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Abstract

Background: Magnetic compression anastomosis (MCA) is a minimally invasive method of anastomosis that does
not involve a surgical procedure in patients with stricture, obstruction, or dehiscence of anastomosis after surgery.
We experienced a case of complete dehiscence of bilioenteric anastomosis that was successfully treated by MCA.

Case presentation: A 55-year-old woman received ABO-incompatible right-lobe living-donor liver transplantation
with hepaticojejunostomy for the right anterior duct (RAD) and right posterior duct (RPD). Nineteen days after the
operation, bilious and bloody discharge was detected from the abdominal drain. We performed an emergency
operation and found that the anastomosis was completely dehiscent. We placed bile drainage catheters into the
stumps of the RAD and RPD. She repeatedly experienced cholangitis after the surgery, so we added percutaneous
transhepatic cholangial drainage (PTCD) tubes. We decided to treat the complete dehiscence of anastomosis by MCA.
One year after the liver transplantation, we performed MCA for the RAD. The bilioenteric fistula was completed 21 days
after MCA, and the magnets were retrieved by double-balloon endoscopy. Two months later, MCA for the RPD was
also performed by the same procedure. The bilioenteric fistula was not completely established, so we performed
double-balloon endoscopy and pulled the magnets down 47 days after MCA for the RAD. The internal/external bile
drainage tubes were then left in place to maintain the bilioenteric fistula. Twelve months after MCA for the RAD and
19 months after MCA for the RPD, we removed the tubes without any complications.

Conclusion: Magnetic compression anastomosis for stricture, obstruction, or dehiscence of the anastomosis after
living-donor liver transplantation was an effective and safe procedure.
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bilioenteric anastomosis
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Background
Despite improvements in surgical techniques and the
postoperative management of liver transplantation, com-
plications of biliary reconstruction are still common and
can influence the postoperative graft survival after trans-
plantation. For biliary stricture, balloon dilation or the
placement of a plastic stent under percutaneous transhe-
patic cholangiography (PTC) or endoscopic retrograde
cholangiography (ERC) is generally performed. However,
it is difficult to resolve complete stenosis or dehiscence
of biliary anastomosis by PTC or ERC. In such cases,
re-anastomosis is a treatment option, but the surgical
procedures for re-anastomosis are invasive and difficult
to perform because of postoperative adhesion and pa-
tients’ general condition.
Magnetic compression anastomosis (MCA) is a rela-

tively safe method of anastomosis that does not require
surgery in patients with stricture, obstruction, or dehis-
cence of anastomosis after surgery.
We herein report a patient with complete dehiscence of

bilioenteric anastomosis after living-donor liver trans-
plantation (LDLT) that was successfully treated by MCA.

Case presentation
The patient was a 55-year-old Japanese woman with decom-
pensated cirrhosis by primary sclerosing cholangitis. Her
Child-Pugh score was 13 points, which was categorized as
class C, and the model for end-stage liver disease (MELD)
score was 23 points. She underwent ABO-incompatible
LDLT by right-lobe graft with hepaticojejunostomy for the
right anterior duct (RAD) and right posterior duct (RPD).
We performed hepaticojejunostomy using the “open-up”
anastomotic technique, as described previously [1]. In brief,
both the anterior and posterior walls of the graft bile duct
were opened using 6-0 absorbable monofilament sutures be-
fore anastomosis. The graft bile ducts were anastomosed to
the recipient jejunum by interrupted sutures, and a biliary
drainage tube was placed for each bile duct across the site of
anastomosis and exteriorized by the Witzel procedure.
Eighteen days after LDLT, double-balloon endoscopy

was performed for bleeding in the digestive tract. Nine-
teen days after LDLT, bilious and bloody discharge was de-
tected from the abdominal drain, and we performed
emergency surgery. In the operation, we found that the
hepaticojejunostomy of both the RAD and RPD suffered
complete dehiscence, and re-anastomosis was impossible.
Thus, we decided to avoid re-anastomosis of the bile ducts
in the operation. Biliary drainage tubes were inserted from
the stumps of the RAD and PRD and were exteriorized
through the abdominal free space and abdominal wall. We
avoided inserting biliary drainage tubes transhepatically
due to the possibility of injuring the graft liver. The je-
junum was simply placed and fixed near the RAD and
RPD for future anastomosis by MCA (Fig. 1). After

