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Fig. 1 — Changes in EA level after LDLT in patients without
complications, depicted using box plots. Patients without
complications (n = 8) showed a gradual increase in the EA
level until between 5 and 7 POD from pre-LT, which
decreased gradually thereafter. The average EA level at
pre-LT and 1, 5, 7, 14, and 21 POD in these patients was
0.08, 0.16, 0.27, 0.28, 0.22, and 0.17, respectively. We
observed a significant difference between pre-LT and 5 or 7
POD (P = 0.015 and P = 0.006, respectively).

had higher EA levels all at times compared with those without
complications (Fig. 3B). The average period of hospitalization
for patients with an EA level of >0.20 before LDLT, and those
without complications, was 494 and 30.4 d after LDLT,

respectively. Patients with an EA level of >0.20 before LDLT
had a significantly longer period of hospitalization compared
with those without complications (P = 0.038).

4, Discussion

The EAA is capable of more rapid and high-sensitivity detec-
tion of Et compared with the LAL method. With the LAL
method, results take several days and are rarely positive.
Therefore, in cases of sepsis, which is a clinical state requiring
prompt action, the EAA has an important role in diagnoses
and treatment. In Europe and the United States, the EAA has
been approved by the Food and Drug Administrations based
on thorough demonstrations of its efficacy [8,9]. Clinical states
that cause high endotoxinemia mainly include infections
involving Gram-negative bacteria, and bacterial translocation.
The Et measurement focuses on the field of sepsis; its use has
rarely been reported in other fields [5].

Endotoxin is elevated by intestinal mucosal damage and
decreased liver function, which are associated with the Et
kinetics, and portosystemic shunt. Therefore, if the Et kinetics
can be ascertained at the time of low endotoxinemia, it may be
a useful index in fields other than that of sepsis, such as liver
failure or liver disease. Moreover, Et is processed by the
hepatic reticuloendothelial system (hepatic clearance), which
suggests the possibility that the Et kinetics may represent
a biological index that can be used to evaluate liver function
[1—3,10]. Endotoxin and cytokines are major factors that may
influence circulatory dynamics and ischemia reperfusion
injury in LT [4], and the Et kinetics during the perioperative
period of LT may be a biological index that sensitively reflects
changes in liver allograft function. Furthermore, through
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Fig. 2 — (A) Changes in EA level after LDLT in patients with infections, depicted using box plots. Patients with infections
{n = 6) showed a gradual increase in the EA level on 5 POD, which decreased gradually until 7 POD, increased gradually
again until 14 POD, then decreased gradually thereafter. The average EA level at pre-LT and 1, 5, 7, 14, and 21 POD in these
patients was 0.22, 0.24, 0.29, 0.21, 0.45, and 0.30, respectively. We observed a significant difference between 7 and 14 POD
(P = 0.029). (B) Changes in EA level after LDLT in patients with infections and without complications, depicted using box
plots. Patients with infections (n = 6) had significantly higher EA levels compared with those without complications (n = 8)
at pre-LT and 14 POD, respectively (P = 0.038 and 0.027, respectively).
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Fig. 3 — (A) Changes in EA level after LDLT in patients with an EA level of > 0.20 before LDLT, depicted using box plots.
Patients with an EA level of >0.20 before LDLT (n = 7) showed a decrease in the EA level at 1 POD, which increased
gradually until 5 POD, then decreased gradually thereafter. The average EA level at pre-LT and 1, 5, 7, 14, and 21 POD was
0.29, 0.20, 0.40, 0.33, 0.37, and 0.31, respectively. We observed no significant differences during the evaluation period. (B}
Changes in EA level after LDLT in patients with infections and without complications, depicted using box plots. We
compared patients with an EA level of >0.20 before LDLT (n = 7) with those without complications (n = 8) from pre-LT to 21
POD. Patients with an EA level of >0.20 before LDLT had higher EA levels all at times compared with patients without

complications.

measurement of the EA, rejection and infections can be
differentiated or predicted [S], allowing for earlier diagnosis
and treatment of such conditions. However, available data
regarding Et activity of the peripheral venous blood in post-
transplant patients are limited. The present study suggests
that the change in EA level after LDLT in patients without
complications (Fig. 1) is normal after LDLT. Patients without
complications showed a gradual increase in the EA level until
5—7 POD from pre-LT, which decreased gradually thereafter.
This may coincide with full recovery of graft liver function,
because the graft generally recovers at 1 wk after LT. There-
fore, if the EA level shows an increase compared with the
normal change in EA level after LT, it may indicate the pres-
ence of graft liver dysfunction.

In the present study, patients with infections had signifi-
cantly higher EA levels compared with those without infec-
tions both pre-LT and at 14 POD (P = 0.038 and 0.027) (Fig. 2B).
Patients with infection showed a significant increase in EA
levels from 7 to 14 POD. The period {(5-14 POD) when infec-
tions were diagnosed based on fever or positive culture
studies coincided with increased EA levels (Table 2). There-
fore, increased EA levels coincided with the period of infec-
tion. On the other hand, the average EA level of patients with
infections and without complications on pre-LT was 0.22 and
0.08, respectively (P = 0.038). It appears that a preoperative EA
level of >0.20 indicates a high risk of post-transplant infec-
tions. Moreover, the average period of hospitalization post-LT
in patients with a pre-LT EA level of >0.20 and without
complications was 49.4 and 30.4 hospital days post-LT,
respectively (P = 0.038). Therefore, a preoperative EA level of
>0.20 is a high risk factor for a prolonged period of

hospitalization post-LT, and may be a useful predictor of the
postoperative outcome.

