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Biliary complications (BCs) following liver transplantation are very serious. Nevertheless, it is still uncertain
which components influence the incidence of BCs the most.

A consecutive sample of 74 adult recipients who underwent living-donor liver transplantation were enrolled in
this study. BCs that were Clavien-Dindo classification grade Il or higher were determined as BCs.

There were 11 out of the 74 recipients who experienced BCs. There were no differences in preoperative back-
ground factors between the BCs+ and BCs— group. Unexpectedly, the number of bile duct orifices did not con-
tribute to the BCs (p=0.722). In comparison with the BCs— group, the frequency of post-operative bleeding
requiring re-operation was relatively higher (27.3% vs. 7.9%, p=0.0913) and this complication was the only
independent risk factor (p=0.0238) for the onset of BCs. Many of the BCs+ recipients were completely treat-
ed by endoscopic or radiological intervention (81.8%). However, surgical revision was required for 2 recipients
(18.2%).

Given these results, it is reasonable to believe that definite hemostasis is required to prevent future BCs. In
addition, bile duct multiplicity was not associated with BCs.

Biliary Tract e Liver Transplantation e Living Donors

BCs — biliary complications; CIT — cold ischemia time; ERBD — endoscopic retrograde biliary drainage;
LT - liver transplantation; HA — hepatic artery; LDLT — live-donor related liver transplantation;

MELD - model for end-stage liver disease; PTCD — percutaneous transhepatic biliary drainage;

PV - portal vein
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Background

Biliary reconstruction in adult living-donor liver transplantation
(LDLT) is considered a delicate procedure because it is usual-
ly narrower and more fragile compared to that of a deceased-
donor related liver transplantation. Furthermore, there are oc-
casions where multiple bile duct reconstruction is required for
donor safety to prevent biliary stricture and leakage. Although
it is complex, there appears to be consensus regarding biliary
reconstruction techniques in LDLT.

The onset of biliary complications (BCs) usually requires repeat-
ed and long-term intervention. Thus, it is of vital importance
to understand the risk factors for developing BCs. However,
it is still unclear which components influence the future inci-
dence of BCs the most. Moreover, the management of BCs is
crucial to maintain long-term graft survival.

In the current study, a consecutive sample of 74 adult LDLT

recipients were retrospectively analyzed in terms of the inci-
dence, factors, and management of BCs.

Material and Methods

A total of 74 adult patients who had undergone LDLT at our uni-
versity hospital, Kyoto Prefectural University of Medicine, from
2003 to 2015, were retrospectively enrolled. Ethics Committee
approval was obtained from the Internal Research Ethics
Committee of the Kyoto Prefectural University of Medicine.
The patients were divided into the following groups accord-
ing to the onset of BCs (n=11): biliary leakage (n=2); biliary
stricture (n=8, onset range: 0.5-24 months following LT); and
leakage and stricture (n=1, 3 months following LT).

Definition of biliary complications

The BCs in this research were Clavien-Dindo classification grade
Il or higher [1] and Grade 2b of the classification of common
complications of liver transplantation [2].

We defined a biliary stricture as an anastomotic stricture [3]:
segmental narrowing, where biliary anastomosis was performed
or a drainage tube was inserted, confirmed by endoscopic ret-
rograde cholangiography or percutaneous transhepatic cholan-
giography. Diffuse biliary stricture, such as recurrent primary
sclerosing cholangitis irrelevant to surgical procedure, was ex-
cluded. On the other hand, bile leakage was diagnosed by bile
collection in abdominal drainage bags or leakage confirmed
directly by endoscopic retrograde cholangiography or percu-
taneous transhepatic cholangiography.
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Operation procedure of biliary reconstruction

In terms of biliary reconstruction, choledochocholedochostomy
was performed in all enrolled cases. In brief, a 4-French biliary
stent was inserted from the distal front side of the common
bile duct as an external drainage beforehand. Then, the pos-
terior wall was sutured continuously or interrupted, and the
anterior wall was sutured interrupted using 6-0 PDS (Ethicon,
Somerville, NJ). Subsequently, the biliary stent was removed
at 3 months, on average, after LDLT.