surgery, we added percutaneous transhepatic cholangiog-
raphy drainage (PTCD) tubes for the RAD and RPD to re-
duce the frequency of cholangitis. Her general condition
gradually improved, and she was discharged 6 months
after LDLT.
We next decided to treat the complete dehiscence of

bilioenteric anastomosis by MCA and consulted with
Professor Yamanouchi about MCA in order to improve
the quality of life (QOL) and control her cholangitis.
One year after LDLT, we performed contrast radiog-
raphy using double-balloon endoscopy and the PTCD
tubes to measure the distance between the stumps of
the RAD and RPD and bowel (Fig. 2a). The magnet was
introduced into the bowel and placed near the RAD by
double-balloon endoscopy. We replaced the 16 Fr silicon
PTCD tube with a 14-Fr introducer sheath. The other
magnet was inserted through the introducer sheath
(Fig. 2b). At the end of this procedure, we replaced the
introducer sheath with a 14-Fr silicon tube. The magnets
that were used for MCA are not yet commercially avail-
able in Japan. The bilioenteric fistula was completed
21 days after MCA (Fig. 2c), and we removed the mag-
nets by double-balloon endoscopy. The PTCD tube of
the RAD was inserted into the bowel and left to main-
tain the fistula. Two months later, MCA for the RPD
was also performed by the same procedure. Before the
procedure, we confirmed the RPD’s structure by 3D re-
construction of CT image (Fig. 3a) to check that there
were no obstacles, such as bilioenteric anastomosis of
the RAD between the stump of the RPD and bowel. It
took longer to establish the RPD’s bilioenteric fistula
than that of the RAD because the angle of the RPD’s
structure was sharp and the force between the magnets
was weak (Fig. 3b). Therefore, we adjusted the position
of magnet in the bile duct and its wire several times.
Forty-seven days after performing MCA of the RPD,

we performed double-balloon endoscopy and pulled
down the magnets. We confirmed that the fistula of the
RPD had been established and retrieved the magnets.
The PTCD tube of the RPD was also introduced into the
bowel to maintain the fistula (Fig. 3c). One year after
MCA of the RAD, we confirmed the complete establish-
ment of bilioenteric anastomosis for the RAD and re-
moved the PTCD tube in the RAD.
With the confirmation of the complete establishment

of anastomosis without stricture, we removed the PTCD
tube in the RPD 19 months after MCA of the RPD. The
patient is still alive without any tubes, and no complica-
tions, such as stricture, have occurred.

Discussion
LDLT has been performed in Japan since 1993 [2] and is
the most effective procedure in patients with end-stage
liver disease and acute liver failure. Recent advancements
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Fig. 1 In redo surgery, biliary drainage tubes that were inserted from the stumps of the RAD and PRD were exteriorized through the abdominal free
space and abdominal wall. The jejunum was simply placed and fixed near the RAD and RPD for future anastomosis by MCA. RAD right anterior duct, RPD
right posterior duct

Fig. 2 a We checked that the stumps of the RAD (black arrow) and RPD (white arrow) were near the bowel for MCA by contrast radiography. We
placed PTCD tubes in the RAD (black arrowhead) and RPD (white arrowhead). b MCA for the RAD was performed. The magnet (black arrow) was
introduced into the bowel near the RAD by double-balloon endoscopy, and another magnet (white arrow) was inserted through PTCD of the
RAD. cWe confirmed the outflow of the contrast agent into the bowel (black arrowhead) via the PTCD tube placed in the RAD (white arrowhead). The
bilioenteric fistula of the RAD was completed 21 days after MCA. MCAmagnetic compression anastomosis, RAD right anterior duct, RPD right posterior duct
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in surgical techniques and postoperative management
have resulted in an excellent graft survival rate of over
90% [3]. However, post-LDLT biliary complications are
still a major problem.
The biliary complications are mainly biliary anastomotic

