; this resolved with medi-
cal treatment. The T-tube cholangiogram showed a nor-
mal drainage into the duodenum. The patient was oper-
ated on 1 month later because of an infrahepatic bile
collection and a healing stricture that required a redo of
the duct-to-duct anastomosis. The patient is alive and in
excellent condition 9 months after reoperation with nor-
mal liver tests and without external drainage.

A fourth patient developed a partial biliary obstruction
secondary to a migration of the upper limb of the T-tube
against the bifurcation of the common hepatic duct. The
patient was reoperated with correct repositioning of the
stent 1 month after OLTx.

Four other patients had abdominal pain just after T-
tube removal, which spontaneously resolved in 1-3 days;
ultrasound scan and biochemical data are normal 39, 22,
10, and 6 months, respectively, after OLTx.

No significant statistical correlation was found in our
patient population between biliary complications and, re-
spectively, age and sex of patients, presence of lythiasis, or
discrepancy between bile ducts, Child preoperative status,
biliary sepsis, and arterial complications occurring during
the postoperative period. However, the number of com-
plications are too small to allow any conclusions to be
drawn.

Discussion

Overall results of OLTx have improved greatly in recent
years, but complications of biliary tract reconstruction still
represent an important cause of morbidity, ranging from
15% to 34%, as evidenced by international literature 3, 4,
6,7,9,17,19].

Duct-to-duct anastomosis and Roux-en-Y choledocho-
jejunostomy are the most frequently encountered pro-
cedures. The former, when performed on a T-tube stent,
represents the technique of choice in adult patients. The
preservation of the sphincter mechanism (possibly de-
creasing the incidence of ascending cholangitis) and the
simplified surgical procedure, together with the ability to
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monitor biliary function, are the main reasons why this
technique is favored.

Alternatively, many authors advocate the use of the
Roux-en-Y technique when there is a discrepancy in size
between donor and recipient ducts or when the ducts are
too small, as in small adults or in pediatric patients [3,6, 7,
17]. Disadvantages of this technique include the longer
operation time, concern about performing an enterotomy
in an immunosuppressed patient, difficulty in assessing
the biliary tract, and the theoretical reflux of septic ma-
terial from enteric lumen to the biliary system [3, 17].

An alternative approach, the so-called side-to-side
anastomosis, was developed by Neuhaus and colleagues
in the laboratory and then introduced into the clinical liver
transplant program in Hannover with excellent results
(4.5% complication rate) {8-10, 12].

In our series, a modified choledochocholedochostomy

on a T-tube stent was adopted in all the cases. The modifi- -

cation, compared with the technique described by Starz!
et al. [4, 14, 16], consisted of a wide longitudinal plasty of
the biliary ducts before anastomosing with two polidiox-
anone running sutures, thus obtaining a “side-to-side-
like” reconstruction. We were able to employ this tech-
nique even when a significant discrepancy existed
between donor and recipient ducts (n=10), in retrans-
plantations (n=9), and when cancer of the biliary tract
was the indication for OLTx. Data from the literature dif-
fer with regard to preservation of the biliary tract in a chol-
angiocarcinoma on the basis of a possible spread of neo-
plastic cells in the recipient’s duct. In no one of the five
patients operated on, however, was recurrence found on
the biliary ducts, and two patients are still alive and free of
disease 42 and 39 months after operation. No patient in
the present series was transplanted for sclerosing cholan-
gitis, which represents, in our opinion, the main contrain-
dication to the use of this technique.

The rate of complications observed was extremely low
—only 4% of the total number of procedures - and similar
results are reported with the side-to-side technique [12].
Biliary fistulas were never seen. In the patients in whom
arterial thrombosis occurred, either reOLTx or death
preceded the onset of this complication. However, in a pa-
tient in whom an arterial stenosis was documented soon
after OLTX, no biliary problems developed even when a
complete thrombosis of the hepatic artery became evident
nearly 1 year after OLTx. The patient is alive and with
normal liver tests at 39 months of follow-up.

Anastomotic strictures never occurred in our series. By
performing a longitudinal plasty of the biliary ducts, a very
wide anastomotic line is obtained and, in our opinion, ci-
catricial stenoses can be avoided. We advocate the use of a
continuous running suture in order to make the anasto-
mosis impermeable. This did not cause ischemic damage
to the extremities of the ducts and was able to prevent the
spread of even a small amount of bile around the suture
line, which has been found to play an important role in the
genesis of biliary stenosis. The only stricture encountered
was not found at the anastomotic line, which was normal
at reoperation, but at the exit of the T-tube, where the
little purse-string, not yet reabsorbed, caused a disruption
of the choledocal wall when the stent was removed.

The T-tube was always employed, even though three
of the four biliary complications observed were directly
related to its use. Controversy surrounds the use of a
stent in duct-to-duct reconstruction because of the com-
plications reported in different papers {3, 6,9,20] and be-
cause there is no evidence that it is of real benefit in heal-
ing or reducing the risk of stricture. Its employment,
however, as an index of hepatic function by monitoring
quantity and quality of bile produced is, in our experi-
ence, essential in the management of the transplanted pa-
tient. Complications, when present, were easily treated,
medically or surgically, with complete resolution, even in
long-term follow-up. Intrahepatic biliary problems (ex-
cept chronic rejection, seen in two cases) were never en-
countered; the flush of the biliary tree during harvesting
and UW solution, reducing ischemic damage, certainly
played a role.

In conclusion, duct-to-duct anastomosis proved to be a
safe method of biliary reconstruction in OLTx with a very
low complication rate in both early and long-term follow-
up. We recommend performing a longitudinal plasty of
the ducts in all cases in order to obtain a wider anasto-
motic line. This allows duct-to-duct reconstruction, even
when a significant discrepancy is evident, and seems to
prevent the development of strictures during the healing
process.

The technique described has the advantages of a side-
to-side anastomosis [8-10, 12] but avoids the risks of the
ductal blind ends. The surgical technique employed must
be meticulous, both when performing the anastomosis
and when dissecting the ducts during donor and recipient
operations in order to prevent damage to their vascular
and nervous supplies [11, 12]. In our opinion, this,
together with an adequate hepatic arterial reconstruction,
plays a major role in determining bile complications.
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