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Introduction

Biliary complications after liver transplantation are com-

mon and remain an important cause of morbidity,

despite various advances in surgical techniques. The inci-

dence of such complications is reportedly higher in living

donor liver transplantation (LDLT), affecting approxi-

mately 20–30% of recipients, than in cadaveric liver

transplantation [1]. In most cases, this complication

involves stricture of the biliary anastomosis along with

biliary leakage [2].

In the early days of LDLT, the treatment for most bili-

ary complications was considered to be surgical repair,

and patency rates at 1 year after open revision with

hepatojejunostomy (HJ) ranged from 80% to 90% [2–4].

The disadvantages of surgery include the morbidity of an

open procedure, and many patients with strictures might

not be ideal surgical candidates because of associated

complications or frequent episodes of cholangitis [5].

Currently, bilioenteric anastomotic strictures are

conventionally managed by percutaneous transhepatic

dilatation, ballooning and/or stenting through the use of
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Summary

Biliary complications remain a significant cause of morbidity following living

donor liver transplantation. The purpose of this retrospective study was to assess

the outcome of nonsurgical management for hepatojejunostomy stricture in our

institution. We reviewed 22 patients with hepatojejunostomy stricture among the

231 patients who underwent living donor liver transplantation between June

1990 and December 2005. Hepatojejunostomy stricture was confirmed by percu-

taneous transhepatic or endoscopic retrograde cholangiography. Anastomotic

strictures were treated by balloon dilatation. Percutaneous transhepatic cholangi-

ography was performed on 15 of the 22 patients. Two of 15 patients, with com-

plete obstruction of the anastomosis, were treated successfully by Yamanouchi

magnet compression anastomosis. Although another two patients died of infec-

tious disease that was unlikely to have been related to biliary complications, anas-

tomotic patency was maintained in the other 13 patients. Endoscopic retrograde

cholangiography was performed on seven of the 22 patients. None of the 22

patients required re-operation or died of biliary complications. The 5-year graft

survival rate of 85.6% in the 22 patients with stricture was equivalent to that of

the patients without stricture (82.9%, P = 0.98). Advances in intervention tech-

niques have enabled wider application of nonsurgical approaches for this compli-

cation, and fair results have been obtained.
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interventional radiology techniques [2,6]. Thus, over the

last decade, treatment modalities for bilioenteric anasto-

motic strictures have changed toward a primarily nonsur-

gical strategy, leaving surgical intervention for lesions that

would otherwise not be curable [7].

Endoscopic balloon dilatation is a useful treatment for

stricture of choledochocholedochostomy, but not for

stricture of HJ, because insertion of an endoscope

through the afferent loop of a Roux-en-Y reconstruction

is usually difficult [8]. However, a new enteroscopy inser-

tion method, the double-balloon method, enables access

to the entire small intestine including the afferent loop of

a Roux-en-Y reconstruction [9,10].

In Japan, the law related to brain death was not

enacted before 1997, and since then the number of cadav-

eric donors has been extremely limited. These circum-

stances have prompted us to make great efforts to avoid

graft loss and re-transplantation. In principle, nonsurgical

treatment is our main choice for HJ stricture after LDLT,

and surgical treatment is chosen for HJ stricture only

when it occurs in the early period after LDLT. Up to

now, we have experienced no cases requiring surgical

treatment. The purpose of the present study was to assess

the outcomes of nonsurgical treatments for HJ stricture

after LDLT.

Patients and methods

We retrospectively reviewed the medical records of 22

patients (pediatric 6, adult 16) with bilioenteric anasto-

motic stricture from among the 231 patients (pediatric

110, adult 121) who underwent LDLT with HJ recon-

struction at Shinshu University Hospital between June

1990 and December 2005. Considering the safety of the

donors as well as the favorable results that had been

obtained at our institution [11,12], we used the left lobe

(n = 133) or left lateral segment (n = 93), except for

four right-lobe grafts and one right lateral sector graft

[13].

Hepatojejunostomy with Roux-en-Y anastomosis was

performed using interrupted sutures of 4–0 absorbable

braid (Vicryl, Ethicon, Somerville, NJ, USA) or 5–0

polydioxanone absorbable monofilament (PDS II, Ethi-

con) and stented internally with a short plastic tube

(7-Fr. to 12-Fr. diameter and 2 cm to 3 cm in length). A

tube jejunostomy (16-Fr PHYCON drain, Fuji Systems

Corporation, Tokyo, Japan, or 16-Fr naso-gastric catheter,

TERUMO, Tokyo, Japan) was placed on the afferent limb

of the Roux-en-Y reconstruction for intra-bowel decom-

pression (Fig. 1). The end of the afferent limb was

sutured to attach upon the parietal wall. The tube was

removed 3 months after transplantation after confirming

that liver function had normalized.