stricture (BAS) or biliary leakage (BL), with incidences of
20.2% and 9.2%, respectively [4]. Several approaches to re-
solving these complications have been reported, such as
endoscopic techniques, percutaneous transhepatic inter-
vention, and surgical procedures [5]. The conventional ap-
proach to addressing biliary complications is a surgical
procedure. However, surgical re-anastomosis for BAS is
difficult and has a high morbidity rate [6]. Nonsurgical
techniques are now the first choice for managing biliary
complications. Ballooning or inserting plastic stents into
biliary anastomosis via ERC or PTC are the main nonsur-
gical techniques. These treatments’ success rates are re-
ported to range from 60 to 84% for ERC and 40 to 85%
for PTC, making them the gold-standard methods for
managing biliary complications after LDLT [7]. However,
neither ERC nor PTC can treat complete dehiscence of
biliary anastomosis, because the guidewire cannot pass
through the site of anastomosis in many cases. A new
non-surgical approach for dehiscence or complete stenosis

instead of surgical re-anastomosis is therefore needed.
Recently, the endoscopic ultrasonography (EUS)-guided
biliary drainage has emerged as a promising modality in
patients in whom ERC fails [8]. EUS-guided hepaticoen-
terostomy is mainly performed with the puncture of a
branch of the intrahepatic duct in the lateral segment of
the liver. A few reports have shown successful biliary
drainage of the right hepatic lobe by EUS-guided hepati-
coenterostomy. Although these EUS-guided procedures
are mainly performed in cases involving malignant disease,
EUS-guided hepaticoenterostomy would be a treatment
option for complete obstruction or dehiscence of biliary
anastomosis in the field of liver transplantation.
MCA is a relatively safe procedure for reconstruction

of entericoenteric, biliobiliary, or bilioenteric anasto-
mosis complications. MCA involves placing two magnets
into the gastrointestinal tract or bile duct and making
anastomosis by magnetic pressure without surgery. This
innovative method was invented by Dr. Yamanouchi in
the 1990s [9] and has been performed to resolve several
complications of anastomosis, such as hepaticojejunost-
omy leakage after surgery for cholangiocarcinoma, eso-
phagojejunostomy obstruction after total gastrectomy, or
ileus by cancerous peritonitis [10–12]. The magnets are

Fig. 3 a We checked the stumps of the RPD (white arrow) by 3D reconstruction of CT image. b MCA for the RPD was performed by the same
procedure as that for the RAD. c The bilioenteric fistula of the RPD was completed 47 days after MCA. The PTCD tube was introduced into the
bowel to maintain the fistula through re-anastomosis of RPD (white arrow). MCA magnetic compression anastomosis, RAD right anterior duct, RPD
right posterior duct
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not yet commercially available in Japan. MCA is also
performed after LDLT, and 40 cases of MCA for biliary
complications after LDLT have been reported so far
(Table 1).
The success rate of MCA for biliary complication after

LDLT was 36/40 (90.0%). Only one case of 40 (2.5%) ex-
perienced restenosis. The reasons for failure included
the common bile duct being too narrow and tortuous to
insert the magnet in one case, the stricture distance be-
ing too long in one case, and the angle between the
magnets being too wide in two cases. To our knowledge,
this is the first report of MCA for two bilioenteric anas-
tomoses after LDLT. In our case, the period from insert-
ing magnets to their removal in MCA for the RAD was
shorted than the mean (35 days). However, the period
with MCA for the RPD was longer than that with MCA
for the RAD. We believe that the angle of the RPD is
one of the main reasons for the delay of anastomosis by
MCA. In our case, the angle was too sharp to achieve
the appropriate pressure with the magnet in bile duct.
The mean distance between the two magnets in the 40

cases was 8.9 mm. The distance between the magnets
should be kept below 20 mm, because of the magnets’
power [13, 14]. The distance in almost all cases (except
for 2) was under 20 mm. One case of MCA with a dis-
tance of 27 mm succeeded, while the other with a dis-
tance of 30 mm failed. While the magnets’ distance is
recommended to be kept under 20 mm, further discus-
sion with the accumulation of more cases is needed. In
our case, the magnets’ distances in the RAD and RPD
were 10 mm, which should be appropriate for MCA.
According to our search of PubMed, complications as-

sociated with MCA performed to resolve post-LDLT bil-
iary complications, such as bleeding or perforation, have
not been reported. One case of restenosis of the com-
mon bile duct after MCA was reported [14]. In this case,
a guide wire was passed through the stricture easily and
an internal drainage catheter was inserted. The catheter
was removed 4 months after the treatment, and no fur-
ther restenosis occurred. The complication rate of MCA
was lower than that of surgical re-anastomosis.
One issue associated with MCA is the long time required

to complete the treatment. To maintain the anastomotic fis-
tulas, a catheter or stent is inserted for several months after
MCA. In the 40 cases of MCA for biliary complications after
LDLT, the mean treatment duration was 9.4 months. The
duration of dehiscence (16.3 months) tended to be longer
than the duration of stricture (7.3 months) or obstruction
(9.8 months). In our case, the treatment durations were
12 months in the RAD and 19 months in the RPD. We per-
formed contrast-enhanced radiography via the catheters and
confirmed the fistulas every 3 months. It takes longer to re-
move the tube in the RPD than that in the RAD because
the angle of anastomosis was sharp and resembled stricture.

