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Background and study aims: Endoscopic or percu-
taneous treatments are preferentially attempted
for benign biliary stricture (BBS). However, these
methods are not feasible if a guide wire cannot be
passed through the stricture. This study evaluated
the usefulness and technical requirements of
magnetic compression anastomosis (MCA) in re-
fractory BBS.

Patients and methods: MCA was performed in pa-
tients with BBS that had not been resolved with
conventional treatments. One magnet was deliv-
ered through the percutaneous transhepatic bili-
ary drainage tract and the other magnet was ad-
vanced through three different routes. After mag-

net approximation and recanalization, an internal
drainage catheter was placed for 6 months and
then removed.

Results: Seven patients underwent MCA, and re-
canalization was successfully achieved in five.
MCA failure in two cases was attributed to long
stenotic segments and parallel alignment of the
axes of the magnets. The mean follow-up period
after recanalization was 485.2 days. Five patients
with successful recanalization showed no MCA-
related complications or restenosis.

Conclusions: MCA represents an alternative non-
surgical method of BBS recanalization that cannot
be treated with conventional methods.

Introduction

v

Benign biliary stricture (BBS) can occur as a post-
operative complication or a consequence of ische-
mia or inflammatory diseases such as cholangitis,
chronic pancreatitis, primary sclerosing cholangi-
tis, or vasculitis [1,2]. Surgical management of
BBS is associated with high morbidity [3], and it
is not suitable for patients with severe cholangitis
or complications. Therefore, nonsurgical meth-
ods, such as endoscopic or percutaneous approa-
ches, are preferred in the treatment of BBS [3,4].
However, these methods are feasible only if a
guide wire can be passed through the stricture.
Severe biliary stricture or complete obstruction
can hinder nonsurgical methods, necessitating
operations or maintenance of a drainage catheter.
In 1998, Yamanouchi et al. [5] suggested magnetic
compression anastomosis (MCA) for patients with
biliary stricture that cannot be resolved by con-
ventional means. We have previously reported
the usefulness of MCA for biliary stricture occur-
ring after living donor liver transplantation
(LDLT) [6]. We now report the application of
MCA in refractory and completely obstructive
BBS of various causes other than as a sequela of
LDLT.

Patients and methods

v

MCA was performed in patients with BBS that had
not resolved with conventional endoscopic or
percutaneous means. Patients with severe steno-
sis or complete BBS, through which contrast med-
ia or a guidewire did not pass with endoscopic
retrograde cholangiopancreatography (ERCP) or
percutaneous  transhepatic  cholangioscopy
(PTCS), were included. We used a pair of cylindri-
cal samarium-cobalt (Sm-Co) rare-earth magnets
of 5500 gauss (diameter 4mm, width 10 mm;
Taewoong, Kimpo, Korea), which is the same
model that was used in previous reports [6].

Method of magnet delivery

The route of magnet delivery for MCA varied. Ba-
sically, one magnet was delivered through the
percutaneous transhepatic biliary drainage
(PTBD) tract. The other magnet was advanced
through one of three different routes.

Method 1: PTBD tract and endoscopic
approach

This method was used in patient #1. After a trans-
parent cap had been attached to the tip of a colo-
noscope, a magnet was anchored to the colono-
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Fig.1 Cholangiogram showing the process of magnetic compression anas-
tomosis (MCA) in bilioenteric strictures. a A magnet is delivered by colonos-
copy, attached using a polypectomy snare. Another magnet is delivered
through the PTBD tract and the magnets are successfully approximated. b
The indwelling percutaneous transhepatic cholangioscopy (PTCS) catheter is
removed, and patency of the anastomosis is confirmed

scope with a polypectomy snare and advanced to the afferent
loop of the jejunum. The 16-Fr PTBD catheter was replaced with
an 18-Fr sheath, and the other magnet was delivered to the anas-
tomosis site via the PTBD tract. After approximation of the two
magnets had been fluoroscopically confirmed (© Fig.1a), the
18-Fr sheath was removed, and the PTBD catheter was re-inser-
ted. Compression by the approximated magnets caused ischemic
necrosis of the tissue between the magnets, forming a fistula.
After recanalization, a percutaneous transhepatic cholangioscopy
(PTCS) catheter was placed through the recanalized fistula. The
indwelling PTCS catheter was removed 6 months later, following
confirmation of anastomosis patency (© Fig.1b).

