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Abstract

We retrospectively studied the prevalence, presentation, results of treatment, and graft and patient survival 
of grafts developing an anastomotic biliary stricture (AS) in 531 adult liver transplantations performed be-
tween 1979-2003. Clinical and laboratory information was obtained from the hospital files and radiological 
studies were re-evaluated. Twenty-one possible risk factors for the development of AS (variables of donor, 
recipient, surgical procedure and postoperative course) were analysed in a univariate and stepwise multi-
variate model. 

Forty-seven grafts showed an anastomotic stricture; 42 in duct-to-duct anastomoses, and five in he-
paticojejunal Roux-en-Y anastomoses. The cumulative risk of AS after 1, 5 and 10 years was 6.6%, 10.6% 
and 12.3% respectively. Post-operative bile leakage (p=0.001), a female donor/male recipient combination 
(p=0.010), and the era of transplantation (p=0.006) were independent risk factors for the development of 
an AS. In 47% of cases, additional (radiologically minor) non-anastomotic strictures (NAS) were diagnosed. 
All patients were successfully treated by one or more treatment modalities. As primary treatment ERCP was 
successful in 24 of 36 (67%) cases; and PTCD in four of 11 (36%).  In the end 15 patients (32%) were operated, 
all with long-term success. 

AS presenting more than six months after transplantation needed more episodes of stenting by ERCP and 
more stents per episode compared to those presenting within six months and recurred more often. Graft and 
patient survival were not impaired by AS. 

Introduction

Biliary complications are common after orthotopic liver transplantation (OLT), occurring in 
10-35 % of liver transplant recipients 1-5. Despite improved surgical and medical care, bil-
iary complications are still a major source of morbidity, sometimes loss of the graft and in 
severe cases mortality. They can occur both early and late after transplantation. Of the biliary 
complications, leaks and strictures are the most common. Currently, there is no uniform clas-
sification of biliary strictures. Strictures are often referred to as being ‘anastomotic’, occurring 
at the anastomosis of donor choledochal duct and recipient choledochal duct or jejunal 
Roux-limb, or ‘non-anastomotic’, occurring at other locations in the biliary system 5;6. Also 
combinations of anastomotic strictures and non-anastomotic strictures are reported. Stric-
tures at the site of the bile duct anastomosis (AS) are thought to result from surgical technique 
and/or local ischaemia. Non-anastomotic strictures (NAS) are considered to result from 
either hepatic artery thrombosis (HAT), or from more complex pathogenic processes, includ-
ing immunological factors, prolonged cold ischaemia times, and vascular insufficiency 1;6-9. 
In most series, anastomotic biliary strictures are reported in 4-9% of patients 10-20. Treatment 
of these strictures can be endoscopic (endoscopic retrograde cholangiopancreaticography, 
ERCP), percutaneous (percutaneous transhepatic cholangiodrainage, PTCD) or surgical. Re-
cently, the endoscopic approach has been discussed as the primary modality of treatment 
for this indication 1;7;7;13;21;22. Several questions concerning AS remain unanswered, such as 
their true prevalence, results of different modalities of treatment, role of concomitant biliary 
complications, and influence on long-term graft survival. Most studies concentrate on one 
particular technique for the treatment of AS, have relatively short follow up and a limited 
number of patients. Also, a systematic analysis of possible risk factors for AS has not been 
performed to date.  The aim of this study is to report the prevalence of AS in a large popula-
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tion of liver transplant recipients with a long follow-up time, to analyse possible risk factors, 
and to describe their presentation, the result of different treatment modalities and long-term 
outcome.

Patients and methods
Between March 1979 and May 2003 a total of 531 adult liver transplantations were per-
formed in our hospital, 469 of which were primary transplants. Follow-up was until May 1 
2004. The prevalence of biliary complications was retrospectively evaluated, using radiology 
reports and patient records. Patients with a reported anastomotic stricture were selected and 
studied in detail. Only patients with a radiological or surgically proven AS for which treat-
ment was needed for clinical reasons were included. Patients with an anastomotic stricture 
occurring in conjunction with a hepatic artery thrombosis were excluded.

