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Artic{e history: Background: Liver transplantation is the treatment for end-stage liver diseases and well-selected malig-
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Methods: A retrospective analysis of 64 adult-to-adult LDLTs performed at our institution between 1998

Keywords: and 2016 was conducted. The median age of 29 (45.3%) females and 35 (54.7%) males was 50.2 years (in-
Liver transplantation terquartile range, IQR 32.9-57.5). Twenty-two (34.4%) recipients had no portal hypertension. Three (4.7%)
Living-donor patients had a benign and 33 (51.6%) a malignant tumor [19 (29.7%) hepatocellular cancer, 11 (17.2%)
Hepatocellular cancer secondary cancer and one (1.6%) each hemangioendothelioma, hepatoblastoma and embryonal liver sar-
Secondary liver tumor coma). Median donor and recipient follow-ups were 93 months (IQR 41-159) and 39 months (22-91),

Small-for-size syndrome

. respectively.
Small-for-size graft

Results: Right and left hemi-livers were implanted in 39 (60.9%) and 25 (39.1%) cases, respectively. Me-
dian weights of right- and left-liver were 810g (IQR 730-940) and 454 g (IQR 394-534), respectively.
Graft-to-recipient weight ratios (GRWRs) were 1.17% (right, IQR 0.98%-1.4%) and 0.77% (left, 0.59%-0.95%).
One- and five-year patient survivals were 85% and 71% (right) vs. 84% and 58% (left), respectively. One-
and five-year graft survivals were 74% and 61% (right) vs. 76% and 53% (left), respectively. The patient
and graft survival of right and left grafts and of very small (<0.6%), small (0.6%-0.79%) and large (>0.8%)
GRWR were similar. Survival of very small grafts was 86% and 86% at 3- and 12-month. No donor died
while five (7.8%) developed a Clavien-Dindo complication Illa, IlIb or IV. Recipient morbidity consisted
mainly of biliary and vascular complications; three (4.7%) recipients developed a small-for-size syndrome
according to the Kyushu criteria.
Conclusions: Adult-to-adult LDLT is a demanding procedure that widens therapeutic possibilities of many
hepatobiliary diseases. The donor procedure can be done safely with low morbidity. The recipient oper-
ation carries a major morbidity indicating an important learning curve. Shifting the risk from the donor
to the recipient, by moving from the larger right-liver to the smaller left-liver grafts, should be further
explored as this policy makes donor hepatectomy safer and may stimulate the development of transplant
oncology.
© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier
B.V. All rights reserved.
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Introduction

Introduced in clinical practice in 1963 by Starzl, it took two
decades before liver transplantation (LT) became recognized as
a life-saving treatment for many acute and chronic end-stage
liver diseases. Since then, surgical techniques, immunosuppressive
therapies, perioperative and long-term medical care have been
continuously improving. Nowadays, 1- and 5-year patient survival
rates reach 90% and 70%, respectively. The discrepancy between
numbers of available liver allografts and potential recipients is
still responsible for 20%-30% waiting list mortality, in our center,
during the last decade. Indeed, the initial favorable situation “more
livers than recipients” rapidly inverted, despite continuous efforts
to enlarge the liver allograft pool, and led to the development of
surgical strategies, such as domino LT (limited due to the rarity of
some well identified metabolic diseases), split LT (limited due to
the reduced number of “good quality” organs) and cardiac-death
donor LT (limited due to difficult logistic, legal and reduced organ
quality). However, the only technical alternative that allows a
substantial increase in LT is living-donor LT (LDLT). Unfortunately,
the Western LT community, in contrast to the Eastern one, poorly
embraces this approach (due to ethical and technical constraints),
in spite of the increasing Western “popularity” of living-donor
kidney transplantation.

The transplantation center of the Université catholique de
Louvain (UCLouvain) embarked in 1994 on a pediatric LDLT
programme. Four years later, the adult-to-adult LDLT (A2ALDLT)
program was launched after several preparatory study visits to
Japan and China. This paper presents a detailed analysis of the
A2ALDLT UCLouvain experience. Lessons taken from this small
single-center experience are discussed.

Methods

During the period of January 1998 to October 2016, 64
A2ALDLTs were performed at the Saint-Luc University hospitals in
Brussels, Belgium. A detailed follow-up report is presented here.
All events and results in both donors and recipients were classi-
fied following the European Liver Transplantation Registry criteria
as early if occurring within three months and late if occurring
later. Donor and recipient complications were classified according
to the Clavien-Dindo classification [1]. Small-for-size syndrome
was defined taking into consideration the Kyushu criteria (total
bilirubin >20mg/dL for seven consecutive days after post-LT day
seven in absence of technical and immunologic factors [2-4] and
the Hernandez-Alejandro’s criteria (prolonged ascites, hyperbiliru-
binemia, INR or encephalopathy in absence of ischemia) [5]. The
median follow-up of donor and recipient cohorts was 93 months
(interquartile range, IQR 41-159) and 39 months (IQR 22-91),
respectively.

Donor characteristics and procedure (Table 1)

One hundred twenty-two donor-recipient pairs were screened,
in accordance to the requirements prescribed by the Institutional
Review Board of the UCLouvain Faculty of medicine. The assess-
ment included a mandatory evaluation by the deputy heads of
the Departments of Internal Medicine and Psychiatry, both serving
as “donor’s advocates”. Donor candidacy was rejected for medical
reasons (obesity, diabetes and cardiovascular diseases) and/or
insufficient graft-to-recipient weight ratio (GRWR) determined at
<0.8% in patients presenting portal hypertension. Finally 64 se-
lected donor-recipient pairs were selected. There were 34 (53.1%)
female and 30 (46.9%) male donors; their median age was 34.8
years (IQR 27.6-46.2). The offspring composed the majority of
donors (29 cases; 45.3%). ABO-incompatible LDLT was performed

twice (3.1%). Thirty-seven (57.8%) LDLT was gender identical;
16 (25.0%) donor-recipient pairs were female-to-male and 11
(17.2%) male-to-female. Median donor body mass index (BMI) was
24.2 kg/m? (IQR 21.3-26.4). Pre-transplant liver biopsies were done
in 19 (29.7%) patients in order to rule out steatosis. Eight spec-
imens presented minor macro-steatotic changes and one a 30%
macro-steatosis; living donation was performed after dietetic care.

During the first decade of our experience, anatomy and volume-
try were determined using thin-slice angio-CT scan and cholangio-
MRI; afterwards all 36 donors (56.3%) were worked-up using the
MeVis software (MeVis GmbH, Bremen, DE).

All donor hepatectomies were performed or assisted by the
leading surgeon (Lerut ]), under combined general and epidural
anesthesia. The incision consisted of a right subcostal incision ex-
tended to the right border of the right rectus muscle and to the
xiphoid process. The decision to proceed with a right or left hep-
atectomy was based on the preservation of a minimal residual
donor liver volume of >30% and to reach a GRWR of 0.8%. In
the absence of recipient portal hypertension, the GRWR was de-
liberately lowered to 0.5%-0.6%. Very small and small-for-size graft
were defined as those resulting in a GRWR of <0.6% and <0.8%
(used in 7 patients each). For right-liver grafts, the hepatic ve-
nous allograft outflow was initially assured by including the mid-
dle hepatic vein in the graft and later on by draining >5 mm large
segment V and/or VIII veins, using free vascular arterial or venous
grafts from the post-mortem donor vessel bank.

In order to maximize donor safety and recovery, growing expe-
rience led to a progressive shift from the larger right (segments V
to VIII) to the smaller left hemi-liver (segments I to IV) graft [6-8].
This shift was favored by the gradual increase of transplantation
for primary and secondary liver malignancies.

The parenchymal transection was done combining bipolar water
jet-coagulation and ultrasonic dissection combined with intermit-
tent hilar clamping. Intraoperative cholangiography was performed
three times: at the beginning of surgery (in order to detect even-
tual unknown anomalies), just before cutting the bile duct(s) (in
order to optimize bile duct division) and after bile duct division (in
order to verify integrity of the remaining biliary tree and to comply
with possible medico-legal issues). The biliary transection plane
was determined using a double metal wire identification method
using two fine wires used in maxillofacial surgery sutured at the
proposed transection plane. One infra-hepatic closed silicone drain
was left in place for five days. Back-table work consisted of antero-
grade and retrograde rinsing of portal and hepatic veins as well as
of the biliary tree using UW solution.

