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Hepatocyte Transplantation Using a Living Donor
Reduced Graft in a Baby With Ornithine
Transcarbamylase Deficiency: A Novel
Source of Hepatocytes

Received October 29, 2013; accepted November 17, 2013.

TO THE EDITORS:

We performed hepatocyte transplantation (HT) in an
1ll-day-old infant with ornithine transcarbamylase
deficiency (OTCD). We used cryopreserved hepatocytes
prepared from remnant liver tissue, a byproduct of a
hyper-reduced lefL lateral segment from living donor
liver transplantation (LDLT). The patlent exhibited
hypothermia, drowsiness, and apnea at 3 days of age:
these symploms were accompanied by hyperammone-
mia (1940 ug/dL at maximurm), although there were
no abnormalities at birth or an obvious family history
(Fig. 1). Further examinations confirmed that the
hyperammonemia was the result of OTCD. Multimo-
dal treatments, including alimentotherapy, medica-
Hons, and continuous hemodiafiliration (CHDF), did
not improve the patient's clinical state, and severe
hyperammonemia attacks recurred. Because of the
palient’s small body size {2550 g} and the lack of an
available liver donor, HT was indicated. Hepatocytes
of the same blood type were chosen from an institu-
tHonal repository of cryopreserved hepatocyles pre-
pared from the remnant tissue of segment III from
unrelated living donors. Thawed hepalocytes were
transplanted twice at 11 and 14 days of age with a
double-lumen catheter inserted into the left portal
vein via the umbilical vein {Fig. 2). The amounts of
transplanted hepalocytes were 7.4 X 107 and 6.6 X
107 cells/body, and the viability rates were 89.1%
and 82.6%, respectively. The portal flow was kept sta-
ble at greater than 10 mL/kg/minute. and the pres-
sure was maintained at less than 20 mm Hg during
and after HT. The immunosuppressive treatment fol-
lowed the same protocol used for LDLT with tacroli-
mus and low-dose steroids.’ The patlent was weaned
from CHDF and the ventilator at 26 and 30 days of
age, respectively, with a stable serum ammonta level

of 40 ug/dL. The patienl was ultimately discharged 56
days after HT. During the 3 months of follow-up, the
baby did well with protein restriction (2 g/kg/dayl,
medicalion for OTCD. and immunosuppression. No
neurological sequelae related io hyperammonemia
have been observed so far (Fig. 1).

DISCUSSION

For children with metabolic liver disease, HT is indi-
cated as an alternative or bridge to liver transplanta-
tion,? HT is less invastve than liver transplantation
and can be performed repeatedly. Limitations 1o the
widespread application of HT include the poor avail-
ability of hepatocytes. Therelore, it {s important to
find new sources of high-quality hepatocytes. We pre-
viously prepared a repository of hepatocytes obtained
from remnant liver fissue, a byproduct of hyper-
reduced left lateral segmentectomy in LDLT.!

The cell donor was an unrelated volunteer with the
same blood type whe had previously undergone
hyper-reduced left lateral segmentectomy. The main
unit of segment II was used as a monosegmental liver
graft for the primary recipient with end-stage liver dis-
ease, and the remnant was used to isolate hepato-
cytes with fully informed consent. The hepatocytes
were isolated according to ithe collagenase perfusion
method, as described elsewhere,® with Liberase MTF
C/T GMP grade (Roche). All procedures were per-
formed at our cell processing center according to a
strictly controlled protocol based on good manufac-
turing practices. The total number of transplanted live
hepatocytes was 1.4 X 10% cells/body; the ammonia
removal rate was more than 200 fmol/cell/hour
(203.4_and 265.4 finol/cell/hour with the first and
second injections, respectively). The dose was judged
to be sufficlently high to obtain therapeutic effective-
ness according to our theoretical background.*
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Figure, 1. Trealinent schedule {top) and patient condlitfon (bottom). The changes with time for blood ammonta and blood wrea nitrogen
are shown. The baby was delivered vaginally as a first child, At 3 days ol age, hypothermia, low oxygen saturation, and, finally, respira-
tory arrest ocewrred, The patient was incubated and given artiflcial respiration. Concurrently, hyperammoncia (1940 ug/dL) was found,
and contbuous hemodiafiltration (CHDF) was started in additlon to allimentotherapy {protein withdrawal) and medications. Whenever
the administration of esseatial anino aclds was restarted, the blood ammonia level became elevated, and at 9 days of age, despite the
suspension of essential amino acld acministration, the level increased up to 434 pg/dL. At 11 days of age, HT was performed for the first
thne, and it was performed for the second thne al 14 days of age. Afler HT, amino acld intalce was restarted along with the continuation:
of multimodal treatments, and blood ammonia was controlled well except for episodic fnereases. The patient was weaned from CHDF
and the ventilator at 26 and 30 days of age. respectively, and the patient was ultimately discharged 56 days aflter HT.