Innovations and brief communications

Fig.2 Cholangiogram showing the process of magnetic compression
anastomosis in duct-to-duct stricture. a Stricture of common bile duct after
cholecystectomy, and successful approximation of magnets. b Patency of
the reanastomosis is confirmed after removal of a fully covered self-ex-
pandable metal stent.

The MCA methods in patients #2 [7] and #3 were similar to that
for post-LDLT stenosis [6]. Patient #3 had a common bile duct
stricture that occurred following cholecystectomy (© Fig.2a).
One magnet was delivered through the PTBD tract, and the other
magnet was approximated using a duodenoscope (JF240 or
TJF240; Olympus Optical, Tokyo, Japan) to form an MCA, leading
to successful recanalization (© Fig.2b).

Method 2: PTBD tract and PTBD tract

In patient #4, the left intrahepatic duct (IHD) and right IHD were
separately anastomosed to the jejunum, and the stricture was
present on the right side. Two PTCS scopes were used: one for
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the PTBD tract in the right IHD to deliver a magnet, and the other
for the left IHD tract to approximate the second magnet at the
stricture site [8].

Method 3: PTBD tract and surgically formed fistula

The long afferent loop in patient #5 hindered an endoscopic ap-
proach to the anastomosis, and a second PTBD tract was not
available because the right IHD and left IHD were not separated,
unlike in patient #4.A magnet was delivered through the PTBD
tract. Surgical intervention was necessary to form a jejunocuta-
neous fistula through which a magnet could be delivered. The
magnet was fixed to the colonoscope by attachment with a poly-
pectomy snare and was moved to the anastomosis site through
the laparoscopically formed jejunocutaneous fistula. The align-
ment of the magnet was observed and modified under fluorosco-

py-

Confirmation of recanalization and removal of magnet
After approximation of the magnets, plain abdominal radio-
graphs were taken at 2-week intervals for 6-8 weeks to check
the passing of the magnets through the anastomosis site. After
recanalization, the magnets usually slid into the jejunum through
the newly formed fistula. If close approximation of magnets was
maintained for 10 weeks or more, a fistulous tract was assumed
to have formed by tissue necrosis, although the magnets may not
have moved through the recanalized anastomosis. In this case,
the approximated magnets were removed by PTCS via the PTBD
tract and the recanalized anastomosis site was visualized.

Maintenance of fistula tract and follow-up

An internal drainage catheter was placed through the recanalized
fistula immediately after removal of the approximated magnets.
The catheter was exchanged every 2 months and was maintained
for 6 months. The recanalization of the anastomotic stricture was
endoscopically confirmed with PTCS when the catheter was re-
moved after 6 months. After the removal of the catheter, possible
recurrence of BBS was checked by serum chemistry testing every
3 months and biannual ultrasonography during the first year of
follow-up.

Results

v

MCA was attempted in seven cases of BBS. Six were postoperative
strictures, and one was post-traumatic. Five of the six postopera-
tive cases were bilioenteric anastomosis strictures, and one stric-
ture had formed after cholecystectomy. The post-traumatic stric-
ture developed secondarily to ischemic injury after right hepatic
artery embolization because of liver laceration. A summary of the
patients’ profiles and clinical outcomes is presented in © Table1.
The five successfully treated cases comprised three bilioenteric
anastomoses and two bile duct stenoses. MCA was performed in
a different manner for all the bilioenteric anastomoses. In ap-
proaching the obstructed hepaticojejunostomy site, the endo-
scopic approach was successful in one case (patient #1). In an-
other case (patient #4) [8] use of a second PTBD tract was requir-
ed, and a jejunocutaneous fistula was formed in yet another (pa-
tient #5). In the two cases of bile duct stenosis (patients #2 [7]
and #3), magnet delivery using a duodenoscope was possible.
Approximation of the magnets was not possible in two cases: de-
livery of magnets to the bilioenteric anastomosis failed with
endoscopic or percutaneous measures in the two unsuccessfully

treated patients, and surgical delivery was also ineffective. MCA
failure in these two patients could be ascribed to the length of
the stenotic segments, which rendered approximation impossi-
ble because of the weaker magnetic force. In addition, the two
magnets were aligned with their axes parallel rather than with
the end-to-end positioning that is required for stronger magnetic
attraction. The BBS in these two patients was surgically recana-
lized.