Because of security reasons, all donors stayed one day in the
intensive care unit. Doppler ultrasound was done daily during the
first five days in order to check the patency of the liver vascula-
ture. Length of hospital stay was kept as short as possible in order
to minimize infection risk. All donors had a MRI at six and twelve
months in order to verify anatomy and regeneration of the resid-
ual liver. Donors were followed up yearly at outpatient clinic or
contacted by telephone in order to document their physical and
psychological evolution.

Recipient characteristics and procedure (Table 2)

Twenty-nine (45.3%) female and 35 (54.7%) male patients with
a median age of 50.2 years (IQR 32.9-57.5) were transplanted.
Thirty-six (56.3%) patients had a liver tumor: three (4.7%) had
a benign tumor (alveolar echinococcosis, hemangiomatosis, and
polyadenomatosis) and 33 (51.6%) a malignant tumor [19 (29.7%)
hepatocellular cancer, 11 (17.2%) a secondary, bi-lobar and irre-
sectable liver tumor (9 neuroendocrine and 2 colorectal metas-
tases), and one each (1.6%) epithelioid hemangioendothelioma,
hepatoblastoma and primary embryonal liver sarcoma]. Median
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recipient BMI was 24.5kg/m? (IQR 20.4-26.8). Median Child-
Turcotte-Pugh and MELD scores were 7.5 (6.0-9.0) and 11 (IQR
7-16), respectively. Twenty-seven (42.2%) patients had a MELD
score greater than 14; 22 (34.4%) recipients had no underlying
primary parenchymal liver disease, and, consequently, no portal
hypertension.

All transplant procedures included a vena cava sparing tech-
nique without use of veno-venous bypass. LDLT implantation was
adapted to the optimal hepatic venous outflow and arterial inflow.
In secondary liver tumors a coelio-mesenteric lymphadenectomy
was performed. Venous outflow reconstruction was done by
anastomosing donor and recipient hepatic veins in an end-to-end
fashion. In left hemi-liver LDLT the hepatic veins of the graft are
anastomosed to the widened cuff of the middle and left hepatic
veins. In right hemi-liver LDLT a widening plasty was mostly
added on the recipient inferior vena cava. Drainage of the anterior
right allograft sector was restored depending on the volume of
this sector and in case of GRWR <0.8%, by using free vascular
grafts (see above). Hepatic artery reconstruction was done using
magnifying loupes; in some cases the microscope was used. Graft
inflow modulation, done either using splenic artery ligation (13/64,
20.3%) or embolization (2/64, 3.1%), was decided depending on the
real allograft weight and the result of the intraoperative transit
time electromagnetic flow measurement (>3 mL/g of liver tissue),
done with adapted VeriQ flow probes (Medistim, Oslo, NO) [9].
Biliary reconstruction and drainage were adapted to diameter,
number of bile ducts and judgment of the implantation surgeon.

All recipients had a similar postoperative infectious and
tacrolimus-based minimization immunosuppressive treatment [10].
MRI and hepato-IDA scintigraphy were done at postoperative day
7 in order to document perfusion anomalies as well as function
(excretion of the tracer) of the graft and (asymptomatic) biliary
collections. Anti-thrombotic treatment consisted of low-molecular-
weight heparin was used for the first postoperative month. Later
on, patients received salicylic acid for six months.

Outpatient follow-up consisted of regular blood testing, Doppler
ultrasound and systematic percutaneous or endoscopic control of
the biliary tract, six months after LT and when clinically indicated.
Cancer patients had three- to six-monthly thoraco-abdominal CT
scan, bone scintigraphy and determination of tumor markers (CEA,
DCP, CA19-9); in neuroendocrine patients six-monthly chromo-
granin A and DOTATOC PET/CT scan were added. In order to docu-
ment biliary complications, endoscopic retrograde or percutaneous
anterograde cholangiography were performed depending on the
type of biliary reconstruction.

Statistical analysis

Continuous data were reported as median and IQR and tested
with the Mann-Whitney U test, where appropriate. Binomial vari-
ables were reported as percentage and tested with Fisher’s exact
test, where appropriate. The time to events was analysed with the
Kaplan-Meier method and compared with the log-rank test. The
significance of statistical tests was taken at a P value <0.05. Anal-
yses were run using SPSS (version 25.0; IBM Corp., Armonk, NY,
USA).

Results
The donor procedure

The different features in relation to the donation of left- or
right-liver grafts are displayed in Table 1. Over time, the team
leant towards a more frequent use of left-liver grafts. During the
first decade (1997-2006), 18 LDLTs were performed; 17 (94.4%)

were right grafts and only one (5.6%) a left graft. During the sec-
ond decade (2007-2016), 46 LDLTs were performed; 22 (47.8%)
were right- and 24 (52.2%) left-livers. Accordingly, the follow-
up after right hepatectomy was longer after right donation (116
months, IQR 64-189) than after left donation (53 months, IQR
31-95, P < 0.001).

The foremost difference between the left- and right-liver dona-
tion groups lies in the estimated remnant volumes. Right hepate-
ctomy (including segments V to VIII) was performed in 39 (60.9%)
and left hepatectomy (including segments I to IV) in 25 (39.1%)
donors. In 17 (26.6%) donors, the middle hepatic vein was included
in the right hemi-liver. Six (9.4%) and two (3.1%) grafts had a dou-
ble arterial and portal supply and 15 (23.4%) and one (1.6%) grafts
had two and three bile ducts, respectively.

The median predicted graft weight was 726g (IQR 496-933)
and the real median graft weight was similar (725g, IQR 466-
848, P=0.469). The median percentage of the remnant liver
in the donor was 35% (IQR 31%—61%). The median estimated
remnant-to-body-weight ratio was 0.69% (IQR 0.56%—1.15%).

Median operative time was 475 min (IQR 420-510). No donor
required allotransfusion; 53 (82.8%) donors received intraoper-
ative autotransfusion (median 300mlL, IQR 218-558) using the
CellSaver® (Haemonetics, Braintree, USA). The median lengths of
intensive care unit and hospital stays were 1 day (IQR 1-1) and 10
days (IQR 9-12).

Early donor morbidity following Clavien-Dindo was as follows:
16 (25.0%) patients had a grade I complication, 7 (10.9%) a grade
Il complication; one a grade Illa (drainage for pleural effusion)
and two (3.1%) a grade IlIb complication (reoperation for biliary
leak from the cut surface and from an aberrant missed right duct.
Two (3.1%) donors experienced significant temporary elevation of
bilirubin level (IVa).

Accordingly, the total bilirubin peak was higher after right do-
nation (2.6 mg/dL, IQR 1.7-4.2) than after left donation (1.6 mg/dL,
IQR 1.2-2.0, P=0.003). Likewise, the INR peak amounted to 1.49
(IQR 1.32-1.64) after right hepatectomy, and to 1.27 (IQR 1.20-1.38)
after left hepatectomy (P < 0.001).

In one case, elevation of total bilirubin up to 21 mg/dL (in
the absence of encephalopathy, ascites and coagulation distur-
bances) can be explained by a low estimated remnant volume
(24%), even though preoperative MeVis imaging estimated the
remnant-to-body-weight ratio at 0.40%.

Two (3.1%) patients needed repair of a midline incisional her-
nia 32 and 75 months after donation, respectively. During the en-
tire follow-up, all donors remained in accordance with their initial
decision to donate and none regretted donation. Only the patient
who experienced severe liver dysfunction still has some psycholog-
ical difficulties interfering with his daily life (“no drive anymore”).