In our institution a duct-to-duct biliary anastomosis is preferred. Also in patients with pri-
mary sclerosing cholangitis (PSC) the duct-to-duct method is used if the recipient bile duct is 
suitable 23. In case of duct-to-duct as well as hepaticojejunostomy as a rule a biliary drain is 
placed peroperatively. Routine cholangiography is performed 10-14 days after transplanta-
tion, and whenever clinically indicated. The drain is clamped when no complications are 
found at cholangiography. The interval of bile drain removal has increased from one, to 
three, to currently six months after transplantation. When a biliary complication is suspected 
after removal of the bile drain, the preferred method for cholangiography is by means of 
endoscopic retrograde cholangiopancreaticography (ERCP). This technique has been avail-
able in our center since the early 1980’s.  In case of a hepaticojejunostomy percutaneous 
transhepatic cholangiodrainage (PTCD) is used. In recent years, magnetic resonance cholan-
giopancreaticography (MRCP) is increasingly used for non-emergency indications. Immuno-
suppressive schemes were predominantly prednisolone/azathioprine in the early years, after 
introduction of cyclosporine prednisolone/cyclosporine/azathioprine and since the 1990’s 
prednisolone/tacrolimus, with or without azathioprine.

Clinical information
Clinical information was obtained from the original patient notes, operation notes and 
endoscopy reports. Records were reviewed for patient characteristics, indication for liver 
transplantation, type of biliary reconstruction, clinical presentation of biliary complications, 
indications for radiological examinations, endoscopy, surgery, types of intervention, and out-
come of therapies. 

Radiological data  
For radiological evaluation, in patients with a suspected AS, all studies of the liver (ultra-
sonography, cholangiograms, computer tomography, MRCP, ERCP) that were performed 
after transplantation were retrieved from the hospital archive. All images were reviewed by 
a single radiologist blinded to clinical information. Biliary strictures were classified as anasto-
motic or combined anastomotic and non-anastomotic. An anastomotic stricture was defined 
as a focal narrowing at the site of the biliary anastomosis, excluding slight changes in calibre. 
Length and diameter of  AS were measured. Also, dilatation of bile ducts and, when present, 
leakage of contrast medium was noted. 
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Treatment 
Information about interventions was obtained from the patient notes. ERCP, PTCD, surgery, 
and medical therapies (ursodeoxycholic acid, antibiotics) were noted. When ERCP or PTCD 
had been performed, number of sessions was registered, as well as technical details of the 
procedure: sphincterotomy, dilatation procedures and stenting. Failure after therapeutic in-
tervention was defined as the need for further therapies after end of treatment. Complications 
of treatment were registered. 

Bacterial cholangitis episodes after completion of treatment were noted. Bacterial chol-
angitis was defined as an episode of liver test abnormalities combined with fever for which 
antibiotic treatment was given. 

Laboratory values 
Laboratory values were obtained at time of presentation, and when a stable level was 
reached after the final intervention, with a maximum of six months after intervention. Five liver 
tests were analysed: serum level of alkaline phosphatase (APh), gamma glutamyltransferase 
(GGT), total and direct bilirubin and alanine-aminotransferase (ALT).

Survival 
Patient and graft survival and need for re-transplantation were evaluated. Causes of death 
were noted.

Risk factor analysis 
Twenty-one possible risk factors possibly associated with biliary complications were selected. 
These included donor variables, recipient variables, surgical variables and variables on the 
post-operative course. The possible influence of these variables on the risk of developing AS 
was studied.  

Statistics
Data were analysed using SPSS 12.0 software (SPSS Inc, Chicago, IL). Chi-square test or 
Mann-Whitney-U test were used when appropriate. Survival analysis was performed using 
Kaplan-Meier methods and Log Rank test. Graft survival was analysed with controls matched 
for age, transplant date, and for being alive at time of diagnosis of AS. Correlation was tested 
with Spearman’s rho test. The risk factor analysis was performed using univariate analyses. 
Risk factors with a p-value of 0.1 or less were subsequently analysed in a forward likelihood 
multivariate Cox regression analysis. A p-value of < 0.05 was considered significant.

Ethical statement
Retrospective studies are approved by the institutional ethical committee.