Pgure, 2. Hepatocytes transplanted during the first injection.
The cells showed a glazed and firn surface, The bar indicates 60
P

Because liver transplantation is approved as a treat-
menl for end-stage hepatic failure, donor livers are
preferentially allocated for organ transplantation and
not. for hepatocyte isolation. On rare occasions, the
lack of appropriate donor-recipient maiching (eg,
infant donor livers) provides good-quality hepato-
cytes.” Fetal livers are also considered to be an alter-
native cell source, although ethical issues remain to
be resolved. Al present, we have little choice but to
use marginal donor tissues, such as livers obtained

from donors after cardiac death and organs with stea-
tosis, fibrosis, or a long ischemia time. However, there
are unfavorable Issues related to the use ol marginal
donors, including low viability and vulnerability to
cryopreservation. In this respect, the remnant liver
tissue of hyper-reduction procedures used in LDLT
has the same quality as that of left lateral segment
grafts. As for availability, there are 5 cases of hyper-
reduction per year at our institution on average.® The
use of remnant liver tissues obtained from hyper-
reduced LDLT procedures will, therefore, help to
address the shortage of hepatocyte donors, .
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When BA patients with end-stage liver dysfunction have bowel obstruction, especially strangulated internal
hernia, selecting optimal surgical therapeutic options is crucial.

An 11-month-old female with end-stage biliary atresia (BA) was admitted for a strangulated internal hernia at
the Roux-en Y limb and frequent episodes of gastrointestinal bleeding requiring blood transfusion. She was
scheduled within a month to recelve a portion of the liver from her blood-type Identical mother. Despite inten-
slve care, her clinical condition obviously needed a prompt surgical intervention. The operative findings at lap-
arotomy revealed exudative moderate ascites and a dilated and ischemic afferent loop that was strangulated
by a band extending from the mesentery to the transverse mesocolon. The attachment of the band was re-
leased, and gangrenous changes were recognized in the incarcerated bowel, although there were no obvious
findings of intestinal perforation, After the gangrenous afferent loop was resected, the remnant afferent loop
was too short to anastomose again. Following these procedures, as the patient's vital signs remained stable,
we decided to simultaneously perform living donor liver transplantation (LDLT). She successfully underwent
LDLT and her post-transplant course was uneventful,

When faced with candidates for LT as an urgent life-saving surgery, determining whether LDLT should be per-
formed simultaneously during perioperativé management is necessary to save the life of the patient.

Liver Transplantation » Biliary Atresia # Living Donor Liver Transplantation » Strangulated Hernia
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Background

Postoperative bowel obstruction continues to be the most com-
mon complication after laparotomy [1]. Strangulated internal
hernia is a lethal condition that can lead to gangrene of the
small bowel, with septic shock if not appropriately treated in
time {2], Biliary atresia {BA) is a leading indication for pediatric
liver transplantation (LT}, and patients with BA who undergo
portoenterostomy after birth have a risk of bowe! obstruction
[3]. The need for relaparotomy for bowel obstruction is report-
ed in approximately 10% of patients who undergo portoenter-
ostomy [4]. When BA patients with end-stage liver dysfunction
have bowel obstruction, especially strangulated internal her-
nia, selecting optimal surgical therapeutic options is crucial,

We herein present the case of a patient with BA complicated

by a strangulated internal hernia at the Roux-en Y imb who
successfully underwent LDLT.