The recipient procedure

The different features of LDLT in relation to the type of graft are
displayed in Table 2. The main difference between the two groups
obviously is in graft weights and ratios. The predicted GRWR was
1.10% (IQR 0.81%—1.33%) while the real GRWR was 1.05% (IQR
0.82%—1.27%, P=0.682). The median graft weight, for left-liver re-
cipients, was 454 g (IQR 394-534) and their median GRWR 0.77%
(IQR 0.59%-0.95%), for right-liver recipients, the weight amounted
to 810g (IQR 730-940, P<0.001) and the GRWR to 1.17% (IQR
0.98%—1.40%, P <0.001). Thus, 21.9% (14/64) of recipients received
a small-for-size graft. The actual GRWRs were less than 0.6% (very
small graft) and between 0.6% and 0.79% (small graft) in 7 (10.9%)
patients each and >0.8% (standard graft) in 50 (78.1%) recipi-
ents. Twenty-two (34.4%) patients did not present portal hyperten-
sion. Median operative time was 543 min (IQR 450-720). Cold is-
chemia time and warm ischemia time were 78 min (IQR 53-133)

02.007

Please cite this article as: S. Iesari, M.E. Inostroza Ndfiez and J.M. Rico Juri et al., Adult-to-adult living-donor liver transplantation: The
experience of the Université catholique de Louvain, Hepatobiliary & Pancreatic Diseases International, https://doi.org/10.1016/j.hbpd.2019.



https://doi.org/10.1016/j.hbpd.2019.02.007

JID: HBPD [m5G;March 4, 2019;17:11]
4 S. lesari, M.E. Inostroza Niifiez and J.M. Rico Juri et al./Hepatobiliary & Pancreatic Diseases International Xxx (XXXx) Xxx
Table 1
Data concerning living-donors.
Graft type All grafts (n=64) Left graft (n=25) Right graft (n=39) P value
Age (yr) 34.8 (27.6-46.2) 34.4 (27.0-50.4) 35.0 (27.9-42.8) 0.752
BMI (kg/m?) 24.2 (21.3-26.4) 24.6 (22.9-26.9) 23.9 (21.2-26.0) 0.274
Donor-recipient relationship
Related 48 (75.0%) 18 (72.0%) 30 (76.9%) 0.770
Child to parent 29 (45.3%) 11 (44.0%) 18 (46.2%) 1.000
Parent to child 6 (9.4%) 3 (12.0%) 3 (7.7%) 0.671
Sibling to sibling 10 (15.6%) 4 (16.0%) 6 (15.4%) 1.000
Other 3 (4.7%) 0 3 (7.7%) 0.275
Unrelated 16 (25.0%) 7 (28.0%) 9 (23.1%) 0.770
Spouse to spouse 4 (6.3%) 1 (4.0%) 3(7.7%) 1.000
Friend to friend 3 (4.7%) 2 (8.0%) 1 (2.6%) 0.555
Families-in-law 8 (12.5%) 3 (12.0%) 5 (12.8%) 1.000
Other 1 (1.6%) 1 (4.0%) 0 0.391
Estimated remnant/liver volume proportion (%) 35 (31-61) 67 (58-71) 32 (30-35) <0.001
Estimated remnant-to-body-weight ratio (%) 0.69 (0.56-1.15) 1.19 (1.07-1.36) 0.60 (0.51-0.69) <0.001
Operative time (min) 475 (420-510) 475 (383-518) 470 (420-510) 0.725
Intraoperative blood loss (mL)? 300 (218-558) 300 (100-481) 330 (236-650) 0.255
Length of hospital stay (d) 10 (9-12) 10 (9-12) 10 (9-12) 0.873
Length of ICU stay (d) 1(1-1) 1(1-1) 1(1-1) 0.311
Total bilirubin peak (mg/dL) 2.0 (1.3-3.3) 1.6 (1.2-2.0) 2.6 (1.7-4.2) 0.003
ALT peak (IU/L)" 244 (199-334) 229 (199-367) 249 (198-328) 0.741
INR peak® 1.37 (1.23-1.54) 1.27 (1.20-1.38) 1.49 (1.32-1.64) <0.001
Complications (Clavien-Dindo score)"
I 16 (25.0%) 8 (32.0%) 8 (20.5%) 0.379
11 7 (10.9%) 2 (8.0%) 5 (12.8%) 0.696
Ila 1(1.6%) 0 1 (2.6%) 1.000
b 2 (31%) 1 (4.0%) 1(2.6%) 1.000
IVa 2 (31%) 0 2 (5.1%) 0.516
Follow-up (mon) 93 (41-159) 53 (31-95) 116 (64-189) <0.001

ALT: alanine aminotransferase; BMI: body mass index; ICU: intensive care unit; INR: international normalised ratio.

2 CellSaver® recovery.
b During the first postoperative month.
¢ Until discharge.

and 37min (IQR 31-53), respectively. Forty-four (68.8%) patients
needed transfusion (median 267 mL, IQR 0-1176).

Since the left graft is always procured with the middle hep-
atic vein, the necessity of venous outflow reconstruction prevailed
in case of right-graft LT (64.1% vs. 24.0%, P=0.002). Venous out-
flow was reconstructed in 31 (48.4%) by means of vena cava plasty
(n=4) or the use of a venous (n=14), or arterial (n=12) free
vessel or a polytetrafluoroethylene graft (n=1). Graft inflow mod-
ulation was done in 15 (23.4%) recipients using splenic artery
modulation because of excessive portal graft flow (>3 mlL/g liver
tissue) and small-for-size graft (7 cases). End-procedure hepatic
arterial flow was 105mL/min (IQR 59-148) for left grafts, and
150 mL/min (IQR 125-254, P=0.003) for right grafts. The differ-
ence in end-procedure portal vein flow [left: 505mL/min (IQR
344-848) vs. right: 770mL/min (IQR 600-1257), P=0.012] was
annihilated when considering the weight of the graft (Table 2).

Biliary reconstruction consisted of duct-to-duct anastomosis (37
patients, 57.8%), Roux-Y hepatico-jejunostomy (26, 40.6%) and com-
bined duct-to-duct and hepatico-jejunostomy (1, 1.6%). Biliary duct
plasty was done in nine (14.1%) patients and three months long,
internal biliary drainage was done in 44 patients (68.8%).

The median duration of intensive care unit and hospital stays
were 3 days (IQR 2-10) and 20 days (IQR 16-31). Recipient mor-
bidity recorded following the Clavien-Dindo classification was as
follows: grade I in 7 (10.9%), grade II in 16 (25.0%), grade Illa in 2
(3.1%), grade IlIb in 7 (10.9%), grade IVa in 8 (12.5%) and grade IVb
in 15 (23.4%) patients. According to the Kyushu and Hernandez-
Alejandro definitions of small-for-size syndrome, 3 (4.7%) and
15 (23.4%) recipients experienced liver insufficiency, respectively.
Nine patients (14.1%) died (grade V) during the hospitalization of
sepsis (n=6), perioperative cardiac arrest (n=2) and coeliac trunk
dissection (n=1) following interventional radiology done the day
before discharge to embolize a splenic artery aneurysm. Eleven

recipients died later (>3 months) after LT of recurrent hepato-
cellular cancer (n=4), HCV (n=2) and alcoholic (n=1) allograft
diseases, development of de novo tumor (n=3) and suicide (n=1).

Seven (10.9%) patients required early re-transplantation (re-LT)
due to hepatic artery thrombosis (n=2), portal vein thrombosis
(n=2) and one each due to coeliac trunk dissection, ruptured
mycotic arterial pseudoaneurysm and graft dysfunction. Late re-
LT was required six times due to intrahepatic biliary tract lesions
(n=4), recurrent primary sclerosing cholangitis (n=1) and chronic
rejection related to non-compliance (n=1).

Endoscopic or percutaneous biliary imaging was systematically
done in all patients. Thirty (46.9%) recipients exhibited at least one
biliary complication; 14 (21.9%) as early and 16 (25.0%) as late oc-
curring events. Eight (61.5%) recipients, out of the 13 patients who
presented multiple bile ducts and who survived the early post-
operative period, developed biliary complications. Twelve (18.8%)
patients experienced a biliary leak requiring surgical (n=6) and/or
radiologic (n=6) and/or endoscopic (n=3) interventions. Twenty-
two (34.4%) patients developed an anastomotic biliary stricture, re-
quiring interventional endoscopy (n = 14) and/or radiology (n=16);
three times surgical correction became necessary. Ten (15.6%)
recipients developed non-anastomotic biliary strictures; 5 patients
(7.8%) finally required re-LT after several radiologic interventions.