Results

Group description 
A total of 47 grafts in 46 patients showed signs of anastomotic stricturing. Forty were first 
transplants, six were re-transplants, and in one patient it was a third transplant. Except for 
one, all patients received full size liver grafts of brain-dead donors. One patient received a 
split liver graft with a duct-to-duct reconstruction. In 42 cases the biliary tract was primarily 
reconstructed with a duct-to-duct anastomosis, in five cases with a hepaticojejunostomy. Me-
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Table 1: Patient characteristics.

Patient data                                 Number 

Number of patients with anastomotic stricture

Number of transplants with anastomotic stricture

-  first grafts

-  second grafts

-  third grafts

Median age at OLT in years (range)

Gender (M/F)

Pre-transplant liver disease (n=46)

          Primary biliary cirrhosis

          Metabolic disease

          Cryptogenic cirrhosis

          Primary sclerosing cholangitis

          Viral hepatitis

          Acute hepatic failure

          Others

Reasons for re-transplantation (n=7)

          Chronic rejection

          Non-anastomotic strictures 

          Hepatic artery thrombosis

Type of primary biliary reconstruction

          Duct-to-Duct

          Roux-en-Y-hepaticojejunostomy

Follow up after OLT (yrs.) mean/median/range

Follow up after AS (yrs.) mean/median/range

46

47

40

6

1

46 (18-64)

24/22

9

8

7

6

6

4

6

4

2

1

42 (89%)

5  (11%)

6.3 / 5.4 / 0.4-18.1

4.7 / 3.6 / 0.2-18.0

OLT; orthotopic liver transplantation, AS;  anastomotic stricture, M; male, F; female

dian patient follow-up after transplantation was 5.4 years (range 0.4 – 18.1). Median follow 
up after the diagnosis of anastomotic stricture was 3.6 years (range 0.2 – 18.0). Patients’ 
characteristics are shown in table 1.

Prevalence of anastomotic strictures 
AS developed in 47 of the 531 grafts (8.9%). The cumulative risk of AS (standard error in 
brackets) was 6.6% (1.2), 10.6% (1.6) and 12.3% (1.8) at 1, 5 and 10 years, respectively 
(see fig.1). To test whether the prevalence of AS was similar over the study period, cumulative 
risk for AS was studied before and after the median transplant date. In grafts transplanted 
after the median date of transplantation (November 16th, 1995) significantly more strictures 
developed than in grafts transplanted before the median date (P=0.0004). Cumulative 
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Table 2: Possible risk factors for anastomotic strictures  (n=531)

Variable * Number (%)

Donor variables
Age (years, median, range)
Gender match (yes / no)
Gender match (donor/recipient)
    MM  /  MF
    FF  /  FM

Recipient variables
Age (years, median, range)
Gender (male/female)
Disease 
    Parenchymal liver disease
    Cholestatic liver disease
    Metabolic disorder
    Acute liver failure
    Other
Child-Pugh score at time of OLT (A/B/C)
Retransplantation

Surgical variables
Era of transplantation (1st/2nd/3rd/4th quartile)
Preservation solution (EC / HTK / UW)
Cold ischaemia time (minutes, median, range)
Warm ischaemia time (minutes, median, range)
Revascularization time (minutes, median, range)
Biliary reconstruction (duct-to-duct / Roux-en-Y)a)

Type of Graft (whole / reduced)
Staff surgeon (1/2/3/4/5/6)b)

Post-operative variables
Bile leakage c)

AST at postoperative day 2 (U/L, median, IQR)
Immunosuppression at discharge d)

    Endoxan / ciclosporine / tacrolimus / other
ICU stay in days (median, IQR)
CMV-infection e)

Acute rejection BANFF II – III or I and treated

38 (23-48)
281 / 248

136 (25)  /  145 (27)
137 (26)  /  111 (21)

43 (18-68)
248/283

227 (43)
181 (34)
49 (9)
43 (8)
31 (6)
76 / 255 / 199
63 (12)

133/133/133/132
71 / 15 / 437
560 (407-740)
56 (47-65)
102 (80-118)
450 / 73
516 / 15
132 / 136 / 93 / 19 / 22 / 46

68 (13)
365 (177-882)

33 / 248 / 124 / 14   
4 (2 – 8)
185 (50)
174 (33)