5. Conclusion

A preoperative EA level of >0.20 is a high risk factor for post-
transplant infections and a prolonged period of hospitaliza-
tion. However, further investigations into the meaning of low
EA, as well as more LT cases, are necessary to validate our
findings and conclusion.
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Abstract

Background Hepatic artery complications (HAC) are a
serious complication in pediatric liver transplant recipients
because its incidence is high and it can occasionally lead to
graft liver failure. We herein present a retrospective analysis
of our [0-year experience with pediatric living donor liver
transplantation (LDLT) focusing on the risk factors and
treatments for HAC.

Methods  Between May 2001 and November 2011, 209
LDLTs were performed for 203 pediatric recipients. We
performed the multivariate analyses to identify the factors
associated with HAC and showed the therapeutic strategy
and outcome for HAC. ‘
Resuirs  The overall incidence of HAC was 7.2%, and the
araft survival of recipients with HAC was 73.3%. The mul-
tivariate analysis showed that the pediatric end-stage liver
disease score (220), post-transplant laparotomy except for
HAC treatment and extra-anatomical hepatic artery recon-
struction were independent risk factors for HAC (P =0.020,
P = 0.015 and P = 0.002. respectively). Eleven surgical
interventions and 13 endovascular interventions were per-
formed for 13 recipients with HAC. The serum aspartate
aminotransferase levels pre- and post-treatment for HAC
were significantly higher in the surgical group than in the
endovascular group (P =0.016 and P = (.022, respectively).
Conclusions 1t is important for recipients with risk factors
to maintain strict post-transplant management to help
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prevent HAC and detect it in earlier stages. Endovascular
intervention can be a less invasive method for treating HAC
than surgical intervention, and can be performed as an carly
treatment.

Endovascular intervention - Extra-anatomical
hepatic artery reconstruction - Hepatic arterial complica-
tions - Pediatric living donor liver transplantation -
Post-transplant laparotomy

Keywords

Introduction

Liver transplantation (LT) is an established curative therapy
for pediatric patients with end-stage liver disease or acute
liver failure. However, hepatic artery complications (HAC)
can be a serious complication in LT recipients. occasionally
leading to graft liver failure or even death. The cause of
HAC is muliifactorial, but is often related to kinking or
anastomotic stenosis as a result of the transplant surgery.
The reported incidence of HAC is 4.4%, being 3% in
children and 2.9% in adults [ 1]. The most likely explanation
for the higher incidence in pediatric recipients i1s the small
size of the vessels and the narrow abdominal cavity, which
create technical difficulties related to the vessel anastomosis
[2, 3]. The suggested risk factors for HAC after LT include
a low body weight, metabolic disease, re-LT, the use of
arterial conduits and variant arterial anatomy [1-3].
However, few studies have analyzed the risk factors for
HAC in pediatric recipients, and no consensus has yet been
reached. Therefore. in order to reduce the incidence of HAC
in pediatric recipients, it is important to clarify the risk
factors for HAC and to devise more suitable hepatic arterial
reconstruction methods.

Hepatic artery complications after pediatric LT is a
serious complication resulting in bile duct necrosis and
often requiring retransplantation. Therefore, an early
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diagnosis and treatment are essential. There are currently
two major therapeutic options for HAC: surgical and
endovascular interventions. Immediate surgical throm-
bectomy or thrombolysis has been reported to be a poten-
tially successful treatment for restoring the blood flow and
avoiding urgent retransplantation [4-6]. On the other hand,
endovascular interventions have emerged as an attractive
and less invasive alternative to surgical interventions in
recent years [7-14]. However, endovascular interventions
remain controversial in view of the potential risks of hem-
orrhage in the early postoperative period and uncertain
long-term patency. We have reported that endovascular
intervention in the carly postoperative period was safer and
less invasive than surgical intervention [9-11], and other
transplant surgeons have reported that endovascular inter-
ventions can lead to a successful mid-term patency [12-14].

In recent years, the number of classical hepatic artery
thrombosis cases has decreased because of the ability to
perform an early diagnosis and treatment by endovascular
interventions. Post-transplant complications associated with
the hepatic artery also include the compressive or spastic
artery hypoperfusion due to hematoma or abscess. There-
fore, we substituted the expression "HAC™ for “hepatic
artery thrombosis™ in this study.

We herein present a retrospective analysis of our {0-year
experience with pediatric living donor liver transplantation
(LDLT) at a single center in Japan. Special attention was
given to the analysis of the risk factors and treatments for
HAC in our series of 209 cases.

Patients and methods
Patients

Between May 2001 and November 2011, 209 LDLTs were
performed for 203 pediatric recipients with end-stage liver
discase or acute liver failure at the Department of Transplant
Surgery, Jichi Medical University, Japan. The demographic
data for the recipients and information on the grafts are
given in Table 1. All recipients or families of recipients were
informed about the study and their consent was obtained
before LDLT.