Arterial complications were diagnosed in 10 (15.6%) patients.
Two stenoses were balloon dilated. Early hepatic artery throm-
bosis was diagnosed in five patients; in three of them the
quality of the artery was seriously compromised due to pre-LT
long-standing steroid therapy, locoregional arterial chemo- and
radio-embolisation. One recipient had a successful surgical redo,
one interventional radiology, one medical treatment, while two
patients actually needed re-LT. Two patients developed a hepatic
artery pseudoaneurysm and underwent interventional radiology.
One patient presenting a ruptured mycotic aneurysm in the
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Table 2

Data concerning recipients.
Graft type All grafts (n=64) Left graft (n=25) Right graft (n=39) P value
Age (yr) 50.2 (32.9-57.5) 43.6 (26.7-52.9) 51.9 (35.3-60.4) 0.122
BMI (kg/m?) 24.5 (20.4-26.8) 22.3 (18.8-25.7) 25.5 (22.4-27.7) 0.005

Indication for LT

HCV-cirrhosis 9 (14.1%) 3 (12.0%) 6 (15.4%) 1.000
HBV-cirrhosis 3 (4.7%) 0 3 (7.7%) 0.275
Alcoholic cirrhosis 9 (14.1%) 4 (16.0%) 5 (12.8%) 0.728
Non-alcoholic steato-hepatitis 3 (4.7%) 0 3 (7.7%) 0.275
Cholestatic liver disease 12 (18.8%) 6 (24.0%) 6 (15.4%) 0.514
Autoimmune hepatitis 4 (6.3%) 2 (8.0%) 2 (51%) 0.640
Metabolic disease 4 (6.3%) 1 (4.0%) 3 (7.7%) 1.000
Budd-Chiari syndrome 2 (31%) 0 2 (51%) 0.516
Benign tumors 3 (4.7%) 0 3 (7.7%) 0.149
Primary tumors 22 (34.4%) 8 (32.0%) 14 (35.9%) 1.000
Hepatocellular cancer 19 (29.7%) 6 (24.0%) 13 (33.3%) 0.577
Primary undifferentiated embryonal liver sarcoma 1 (1.6%) 1 (4.0%) 0 0.391
Hepatoblastoma 1 (1.6%) 1 (4.0%) 0 0.391
Epithelioid haemangioendothelioma 1 (1.6%) 0 1 (2.6%) 1.000
Secondary liver malignancies 11 (17.2%) 7 (28.0%) 4 (10.3%) 0.092
Neuroendocrine tumor 9 (14.1%) 6 (24.0%) 3 (7.7%) 0.137
Colorectal carcinoma 2 (31%) 1 (4.0%) 1(2.6%) 1.000
Child-Turcotte-Pugh 7.5 (6.0-9.0) 8.0 (6.5-10.5) 7.0 (6.0-9.0) 0.591
Class A 12 (18.8%) 3 (12.0%) 9 (23.1%) 0.338
Class B 20 (31.3%) 6 (24.0%) 14 (35.9%) 0.411
Class C 10 (15.6%) 4 (16.0%) 6 (15.4%) 1.000
Non-parenchymal liver disease 22 (34.4%) 12 (48.0%) 10 (25.6%) 0.105
MELD 11 (7-16) 10 (7-16) 12 (7-17) 0.431
MELD >14 27 (42.2%) 10 (40.0%) 17 (43.6%) 0.801
Estimated graft weight (g) 726 (496-933) 473 (399-526) 880 (750-993) <0.001
Actual graft weight (g) 725 (466-848) 454 (394-534) 810 (730-940) <0.001
Estimated GRWR (%) 1.10 (0.81-1.33) 0.73 (0.63-1.07) 1.18 (1.02-1.40) <0.001
Actual GRWR (%) 1.05 (0.82-1.27) 0.77 (0.59-0.95) 1.17 (0.98-1.40) <0.001
<06 7 (10.9%) 7 (28.0%) 0/39 0.001
0.6-0.79 7 (10.9%) 6 (24.0%) 1 (2.6%) 0.012
>0.8 50 (78.1%) 12 (48.0%) 38 (97.4%) <0.001
ABO-incompatibility 2 (3.1%) 1 (4.0%) 1 (2.6%) 1.000
Middle hepatic vein in graft 27 (42.2%) 23 (92.0%) 4 (10.3%) <0.001
Outflow venous reconstruction 31 (48.4%) 6 (24.0%) 25 (64.1%) 0.002
Graft inflow modulation 15 (23.4%) 9 (36.0%) 6 (15.4%) 0.074
Splenic artery ligation 13 (20.3%) 8 (32.0%) 5 (12.8%) 0.109
Splenic artery embolization 2 (31%) 1 (4.0%) 1(2.6%) 1.000
Multiple hepatic arteries 6 (9.4%) 4 (16.0%) 2 (51%) 0.199
Multiple bile ducts 16 (25.0%) 1 (4.0%) 15 (38.5%) 1.000
Bile duct anastomosis
Duct-to-duct 37 (57.8%) 13 (52.0%) 24 (61.5%) 0.605
Multiple ducts 5/37 (13.5%) 0 5/24 (20.8%) 0.147
Roux-Y hepaticojejunal 26 (40.6%) 12 (48.0%) 14 (35.9%) 0.436
Combined 1 (1.6%) 0 1 (2.6%) 1.000
T-tube 20 (31.3%) 7 (28.0%) 13 (33.3%) 0.784
Hepatic arterial flow before modulation (mL/min) 75 (36-167) 95 (30-95) 123 (55-123) 1.000
End-procedure hepatic arterial flow (mL/min) 119 (104-173) 105 (59-148) 150 (125-254) 0.003
End-procedure portal vein flow (mL/min) 540 (430-1072) 505 (344-848) 770 (600-1257) 0.012
Portal veinflow per 100g graft weight (mL/min/100g) 123 (80-166) 121 (83-174) 102 (72-158) 0.321
Cold ischemia time (min) 78 (53-133) 66 (49-126) 87 (54-133) 0.245
Warm ischemia time (min) 37 (31-53) 37 (31-57) 38 (31-53) 0.710
Intraoperative transfusions 44 (68.8%) 16 (64.0%) 28 (71.8%) 0.585
Intraoperative transfusion (mL) 267 (0-1176) 241 (0-721) 473 (0-1322) 0.330
Operative time (min) 543 (450-720) 555 (480-740) 510 (440-696) 0.432
Length of hospital stay (d) 20 (16-31) 20 (16-33) 18 (16-28) 0411
Length of ICU stay (d) 3 (2-10) 4 (2-10) 3 (2-10) 0.248
SFSS (Kyushu) 3 (4.7%) 2 (8.0%) 1 (2.6%) 0.555
SFSS (Hernandez-Alejandro) 15 (23.4%) 7 (28.0%) 8 (20.5%) 0.553
Complications (Clavien-Dindo score)?
I 7 (10.9%) 2 (8.0%) 5 (12.8%) 0.696
Il 16 (25.0%) 4 (16.0%) 12 (30.8%) 0.243
Illa 2 (3.1%) 2 (8.0%) 0 0.149
b 7 (10.9%) 5 (20.0%) 2 (51%) 0.516
IVa 8 (12.5%) 3 (12.0%) 5 (12.8%) 1.000
Vb 15 (23.4%) 5 (20.0%) 10 (25.6%) 0.765
\ 9 (14.1%) 4 (16.0%) 5 (12.8%) 0.728
Follow-up (mon) 39 (22-91) 31 (23-53) 71 (21-134) 0.085

BMI: body mass index; GRWR: graft-to-recipient weight ratio; ICU: intensive care unit; IQR: interquartile range; LT: liver transplantation,
MELD: model for end-stage liver disease; SFSS: small-for-size syndrome.
2 Until discharge.
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context of a small biliary leak needed urgent arterial ligature
followed by re-LT. Unfortunately, he died 15 months later due to
the development of an aggressive Castleman disease.