M:male, F:female, OLT: orthotopic liver transplantation, EC:euro-collins, HTK:histidine-triptophane-ketoglutaraat, AST:as-
pirate aminotransferase, IQR: interquartile range, ICU: intensive care unit, CMV:cytomegalovirus. * Variables with more than 
ten missing values are explained below the table.
a) no anastomosis in 8 patients that died during surgery. B) no data on 83 patients. C) excluding cut-surface leakage and leak-
age occurring after the diagnosis of AS. D) excluding 112 with missing data or dying before discharge. E)Only patients included 
after 1991 (routine use of CMV-antigenemia test.)  
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risk after November 16th 1995 was 9.5%(1.9) and 16.7%(2.9) at 1 and 5 years. Before 
November 16th 1995 cumulative risks were 3.5% (1.2), 5.3% (1.6) and 6.6% (1.8) at 1, 5, 
and 10 years, respectively. 

The prevalence of AS was not different between duct-to-duct or hepaticojejunostomy. Also 
no difference was found between first transplants and re-transplants.

Risk factors for the development of AS
The possible risk factors for the development of AS are shown in table 2. In univariate analy-
sis, four variables were found to be associated with an increased risk for AS: a post-operative 
bile leakage diagnosed before or simultaneously with an AS, female donor/male recipient 

Table 3: Significant risk factors for anastomotic strictures after univariate analysis

Variable   AS (n=47)   No AS (n=484) P-value

Bile leakage

Female donor/male recipient

Era of transplantation (1st/2nd/3rd/4th quartile)

ICU stay in days  (median, IQR)

12 (26%)

17 (36%)

7/7/21/12

2 (2-7)

56 (12%)

94 (19%)

126/126/112/120

4 (2-8)

0.006

0.02

0.01

0.015

ICU: intensive care unit, IQR: interquartile range, AS: anastomotic stricture

0 2 4 6 8 10

0,0

0,2

0,4

0,6

0,8

1,0
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Years after OLT of diagnosis
Nr. of grafts at risk:          
531                  349       261    203 159                 110

Figure 1: Cumulative risk of anastomotic strictures the first 10 years after liver transplantation
OLT; orthotopic liver transplantation
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combination, the era of transplantation (as calculated for the first to fourth quartile of our 
program), and a shorter ICU stay (see table 3). After stepwise multivariate analysis three vari-
ables remained significant: post-operative bile leakage (p=0.001), a female donor/male 
recipient mismatch (p=0.010), and the era of transplantation with an increased risk for 
transplants performed after the median date (p=0.006).

Clinical presentation of AS 
Diagnosis of the AS was made after presentation with increases in liver tests in 35 patients, 
at routine post-transplant cholangiography in four patients, during admission for cholangitis 
in four patients, at ERCP for suspected leakage in three patients, and during laparotomy for 
suspected bowel obstruction in one patient. For biochemical parameters see below.

As follows from the inclusion criteria, in all patients the hepatic artery was patent at the 
time of diagnosis as determined by Doppler ultrasonography, direct angiography, or CT/MR-
angiography.  

Fifty percent of the AS were diagnosed within 98 days post-transplant (see fig. 1).

Radiological evaluation
Missing data. In seven patients no material was present for radiological evaluation. In those 
patients with enough material, in some cases pictures were missing. Also the exact degree of 
magnification was not known in all patients with cholangiography. 

The anastomotic stricture. The diameter at the site of the stricture could be reliably assessed 
in 32 cases. Median diameter at presentation was 2 mm (range 0-3). Length of the stricture 
at time of diagnosis could be measured in 27 cases, and had a median of 2 mm (range 1-
8). A reliable estimate of the diameter of the anastomosis after completion of therapy could 
not be made in most cases, since in most patients no adequate images after therapy were 
available.

Pre-stenotic dilatation. In the 13 out of the 38 patients (34%) in whom dilatation of the 
biliary tree above the stenosis could be estimated, no dilatation was present. 

Non-anastomotic strictures. In 25 transplants the anastomotic stricture was the only biliary 
complication. In all other cases, one or more additional biliary complications were noted at 
some time during the study period. A considerable number of cases (n=22, 47%) were diag-
nosed with additional non-anastomotic strictures at some time in the post-transplant period. 
In these patients, NAS was diagnosed before AS (1pt.), during diagnosis and treatment for 
AS (17 pts.) or later (4 pts.). NAS at time of diagnosis was mild in 15 cases, moderate in six 
cases, and severe in one case, as arbitrarily scored by one experienced radiologist. 