Surgical procedures for LDLT

The type of donor hepatectomy was determined according
to the recipient standard liver volume or body weight. If the
donor left lobe, as estimated using preoperative computed
tomographic volumetry, was less than 40% of the recipient
standard liver volume, a left plus caudate graft hepatectomy
or recipient splencctomy was performed. The donor biliary
anatomy was evaluated using either intraoperative repeated

-1562-

Table 1 Demographic data for recipients and grafis

Gender

Body weight (kg)

Age (months)

Original disease
(cirrhosis)

(Non-cirrhosis)

Graft type

Graft weight (g)

Male
Female

Biliary atresia

Alagille syndrome

Others®

Ornithine
transcarbamylase
deficiency

Graft liver failure

Fulminant hepatic
failure

Congenital extrahepatic
portosystemic shunt

Neonatal
hemochromatosis

Carbamoyl-phosphate
synthase | deficiency

Hepatoblastoma
11+ 111

I+ 1+ 1V

I+ +1H+1V
1

Reduced 11+ 11

79 (37.8%)
130 (62.2%)
9.8 (2.6-65.0)
19 (0-234)
153 (73.2%)
9 (4.3%)
9(4.3%)
16 (7.6%)

8 (3.8%)
G (2.9%)

4(1.9%)

2(1.0%)

[ (0.5%)

1(0.5%)
145 (69.4%)
44 (21.1%)
9 (4.3%)
7(3.3%)
4(1.9%)
245 (93-600)

GV/SLY (%)
GRWR (%)

74.6 (33.0-130.0)
2.4(0.7-4.3)

ABO blood type Identical 139 (66.5%)
Compatible 37 (17.7%)
Incompatible 33 (15.8%)

GRWR  graft-to-recipient  weight ratio, GV/SLV graft volume-to-
standard liver volume ratio

* Others: Wilson disease in three. liver cirrhosis in two, primary scle-
rosis cirrhosis in two, Byler disease in one, cystic fibrosis in one

real-time cholangiography or preoperative magnelic reso-
nance cholangiography. A routine donor graft hepatectomy
was performed using intraoperative ultrasonic guidance.
The donor hepatic artery without over-detachment was
transected using sharp scissors (Metzenbaum). After donor
left lobectomy, V3 or V8 reconstruction of the remnant liver
was performed using a donor intra-abdominal vein (e.g., the
ovarian vein) in patients with an enlarged V5 or V8. The
allograft was preserved with University of Wisconsin solu-
tion (Viaspan). If necessary, graft hepatic vein venoplasty
was performed on the back table. If the actual left lateral
segment resected was greater than 120% of the recipient
standard liver volume, an ex vivo partial reduction from the
distal side of the graft was performed. For neonatal recipi-
ents. we used a segment 2 monosegment graft, as reported
previously [15].
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Fig. 1 Hepatic arterial recon-
struction using a single clip
(a) or a double clip (b). LHA
left hepatic artery. RHA right
hepatic artery

Fig. 2 A typical anastomotic
field in hepatic arterial recon-
struction: the ventral location
of the portal vein anastomosis.
LHA left hepatic artery, PV
portal vein, RHA right hepatic
artery

For the recipient operation, a Mercedes-Benz or trans-
verse incisions were made, and total hepatectomy was
performed. The recipient hepatic artery without over-
detachment was transected in the location of the second
branch of the hepatic artery. In many infants, after total
hepatectomy. the recipient right. middle and left hepatic
veins were tormed into a single orifice, which wag then
anastomosed end-to-end to the graft left hepatic vein, and
the portal vein was reconstructed between the recipient right
or left portal vein branch patch and the graft left portal vein.
Hepatic artery reconstruction was performed using micro-
surgical techniques. Biliary reconstruction was performed
using a Roux-en-Y hepaticojejunostomy. Intraoperative
color Doppler ultrasonography was performed to assess the
blood flow velocity and pattern after vascular reconstruc-
tion, and during abdominal wall closure.

Hepatic arterial reconstruction

All of the hepatic artery reconstruction was performed using
interrupted 9-0 monofilament nylon (Keisei Medical Indus-
trial, Tokyo, Japan) sutures on the anterior and posterior
wall under a microscope. The recipients who underwent
LDLT between May 2001 and September 2008 underwent a
hepatic arterial reconstruction using a single clip (TKM-1,
Bear Medic Corporation, Tokyo, Japan) (Fig. la), and
the recipients who underwent LDLT from October 2008

Recipient LHA

onwards underwent a hepatic arterial reconstruction using a
double clip (TKM-2, Bear Medic Corporation) (Fig. 1b).
Almost all of the anastomotic fields used during the hepatic
arterial reconstruction were the ventral location of the portal
vein anastomosis (Fig. 2). but in a few cases, especially in
neonates, the field was the dorsal location of the portal vein
anastomosis (Fig. 3) because hepatic arterial reconstruction
would have been very difficult when the anastomotic posi-
tion was tangential or the anastomotic fields were narrow. In
the case of a graft hepatic artery with two orifices, after
reconstruction of the dominant graft drtery, if back flow was
observed from the remnant graft artery or all the intrahepatic
arterial flow was confirmed using intraoperative Doppler
ultrasonography, the reconstruction of the remnant graft
artery was not performed.