Early portal vein thrombosis was diagnosed in 4 (6.3%) patients.
One of them occurred in a patient who underwent graft inflow
modulation and whose graft had two portal veins, so that the
event was caused by a technical shortcoming. This patient died of
pulmonary embolism just before further surgery. Two others were
retransplanted and one patient underwent thrombolysis.

Hepatic vein stenosis was diagnosed in four (6.3%) patients:
in three cases, as early complication and, in one instance, as a
late complication. In three cases, widening of right hepatic vein
was erroneously judged unnecessary due to the large diameter
of the right hepatic vein. All three were treated by interventional
radiologic stenting. The fourth one transplanted for Budd-Chiari
syndrome with vena cava involvement, reconstructed with a
peritoneal patch, developed allograft dysfunction in the context of
a re-thrombosis of vena cava and hepatic veins; he died of sepsis
after re-LT.

The 1- and 5-year actuarial patient and graft survival rates were
84% and 68%, and 75% and 60%, respectively (Fig. 1). Outcomes
were comparable for right and left LDLT (Fig. 2) as well as for
the different thresholds of GRWR (<0.6%, 0.6%—0.79%, and >0.8%)
(Table 2 and Fig. 3). Survival of very small grafts was 86% and 86%
at 3- and 12-month. Overall survival rates were similar to those
obtained after deceased-donor LT done during the same time pe-
riod (86% and 75% for 1- and 5-year patient survival, P=0.534);
graft survival was somewhat better, although not significantly, in
deceased-donor LT (83% and 70% for 1- and 5-year graft survival,
P=0.109).

Discussion

The first A2ALDLT using a left-liver (weighing 434 g) was per-
formed by Makuuchi in 1993 at Shinshu University, Japan, in a
female patient suffering from end-stage primary biliary cirrhosis
[11]. This procedure was the start for a LT “tsunami” in the East-
ern world. However, the enthusiasm for this procedure rapidly lost
sympathy within the Western liver transplant community, as a re-
sult of a too high morbidity and even mortality in both donor
and recipient surgeries. Today, very few Western centers perform
A2ALDIT on a regular base [12,13]. Perhaps, many centers em-
barked on a LDLT program without sufficient knowledge of all the
knacks and pitfalls of the complex, surgical and medical care of
both donors and recipients. To avoid this, our center embarked
on an A2ALDLT program following several tutorials and study vis-
its in leading Asian centers. Our “real-world” experience shows
that shortage of deceased-donor grafts and low-volume LDLT prac-
tice leads to a probably too rapid extension of indications, despite
anatomical and clinical complexity in both donors and recipients.

The larger experience in hepatobiliary surgery without doubt
explains the minimal risk of donor hepatectomy in Asian centers.
Good outcomes are secured by precise preoperative knowledge of
liver segmentation, of frequent vascular and biliary variations and
of morphologic and functional graft (for the safety of recipients)
and residual liver volumes (for the safety of donors) [3,14-17]. Ev-
ery donor procedure should aim to procure the graft safely, leaving
a sufficient residual liver volume in the donor. The residual liver
volume should be more than 30% of the original volume; in older
(>50 years) or steatotic donors this proportion should be raised to
35%—40% in order to cope with the reduced regeneration capacity
[15]. Nowadays, quantification of steatosis can be calculated very
precisely using mass-spectroscopy CT. If unavailable, a liver biopsy
is advocated in donors with a BMI over 28 kg/m? [14,18,19]. In case
of severe steatosis, dietary counselling, and physical exercise dur-
ing 2 to 4 weeks help reduce the fat content and allow to proceed

with donation [20]. Our experience confirmed that with good pre-
operative planning, donor hepatectomy can be done with minimal
morbidity and no mortality.

Besides disease severity and patient frailty, a successful
A2ALDIT is highly dependent on the following four conditions:
adequate graft volume, proper allograft outflow and inflow, and
adequate biliary anastomosis [15]. The Kyoto group rapidly expe-
rienced that adequate liver volume is of utmost importance for a
good outcome [21]. GRWR less than 0.8% [or correspondingly graft
weight to standard liver volume (GW/SLV) less than 0.40] markedly
reduced patient and graft survival, consequence of small-for-size
syndrome. This condition is caused by intra-graft shear stress, a
force associated with portal “overflow”, which triggers arterial
buffer response, in form of vasoconstriction, ultimately leading to
arterial hypo-perfusion. These disturbances lead to the potentially
unfavorable sequence of sinusoidal injury, excessive ineffective
regeneration, severe cholestasis, impaired synthetic capacity and
refractory ascites [2,22]. This chain of events is responsible for
increased morbidity, prolonged hospital stay and higher costs, due
to the intensive medical care including administration of large
quantities of albumin and somatostatin [23].

In order to counteract small-for-size syndrome, several techni-
cal modifications of the allograft implantation, aiming to reduce
portal vein flow and pressure, have been developed during the
last two decades. The Kyoto group repeatedly reported that low-
ering portal vein pressure beneath 15 mmHg markedly improves
outcome. If higher, graft inflow modulation, using proximal splenic
artery obliteration and partial porto-systemic shunting, has been
proposed. A more radical solution, consisting of interruption of ve-
nous collaterals along with splenectomy, has been advocated by
the Kyushu group [24]. The excellent outcomes, obtained by these
two approaches, have led the Kyoto and Kyushu groups to the
more frequent (and successful) use of left-liver with GRWR as low
as 0.6%. Their remarkable results triggered a shift from right (cor-
responding to a retrieval of 60% to 70% of liver mass) to left (cor-
responding to a retrieval of 30% to 40% of the liver mass) liver
allografts. This policy allows not only to expand the donor avail-
ability but also to shift the risk from the donor (keeping a higher
residual liver mass) to the recipient (receiving a lower liver mass)
[3,6-8,24,25]. The implantation of a smaller liver graft mass in the
presence of portal hypertension is riskier and reasonable only if
both graft inflow and outflow are optimized, conditions that have
to be assured based on intraoperative hemodynamic flow and pres-
sure measurements. The modulation of portal and arterial inflow
is the mainstay of graft flow control. The necessity for graft in-
flow modulation should be carefully evaluated, based on intraop-
erative flow and pressure measurements. Additionally, ligation of
large portosystemic collaterals can improve portal vein flow [26].
Likewise, adequate venous outflow is of importance to avoid graft
congestion, especially in right grafts. Optimization of hepatic out-
flow can be pursued by widening the anastomosis between hep-
atic veins and vena cava and/or by guaranteeing decongestion of
the right anterior sector of the allograft by draining any segment
V/VIII vein having a diameter larger than 5 mm. These veins can be
connected to the vena cava or the cuff of middle and left hepatic
veins using free venous or arterial grafts [15,27].

Biliary complications are the Achilles’ heel of LDLT, with a re-
ported incidence ranging from 10% to 67% [28-30]. The incidence
of complications rises with the number of bile ducts to reconstruct.
Likewise, our small series suffered from a high incidence of biliary
complications. The high incidence of biliary complications reported
in these series may be partly explained by the fact that our center
developed a policy, based on an extensive experience in deceased-
donor LT, to perform direct biliary imaging in every recipient, even
in case of normal liver tests. Technical refinements are crucial el-
ements to reduce the incidence of biliary complications. The three
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Fig. 1. Patient (A) and graft (B) survival rates after deceased-donor liver transplantation (DDLT) (full line) and living-donor liver transplantation (LDLT) (dashed line).

keys are minimal dissection during the donor procedure, in order
to preserve the blood supply of bile ducts, microsurgical recon-
struction and routine use of biliary drainage, during the recipient
surgery [15,16,30,31]. The Seoul National University Hospital re-
ported excellent results using the telescopic technique [32]. The
use of biliary drainage remains a matter of debate. The worldwide
most experienced center, Asan Medical Center in Seoul, strongly
advocates routine in situ and internal-external biliary drainage for
several months, in order to reduce biliary leakage. This approach
also has the advantage to regularly control the biliary tree [15].
Our small experience confirms the impact of vascular compli-
cations on graft survival. Early arterial complications are reported
in around 4% of adult LDLTs [33]. Results of arterial reconstruction
can be improved using microsurgical techniques routinely, as
shown by the Kaohsiung team [30]. Moreover, better handling
of all different anatomic variations and modifications such as
those caused by locoregional oncologic treatments (and unfortu-
nately experienced in our series) is important to secure allograft
arterialisation. Multiple surgical adaptations are “graft savers”

in these situations and include extra-anatomical reconstructions
using other arteries, instead of unusable hepatic arteries. Among
these, we mention the recipients’ right gastroepiploic (first choice),
gastroduodenal, splenic, ileocolic and inferior mesenteric arteries,
[31,32,34-43]. The incidences of portal and hepatic vein compli-
cations are similarly reported to be around 4%. In case of portal
vein anomalies, several technical adaptations such as portal vein
plasty and the Y-graft interposition have proven very successful
[15,44-46].