Immunosuppression

Tacrolimus and low-dose steroids were used as immunosuppres-
sion protocol. Intravenous tacrolimus was commenced follow-
ing LDLT. The whole-blood concentration target level was 12-15
ng/mL during the first weeks. Generally, the intravenous tacroli-
mus infusion was terminated around the second week, and the
initial target trough level was 10 ng/ml. Methylprednisolone at
10 mg/kg body weight was administered intravenously immedi-
ately before graft reperfusion. Methylprednisolone 1 mg/kg was
given intravenously during post-operative days 1-3, followed
by 0.5 mg/kg during post-operative days 4-6, and 0.3 mg/kg
on post-operative day 7. Steroid administration was converted
from intravenous to oral thereafter; 0.3 mg/kg/day predniso-
lone was administered and gradually decreased and terminated
around post-operative day 60, except in cases of primary biliary
cirrhosis or other autoimmune diseases as the original disease.

Statistical analysis

Data were analyzed by Mann-Whitney test, the t test was used
for continuous data, and the chi-square test was used for cate-
gorical data. Data are presented as mean + SD. Patient survival
was calculated using the Kaplan-Meier method and compared
using the log-rank test. Variables theoretically correlated with
BCs were considered candidates for multivariate analysis (logis-
tic regression analysis). p<0.05 was considered as statistically
significant. All analysis was carried out using GraphPad Prism 6
(GraphPad Software, Inc., San Diego, CA) and SPSS (Chicago, IL).

Results

During a minimum follow-up of 4 months, 11 (14.9%) out of 74
recipients experienced BCs (BCs group): biliary leakage (n=2);
biliary stricture (n=8, onset range: 0.5-11 months following
LDLT); and leakage and stricture (n=1, 3 months following LDLT).

Biliary stricture

In terms of the incidence, 9 out of 74 recipients (12.2%) had
complications with biliary stricture. The onset of biliary stricture
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ranged from 0.5 month to 11 months (median: 4 months) fol-
lowing LDLT. Treatment for post-operative biliary stricture was
as follows: endoscopic retrograde biliary drainage (ERBD); per-
cutaneous transhepatic biliary drainage (PTCD); and surgical
management. Generally, combined treatment of ERBD and
PTCD was applied. In these cases, 8 recipients were initially
treated by ERBD (5.5+2.8 months following LDLT), but 6 out
of 8 patients were subsequently managed by PTCD (10.7+8.9
months following LDLT) primarily due to unsatisfactory out-
comes. Only 1 patient underwent PTCD as an initial treat-
ment 1 month after LDLT. Surgical revision is usually applied
when ERBD/PTCD fails. Consequently, in our institution, 2 re-
cipients (2.7%) required re-operation with hepaticojejunosto-
my at 3 and 11 months following LDLT. One patient, whose
primary disease was primary biliary cirrhosis (PBC), was diffi-
cult to manage only by ERBD/PTCD because of subsequent dif-
fuse intrahepatic biliary stricture. Other BCs+ recipients were
successfully managed by ERBD/PTCD and hepaticojejunosto-
my; no recipients underwent re-transplantation. In a refrac-
tory case with a multiple bile duct graft, for example, the re-
cipient had received a right lobe liver graft with anterior and
posterior bile ducts: recipient right hepatic duct and the poste-
rior branch were anastomosed, the recipient left hepatic duct
and the anterior branch were also anastomosed, respective-
ly. Biliary stricture was confirmed at both anastomotic sites 9
months after LDLT. The anterior segment was treated by ERBD
and the posterior segment was managed by both PTCD and
ERBD. The patient underwent both repeated endoscopic and
radiological intervention over 2 years.

Biliary leakage

Three out of 74 (4.1%) patients demonstrated biliary leakage.
One recipient had complications with biliary leakage from the
anastomotic site and 2 recipients demonstrated leakage from
the cut liver surface. Management for post-operative biliary
leakage was as follows: percutaneous biliary drainage; ERBD;
endoscopic ultrasound-guided biliary drainage; and surgical
management. Percutaneous biliary drainage was effective to
improve biliary leakage from the anastomotic site, which took
1 to 2 months. However, it can be difficult to treat non-com-
municating biliary fistula on the cut surface. As an example of
an intractable case, a patient diagnosed with non-communi-
cating biliary fistula was managed with percutaneous drainage
and endoscopic ultrasound-guided biliary drainage through the
stomach, waiting for atrophy of the responsible liver segment.
Finally, the recipient improved at 6 months following LDLT.