Bile leakage, stones, sludge and casts. Thirteen patients experienced bile leakage at some 
time after transplantation. In six patients leakage occurred at the site of anastomosis, in five 
patients at the biliary entrance site of the bile drain (two after removal of drain, two after 
dislocation of drain, one with drain still in situ), and in two patients from the donor cystic duct 
remnant. Except for three patients, who presented with clinical signs of bile leakage, the bile 
leakage was seen during diagnosis or therapy for the obstructing AS. 

One patient experienced cast formation around the bile drain prior to AS, four patients 
had sludge above an AS, two patients were treated for bile stones at the time of diagnosis 
of AS.
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Patients with AS 
 (n=47)

Successful PTCD
(n=2) 

Roux-en-Y  (n=5)Duct-to-duct  (n=42)

† before therapy
(n=1) 

Direct surgical 
treatment (n=5)  ERCP (n=36) 

Direct surgical 
revision  (n=1)

Failure of PTCD,
surgical revision (n=2)  

PTCD (n=4) 

Long term success 
after ERCP (n=24) 

Recurrence after ERCP, 
conversion to Roux-en-Y 

(n=3)  

ERCP with endoscopic 
treatment of AS (n=27)

Failure of ERCP,
 well on UDCA 

 (n=1) 

No passage 
through AS  (n=7)

Removal of 
obstructing stone (n=1) 

Rapid re-transplant for 
reason other than AS 

(n=1)

Failed PTCD, surgical 
treatment (n=4)

 

(1 of 3 after failed PTCD)

Successful PTCD (n=2)

Figure 2: Clinical course and treatment in 47 patients with anastomotic biliary strictures after liver transplantation. 
UDCA;ursodeoxycholic acid, ERCP; endoscopic retrograde cholangiopancreaticograpy, PTCD; percutaneous transhepatic 
cholangiodrainage, AS; anastomotic stricture.
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Management of anastomotic strictures
Except for one patient, who died of sepsis before treatment for the AS was begun all received 
some sort of therapy for the anastomotic stricture (fig. 2). 

Endoscopic management. In 36 of the 42 patients with a duct-to-duct anastomosis an 
ERCP was performed. In nine of the 36 patients ( 25%) subsequent endoscopic treatment 
of AS was not applied for several reasons. In one of the nine patients ERCP was attempted 
twice, but access to the biliary tree was not obtained. In this patient the diagnosis of AS was 
made by MRCP. After failure of ERCP, treatment was started with ursodeoxycholic acid which 
was successful in that liver tests normalised. In another patient an obstructing stone was pres-
ent above a mild AS and was removed successfully. As liver tests normalised further therapy 
was not needed. In the remaining seven patients ERCP disclosed a severe stenosis which 
could not be passed for subsequent dilatation. Percutaneous treatment (PTCD) or surgical 
treatment followed.

In 27 of the 36 patients (75%) the AS could be treated successfully by ERCP (Table 4). 
Balloon or Soehendra biliary catheter dilation was performed in most patients (74%). Stents 
were placed in all patients, including two cases that were initially treated with nasobiliary 
drains. The median number of ERCP sessions needed to diagnose and treat the AS was 
three (range 1 - 7). The median number of stenting episodes was two (range1-5). The mean 
total time patients were stented was 93 days (3-275). Patients presenting more than six 
months after transplantation compared to those within six months needed more episodes of 
stenting (mean 3.4 vs. 1.8, p=0.013) and a greater number of stents per episode (2.1 vs. 
1.4, p=0.015). The diameter of the AS at time of diagnosis correlated with the number of 
stenting episodes, with a narrow AS needing more episodes (correlation coefficient 0.575, 
p=0.01).

Five patients (19%) experienced a recurrence of AS after the last session of ERCP. Sig-
nificantly more recurrences were seen in the patients who developed AS after more than 
six months after OLT (4 out of 8) compared to those with AS in the first six months (1 out 
of 19) (p=0.006). Two of the five patients with recurrent AS were successfully retreated by 
endoscopy. The other three patients underwent surgical treatment and conversion to an 
hepaticojejunostomy. In the end 24 of the 27 patients (89%) were treated with long term 
success by ERCP.