Immunosuppression therapy

Tacrolimus (Tac) and methylprednisolone (MP) were used
as the standard postoperative immunosuppression therapy.
The target trough level of Tac and MP was gradually
decreased. Mycophenolate mofetil was used when more
potent immunosuppression was required, for example, in
ABO-incompatible recipients older than 5 years, in patients
with steroid-resistant acute rejection episodes, and also in
patients with liver dysfunction after the cessation of MP
therapy.
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Ilig. 3 An atypical anastomotic (a)
field in hepatic arterial recon-
struction: the dorsal location of
the portal vein anastomosis,
which is especially common in
neonates. PV portal vein, RHA
right hepatic artery

Recipient PV

Posi-transplant management and
anticoagulation treatment

During the post-transplant period, we routinely performed
anticoagulation treatment and Doppler ultrasonography.
Anticoagulation treatment was started by using intravenous
dalteparin sodium (100 U/kg per day) from a few postop-
erative days (POD). When the hepatic arterial flow was
considered to be low, we increased the anticoagulation treat-
ment by increasing the dose of dalteparin sodium and/or
adding the intravenous administration of urokinase at a total
dose of 90,000~180,000 units/day. adjusted with reference
to the activated clotting time (target level: 180-200 s) and/or
the activated partial thromboplastin time (target level:
50--70 s). If hepatic arterial flow is sufficient, we usually
withdraw the anticoagulant treatment at POD 14,

In our department. the imaging surveillance methods
used for follow-up were Doppler ultrasonography and con-
trast enhanced computed tomography. Doppler ultrasono-
graphy was performed routinely twice per day until hospital
discharge, and thereafter at 1, 3, 5 and 9 months and then
every 6 months after LDLT. Contrast-enhanced computed
tomography was performed routinely at 2, 6 and 12 months
and then every 12 months after LT.

Diagnosis of HAC and therapeutic strategy for HAC

We considered the hepatic arterial flow to be low and sus-
pected the presence of HAC when the peak systolic velocity
was less than 20.0 cm/s or the resistive index was less than
0.6 just distal to the anastomosis site as revealed by Doppler
ultrasonography. Since December 2004,
transfemoral angiography has been carried out under
general anesthesia for the diagnosis and treatment of HAC
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Fig. 4 The therapeutic strategy used for hepatic artery complications
in our department

when the peak systolic velocity was less than 10.0 cm/s and
the resistive index was less than 0.5. When we diagnosed
HAC, we performed surgical and endovascular interven-
tions based on Figure 4.

If compressive or spastic artery hypoperfusion due to
hematoma or abscess were not suspected, we selected
endovascular interventions. We think the only exclusion cri-
terion should be such a compressive or spastic artory
hypoperfusion by a hematoma or abscess, and do not believe
that age is a contraindication. A 4 Fr sheath (Super sheath, 4
Fr, 10 cm; Medikit, Tokyo, Japan) was placed through the
femoral artery by cut-down or ultrasonography-guided
percutaneous puncture methods. An ultrasonography-
guided percutancous puncture method was carried out by
radiologists, and a cut-down method was performed by
transplant surgeons. We performed celiac arteriography
with a 4 Fr angio-catheter (Glidecath, 4 Fr, 70 cm; Cobra,
Terumo, Tokyo, Japan) and established a diagnosis of HAC.

If angiography revealed a decrease or disappearance of
arterial blood flow through the anastomotic site, the first

—-154-
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treatment was the intra-arterial administration of isosorbide
nitrate and/or urokinase (total dose 5,000-20,000 units,
adjusted according to the findings). Prior to beginning
endovascular interventions, the recipients received heparin
(5,000 units). When stenosis was subsequently noted at the
anastomotic site by angiography (the luminal diameter of
the hepatic artery decreased by more than 50%), we per-
formed balloon angioplasty using a balloon catheter. A
micro-guidewire (Silverspeed-10, 0.010 inch, 200 ¢cm; EV3,
Irvine, CA, USA) was first advanced into the graft left
hepatic artery, and then a microcatheter (Microferret-18,
24 Fr, 130cm; COOK, Bloomington, IN, USA) was
inserted along the micro-guidewire into the intrahepatic
artery. Balloon angioplasty was then performed using a
percutancous transluminal coronary angioplasty balloon
catheter. Until 2007, the Ryujin Plus balloon (2.4 Fr,
145 cm, semicompliant balloon; Terumo) was selected as
the balloon catheter. Since 2007, the IKAZUCHI-X balloon
(2.1 Fr, 130 ¢cm, semicompliant balloon: Kaneka, Osaka,
Japan), capable of passing through the lumen of the guide
catheter (an angio-catheter), has been used. The balloon size
was selected based on the diameter of the hepatic artery
distal to the stenosis. After balloon angioplasty, if the artery
contributed to have poor flow, we performed stent place-
ment using a metallic stent (MULTI-LINK MINI VISION
stent, bare metal, balloon expandable type; Abbott, Abbott
Park, IL, USA) or surgical interventions. Following stent
placement, antiplatelet medication (acetylsalicylic acid,
2 mg/kg per day) was administered to prevent thrombosis
for at least 3 months. The success of endovascular interven-
tions was defined as a peak systolic velocity more than
20.0 cn/s or a resistive index higher than 0.6.

If compressive or spastic artery hypoperfusion due to
hematoma or abscess was suspected, we selected surgical
interventions. In addition, based on our department policy. if
endovascular interventions were not possible or efficacious,
we did not hesitate to convert the procedure to a surgical
intervention. Surgical interventions were classified as
re-anastomosis by anastomotic site opening and anastomo-
sis, removal or drainage of hematoma or abscess under
laparotomy or surgical thrombectomy using a Fogarty
embolectomy catheter via another non-anastomotic hepatic
artery.

The one cause of HAC was an anastomotic stenosis duc
to either the surgical technique or anastomotic thrombosis
and kinking, and the other was compression or spasm due to
hematoma or abscess.