The presence of HJ stricture, as revealed by the results

of liver function tests suggesting an obstructive pattern

and/or intrahepatic bile duct dilatation on ultrasonogra-

phy, performed frequently during hospitalization and

routinely at the outpatient clinic, was confirmed by either

percutaneous transhepatic (PTC) or endoscopic retro-

grade (ERC) cholangiography (Fig. 2). PTC was selected

only when intrahepatic biliary dilatation was apparent.

Otherwise, ERC was performed by narrow-diameter

endoscopy through the tube jejunostomy or by double

balloon endoscopy via the oral approach.

Our treatment strategy for biliary stricture is shown

in Fig. 2. HJ strictures with intrahepatic biliary dilatation

were treated initially by balloon dilatation using

8-mm-diameter balloons (Ultra-thin diamond catheter,

Boston Scientific Japan, Tokyo, Japan) in the PTC

group, followed by placement of a drainage catheter

(8-Fr to 14-Fr PTC drainage tube; Sumitomo Bakelite

Company Limited, Tokyo, Japan) through the stricture

by means of a percutaneous transhepatic biliary drainage

tube. After confirming resolution of the stricture on

follow-up cholangiography, the percutaneous transhepat-

ic biliary drainage catheter was withdrawn so that its tip

was located just proximal to the initial stricture site, and

then removed when normal liver function had been

Figure 1 Hepatojejunostomy with a Roux-en-Y anastomosis was per-

formed using an internal stent (arrow head). A tube jejunostomy was

placed on the afferent limb of the Roux-en-Y reconstruction to

decrease intra-bowel pressure, passing through the 20 cm in length

efferent limb with a longitudinal Witzel (arrow).
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maintained for 3 months. Balloon dilatations were

repeated for recurrent narrowing of the anastomosis on

follow-up cholangiography. When repeated balloon dila-

tation could not resolve the stricture, the 8-Fr stent tube

(Hakko medical, Ueda, Japan) was placed across the

stricture for 3 months. In such cases, a percutaneous

transhepatic biliary drainage tube was placed in the int-

rahepatic duct for 3 months after removing the stent.

When patients had complete obstruction of the anasto-

mosis, Yamanouchi magnet compression anastomosis

was performed [14,15].

As shown in Fig. 2, HJ strictures without biliary dilata-

tion were treated initially by ERC using double balloon

endoscopy (EN450-T5 or EC450-BI5; Fujinon, Saitama,

Japan) and balloon dilatation with 6-mm-diameter bal-

loons (Max Force; Boston Scientific Japan), followed by

placement of a drainage catheter (PD-SS6.0F, CATHEX

Co. Ltd., Kanagawa, Japan) through the stricture via the

endoscopic naso-biliary drainage tract (Figs 2 and 3), as

reported previously [16]. The catheter of the endoscopic

naso-biliary drainage was removed after tests had con-

firmed improvement of liver function several days after

balloon dilatation on account of difficulty with long-term

placement. When laboratory data suggested re-stricture of

the HJ anastomosis, ERC was performed for repeat bal-

loon dilatation.

Particularly in respect of patients having HJ stricture

without biliary dilatation in the early postoperative course

(within 3 months), ERC was performed using narrow-

diameter endoscope (P-10, Olympus Medical Systems

Corp., Tokyo, Japan) through the tube jejunostomy

gradually dilated up to 24-Fr using dilators (Sumitomo

Bakelite Co. Ltd.) and drainage tubes (PHYCON drain;

Fuji Systems Corporation). HJ strictures were treated by

balloon dilatation using 8-mm-diameter balloons (Ultra-

thin diamond catheter, Boston Scientific Japan), followed

by insertion of a tube jejunostomy near the anastomosis

instead of a biliary drainage tube, which is difficult to

place through the efferent limb of the jejunum. The tube

jejunostomy was removed when normal liver function

had been maintained for 3 months.

Successful treatment of the HJ stricture was defined as

resolution of the clinical symptoms, liver function test

abnormalities, and intrahepatic biliary dilatation for

3 months.

Data were expressed as mean ± standard deviation, and

statistical analyses were performed using StatView soft-

ware (Version 5.0, SAS Institute Inc., Cary, NC, USA).

The log rank test was used to compare the Kaplan–Meier

curves for graft survival. Differences at P < 0.05 were

considered statistically significant. Written informed con-

sent for the procedures was obtained from each of all of

the patients.