In case of direct anastomosis, a wide plasty of hepatic vein and
vena cava, eventually extended with a quilt venoplasty, is neces-
sary to avoid (right) hepatic vein stenosis and thrombosis. Multiple
hepatic veins are preferentially transformed to a common open-
ing by using fresh or cryopreserved arterial or venous allografts
or autologous saphenous vein [15,40,47]. These technical modifica-
tions will also counteract eventual stretching or compression of the
anastomotic site by the regenerating liver [15,48].

The here mentioned, detailed, review of the complications en-
countered in the recipient as well as their management, involving
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Fig. 2. Comparison of patient (A) and graft (B) survival rates after left-graft (continuous line) and right-graft (dashed line) living-donor liver transplantation.

surgeons, interventional radiologists and endoscopists, clearly indi-
cate that the learning curve of A2ALDLT is long and complex. Open
and repeated discussion of all encountered complications together
with a perfect planning of both donor and recipient operations
are the keys to progress and make the program successful: “there
should be no surprises during the surgeries” [34].

At our center, LDLT is selectively offered to adults with low
to no chance to be timely transplanted, as a consequence of the
Eurotransplant organ allocation system. This applies in particular
to patients suffering from autoimmune liver diseases [they have
less chances to be transplanted because of their, usually, low
body weight and preserved synthetic liver function resulting in
low(er) MELD scores] and patients presenting advanced primary
hepatobiliary and secondary liver cancers (not yet considered valid
indications for LT). Therefore, LDLT represents for these patients
(almost) the only chance to get access to a potential curative LT
[49-52]. As such, our small experience underlines the value of
A2ALDIT in the field of autoimmune diseases and transplant on-
cology. Indeed, 25% of patients were transplanted for autoimmune
disorders and 56% for primary and secondary liver tumors. Liver

metastases were the indication for LDLT in 17.2% of cases. In this
setting, A2ALDLT has several advantages: (i) small left-liver grafts,
with GRWR around 0.6%, can be used, in the absence of portal
hypertension; (ii) interference with the scarce deceased-donor
allograft pool is avoided for not yet validated indications for
LT, avoiding ethical discussions about the justification of LT in
such diseases; (iii) patients benefit from minimized and tailored
immunosuppression; and (iv) basic oncological principles can be
followed, implementing neo and adjuvant treatment protocols
[53]. In the future, the choice of A2ALDLT is expected to be ap-
plied more frequently in the treatment of Milan-out hepatocellular
cancer, cholangiocellular cancer as well as secondary liver tumors
[50,54]. Additionally, LDLT will offer the opportunity to further
explore, in a controlled way, the boundaries of inclusion criteria of
cirrhotic patients harboring hepatobiliary tumors, as this approach
controls both factors “tumor” and “time”. The Eastern LDLT ex-
perience clearly showed that the Milan criteria are too restrictive
[55-57]. Tumor morphology (number and diameter) and biology
(tumor markers AFP, DCP or PIVKA-II and PET uptake), along with
dynamic tumor behaviour (response to neoadjuvant locoregional
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Fig. 3. Patient (A) and graft (B) survival analysis per graft-to-recipient weight ratio (GRWR). Very small graft was defined as GRWR <0.6%, small graft was defined as GRWR

between 0.6% and 0.79%.

therapies), are decisive for the fine-tuning of LT indication in
hepatobiliary oncology. However, when LDIT is envisaged, the ag-
gressive application of pre-transplant locoregional therapies (such
as transarterial chemo- and radio-embolization) should be advo-
cated with caution, because the arterial vessels risk severe damage
so that the outcome of the transplant procedure can be compro-
mised, a feature that was encountered in our series [43]. Recently,
the Western transplant world has shown a renewed interest in LT
for secondary liver tumors. Indeed, it has been shown that patients
with non-resectable liver metastases from neuroendocrine and
colorectal neoplasms can benefit from transplantation, when strict
selection criteria are respected [58,59]. This indication is particu-
larly important, in the context of LDLT, because these patients still

have no access to deceased-donor LT and because the absence of
portal hypertension permits the use of smaller left allografts safely.

In conclusion, A2ALDLT represents a major surgical and medi-
cal endeavor. Our small experience shows that living-donor hepa-
tectomy can be done safely. The recipient operation still presents
important morbidity, linked to biliary and vascular complications.
Continuous technical refinements are necessary to reduce as much
as possible recipient morbidity and mortality, in order to increase
LDLT applicability, especially in the Western world. LDIT is a
promising additive tool to the therapeutic armamentarium of the
transplant surgeon and is worth a place, especially, in the treat-
ment of primary hepatobiliary and secondary unresectable liver
tumors. The progressive shift, in our experience, from right- to
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left-liver grafting has to be considered in this context. The more
frequent combination of the smaller (left) liver graft (up to 0.6%
GRWR) use and both graft inflow and outflow modulation are re-
quired to optimize results and to make this procedure safe in both
donor and recipient. By doing so, LDLT will avoid interference with
the use of scarce deceased-donor allograft pool and will represent
a boost to transplant oncology.

Acknowledgment

We thank Prof. Aude Vanbuggenhout for her kind linguistic re-
vision.

Contributors

IS and LJ designed the study and drafted the article. IS, INME,
RJJM, RC and LJ collected and analyzed the data. IS, CO, BRE, CL,
GP and LJ critically revised the manuscript. All authors involved in
medical care and approved the final version. L] is the guarantor.

Funding
None.
Ethical approval

This study was approved by the Institutional Review Board of
the UCLouvain Faculty of medicine.

Competing interest

No benefits in any form have been received or will be received
from a commercial party related directly or indirectly to the sub-
ject of this article.

References

[1] 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;240:205-213.

[2] Dahm F, Georgiev P, Clavien PA. Small-for-size syndrome after partial liver
transplantation: definition, mechanisms of disease and clinical implications.
Am ] Transplant 2005;5:2605-2610.

[3] Ikegami T, Yoshizumi T, Sakata K, Uchiyama H, Harimoto N, Harada N,

et al. Left lobe living donor liver transplantation in adults: what is the safety

limit? Liver Transplant 2016;22:1666-1675.

Ikegami T, Shirabe K, Yoshizumi T, Aishima S, Taketomi YA, Soejima Y,

et al. Primary graft dysfunction after living donor liver transplantation is

characterized by delayed functional hyperbilirubinemia. Am ] Transplant
2012;12:1886-1897.

Hernandez-Alejandro R, Sharma H. Small-for-size syndrome in liver trans-

plantation: new horizons to cover with a good launchpad. Liver Transplant

2016;22:33-36.

Roll GR, Parekh JR, Parker WF, Siegler M, Pomfret EA, Ascher NL, et al. Left

hepatectomy versus right hepatectomy for living donor liver transplanta-

tion: shifting the risk from the donor to the recipient. Liver Transplant
2013;19:472-481.

Rossler F, Sapisochin G, Song G, Lin YH, Simpson MA, Hasegawa K, et al. Defin-

ing benchmarks for major liver surgery: a multicenter analysis of 5202 living

liver donors. Ann Surg 2016;264:492-500.