The mean time between magnet approximation and removal was
37 days (range 14 -63 days), and the mean follow-up period after
recanalization was 485.2 days (range 80-1573 days). There were
no complications when the magnets were delivered for approxi-
mation or when they were removed with the PTCS scope. The
five patients with successful recanalization showed no MCA-
related complications or re-stenosis after removal of the indwel-
ling catheter.

Discussion

v

Our results demonstrate that MCA could be an alternative non-
surgical method in patients with completely obstructive BBS, in
whom conventional endoscopic treatment fails because a guide-
wire cannot be passed. The safety and effectiveness of anastomo-
sis have been verified by animal studies of MCA [9, 10]. The study
by Yamanouchi et al. in 1998 was the first to report successful re-
canalization in humans, and many subsequent case reports have
verified the usefulness of MCA and its feasibility as an alternative
method by demonstrating favorable outcomes in ameliorating
strictures of bilioenteric and duct-to-duct anastomoses [6,11 -
14]. Moreover, MCA is reportedly useful in post-LDLT anastomo-
tic stricture [6] and malignant obstruction [15] by creating a new
fistula tract. The fistula can be formed by necrosis of fibrotic tis-
sue by compression between the two magnets, rather than by di-
lating the fibrotic area. Therefore, we assumed that the rate of re-
stenosis would be low, even with a lack of long-term follow-up
data. Re-stenosis after MCA in the context of post-LDLT occurred
in one of 12 patients during 331 days of follow-up [6], and in pa-
tients with malignant obstruction no recurrent jaundice was ob-
served during the initial 30 days post-procedure [15].

The distance between the two ends of the stricture and the
means of magnet delivery are two critical factors and limitations
that affect magnet approximation in MCA. A longer distance be-
tween the ends of the stricture weakens the magnetic force. This
may make it impossible to approximate the magnets or, even
after approximation, establish an attractive force that is insuffi-
cient to induce ischemic necrosis of tissue. In addition, MCA can
fail when the approximated magnets are not end-to-end. MCA
failed in patient #7 because of the longer distance between the
beginning and end of the strictured areas. In patient #6, the dis-
tance between the ends of the stricture was relatively shorter,
measuring 15 mm. However, their parallel alignment prevented
the magnets from generating a sufficient attractive force and hin-
dered recanalization, even after approximation. The limitation of
this procedure is the lack of information regarding the length of
stricture for which the MCA can be successful and the lack of as-
sessment for predicting outcome.

Many methods have been developed to deliver magnets to the
stricture site, depending on the prior operation and the patient
characteristics. ERCP and a PTBD tract have been used for magnet
delivery in duct-to-duct anastomotic strictures. The endoscopic
approach is preferred in patients with choledochojejunostomy.
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However, the ERCP approach is difficult in patients with a long af-
ferent loop, and a surgically created jejunocutaneous fistula may
be helpful. One study has suggested single-balloon enteroscopy
in this situation [11], but this is not a common method.

MCA is a nonsurgical alternative for patients in whom a conven-
tional endoscopic or percutaneous method has failed, and its effi-
cacy has been proven. For effective MCA, an endoscopist must se-
cure the routes of magnet delivery, keep the distance between
the magnets short, and be aware of the characteristics of the
magnets. Further research should be conducted to discover
more effective routes, and pre-MCA assessment should be de-
signed that can predict the outcome of the procedure. Although
the number of cases may be limited, we believe that MCA is less
traumatic and, more importantly, has a very low recurrence rate
compared with other treatments.
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