Fortunately, no complications occurred after removing the
catheters. Our experience suggests that careful examinations
are necessary when removing catheters after MCA.
Despite these issues, MCA is a less-invasive, safe, effect-

ive method. The procedure may become a useful treat-
ment option in patients who fail typical treatments, such
as PTC or ERC for biliary complications after LDLT.

Conclusions
We encountered a patient treated for post-LDLT biliary
dehiscence by MCA. To our knowledge, this is the first
case report of dehiscence of two bilioenteric anastomoses
being treated by MCA after LDLT. MCA for stricture, ob-
struction, or dehiscence of the anastomosis after LDLT
was found to be an effective and safe procedure in patients
who could not be treated by conventional intervention.

Abbreviations
BAS : Biliary anastomotic stricture; BL : Biliary leakage; ERC : Endoscopic
retrograde cholangiography; LDLT : Living-donor liver transplantation; MCA
: Magnetic compression anastomosis; MELD : Model for end-stage liver dis-
ease; PTC : Percutaneous transhepatic cholangiography; PTCD : Percutaneous
transhepatic cholangiography drainage; QOL : Quality of life; RAD : Right
anterior duct; RPD : Right posterior duct

Acknowledgements
The authors would like to thank the Japan Medical Communication (http://
www.japan-mc.co.jp) for the English language review.

Authors’ contributions
MK, HW, HE, YD, and MM conceived and designed this study. KG, YI, DY, HA,
TA, TN, SK, MN, YO, KO, and EY acquired the data. MK, HW, HE, YD, and MM
drafted the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient for the publication
of this case report and any accompanying images. A copy of the written
consent is available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Gastroenterological Surgery, Graduated School of Medicine,
Osaka University Hospital, 2-2-E2, Yamadaoka, Suita city, Osaka prefecture
565-0871, Japan. 2Department of Diagnostic and Interventional Radiology,
Graduated School of Medicine, Osaka University, Suita city, Osaka prefecture,
Japan. 3Department of Radiology, International University of Health and
Welfare Hospital, Nasushiobara city, Tochigi prefecture, Japan.

Received: 18 May 2018 Accepted: 7 August 2018

References
1. Marubashi S, Dono K, Nagano H, et al. Biliary reconstruction in living donor

liver transplantation: technical invention and risk factor analysis for
anastomotic stricture. Transplantation. 2009 Nov 15;88(9):1123–30.

2. Hugh C, Mizushima T, Eguchi H, et al. Gastroenterological surgery in Japan:
the past, the present and the future. Ann Gastroenterol Surg. 2017;1:5–10.

Kubo et al. Surgical Case Reports  (2018) 4:95 Page 7 of 8

http://www.japan-mc.co.jp
http://www.japan-mc.co.jp


3. Lo CM, Fan ST, Liu CL, et al. Lessons learned from one hundred right lobe
donor liver transplants. Ann Surg. 2004 Jul;240(1):151–8.

4. Chok KS, Lo CM. Systematic review and meta-analysis of studies of biliary
reconstruction in adult living donor liver transplantation. ANZ J Surg. 2017
Mar;87(3):121–5.

5. Shin M, Joh J-W. Advances in endoscopic management of biliary
complications after living donor liver transplantation: comprehensive review
of the literature. World J Gastroenterol. 2016 Jul 21;22(27):6173–91.

6. Kawakubo E, Soejima Y, Yamanouchi E, et al. A case of magnetic
compression anastomosis with double-balloon enteroscopy for biliary
obstruction after living donor liver transplantation. Jpn J Gastroenterol Surg.
2011;44(11):1404–10.