Results

The characteristics of the patients, indications for trans-

plantation and graft types are presented in Table 1. Fol-

low-up duration from treatment of HJ stricture to the

last follow-up was 38.0 ± 35.8 months. The time interval

between liver transplantation and the onset of HJ stricture

was 6.0 ± 8.9 months.

Suspicion of HJ stricture
fever, obstructive pattern of liver function test

Dilatation of intrahepatic duct(+) (–)

PTC ERC

Obstruction Stricture Stricture

Recurrence of stricture

Cure Cure

Magnet
compression

method

Balloon
dilatation

Balloon
dilatation

PTBD removal ERCP removal

Stent
insertion

Repeated recurrence of stricture Figure 2 Flow chart for the treatment

of hepatojejunostomy (HJ) stricture. PTC,

percutaneous transhepatic cholangiogra-

phy. PTBD, percutaneous transhepatic

biliary drainage. ERC, endoscopic

retrograde cholangiography. ENBD,

endoscopic naso-biliary drainage.
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PTC was performed on 15 of 22 patients with HJ

stricture (Fig. 2). Of these patients, two died; one on

account of Pneumocystis carinii pneumonia and the

other because of bacterial pneumonia before completion

of the treatment for biliary stricture. In another two

patients, PTC showed complete obstruction at the HJ

anastomosis. The number of repeated balloon dilata-

tions was 4.6 ± 3.1 (Table 1). Anastomotic patency was

maintained exclusively by balloon dilatation in five

patients. Another six patients additionally required

insertion of a stent tube across the anastomosis, and

the duration of stent placement was 5.4 ± 3.7 months.

In the latter six patients, anastomotic patency was

maintained after removing the stent tube. However, one

of them, who received an ABO-incompatible graft, died

on account of pulmonary edema (Case 20). The total

period required for treatment in the PTC group was

13.5 ± 11.7 months.

Endoscopic retrograde was performed on seven of the

22 patients; narrow-diameter endoscopy was used in two

patients and double balloon endoscopy in five (Table 1,

Figs 2 and 3). Balloon dilatation of the stricture was

repeated 2.0 ± 1.0 times and anastomotic patency was

maintained for 13.3 ± 10.5 months after the latest dilata-

tion. The duration of treatment was 2.5 ± 3.3 months in

the ERC group.

Stones in the intrahepatic biliary duct were detected in

three patients (Table 1). The interval between transplanta-

tion until the appearance of stones was

17.7 ± 26.1 months. Two of these patients had HJ stric-

ture and the other (Case 123) developed intrahepatic

stones 3.5 years after magnet compression anastomosis.

Two (Cases 123, 180) of the three patients with intrahe-

patic stones were treated successfully by extracorporeal

shock-wave lithotripsy with endoscopic naso-biliary

drainage insertion (Table 1). Extracorporeal shock-wave

(a) (b)

(c) (d)

Figure 3 (Case 176) An 18-year-old man developed hepatojejunostomy stricture at 4.6 months after living donor liver transplantation. (a, b)

Endoscopic retrograde cholangiography by double balloon endoscopy revealed narrowing of the anastomosis (arrow heads). (c, d) Balloon dilata-

tions were performed twice followed by patency of the anastomosis for 4 months. The period required for treatment was 8.2 months.
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lithotripsy was required nine and three times, and the

duration of the treatment was 2 months and 16 days,

respectively. The other patient (Case 20) was treated suc-

cessfully by percutaneous transhepatic lithotomy.

Two patients with complete obstruction of the anasto-

mosis (PTC group) were treated successfully with Yama-

nouchi magnet compression anastomosis (Figs 2 and 4).

Bilioenteric fistulas were established 12 and 25 days after

the procedure. One patient maintained patency of the

bilioenteric fistula and normal liver function for 6 years,

the other had a stone in the intrahepatic biliary duct as

described previously.

Among the 22 patients with HJ stricture, none required

re-operation or died of biliary complications. The 5-year

graft survival rate of 85.6% in these patients was equiva-

lent to that in patients without biliary complications

(82.9%, P = 0.98) (Fig. 5).

Discussion

We used nonsurgical techniques for management of bilio-

enteric anastomotic strictures in post LDLT patients post

LDLT patients and obtained fair results. No patient died

of secondary biliary cirrhosis or sepsis on account of cho-

langitis or required reconstruction or re-transplantation

for HJ stricture.