Statistical analysis

The significance of differences between two groups was
evaluated using the %’ test. Associations between the recipi-

Table 2 Demographic data for graft and recipient’s hepatic artery

Number of anastomosis One anastomaosis 195 (93.3%)

at LDLT Two anastomosis 14 (6.7%)
Total number of anastomosis 223
Diameter of graft hepatic 22£05

artery {mm)

Graft artery type Lha 183 (82.1%)
Accessory LHA 19 (8.5%)
Mha 10 (4.5%)
Others® 1 (4.9%)

Diameter of recipient hepatic 23+05

artery (mm)

Recipient hepatic artery type Rha 120 (53.8%)

Lha 51(22.9%)
Pha 10 (4.4%)
RHA (anterior) 7(3.1%)
RHA (posterior) 7(3.1%)
Branch patch® 7 (3.19%)

Mha 6(2.7%)
Accessory LHA 3(1.3%)
Interposition graft® 2(1.0%)

Cha 1(0.5%)
Ja 1 {0.5%)
Others! 8 (3.6%)

CHA common hepatic artery, GDA gastroduodenal artery, GEA
gastroepiploic artery, JA jejunal artery, LGA left gastric artery, LHA
left hepatic artery, MHA middle hepatic artery, PHA proper hepatic
artery, RHA right hepatic artery

“ Others; A2 in three, A3 in three, A4 in one, PHA in one, CHA in onc,
GDA in one. unknown in one

" Branch patch; PHA+GDA in one. RHA+MHA+GDA in one,
RHA+MHA+LHA in one, RHA+MHA in one. RHA (anterior) + RHA
(posterior) in one, A2+A3 in one

¢ Interposition graft; donor LGA in one, donor GEA in ane
¢ Others: unknown in eight

ent, graft, post-transplant complications or hepatic artery
variables and HAC were evaluated using the univariate and
backward selection multivariate Cox regression methods.
Graft survival was calculated by the Kaplan—Meier product-
limited method, and differences in survival between two
groups were then compared using the log-rank test. All
statistical analyses were performed using the StatView soft-
ware package (SAS Institute, Cary, NC. USA), and differ-
ences with values of P < 0.05 were considered to be
significant.

Results

The demographic data pertaining to the grafts and the recipi-
ent’s hepatic artery are presented in Table 2. Among the 209
LDLTs, 14 recipients underwent hepatic arterial reconstruc-
tion of two orifices, and therefore, a total of 223 hepatic
arterial reconstructions were included in this study.
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The overall incidence of HAC was 7.2% (15/209). The
impact of various recipient, graft, post-transplant complica-
tions and hepatic artery variables were assessed, and the
results are summarized in Table 3. The univariate analysis
showed that the body weight (<6 kg). number of LDLT
procedures (22), pediatric end-stage liver disease (PELD)
score (220), transfusion volume at LDLT (2100 ml/kyg),
post-transplant laparotomy except for HAC treatment and
extra-anatomical hepatic artery reconstruction were inde-
pendent risk factors for HAC (P = 0.022, P = 0.046, P =
0.001, P = 0.018 and P < 0.001, respectively). As shown in
Table 4, the multivariate analysis indicated that the PELD
score (220), post-transplant laparotomy except for HAC
treatment and extra-anatomical hepatic artery reconstruc-
tion were independent risk factors for HAC (P =0.020, P =
0.015 and P = 0.002, respectively).

The treatments and outcomes in the 15 recipients who
developed HAC are summarized in Table 5. The onset of
HAC was median POD 8 (ranged from POD 3 to POD 27).
Eleven surgical interventions and 13 endovascular interven-
tions were performed for the 15 recipients with HAC. The
surgical procedures for HAC were surgical thrombectomy
in six recipients, removal of hematoma or abscess in three,
and re-anastomosis in two recipients. The endovascular pro-
cedures for HAC were balloon angloplasty in 12 cases and
stent placement in one case. The causes of HAC were
anastomotic stenosis in 19 cases, spasm in three, and
kinking in two cases.

There was no graft loss due to HAC among the recipients
who underwent LDLT in our department. The graft survival
of recipients who did and did not develop HAC was 73.3%
(11/15) and 94.8% (184/194), respectively. The log-rank test
showed that the cumulative graft survival rate of recipients
without HAC was significantly higher than that of recipients
with HAC (P < 0.001; Fig. 5). The causes of graft loss were
death in eight recipients, hepatic vein stenosis in three,
recurrence of fulminant hepatitis in one, intrahepatic bile
duct stenosis due to antibody-mediated rejection associated
with ABO-incompatible LDLT in one, and primary non-
function in one recipient. The causes of death were
hemophagocytic syndrome in three recipients, bowel perfo-
ration in two, intracranial hemorrhage in one. Preumocystis
carinii pneumonia in one, and encephalitis of unknown eti-
ology in one patient.