Complications related to endoscopic treatment were seen in 37% of patients, but were 
generally mild, except for two cases of severe pancreatitis (Table 4).

Percutaneous management. PTCD was the initial treatment modality in four of the five 
patients with a hepaticojejunostomy. Dilatation treatment was successful in two of them. 
PTCD was the next step in seven patients with a duct-duct anastomosis, in which the stenosis 
could not be sufficiently passed with ERCP. After drainage successful dilatation could be per-
formed in only two of the seven. Reasons for failure in seven of the 11 patients (64%) who 
underwent PTCD were no passage of the AS (hepaticojejunostomy one patient; duct-to-duct 
three patients) or unsuccessful dilatation (hepaticojejunostomy one patient; duct-to-duct two 
patients). In those cases in which dilatation could be performed the success rate was four out 
of seven. Complications related to PTCD were seen in two patients (18%): one patient devel-
oped fever, another patient developed peritonitis after dislocation of the percutaneous drain. 
It should be noted that most strictures treated by PTCD presented late after transplantation 
(median 2 yrs, range 0.1 – 12.6 yr.).

Surgical management. In fifteen of the 47 cases (32%) surgical treatment was performed; 
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in nine of those cases after failure of ERCP and/or PTCD (Fig. 2). Reasons to choose for 
initial surgical treatment in the six cases with a duct-to-duct anastomosis were concomitant 
bile leakage (four patients), concomitant signs of bowel obstruction (one patient) and a large 
cast (one patient).

Overall three of the five patients with AS at the hepaticojejunostomy had reconstructive 
surgery. Twelve of the 42 grafts (29%) with AS at the duct-to-duct anastomosis strictures were 
re-operated (conversion to hepaticojejunostomy eight grafts, revision of choledochocho-

Table 4: Clinical features, type of initial endoscopic therapy and outcome in patients successfully treated by ERCP. Data on 
treatment after possible recurrence is not included. 

Case Time to AS
(days)

Diameter  AS
(mm)

Nr of
ERCP’s

Sphincter-
otomy

Balloon 
dilatation

Stent
(max.nr.)

Recurrence Complications

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

603

17

178

123

40

661

10

270

1572

12

57

102

68

557

1279

34

33

77

1525

23

43

98

1100

107

14

73

12

U

U

U

U

3

1

U

3

1

0

U

3

2

1

U

2

2

U

1

1

2

2

0

1

2

3

3

2

4

2

4

5

7

3

1

5

4

1

2

1

4

3

4

1

2

5

2

3

4

5

4

2

5

2

Y

Y

N

N

N

Y

N

Y

Y

Y

N

Y

Y

Y

Y

N

N

N

Y

N

N

Y

Y

Y

N

N

N

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

Y

Y

N

N

N

Y

N

N

Y

Y

Y

Y

Y

N

NB

2

1

NB

1

2

1

2

2

2

1

1

1

2

2

2

1

1

3

1

1

2

3

2

1

3

1

Y, 1x

N

N

N

N

Y, 1x

N

Y, 2x

N

N

N

N

N

Y, 1x

N

N

N

N

N

Y, 1x

N

N

N

N

N

N

N

N

N

N

Cholangitis

Stentocclusion

Cholangitis

N

Mild pancreatitis

Cholangitis

N

Severe pancreatitis

N

Severe pancreatitis

Mild pancreatitis

N

N

N

Cholangitis

N

N

N

N

N

N

Mild  pancreatitis

N

N

U; unknown, Y; yes, N; no, AS; anastomotic stricture, NB; nasobiliary drain, mm; millimetres
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Biochemical changes before and after therapy

0
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300
400
500
600
700
800
900

APh GGT

bilirubin-total

bilirubin-direct ALT

before

after

* * * * *

Figure 3: Biochemical response to treatment. Median values and interquartile ranges.  
APh; alkaline phosphatase (U/I), GGT; Gamma glutamyltransferase (U/I), ALT; Alanine-aminotransferase (U/I), bilirubin in 
umol/I. *;p<0.001