Case Report

An 11-month-old female weighing 6.7 kg was transferred to
out institute with disordered consciousness requiring intuba-
tion due to gastrointestinal bleeding. At 5 months of age, the
patient was diagnosed with BA and portoenterostomy was
performed at a local hospital. However, her clinical condition
had not improved, and she exhibited growth failure (weight
z-score:-2.1) and frequent episodes of gastrointestinal bleed-
ing requiring blood transfusions, with a pediatric end-stage
liver disease score of 17 [5]. The patient was referred to our
institute with an indication for LT, which was scheduled with-
in a month by receiving a portion of the liver from her blood-
type Identical mother.

The patient was admitted to the emergency room due to ab-
dominal distension. Enhanced computed tomography (CT)
demonstrated dilated loops of intestine with wall thicken-
ing suspicious of bowel obstruction at the Roux-en Y limb. CT
also revealed parrowing of the portal venous trunk with de-
veloped collateral vessels (Figure 1). Abdominal Doppler ultra-
sound revealed a decreased portal venous flow and an accel-

erated hepatic arterial flow in the hilum of the liver. Over the
course of the next 6 hours, despite the administration of gas-
trointestinal decompression using a nasogastric tube, the pa-
tient’s abdominal distension worsened, with ascites formation
and further progression of dilated intestines. Therefore, the
patient’s clinical condition required prompt surgical interven-
tion. A pre-operatively laboratory evaluation showed total se-
rum bilirubln 7.25 mg/dl, aspirate aminotransferase 95 1U/],
alanine aminotransferase 51 IU/|, albumin 3.0 g/dl, and inter-
national normalized ratio of prothrombin time 1.24. Because
the patient’s mother had been assessed to become a living

ving donar ﬂver tranf.p;anxatmn

frgure 1. Enhanced abdominal computed tomography
demonstrated dilated lodps of intestine with
wall thickening at the Roux-Limb {white arrow)
and narrowing of the portal venous trunk (white
arrowhead).

Figure 2, The operative findings at laparotomy revealed a dilated
and ischemic afferent loop that was strangulated by a
band (white arrow) extending from the mesentery to
the transverse mesocolon.

donor without any medical problems, LDLT was considered as
a surgical option.

The operative findings at laparotomy revealed exudative mod-
erate ascites and a dilated and ischemic afferent loop that was -
strangulated by a band extending from the mesentery to the
transverse mesocolon (Figure 2). The attachment of the band
was released, and gangrenous changes were recognized in
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the incarcerated bowel, although there were no obvious find-
ings of intestinal perforation. After the gangrenous afferent
loop was resected, the remnant afferent loop was too short
to anastomose again. Following these procedures, because
the patient’s vital signs remained- stable, we declded to si-
multaneously perform LDLT. A liver graft left sector, weighing
256 g, reptesenting 3.82% of the graft-to-recipient weight ra-
tio, was procured. The operation employed a standard LDLT
technique, and portal vein anastomosis was performed with
the branch patch technique, because a sufficient hepatope-
tal flow was obtained following devascularization of the col-
lateral vessels. The operation lasted 8 hours and 25 minutes,
with a blood loss of 73.5 ml/kg. The explanted liver showed
marked cholestasis with intrahepatic bile duct proliferation,
fibrosis, and cirrhosis, which were consistent with extrahe-
patic biliary atresia. Immunosuppressive treatment was initi-
ated with tacrolimus and low-dose steroids. As the presence
of Streptocaccus oralis in a blood culture collected at the time
of admission was confirmed on postoperative day 2, antimi-
crobial therapy with vancomycin and piperacillin-tazobactam
was therefore cautiously continued for 10 days after LDLT. The
patient’s postoperative course was uneventful, except for an
episode of a graft rejection, and she was discharged on post-
operative day 42 without any surgical complications. She was
found to be doing well 1 year after the LDLT.