Risk factors for biliary complications
There were no differences in recipient and donor age, mod-

el for end-stage liver disease (MELD) score, amount of blood
loss, operative time, or cold and warm ischemia time between

667

ORIGINAL PAPER

the BCs group and BCs-free group (Table 1). Furthermore, un-
expectedly, bile duct multiplicity did not contribute to the BCs
(p=0.722). In comparison with the BCs-free group, the fre-
quency of post-operative bleeding (generally occurring within
3 weeks from transplantation) that required re-operation was
relatively higher (27.3% vs. 7.9%, p=0.0913) and this complica-
tion was the only independent risk factor (p=0.0238, adjusted
odds ratio 10.5) for the onset of BCs determined by the mul-
tivariate logistic regression analysis (Table 2). Although there
was no significant difference due to the small number of pa-
tients, in terms of bleeding sites, it is notable that 100% (3/3;
2/3: anastomotic bleeding; 1/3: bleeding from a dead end of
the middle hepatic artery) in the BCs group, and 20.0% (1/5:
bleeding from a stripped hepatic arterial surface) in the BCs-
free group were hepatic arteries, respectively.

Patient survival

Unexpectedly, the overall survival rate following LDLT in the
BCs+ group was not significantly lower compared with that
in the BCs— group. (100% vs. 88.7% at 1 year, 100% vs. 85%
at 3 years, 85.7% vs. 82.5% at 5 years, 35.7% vs. 64.2% at 10
years, respectively (BCs+ vs. BCs-); p=0.5416) (Figure 1). The
difference in 10-year survival was 28.5+21.6% (P,,,=0.285 (sur-
vival rate difference), SE=0.216 (standard error of the mean))
(P,,,/SEdi=1.30< t0.05 (1.99)). Thus, there was a tendency for
patient survival to be lower in the BCs+ group at 10 years af-
ter LDLT, but the difference was not statistically significant.

Four out of 11 cases in the BCs+ group died during the fol-
low-up period. Regarding the cause of death, 1 recipient died
of graft failure primarily due to diffuse biliary stricture (recur-
rence of primary biliary sclerosis). The other 3 cases died due
to reasons unrelated to BCs: brain hemorrhage, hepatitis C vi-
rus-related cirrhosis, and unknown cause.

Discussion

Biliary system complications following LDLT remain a significant
cause of morbidity and mortality, and affect up to 30% of recip-
ients [4]. To prevent the onset of BCs, various risk factors were
identified in previous studies, such as a high MELD score [5],
advanced donor age [6], longer cold ischemia time [7-9], and
hepatic artery thrombosis [10,11].

It can be argued that blood supply, especially arterial blood,
to the biliary system is closely related to BCs, because it is
believed that both the intra- and extra-hepatic bile ducts are
largely dependent on the arterial system for oxygenation [12].
Actually, hepatic arterial insufficiency, such as hepatic ar-
tery stenosis or thrombosis, has a significant effect on biliary
stricture after liver transplantation [10,13]. In our institution,
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Table 1. Background factors of the two groups.

BCs- (n = 63) BCs+ (n = 11) p-Value

Follow-up Period(month) Mean +SD 63.7+47.0 64.1+44.4 0.981

PV thrombosis/stenosis (%) (at POD) 4.8 (43149 0 1.00

HA — hepatic artery; PV — portal vein; MELD — model for end-stage liver disease.

Table 2. Risk factors for biliary complications in living donor liver transplantation.

Variable P value 0Odds ratio 95% confidence interval
CIT 0.27 1.01 0.99-1.02
""""" Bile duct multiplcty 093 107  o020%10
""""" PutintoHArefow 023 1ol 099103
""""" Post-operative bleeding 00238 105 140999

CIT - cold ischemia time; HA — hepatic artery.
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Log-rank test p=0.5416
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Figure 1. Survival rate following LDLT in the BCs+ group and the
BCs— group.

because the incidence of arterial thrombosis/stenosis was rel-
atively low (1.4%), the contribution of arterial thrombosis/ste-
nosis to BCs was unclear.

In terms of cold ischemia time in LDLT, cooperation between
the recipient and the donor team could keep it shorter to a cer-
tain degree, although it depends on the back-table procedure.
In the current study, the cold ischemia time was 76.6 min in
the BCs— and 94.7 min in the BCs+ group (NS). To reduce the
slight prolongation of the cold ischemia time observed in the
BCs+ group, simple graft selection is essential: no venous, ar-
tery, or biliary reconstruction are required in the back table,
provided that simultaneous donor safety is secured.