The result of a comparison of the recipients who under-
went surgical and endovascular interventions for HAC are
shown in Table 6. The serum aspartate aminotransferase
{AST) levels pre~ and post-treatment for HAC were signifi-
cantly higher in the surgical intervention group than in the
endovascular intervention group (P = 0.016 and P = 0.022,
respectively). The recurrence rate of HAC and the post-
treatment biliary complication rate were not significantly
different, and the graft survival rate of the endovascular

Table 3 Rate of hepatic arterial complication (HAC) associated with
each general risk factor and surgical technique

Incidence of  P-value

HAC (%)

Recipient and graft variables

Age

<12 months (i1 = 06) vs. 212 months (7 = 143) 12,1 vs. 4.9 0.060
Body weight

<6 kg (n=13}) vs. 20 kg (n = 196) 23.0 vs. 6.1 0.022
Original disease

Non-cirthosis (2 = 38) vs. cirrhosis (n = 171) 105 vs. 6.4 0.377
Number of LDLT

22 (n=8)vs. 1 {n =201 25.0 vs. 0.5 0.046

PELD or MELD
220 (n =44y vs. <20 (0 = 163)
ABQ compatihility

18.2vs, 4.2 0.001

Incompatible (7 = 33) vs. others (n = 176) 6.1 vs. 7.4 0.787
GV/SLY
<40 % (n = 101 vs. 240 % (n = 199) 0.0 vs. 7.5 0.368

Graft type
Lateral segment graft (n = 145) vs. others (1 = 64) 4.7 vs. 8.3 (.354

Operation time

Z20h in=30) v8. <20 h (n = 173) 5.6 vs. 7.5 0.678
Cold ischemic time

220 (n=103) vs. <2 h (n = 106) 8.7 vs. 5.7 0.389
Warm ischemic time

2lhr (n=81) vs. <l hr (n=128) 8.6 vs. 6.3 0.514

Blood loss volume

2100 milkg (2= 69) vs. <100 ml/kg (n = 140y
Transfusion volume

2100 mifkg (= 92) vs. <100 mike (v = 117}

Post-transplant complications variables

101 ve. 3.7 0.243
120 vs. 3.4 0.018

Hepatic vein complications

Yes (=111 vs. No (n = 198) 18.0 va. 6.6 0.146
Porial vein complications

Yes (71 = 261 vs. No (2 = 183) IR 0.913
Biliary strictures

Yes (1= 33) vs. No (n = 174) 14.3 vs. 5.7 0.074
Intra-abdominal abscess

Yes (n = 14) vs. No (n = 195)
Post-transplant laparpiomy except for HAC trearment

Yes (1= 19) vs. No (s = 190)

Acute cellular rejection

143 vs, 6.7 4.286

26.3 vs. 5.3 <0.004
Yes (2 = 86) vs. No (n = 123) 7.0vs, 7.3 0.924
Cytomegalovirus infection
Yes (= 723 vs. No (n = 137)
Post-transplant lymphoproliferative disorder
230 1U (n = 49) vs. <30 TU (7 = 40)

Hepatic artery variables

5.6 vs. 8.0 0.511

0.0vs. 7.3 0.575

Number of anastomosis
Two unastomosis (7 = 14) v, one anastomosis 0.0 vs. 7.7 0.281
(n=193)
Diameter of artery
<2.0 mm (» = 57) vs. 22.0 min (n = 152) 8.8 vs. 6.6 0.585
Anastomotic technique
66.7 vs. 6.6

Extra-anatomical reconstruction (i = 3) <0.001

vs. anatomical (7 = 200)*

GV/SLY ratio of gralt volume to standard liver volume, HAC hepatic artery
complications, LDLT living donor liver transplantation. MELD maodel for end-
stage liver disease. PELD pediawric end-stage Jiver disease

* Exta-anatomical reconstruction: hepatic arterial reconstruction using an inter-
position graft and the recipient jejonal artery
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Table 4 Risk factors for hepatic artery complication (HAC) afier
living donor liver transplantation (LDLT): multivariate analysis

Variables Odds 95% C1 P-value
ratio
Body weight
<6 kg vs. 26 kg 3.05  0.53-17.43 0.211
Number of LDLT
22 vs. | 370 044-31.23 0.229
PELD or MELD
220 vs. <20 4.78 1.27-17.96 0.020
Transfusion volume
=100 ml/kg vs. <100 mltkg 119 0.30-4.82 0.805
Post-transplant laparotomy
except for HAC (reatment
Yes vs. No 5.78 1.41-23.66 0.015
Hepatic artery anastomotic
technique
Extra-anatomical 70.67  4.60-1,085.22  0.002

reconstruction
vs. anatomical

Ci confidence interval, HAC hepatic artery complications, LDLT living
donor liver transplantation, MELD model for end-stage liver disease,
PELD pediatric end-stage liver disease

intervention group was significantly higher than that of the
surgical intervention group (P = 0.029).

Discussion

Hepatic artery complications can still occur after LT, despite
the recent improvements and innovations in surgical tech-
niques | 16]. and it can occasionally lead to graft liver failure
or even death. However, few studies have analyzed the risk
factors for HAC in pediatric recipients, and no consensus
has yet been reached. Most of the previous studies of the risk
factors for HAC in children have included only a small
number of cases. but the available data indicate that there is
a high degree of HAC-related morbidity in pediatric LT
cases. Therefore, in any investigation of the risk factors for
HAC, the total number of pediatric cases examined must be
considered. In the present study, we investigated a much
larger number of pediatric cases after LDLT in comparison
with the reports from other pediatric LDLT facilities.