Discussion

The present patient developed several medical problems be-
fore undergoing LDLT, which complicated our decision-making
regarding the optimal surgical therapeutic options; specifical-
ly, whether LDLT should be performed simultaneously. The pa-
tient's primary medical problem was deterioration in the liver
function, which resulted in poor portal flow, gastrointestinal
bleeding, and malnutrition. Long-term fasting for LDLT because
of gastrointestinal bleeding is too invasive for unstable patients
and can result in a high mortality rate [6}, Post-transplant im-
munosuppression, as well as preoperative malnutrition, can
increase the risk of bacterial infection following LDLT [7]. On
the other hand, in the operative findings at laparotomy, the
entire afferent loop had become gangrenous. In this situation,
external biliary drainage through the previous Roux-en Y limb
with or without resection of the gangrenous intestines and
redo hepatic portoenterostomy were considered as the other
therapeutic option. However, the possibility of bacterial trans-
location from the gangrenous intestines was high enough to
trigger sepsis and there is a high complication rate after redo
hepatic portoenterostomy under such severe end-stage liver
disease (ESLD). Moreover, among patients with a strangulat-
ing obstruction, intestinal perforation can occur more readily
and severely in those with ESLD [8]. In the present case, the
patient’s vital signs were stable during surgery, and there were

no findings of intestinal perforation; therefore, LDLT was per-
formed simultaneously rather than at a second surgery, with
careful consideration of the patient’s chances for survival be-
tween these 2 therapeutic surgeries. Because the patlent’s
mother had been assessed to become a living donor without
any medical problems, LDLT was considered to achieve timely
surgical Intervention in this case; nevertheless, other types of
surgical Intervention should have heen considered. Regarding
infection control after LDLT, unfortunately, our patient had a
positive blood culture collected before LDLT. However, the pa-
tient did not have any infectious complications after the proce-
dure due to the administration of appropriate antibiotic thera-
py proposed by infectious disease specialists. For such unstable
patients with immunosuppression, daily consultations with

" Infectious disease specialists are crucial. Moreover, bacterial

cultures should be performed promptly when any suspicious
signs of infectious disease are detected, at which time appro-
priate antibiotic therapy must be initiated.

Previous studies have suggested that a decreased portal ve-
nous flow is often ohserved in patients affected by BA before
LT, which is indicative of a poor prognosis [9]. Patients with BA
often exhibit a sclerotic portal venous trunk due to inflamma-
tion of the hepatoduodenal ligament and recurrent cholangl-
tis, as previously reported in approximately 80% of patients
with BA who undergo portoenterostomy at the time of LDLT
[10]. Technical difficulties In performing portal venous recon-
struction at the time of LT may lead to serious morbidity and
mortality [11]. Moreover, the use of LT in children younger
than 1 year of age is associated with an especially high risk
of morbidity and mortality due to the need for difficult techni-
cal approaches [12]. in the present case, although the preop-
erative radiological findings revealed narrowing of the portal
venous trunk with a decreased blood flow, the portal venous
trunk macroscopically appeared to be patent without sclerot-
jc changes. Portal vein reconstruction was performed using
the branch patch technique with a sufficient hepatopetal flow,

Conclusions

The patient presented herein was able to survive because a
hepatic graft from a living donor was quickly obtained. When
faced with candidates for LT as an urgent life-saving surgery,
determining whether LDLT should be performed simultaneous-
ly during perioperative management is necessary to save the
life of the patient. Selecting optimal surgical therapeutic op-
tions is crucial in patients with strangulated bowel obstruc-
tion at the Roux-en Y limb with end-stage BA.
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Technical considerations of living donor hepatectomy of segment 2
grafts for infants.
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Abstract

BACKGROUND: The selection of an adequate graft to mitigate the problems associated with a
large-for-size graft is essential to ensure the success of liver transplantation for smaller children.
Reduced left lateral segment (LLS) grafts have been infroduced to overcome this issue.

METHODS: Five infants underwent living donor liver transplantation (LDLT) with segment 2
grafts. In 'the preoperative assessment, the graft-to-recipient weight ratio (GRWR) and the ratio of
the thickness of the donor LLS were used as a reference index for graft size matching, and a 3-
dimensional (3D) computer-generated model of the donor liver was used for the analysis of the
intrahepatic vasculature. During the donor operation, the relevant portal vein branches feeding

to the reduced part of segment 3 were first exposed and divided, and then the parenchymal
transection was performed.

RESULTS: Segment 2 grafts were selected in 3 cases and reduced segment 2 grafts were
selected in the other 2 cases. The graft reduction was achieved with 46.6 + 8.2% of the actual
LLS, and thus the GRWR was reduced from 5.33 + 2.09% to 2.70 + 0.82%. The actual graft
thickness was reduced by approximately half after the graft reduction. Primary abdominal closure

was performed in all of the recipients. No surgical complications cccurred in any of the donors
or recipients.