Notably, our multivariate analysis indicated that post-oper-
ative bleeding is an independent risk factor for the onset of
BCs. Generally, other important complications (rejection, infec-
tion, hepatic artery thrombosis, and portal vein thrombosis)
occurred later than post-operative bleeding (Table 1). There
was no apparent relation between these complications and
post-operative bleeding.

Generally, in hemorrhagic shock there is a significant decrease
in microvascular oxygenation, which is highly correlated with
macrocirculatory indexes such as cardiac index and mean ar-
terial pressure [14]. Post-operative bleeding leads to hemody-
namic instability, which might result in ischemic injury to the
bile duct. Simultaneously, bile duct cells are vulnerable to isch-
emia reperfusion injury [15]. Thus, it is reasonable to believe
that post-operative bleeding leads to development of BCs. To
prevent BCs, it is vitally important to keep vital signs stable
following liver transplantation.

On the other hand, although there was a slight increase in the
onset of BCs, bile duct multiplicity is irrespective of BCs provid-
ed that precise reconstruction of the bile ducts is performed.
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Therefore, it can be argued that graftectomy with multiple bile
ducts are justified for live-donor safety.

Regarding the treatment of biliary stricture, ERBD is usual-
ly tried as an initial treatment, with attention to the onset of
pancreatitis [16]. Unfortunately, PTCD is inevitably applied for
the difficult cases in biliary cannulation, even though duct-to-
duct reconstruction is performed. Then, an endoscopic biliary
stent is placed at the stricture location. For invalid cases of bil-
iary stent placement or difficult cases in both ERBD and PTCD
approaches, surgical revision is chosen (retry of biliary recon-
struction). In graft loss due to biliary stricture, re-transplanta-
tion is the only life-saving procedure available.

In terms of patient survival, there was no remarkable differ-
ence between the 2 groups, especially in the early stages fol-
lowing LDLT. This seems to be largely due to extensive care
for BCs, as mentioned above. However, long-term outcomes
were not satisfactory in the BCs+ group. Although the cause
of death in the BCs+ group did not seem to correlate with
BCs, intensive repeated treatment might impair the recipi-
ents’ health, resulting in the onset of life-threating secondary
morbidities. In general, unsatisfactory BC management might
lead to biliary cirrhosis [17]. In our series of cases, there were
no apparent correlations between them: no biliary cirrhosis
was observed in the BCs group. Therefore, it can be argued
that our intervention for BCs was performed at the appropri-
ate time. To further improve patient survival in the BCs group,
it might be better that BCs are addressed by surgery, includ-
ing re-transplantation at an earlier stage. It is true that ideal
timing of surgical revision, switching from ERBD/PTBD man-
agements, still remains controversial. When all interventional
methods have failed, re-operation is usually considered [18].
Nevertheless, because hepaticojejunostomy has lower morbid-
ity compared to endoscopic management [19,20], early surgi-
cal revision might be justified to avoid long-term treatment,
resulting in better long-term survival.

The retrospective nature of our study might have weakened
our ability to find a causal relationship. However, this study
attempted to demonstrate how the extent of acute-phase
hemodynamic instability affected BCs in a single center, and
there was no major change in the surgical procedures. In ad-
dition, there was an only few cases of hepatic artery throm-
bosis: a possibly important factor for BCs. This enabled us to
detect an important hidden factor, even though the number
of cases was limited.

Conclusions

Biliary complications following LDLT are critical in terms of at-
taining long morbidity-free survival. To avoid BCs, it is of vital
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importance to bear in mind that we need to perform proce-
dures preserving biliary circulation and to establish more ef-
fective procedures. It is also crucial to prevent post-operative
bleeding and keep vital signs steady after LDLT. Although bile
duct multiplicity was not considered as a risk factor, manage-
ment of BCs in a multiple bile duct graft appears to be bur-
densome. With this problem in mind, there is no necessity to
be particular about avoiding multiplicity of graft bile ducts.