[8] Uemura T, Wada S, Kaido T, Mori A, Ogura Y, Yagi S, et al. How far can we
lower graft-to-recipient weight ratio for living donor liver transplantation un-
der modulation of portal venous pressure? Surgery 2016;159:1623-1630.

[9] Troisi RI, Berardi G, Tomassini F, Sainz-Barriga M. Graft inflow modulation in
adult-to-adult living donor liver transplantation: a systematic review. Transpl
Rev (Orlando) 2017;31:127-135.

[10] Lerut ], Mathys J, Verbaandert C, Talpe S, Ciccarelli O, Lemaire ],
et al. Tacrolimus monotherapy in liver transplantation: one-year results of
a prospective, randomized, double-blind, placebo-controlled study. Ann Surg
2008;248:956-967.

[11] Hashikura Y, Makuuchi M, Kawasaki S, Matsunami H, Ikegami T, Nakazawa Y,
et al. Successful living-related partial liver transplantation to an adult patient.
Lancet 1994;343:1233-1234.

[12] Gorgen A, Goldaracena N, Zhang W, Rosales R, Ghanekar A, Lilly L, et al. Sur-
gical complications after right hepatectomy for live liver donation: largest sin-
gle-center Western world experience. Semin Liver Dis 2018;38:134-144.

[4

[5

[6

[7

mb5G;March 4, 2019;17:11

[13] Pinheiro RS, Waisberg DR, Nacif LS, Rocha-Santos V, Arantes RM, Ducatti L,
et al. Living donor liver transplantation for hepatocellular cancer: an (almost)
exclusive Eastern procedure? Transl Gastroenterol Hepatol 2017;2:68.

[14] Suh KS, Suh SW, Lee JM, Choi Y, Yi NJ, Lee KW. Recent advancements in and
views on the donor operation in living donor liver transplantation: a single-
center study of 886 patients over 13 years. Liver Transplant 2015;21:329-338.

[15] Lee SG. A complete treatment of adult living donor liver transplantation: a
review of surgical technique and current challenges to expand indication of
patients. Am ] Transplant 2015;15:17-38.

[16] Jeon YM, Lee KW, Yi NJ, Lee JM, Hong G, Choi Y, et al. The right posterior
bile duct anatomy of the donor is important in biliary complications of the
recipients after living-donor liver transplantation. Ann Surg 2013;257:702-707.

[17] Uchiyama H, Shirabe K, Nakagawara H, Ikegami T, Toshima T, Soejima Y,
et al. Revisiting the safety of living liver donors by reassessing 441 donor
hepatectomies: is a larger hepatectomy complication-prone? Am ] Transplant
2014;14:367-374.

[18] Yoon JH, Lee JM, Suh KS, Lee KW, Yi NJ, Lee KB, et al. Combined use of MR
fat quantification and MR elastography in living liver donors: can it reduce the
need for preoperative liver biopsy? Radiology 2015;276:453-464.

[19] Simpson MA, Verbesey JE, Khettry U, Morin DS, Gordon FD, Burns DL,
et al. Successful algorithm for selective liver biopsy in the right hepatic lobe
live donor (RHLD). Am ] Transplant 2008;8:832-838.

[20] Doyle A, Adeyi O, Khalili K, Fischer S, Dib M, Goldaracena N, et al. Treatment
with Optifast reduces hepatic steatosis and increases candidacy rates for living
donor liver transplantation. Liver Transplant 2016;22:1295-12300.

[21] Kiuchi T, Kasahara M, Uryuhara K, Inomata Y, Uemoto S, Asonuma K, et al. Im-
pact of graft size mismatching on graft prognosis in liver transplantation from
living donors. Transplantation 1999;67:321-327.

[22] Man K, Fan ST, Lo CM, Liu CL, Fung PC, Liang TB, et al. Graft injury in relation
to graft size in right lobe live donor liver transplantation: a study of hepatic
sinusoidal injury in correlation with portal hemodynamics and intragraft gene
expression. Ann Surg 2003;237:256-264.

[23] Wu Y], Wang SH, Elsarawy AM, Chan YC, Chen CL, Cheng BC, et al. Pre-
diction of the development of persistent massive ascites after living
donor liver transplantation using a perioperative risk score. Transplantation
2018;102:e275-e281.

[24] Tkegami T, Shirabe K, Nakagawara H, Yoshizumi T, Toshima T, Soejima Y,
et al. Obstructing spontaneous major shunt vessels is mandatory to keep
adequate portal inflow in living-donor liver transplantation. Transplantation
2013;95:1270-1277.

[25] Yamada T, Tanaka K, Uryuhara K, Ito K, Takada Y, Uemoto S. Selective hemi-
portocaval shunt based on portal vein pressure for small-for-size graft in adult
living donor liver transplantation. Am ] Transplant 2008;8:847-853.

[26] Reddy MS, Rela M. Portosystemic collaterals in living donor liver transplanta-
tion: what is all the fuss about? Liver Transplant 2017;23:537-544.

[27] Fan ST, Lo CM, Liu CL, Wang WX, Wong ]. Safety and necessity of including
the middle hepatic vein in the right lobe graft in adult-to-adult live donor
liver transplantation. Ann Surg 2003;238:137-148.

[28] Rao HB, Prakash A, Sudhindran S, Venu RP. Biliary strictures complicating liv-
ing donor liver transplantation: problems, novel insights and solutions. World
] Gastroenterol 2018;24:2061-2072.

[29] Baker TB, Zimmerman MA, Goodrich NP, Samstein B, Pomfret EA, Pomposelli JJ,
et al. Biliary reconstructive techniques and associated anatomic variants in
adult living donor liver transplantations: the adult-to-adult living donor liver
transplantation cohort study experience. Liver Transplant 2017;23:1519-1530.

[30] Lin TS, Chen CL, Concejero AM, Yap AQ, Lin YH, Liu CY, et al. Early and
long-term results of routine microsurgical biliary reconstruction in living
donor liver transplantation. Liver Transplant 2013;19:207-214.

[31] Lin TS, Chen CL, Concejero AM, Yap AQ, Lin YH, Liu CY, et al. Section 9. Tech-
nical details of microsurgical biliary reconstruction in living donor liver trans-
plantation. Transplantation 2014;97:534-S36.

[32] Kim SH, Lee KW, Kim YK, Cho SY, Han SS, Park SJ. Tailored telescopic recon-
struction of the bile duct in living donor liver transplantation. Liver Transpl
2010;16:1069-1074.

[33] Uchiyama H, Shirabe K, Yoshizumi T, Ikegami T, Harimoto N, Itoh S, et al. Liv-
ing donor liver transplantation for intrahepatic arteriovenous fistula with hep-
atic artery reconstruction using the right gastroepiploic artery. Liver Transplant
2016;22:552-556.

[34] Chen CL, Concejero AM, Cheng YF. More than a quarter of a century of liver
transplantation in Kaohsiung Chang Gung Memorial Hospital. Clin Transpl
2011:213-221.

[35] Ikegami T, Yoshizumi T, Uchiyama H, Soejima Y, Harada N, Maehara Y. Hep-
atic artery reconstruction in living donor liver transplantation using surgical
loupes: achieving low rate of hepatic arterial thrombosis in 741 consecutive re-
cipients-tips and tricks to overcome the poor hepatic arterial flow. Liver Trans-
plant 2017;23:1081-1082.

[36] Takatsuki M, Chiang YC, Lin TS, Wang CC, Concejero A, Lin CC, et al. Anatomi-
cal and technical aspects of hepatic artery reconstruction in living donor liver
transplantation. Surgery 2006;140:824-829.

[37] Li PC, Thorat A, Jeng LB, Yang HR, Li ML, Yeh CC, et al. Hepatic artery
reconstruction in living donor liver transplantation using surgical loupes:
achieving low rate of hepatic arterial thrombosis in 741 consecutive recipi-
ents-tips and tricks to overcome the poor hepatic arterial flow. Liver Trans-
plant 2017;23:887-898.