Su
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Years after transplantation

Nr. of graft
47                42             26           19      12              6
47                37             27           21         13       8

No Anastomotic stricture

Anastomotic stricture

0                   2                   4                   6                   8                  10

1,0

0,8

0,6

0,4

0,2

0,0

Figure 4: Long term graft survival in grafts developing anastomotic strictures versus controls not developing anastomotic 
strictures.
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ledochostomy four grafts). Surgical treatment was effective in all cases. Four patients needed 
re-admissions for recurrent episodes of bacterial cholangitis. However, these four patients 
all had concomitant non-anastomotic strictures. The number of cases that had to be treated 
surgically did not increase or decrease over the period that was studied.

Additional medical management. Sixty-seven percent of patients received treatment, at 
least for some time, with ursodeoxycholic acid for prevention of sludge and increase of bile 
flow. The majority of these patients had additional non-anastomotic strictures.

Outcome of anastomotic strictures
Liver tests. All biochemical parameters improved significantly within the first six months after 
therapy (Fig. 3). There was no difference between patients with AS or combined AS and NAS 
in this respect.

Cholangitis. Twelve patients experienced at least one episode of cholangitis after treat-
ment for AS was finished. Eight of these had concomitant non-anastomotic strictures. Of the 
patients without non-anastomotic strictures that experienced cholangitis (four patients) three 
had a hepaticojejunostomy, and one a recurrence of AS in a duct-to-duct anastomosis. 

Patient and graft survival. When patient and graft survival were analysed, no significant 
difference was seen between patients with or without an AS (see fig. 4 for graft survival in 
AS patients and 47 matched controls). During follow up, 10 patients died. None of the 
causes of death was directly related to biliary problems (two intracranial bleedings, two times 
multiorgan failure after perforation of large bowel ulcer, one recurrence of hepatocellular 
carcinoma, one acquired immunodeficiency syndrome, one ischaemic colitis, one sepsis of 
unknown origin, one decompensated liver cirrhosis due to recurrent hepatitis C, one pneu-
mocystis carinii-infection). 

Outcome: solitary AS versus combined AS and NAS. When patients with only AS were com-
pared with patients with combined AS and NAS, two parameters differed significantly: pa-
tients with only AS were treated more often surgically (12 vs. 3, p=0.012), and received less 
frequently ursodeoxycholic acid (10 vs. 18, p=0.004). All other parameters tested (patient 
characteristics, liver tests, cholangitis episodes, graft survival) were not statistically different 
between the two groups.   

Discussion

Strictures of the biliary anastomosis are amongst the most commonly encountered biliary 
complications after liver transplantation. To our knowledge, the present retrospective study 
discusses the largest series of anastomotic strictures studied in detail to date. Whereas most 
studies focussing on anastomotic strictures describe the results of a specific therapy, our 
aim was describe the complete treatment, and to evaluate long-term outcome for graft and 
patient survival. Many authors mention the prevalence of anastomotic strictures as a percent-
age of the total number of transplants, sometimes excluding patients dying within 30 days 
10;11;17;24;25. In our series, the prevalence as calculated in that way is 8.9%, which compares 
well with previously published data. To give a true prevalence of these strictures, a cumulative 
risk should be corrected for graft and patient survival. In our series this led to 12.3% anasto-
motic strictures after 10 years. It appears that when calculated in this way, AS are even more 
common than previously mentioned. Also, a considerable number of AS developed after the 
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first year post-transplantation. 
We are not aware of any previous studies systematically evaluating variables increasing the 

risk for AS. Using a multivariate model, we could identify three risk factors. It appears that 
patients transplanted more recently are at increased risk. It should be noted however, that 
both invasive and non-invasive modalities for the diagnosis of AS have evolved greatly since 
the early days of liver transplantation. Also the awareness of the importance of bile duct com-
plications has increased. Possibly, there is not a real increase, but a more adequate diagnosis 
of AS.  Another possible explanation for this finding is the markedly increased graft survival 
since the 1980’s. Since it requires some time for the AS to develop and become apparent, 
it could well be that the increased incidence of AS is caused by an improved graft survival in 
patients transplanted in the last decade.