The causes of HAC are multifactorial, but in pediatric LT
recipients, HAC is often related to the techniques used in
transplant surgery [1-3]. Although LT in small infants yields
similar outcomes to those in older recipients [3, 17. 18], it is
more challenging technically because of the smaller vascu-
lar structures. Additionally, pediatric LDLT is associated
with problems of vessel size mismatch between the pediatric
recipients and adult donors, as well as technical difficulties
arising from insufficient vascular pedicles for reconstruc-
tion. The vessels of pediairic recipients with metabolic

HAC (-

HAG (+)

* Log-rank test
40 = P<(.001

Graft survival

T

¢ 20 40 80 80

7 T T

100 120 140 160 months

Postoperative months

Fig. 5 The graft survival of the recipients with and without hepatic
arterial complication (HAC). The log-rank test showed that the accu-
mulated graft survival rate of recipients without HAC was significantly
higher than that of recipients with HAC (P < 0.001)

disease, or those of neonatal recipients. are weaker and
thinner than those of pediatric recipients with cirrhotic
disease. Furthermore, pediatric LDLT is associated with
problems related to the size mismatch between the graft and
the small abdominal cavity of the recipient, accompanied by
technical difficulties arising from the anastomotic field used
for reconstruction. Consequently. recipients with a low body
weight undergoing LDLT are at an increased risk of devel-
oping HAC. However, in the present study, low body weight
and non-cirrhotic disease were not significant risk factors
associated with the development of HAC. This supports the
effectiveness of the selection of the recipient’s hepatic artery
and anastomotic field used in our surgical technique. We
think that, for a small vessel diameter and narrow abdominal
cavity, such as those in neonates, it is effective to perform
the reconstruction using the branch patch technique and to
keep the anastomotic field in the dorsal location of the portal
vein anastomosis (Fig. 3).

Primary LT was associated with a HAC incidence of
1.6%, which increased to 4.8% and 12.5% for the second
and the third LT, respectively [3]. When re-LT becomes
necessary, hepatic arterial reconstruction can be extremely
difficult because of the presence of severe inflammation
around the native hepatic artery and the lack of an adequate
artery for reconstruction. Frequently, the native recipient
hepatic artery is in poor condition, requiring the use of an
alternative as an extra-anatomical hepatic artery. In such
cases, the recipient splenic artery, right gastroepiploic
artery, or jejunal artery of the Roux-en-Y limb can be used
safely for hepatic arterial reconstruction {9, 19-23]. On the
other hand, hepatic arterial reconstruction using an interpo-
sition graft can be selected when the native recipient artery
around the hepatic arterial anastomotic position cannot be
used [24-26]. However, there are strong arguments suggest-
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Table 5 Treatment and outcome of recipients with hepatic artery complications (HAC)

Case  Original Age {months))  PELD  Post-transplant Extra-anatomical Onset of Cause of HAC Trealment for HAC Outcome of Recipient outcome
discase sex/BW (kg SCOTe laparatomy reconstruction HAC (podh treatment
before treatment
of HAC
| BA 10/F/8.1 250 + - Q Anastomotic stenosis Re-anastomosis using Success Alive (POM137)
interposition graft (donor left
RA)
2 AD 20/F7.9 241 + - 16 Anastomotic stenosis Re-nnastomosis Success (NASY Graft loss due to TIVS (POMI1)
3 BA 12/F/6.3 29.5 - - 17 Compression due Removal of hematoma Suceess Dead due to bowel perforation
to hematoma {POD48)
24 Spasm due 1o abscess Removal of abscess Success
4 BA 3PS 8.7 - - 8 Anastomotic stenasis Surgical thrambectomy Success Alive (POMI13 D)
5 BA 26/F/12.6 8.5 - - 5 Anastomotic stenosis Surgical thrombectomy Suceess Graft loss duc to HVS (POD25)
[§) FHEF G2IMI63 .z - - 5 Anastomotic stenosis Surgical thrombectomy Success (NAS) Dead due o HPS (PODEO)
7 BA 8/M76.8 254 - - 5 Anastomotic stenosis Surgical thrombeciomy Recurrence Alive (POM107)
8 Anastomotiv stenosis Endovascular balloon angioplasty Success
8 BA 14/517.5 4.4 . - 3 Anastomotic stenosis Surgical thrombectomy Recurrence Alive (POM101)
3 Anastomotic stenosis Endovascular balloon angioplasty  Recurrence
10 Anastomotic stenosis Endovascular balloon angioplasty  Suceess (NAS)
9 BA 107F/6.5 8.0 - Tnterposition 4 Anastomotic stenosis Endovascular balloon angioplasty Recurrence Alive (POMY9)
graft using
donor GEA
7 Anasiomotic stehosis Endovascular batloon angioplasty Recurrence
17 Anastomotic stenosis Endovascular balloon angioplasty Success (NAS)
10 BA OF/7.5 37.3 - - 6 Anastomotic stenosis Endovascular balloon angioplasty Failure Alive (POM72)
7 Anastomotic stenosis Bndovascular balloon angioplasty Success
under Japarotomy
BA SIF/5.8 19.8 + - 8 Anastomotic stenosis Endovascular balloon angioplasty  Suceess (NAS) Alive (POM45)
2 NH O/F/2.6 226 ~ - 4 Anastomotic stenosis Enclovascnlar balloon angioplasty  Recurrence Alive (POM44)
27 Anastomotic stenosis Endovascular balloon angioplasty  Success
13 BA 6/MI6.7 26.0 - - 3 Anastomatic stenosis Endovascular balloon angioplasty Success Alive (POM40)
14 Graft liver 3TRA0.7 141 - Anastomosis using 8 Anastomotic stenosis Endovascular balloon angioplasty Recurrence Alive (POM40)
failure JA of RY jejunum duc to kinking
9 Anastomotic stenosis Endovascular stent placement Success
due 1o kinking
15 1L.C 11/F/3.1 279 + - 5 Compression due Removal of hematoma Success Alive (POM24)

o hematoma

AD Alagille syndrome, BA biliary atresia, BW body weight. FHF fulminant hepatic [ailure. GEA gastroepiploic artery, HPS hemophagocytic syndrome, HVS hepatic vein stenosis. JA jejunal artery, L liver cirthosis, NAS non-anastomotic
biliary stricture, NH neonatal hemochromatosis. PELD pediatric end-stage liver discase, POD postoperative day, POM postoperative month. R4 radial artery, RY Roux-en-Y

se—selee (C1(7) 10§ 1BAIOURY Atvirqoredaly ¢
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Table 6 Comparisons of recipients who underwent surgical and endovascular interventions for hepatic artery complications (HAC)