References:

—_

. Dindo D, Demartines N, Clavien PA: Classification of surgical complications:
A new proposal with evaluation in a cohort of 6336 patients and results of
a survey. Ann Surg, 2004; 240: 205-13

. Clavien PA, Camargo CA Jr., Croxford R et al: Definition and classification
of negative outcomes in solid organ transplantation. Application in liver
transplantation. Ann Surg, 1994; 220: 109-20

. Koneru B, Sterling MJ, Bahramipour PF: Bile duct strictures after liver trans-
plantation: A changing landscape of the Achilles’ heel. Liver Transpl, 2006;
12: 702-4

. Akamatsu N, Sugawara Y, Hashimoto D: Biliary reconstruction, its compli-
cations and management of biliary complications after adult liver trans-
plantation: a systematic review of the incidence, risk factors and outcome.
Transpl Int, 2011; 24: 379-92

. Liu CL, Lo CM, Chan SC, Fan ST: Safety of duct-to-duct biliary reconstruc-
tion in right-lobe live-donor liver transplantation without biliary drainage.
Transplantation, 2004; 77: 726-32

. Shah SA, Grant DR, McGilvray ID et al: Biliary strictures in 130 consecutive
right lobe living donor liver transplant recipients: Results of a Western cen-
ter. Am J Transplant, 2007; 7: 161-67

. Tashiro H, ltamoto T, Sasaki T et al: Biliary complications after duct-to-duct
biliary reconstruction in living-donor liver transplantation: causes and treat-
ment. World J Surg, 2007; 31: 2222-29

. Brunner SM, Junger H, Ruemmele P et al: Bile duct damage after cold stor-
age of deceased donor livers predicts biliary complications after liver trans-
plantation. J Hepatol, 2013; 58: 1133-39

. Chok KS, Chan SC, Cheung TT et al: Bile duct anastomotic stricture after
adult-to-adult right lobe living donor liver transplantation. Liver Transpl,
2011; 17: 47-52

10. Seo JK, Ryu JK, Lee SH et al: Endoscopic treatment for biliary stricture after
adult living donor liver transplantation. Liver Transpl, 2009; 15: 369-80

N

w

IS

(%}

(=2}

~

o

o

670

Nakamura T. et al.:
Biliary complications in liver transplantation
© Ann Transplant, 2017; 22: 665-670

Conflict of interest
None.
Acknowledgments

Tsukasa Nakamura thanks Lyn Child, RN, Holborn Church, Leeds,
United Kingdom, for her English editing and proofreading.

11. Kasahara M, Egawa H, Takada Y et al: Biliary reconstruction in right lobe
living-donor liver transplantation: Comparison of different techniques in
321 recipients. Ann Surg, 2006; 243: 559-66

12. Takasaki S, Hano H: Three-dimensional observations of the human hepat-
ic artery (Arterial system in the liver). ) Hepatol, 2001; 34: 455-66

13. Abbasoglu O, Levy MF, Vodapally MS et al: Hepatic artery stenosis after liv-
er transplantation — incidence, presentation, treatment, and long term out-
come. Transplantation, 1997; 63: 250-55

14. van Iterson M, Bezemer R, Heger M et al: Microcirculation follows macro-
circulation in heart and gut in the acute phase of hemorrhagic shock and
isovolemic autologous whole blood resuscitation in pigs. Transfusion, 2012;
52: 1552-59

15. Noack K, Bronk SF, Kato A, Gores GJ: The greater vulnerability of bile duct
cells to reoxygenation injury than to anoxia. Implications for the pathogen-
esis of biliary strictures after liver transplantation. Transplantation, 1993;
56: 495-500

16. Kobayashi N, Kubota K, Shimamura T et al: Complications of the treat-
ment of endoscopic biliary strictures developing after liver transplanta-
tion. ) Hepatobiliary Pancreat Sci, 2011; 18: 202-10

17. Verdonk RC, Buis Cl, van der Jagt EJ et al: Nonanastomotic biliary strictures
after liver transplantation, part 2: Management, outcome, and risk factors
for disease progression. Liver Transpl, 2007; 13: 725-32

18. Na GH, Kim DG, Choi HJ et al: Interventional treatment of a biliary stric-
ture after adult right-lobe living-donor liver transplantation with duct-to-
duct anastomosis. HPB (Oxford), 2014; 16: 312-19

19. Sutcliffe, R, Maguire D, Mroz A et al: Bile duct strictures after adult liv-
er transplantation: A role for biliary reconstructive surgery? Liver Transpl,
2004; 10: 928-34

20. Langer FB, Gyori GP, Pokorny H et al: Outcome of hepaticojejunostomy for

biliary tract obstruction following liver transplantation. Clin Transplant,
2009; 23: 361-67

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]