Bile leakage after transplantation has been suggested earlier to be a risk factor for the 
development of AS 3;26. We were able to confirm this in our analysis. Possibly, the leakage of 
bile causes local inflammation, increasing the risk of fibrosis. It could also be that leakage of 
bile merely represents ischaemia of the extrahepatic bile duct, and in this way is associated 
with AS. The clinical consequence of our finding is that there should be a low diagnostic 
threshold for a possible AS in patients with a previous bile leakage. 

Finally, a gender mismatch with a female donor/male recipient was found as a risk factor. 
Gender mismatching has been reported previously to increase the risk for chronic rejection 
and failure of the graft 27;28. In these studies an increase in biliary complications was not 
described. However, AS were not studied as a separate entity in these analyses. 

Most of the patients described in our study initially presented with increased liver enzyme 
levels. A low sensitivity for ultrasonography in making the diagnosis of AS has been described 
in the literature 11;13;25;29;30. Ultrasonography is due to fail in a substantial percentage of 
patients, considering the fact that our radiological review of cholangiography showed that 
dilatation of the bile duct above the stenosis was present in only 66% of patients in whom 
this could be assessed. When there remains a suspicion of obstructive biliary pathology after 
a non-conclusive ultrasonography, either MRCP 13;31;32 or direct cholangiography via the 
bile drain, ERCP or PTCD should be performed 25. A remarkable finding in this study is the 
considerable percentage of patients (47%) with additional, mostly minor, non-anastomotic 
strictures. A possible explanation for this finding is a similar pathogenesis. Since the donor 
part of the anastomosis is probably the most ischaemic part of the transplanted biliary tree, 
it might well be that this is the most sensitive part of the biliary system to the known risk fac-
tors for NAS. 

Our patients were treated satisfactorily by ECRP, PTCD, surgery, medical therapy, or a 
combination of these. A national survey amongst transplant centers held in the USA in 1995 
revealed that, at that time, endoscopy was utilised as a primary treatment modality in only 
45% of AS 33. In our center, non-operative approaches such as ERCP have generally been 
preferred. 

In 22% of patients in whom ERCP was attempted to treat the stenosis, intervention could 
not be performed due to technical reasons: the stenosis could not be reached or passed. This 
relatively high number might be due to the long time span of the study, including patients 
presenting with AS in the early eighties, when endoscopic technique was not as advanced as 
today, and experience was limited. When passage through the stenosis was possible, suc-
cessful long-term results could be obtained in 89% of cases. These numbers are comparable 
to those found by others 13;16;17;20;21;26;34. This high number of successfully treated patients 
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will at least in part be due to the fact that in all patients the stenosis was not only dilated 
but also stented. This approach leads to less recurrence of strictures 35. Patients presenting 
more than 6 months after transplantation were more difficult to treat, and experienced more 
recurrences compared to those presenting earlier (50% vs. 5%). Some have described the 
same finding 19;26, while others have not 13;24. A new observation is that a stenosis with a very 
narrow diameter at initial presentation is more difficult to treat. In our series, PTCD was less 
successful than ERCP. This is in contrast with the observations of others, describing similar or 
slightly lower success rates 24;36-38. Most likely, this difference is due to different population of 
patients referred for PTCD: in our series mostly patients in whom ERCP failed, and who were 
relatively long after transplantation. Surgery was an effective treatment, as is known from 
others 3;19;22;39;40. 

In the study period, there was no AS-related mortality. Also graft survival was not impaired 
by AS. AS in grafts that also had (most often mild) NAS, the stenosis could be treated in the 
same way, and with the same results as solitary AS. 

In conclusion, AS are a relatively common complication after liver transplantation. Half of 
the patients present within 100 days after surgery, but the prevalence doubles long term after 
liver transplantation. Risk factors for AS were post-operative bile leakage, a female donor/
male recipient combination and the era of transplantation. ERCP is a good primary modality 
of treatment, with high rates of success when the stenosis can be passed, and dilatation and 
stenting performed. A narrow stenosis that presents late after transplantation is most difficult 
to treat. If ERCP fails, or a primary hepaticojejunostomy is present, PTCD can be tried. If non-
operative treatment is not successful surgical treatment can always resolve the AS. Patients 
treated for AS have similar rates of graft-and patient survival as patients without AS.
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