7. Nicolas A. Villa, M. Edwyn Harrison. Management of biliary strictures after
liver transplantation. Gastroenterol Hepatol 2015 May; 11(5):316–328.

8. James TW, Fan YC, Baron TH. EUS-guided hepaticoenterostomy as a portal
to allow definitive antegrade treatment of benign biliary diseases in
patients with surgically altered anatomy. Gastrointest Endosc. 2018;87:
AB340–1.

9. Yamanouchi E, Kawaguchi H, Endo I, et al. A new interventional method:
magnetic compression anastomosis with rare-earth magnets. Cardiovasc
Intervent Radiol. 1998;21(Suppl 1):S155.

10. Urakami A, Yamanouchi E, Yoshida K, et al. A case of the magnetic
compression anastomosis for anastomotic failure of cholangio-jejunostomy
after surgery of hilar cholangiocarcinoma. JJBA. 2014;28:115–9.

11. Ito E, Ohdaira H, Saito N, et al. An anastomotic obstruction that developed
after laparoscopic total gastrectomy, subsequently treated with magnetic
compression anastomosis. Jpn J Gastroenterol Surg. 2016;49(9):850–6.

12. Arai M, Ochiai R, Masuda J, et al. Ileus due to the peritoneal recurrence of
colon cancer in an elderly patient treated with magnetic compression
anastomosis. Kitano Med J. 2012;62:405–10.

13. Marubashi S, Nagano H, Yamanouchi E, et al. Salvage cystic duct
anastomosis using a magnetic compression technique for incomplete bile
duct reconstruction in living donor liver transplantation. Liver Transpl. 2010
Jan;16(1):33–7.

14. Jang SI, Kim JH, Won JY, et al. Magnetic compression anastomosis is useful
in biliary anastomotic strictures after living donor liver transplantation.
Gastrointest Endosc. 2011;74:1040–8.

15. Muraoka N, Uematsu H, Yamanouchi E, et al. Yamanouchi magnetic
compression anastomosis for bilioenteric anastomotic stricture after living-
donor liver transplantation. J Vasc Interv Radiol. 2005 Sep;16(9):1263–7.

16. Okajima H, Kotera A, Takeichi T, et al. Magnet compression anastomosis for
bile duct stenosis after duct-to-duct biliary reconstruction in living donor
liver transplantation. Liver Transpl. 2005;11:473–5.

17. Akita H, Hikita H, Yamanouchi E, et al. Use of a metallic-wall stent in the
magnet compression anastomosis technique for bile duct obstruction after
liver transplantation. Liver Transpl. 2008;14:118–20.

18. Mita A, Hashikura Y, Masuda Y, et al. Nonsurgical policy for treatment of
bilioenteric anastomotic stricture after living donor liver transplantation.
Transpl Int. 2008;21:320–7.

19. Matsuno N, Uchiyama M, Nakamura Y, et al. A nonsuture anastomosis using
magnetic compression for biliary stricture after living donor liver
transplantation. Hepato-Gastroenterology. 2009;56:47–9.

20. Itoi T, Yamanouchi E, Ikeuchi N, et al. Magnetic compression duct-to-duct
anastomosis for biliary obstruction in a patient with living donor liver
transplantation. Gut Liver. 2010;4(Suppl 1):S96–8.

21. Uemura A, Sasaki A, Nitta H, et al. Magnetic compression anastomosis for
the stricture of the choledochocholedochostomy after ABO-incompatible
living donor liver transplantation. Clin J Gastroenterol. 2014;7:361–4.

22. Ersoz G, Tekin F, Bozkaya H, et al. Magnetic compression anastomosis for
patients with a disconnected bile duct after living-donor related liver
transplantation: a pilot study. Endoscopy. 2016 Jul;48(7):652–6.

23. Saito R, Tahara H, Shimizu S, et al. Biliary-duodenal anastomosis using
magnetic compression following massive resection of small intestine due to
strangulated ileus after living donor liver transplantation: a case report. Surg
Case Rep. 2017 Dec;3(1):73.

24. Parlak E, Koksal AS, Kucukay F, et al. A novel technique for the endoscopic
treatment of complete biliary anastomosis obstructions after liver
transplantation: through-the-scope magnetic compression anastomosis.
Gatrointest Endosc. 2017 Apr;85(4):841–7.

Kubo et al. Surgical Case Reports  (2018) 4:95 Page 8 of 8


	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