In patients with HJ strictures, PTC with balloon dila-

tation is generally recommended as a minimally invasive

(a) (b)

(c) (d)

Figure 4 (Case 123) A 59-year-old woman developed complete obstruction of a hepatojejunostomy 5 months after living donor liver transplanta-

tion. She was treated successfully by Yamanouchi magnet compression anastomosis. (a) Contrast medium injected through the biliary drainage

tube and through the tube jejunostomy showed obstruction of the hepatojejunostomy (arrow head). (b) The daughter magnet (black arrows) was

inserted into the intrahepatic duct through the percutaneous transhepatic biliary drain. (c) The parent magnet (white arrow) was placed near the

anastomosis in the afferent loop of the jejunum through the tube jejunostomy under fluoroscopic guidance. (d) The two magnets were allowed

to attract each other transmurally to create a fistula between the intrahepatic duct and the afferent limb of the jejunum. A bilioenteric fistula was

established 25 days after this procedure. The patient developed a stone in the intrahepatic biliary duct 3.5 years after the procedure, and was

treated successfully by extracorporeal shock-wave lithotripsy.
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therapeutic intervention [7]. In our series, balloon dila-

tation alone achieved patency in only 45.5% (5/11) of

the PTC group. The other patients required placement

of a stent tube for several months. After removal of the

stent tube, anastomotic patency was maintained in all

cases. Prolonged biliary stenting after operative bile duct

repair has been reported to decrease the incidence of

recurrent stenosis [17]. PTC could be performed only

when the intrahepatic duct was dilated. In patients with

HJ reconstruction, if a percutaneous approach fails, sur-

gical repair becomes necessary [6]. In the case of endo-

scopic intervention, an approach through the Roux-en-Y

limb is problematic because the success rate of ERC

using a conventional endoscope is reportedly low [8].

Recently, however, endoscopic balloon dilatation using

double balloon endoscopy has been regarded as an alter-

native form of percutaneous transhepatic management

[16]. A balloon-attached endoscope is passed through a

balloon-attached overtube (sliding tube), allowing both

observation of the entire small intestine including the

afferent loop of the Roux-en-Y reconstruction and endo-

scopic therapy, which could not be achieved by conven-

tional endoscopy [18]. The discomfort caused by an

indwelling naso-biliary drainage tube prompted us to

shorten the duration of treatment in ERC compared to

that in PTC. Repeated ERC with balloon dilatation was

performed as necessary.

We have placed a tube-jejunostomy in order to

decrease intra-intestinal pressure, and we usually remove

it at around 3 months after transplantation. Two patients

who developed biliary stricture within 3 months after

transplantation underwent balloon dilatation with a nar-

row-diameter endoscope through this jejunostomy. A nar-

row-diameter endoscope could be passed through the site

of the tube jejunostomy after dilation up to 24-Fr in

diameter. With this approach, it was easier to reach the

site of HJ than with double balloon endoscopy through

the Roux-en-Y limb. We have applied the long efferent

limb of the Roux-en-Y anastomosis, as shown in Fig. 1,

and fortunately we have not experienced any complica-

tions attributable to the length of the limb. Hutson et al.

reported that this technique allows repeated dilatation of

bilioenteric anstomotic stricture easily and safely [19].

Management with this procedure was effective in the

cases complicated by stricture in the early postoperative

course.

Yamanouchi et al. have reported the use of magnetic

compression anastomosis, in which transmural compres-

sion with two magnets causes gradual ischemic necrosis

to create an anastomosis between the bile duct and the

small intestine [14]. In our series, two patients with com-

plete obstruction were treated successfully with this pro-

cedure without any complications.

In the present study, the incidence of bilioenteric anas-

tomotic stricture in post LDLT patients was lower than in

other reports [20–23]. One possible explanation may be

that our series included many pediatric patients (47.6%),

and the incidence of bilioenteric anastomotic stricture in

pediatric patients (5.5%) was lower than in adult patients

(13.2%).

Although this treatment policy did not result in graft

loss, a long period of hospitalization was required, and

thus the cost was higher. However, a surgical approach

would have involved a higher risk of graft loss for

patients complicated by cholangitis and liver dysfunction

than a nonsurgical one. In Japan, the marked paucity of

cadaveric donors is problematic. Therefore, avoidance of

graft loss and re-transplantation is of primary importance

when performing LDLT under these circumstances. For

this reason, nonsurgical repair has been the first choice

for treatment of HJ stricture post LDLT, and the results

have been reported here.

We have assessed the outcome of nonsurgical tech-

niques (balloon dilatation, stent placement, and magnet

compression anastomosis) for the management of HJ

stricture post LDLT. Although the duration of treatment

is rather long, advances in interventional techniques (e.g.

narrow-diameter endoscopy, double balloon endoscopy,

and magnet compression) have enabled wider application

of a nonsurgical approach for this complication, and

yielded fair results.
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Figure 5 The graft survival rate showed no significant differences

between patients with and without hepatojejunostomy stricture.
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