Variables Surgical interventions Endovascular interventions P-value

(n=8: Il times) (n="7 13 times)

Age at LDLT (months) 16 (9-62) 8 (0=-37) 0.073
Body weight at LDLT (kg) 8.0 (3.1-16.0) 6.7 (2.6-10.7) 0.118
PELD score 24.6 (8.5-37.3) 19.8 (4.4-26.0) 0.355
Extra-anatomical HA reconstruction (%) 0.0 28.6 0.104
Post-transplant laparotomy (%) 37.5 143 0.310
Onset of HAC (POD) 7 (3-24) 8 (3-27) 0.931
Pre-HAC treatment AST (1U/) 138 (65-2,065) 66 (23-667) 0.016
Pre-HAC weatment ALT (1U/1) 405 (108-1,382) 255 (86-1,376) 0.125
Post-HAC treatment AST (1U/]) 710 (73-2,160) 66 (24-1.,107) 0.022
Post-HAC treaument ALT (1U/1) 817 (186~2.720) 301 (78-1,797) 0.064
Recurrence rate of HAC (%) 18.2 46.2 0.147
Post-HAC trearment biliary complications (%) 25.0 42.9 0.464
Post-HAC weatment graft survival rate (%) 50.0 100.0 0.029
Post-HAC treatment recipient survival rate (%) 75. 100.0 0.155

ALT alanine amino transferase, AST aspartate amino transferase, HA4 hepatic artery, LDLT living donor liver transplantation, PELD pediatric

end-stage liver disease, POD postoperative day

ing that use of an arterial conduit is a risk factor for HAC
[3]. Hepatic arterial reconstruction using an interposition
graft necessitates two micro-vascular anastomoses, increas-
ing the complexity and duration of the procedure, and
increasing the risk of HAC [24-26]. Thus, hepatic arterial
reconstruction using an interposition graft should be
avoided whenever possible. In the present study, both
re-LDLT and the use of an interposition graft were signifi-
cant risk factors for HAC. thus confirming the importance of
the appropriate selection of the recipient’s hepatic artery
during re-LT.

An early diagnosis and treatment for HAC after pediatric
LDLT are essential, and there are currently two major thera-
peutic options for HAC: surgical and endovascular interven-
tions. Endovascular interventions have emerged as an
attractive and less invasive alterpative to surgical interven-
tions in recent years [7—14]. However, endovascular inter-
ventions remain controversial in view of the potential risks
of hemorrhage in the early postoperative period and their
uncertain long-term patency. We have reporied that
endovascular interventions in the early postoperative period
were safer and less invasive than surgical interventions
[9-11], and other transplant surgeons have reported that
endovascular interventions can lead to a successful mid-
term patency [12-14]. Endovascular interventions can be
used for both the early diagnosis and treatment for HAC,
because percutaneous transfemoral angiography can be
carried out more easily than laparotomy, and endovascular
interventions can be carried out immediately. Therefore,
endovascular interventions have been the first choice for the
treatment of HAC at our department since December 2004.
We believe that the only exclusion criterion should be the

presence of compressive or spastic artery hypoperfusion due
to hematoma or abscess, and that age should not be consid-
ered a contraindication.

In the present study, the serum AST levels pre- and post-
treatment for HAC were significantly higher in the surgical
intervention group than in the endovascular intervention
group (P =0.016 and P = 0.022, respectively). This is likely
because endovascular interventions are more protective for
the graft than surgical interventions. The cumulative graft
survival rate of recipients without HAC was significantly
higher than that of recipients with HAC (P < 0.001; Fig. 5).
However, HAC did not lead to the loss of any grafts in our
cases. On the other hand, the graft survival rate of the
endovascular intervention group was significantly higher
than that of the surgical intervention group (P = 0.029:
Table 6). Therefore, endovascular interventions may make a
more significant contribution to the protection actions of the
araft liver and prevention of life-threatening post-transplant
complications than do surgical interventions, likely because
it allows for earlier treatment of HAC. Our present experi-
ence supports the effectiveness of endovascular interven-
tions for HAC: however, both further accumulation of cases
and long-term observation of cases are needed to confirm
our present findings.

In conclusion, it is possible to perform LDLT safely by
ensuring the appropriate selection of the recipient’s hepatic
artery and anastomotic field, even in pediatric recipients
with a high risk of HAC. In addition, it is important for
recipients with a PELD score 2 20, post-transplant lapa-
rotomy except for HAC treatment and with extra-anatomical
hepatic artery reconstruction to receive strict posi-transplant
management to monitor them for the development of HAC
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and to help prevent HAC, such as by providing stronger
anticoagulation treatment and more frequent Doppler
ultrasonography examinations. It is possible to prevent graft
loss by ensuring an early diagnosis and providing adequate
treatment. When HAC is suspected after LDLT, endovas-
cular intervention can be a less invasive method for treating
HAC than surgical intervention, and can be performed as an
carly treatment,
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