[38] Uchiyama H, Shirabe K, Taketomi A, Soejima Y, Ninomiya M, Kayashima H,
et al. Extra-anatomical hepatic artery reconstruction in living donor liver



http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0001
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0001
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0001
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0001
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0005
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0005
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0005
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0015
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0015
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0016
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0016
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0016
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0016
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0016
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0016
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0016
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0016
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0032
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0032
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0032
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0032
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0032
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0032
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0032
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0033
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0033
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0033
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0033
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0033
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0033
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0033
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0033
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0034
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0034
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0034
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0034
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0035
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0035
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0035
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0035
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0035
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0035
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0035
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0036
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0036
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0036
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0036
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0036
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0036
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0036
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0036
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0037
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0037
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0037
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0037
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0037
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0037
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0037
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0037
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0038
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0038
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0038
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0038
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0038
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0038
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0038
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0038
https://doi.org/10.1016/j.hbpd.2019.02.007

ARTICLE IN PRESS

S. lesari, M.E. Inostroza Niifiez and J.M. Rico Juri et al./Hepatobiliary & Pancreatic Diseases International xxx (XXxx) Xxx n

JID: HBPD

transplantation: can this procedure save hepatic grafts? Liver Transplant
2010;16:1054-1061.

[39] Li WF, Lin TS, Chen CL, Concejero A, Wang SH, Lin CC, et al. Using ileocolic
artery for successful graft salvage in a recipient with hepatic artery throm-
bosis after living donor liver transplantation: case report. Transplant Proc
2012;44:581-582.

[40] Wang CC, Lin TS, Chen CL, Concejero AM, lyer SG, Chiang YC. Arterial recon-
struction in hepatic artery occlusions in adult living donor liver transplantation
using gastric vessels. Surgery 2008;143:686-690.

[41] Lin TS, Yang ]JC, Chen CL. Hepatic artery reconstruction using radial
artery interposition graft in living donor liver transplantation. Transpl Int
2013;26:e28-e30.

[42] lida T, Kaido T, Yagi S, Hori T, Uchida Y, Jobara K, et al. Hepatic arterial com-
plications in adult living donor liver transplant recipients: a single-center ex-
perience of 673 cases. Clin Transplant 2014;28:1025-1030.

[43] Lin TS, Chiang YC, Chen CL, Concejero AM, Cheng YF, Wang CC, et al. Intimal
dissection of the hepatic artery following transarterial embolization for hep-
atocellular carcinoma: an intraoperative problem in adult living donor liver
transplantation. Liver Transplant 2009;15:1553-1556.

[44] Guler N, Dayangac M, Yaprak O, Akyildiz M, Gunay Y, Taskesen F,
et al. Anatomical variations of donor portal vein in right lobe living
donor liver transplantation: the safe use of variant portal veins. Transpl Int
2013;26:1191-1197.

[45] Hwang S, Lee SG, Ahn CS, Kim KH, Moon DB, Ha TY, et al. Technique and
outcome of autologous portal Y-graft interposition for anomalous right portal
veins in living donor liver transplantation. Liver Transplant 2009;15:427-434.

[46] Hwang S, Ha TY, Ahn CS, Moon DB, Kim KH, Song GW, et al. Standardized
surgical techniques for adult living donor liver transplantation using a modi-
fied right lobe graft: a video presentation from bench to reperfusion. Korean J
Hepatobiliary Pancreat Surg 2016;20:97-101.

[47] Wang CC, Lopez-Valdes S, Lin TL, Yap A, Yong CC, Li WF, et al. Out-
comes of long storage times for cryopreserved vascular grafts in outflow re-
construction in living donor liver transplantation. Liver Transplant 2014;20:
173-181.

mb5G;March 4, 2019;17:11

[48] Fan ST, Lo CM, Liu CL. Technical refinement in adult-to-adult living donor liver
transplantation using right lobe graft. Ann Surg 2000;231:126-131.

[49] Aravinthan AD, Bruni SG, Doyle AC, Thein HH, Goldaracena N, Issachar A,
et al. Liver transplantation is a preferable alternative to palliative therapy for
selected patients with advanced hepatocellular carcinoma. Ann Surg Oncol
2017;24:1843-1851.

[50] Zamora-Valdes D, Heimbach JK. Liver transplant for cholangiocarcinoma. Gas-
troenterol Clin North Am 2018;47:267-280.

[51] DuBay D, Sandroussi C, Sandhu L, Cleary S, Guba M, Cattral MS, et al. Liver
transplantation for advanced hepatocellular carcinoma using poor tumor dif-
ferentiation on biopsy as an exclusion criterion. Ann Surg 2011;253:166-172.

[52] Sapisochin G, Bruix ]. Liver transplantation for hepatocellular carcinoma:
outcomes and novel surgical approaches. Nat Rev Gastroenterol Hepatol
2017;14:203-217.

[53] Lerut J, lesari S, Foguenne M, Lai Q. Hepatocellular cancer and recurrence after
liver transplantation: what about the impact of immunosuppression? Transl
Gastroenterol Hepatol 2017;2:80.

[54] Hagness M, Foss A, Line PD, Scholz T, Jorgensen PF, Fosby B, et al. Liver trans-
plantation for nonresectable liver metastases from colorectal cancer. Ann Surg
2013;257:800-806.

[55] Lai Q, Lerut JP. Hepatocellular cancer: how to expand safely inclusion criteria
for liver transplantation. Curr Opin Organ Transplant 2014;19:229-234.

[56] Lee KW, Suh SW, Choi Y, Jeong ], Yi NJ, Kim H, et al. Macrovascular invasion
is not an absolute contraindication for living donor liver transplantation. Liver
Transplant 2017;23:19-27.

[57] Lai Q, Vitale A, lesari S, Finkenstedt A, Mennini G, Spoletini G, et al. Intention-
to-treat survival benefit of liver transplantation in patients with hepatocellular
cancer. Hepatology 2017;66:1910-1919.

[58] Le Treut YP, Grégoire E, Klempnauer ], Belghiti ], Jouve E, Lerut ], et al. Liver
transplantation for neuroendocrine tumors in Europe-results and trends in pa-
tient selection: a 213-case European liver transplant registry study. Ann Surg
2013;257:807-815.

[59] Foss A, Lerut JP. Liver transplantation for metastatic liver malignancies. Curr
Opin Organ Transplant 2014;19:235-244.



http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0038
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0039
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0039
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0039
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0039
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0039
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0039
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0039
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0039
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0040
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0040
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0040
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0040
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0040
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0040
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0040
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0041
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0041
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0041
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0041
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0042
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0042
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0042
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0042
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0042
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0042
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0042
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0042
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0043
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0043
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0043
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0043
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0043
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0043
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0043
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0043
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0044
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0044
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0044
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0044
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0044
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0044
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0044
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0044
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0045
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0045
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0045
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0045
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0045
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0045
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0045
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0045
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0046
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0046
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0046
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0046
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0046
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0046
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0046
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0046
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0047
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0047
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0047
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0047
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0047
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0047
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0047
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0047
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0048
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0048
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0048
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0048
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0049
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0049
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0049
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0049
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0049
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0049
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0049
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0049
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0050
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0050
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0050
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0051
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0051
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0051
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0051
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0051
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0051
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0051
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0051
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0052
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0052
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0052
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0053
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0053
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0053
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0053
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0053
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0054
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0054
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0054
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0054
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0054
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0054
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0054
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0054
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0055
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0055
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0055
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0056
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0056
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0056
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0056
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0056
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0056
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0056
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0056
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0057
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0057
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0057
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0057
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0057
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0057
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0057
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0057
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0058
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0058
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0058
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0058
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0058
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0058
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0058
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0058
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0059
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0059
http://refhub.elsevier.com/S1499-3872(19)30035-9/sbref0059
https://doi.org/10.1016/j.hbpd.2019.02.007

	Adult-to-adult living-donor liver transplantation: The experience of the Université catholique de Louvain
	Introduction
	Methods
	Donor characteristics and procedure (Table 1)
	Recipient characteristics and procedure (Table 2)
	Statistical analysis

	Results
	The donor procedure
	The recipient procedure

	Discussion
	Acknowledgment
	Contributors
	Funding
	Ethical approval
	Competing interest
	References