CONCLUSION: A segment 2 graft could be a valuable option for graft type selection in LDLT for
smaller children. Precise planning using a 3D computer-generated model of the donor liver and
- meticulous operative procedures are necessary to obtain a viable graft.

Copyright © 2014 Elsevier inc. All rights reserved.
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Clinical outcomes and evaluation of the quality of life of living donors for
pediatric liver transplantation: a single-center analysis of 100 donors.
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Abstract
There are few reports about the quality of life (QOL) and morbidities of pediatric living donor
~ liver transplantation (LDLT) donors. We evaluated the potential morbidities and identified the
predictive factors regarding the QOL of living donors after pediatric LDLT. This cross-sectional
study was a single-center analysis of 100 donors for pediatric LDLT. The severity of morbidities
was assessed with the Clavien classification, the QOL was investigated with the short form-36
(SF-36), and the decision-making process regarding donation was analyzed with questionnaires.
The median follow-up period was 3.8 years (range, 2.2-6.0 years). A total of 13% of the donors
developed postoperative complications of Clavien grades | (7%), Il (3%), and A (3%). There
was no grade IV morbidity or mortality. Eighty-one donors responded to the questionnaire and
~ SF-36. The analysis of the questionnaires revealed that the donors had difficulty in the decision-
making process, and suggested that it may be necessary to administer multistep informed
consent. We identified unique predictive risk factors for lower SF-36 scores in the donors, which
were the time to donation (more than 4 weeks) and the predonation self-oriented perception. The
donors who have risk factors require enhanced pre- and post-donation psychological care.

Copyright © 2014 Elsevier Inc. All rights reserved.
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Central pontine myeliﬁolysis following
pediatric living donor liver transplantation:
A case report and review of literature

Uchida H, Sakamoto S, Sasaki K, Hamano I, Shigeta T, Kanazawa H,
Fukuda A, Nosaka S, Kubota M, Kasahara M. Central pontine
myelinolysis following pediatric living donor liver transplantation: A
case report and review of literature,

Abstract: CPM is one of the most serious nevrological complications
that can occur after OLT and is characterized by symunetrical
demyelinization in the basis pontis. The ctiology of CPM remains
unclear, although the rapid correction of the serum sodium and CNJ
concentrations may be associated with the development of CPM. With
recent advances in MRI téchnology, early diagnosis of CPM has
become possible. Here, we present the case of a five-yr-old female who
developed CN1-associated CPM after undergoing LDLT. A decreased
level of consciousness and dysphasia was noted one wk after LDLT,
and MRI revealed findings compatible with a diagnosis of CPM. The
patient fully recovered from the neurological deficits related to CPM
following the switch from the CNT (o sirolimus. We propose MRI to be
promptly.considered for patients with abpormal neurological findings,
together with the substitution of CNT with an mTOR inhibitor as a
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mapagement regimen for CNI-related CPM.

" The development of CPM following OLT was
first reported by Starzl et al. (1). CPM is consid-
ered to be the most serious neurological compli-
cation of QLT, with a risk of carly mortality (2).
Although most previously reported cases of
CPM  were diagnosed at autopsy, recent
advances in MRI technology now allow for the
early diagnosis of CPM (3, 4). It has been
reported that electrolyte imbalances, the rapid
correction .of the serum sodium concentration
and the administration of immunosuppressive
agents are associnted with the development of
CPM following organ transplantation (§, 6).

Abbreviations: ADC, apparent diffusion coefficient; CNI,
calcineurin inhibitor; CPM, central pontine myelinolysis;
CT, computed tomography; DWI, diffusion-weighted
image; FLAIR, fluid-attenuated inversion recovery; LDLT,
living donor liver transplantation: LT, liver transplantatiomn
MRI, magnetic resonance imaging; mTOR. mammalian
target of rapamycin; OLT, orthotopic liver transplan-
tation; POD, post-operative day; PRES, posterior reversible
encephalopathy syncrome,
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Previous reports have focused on adult liver
transplant patients with CPM, and there are few
case reports of pediatric CPM patients: We
herein present the case of pediatric patient who

- developed CNI-associated CPM after LDLT,

whose neurological symptoms exhibited a com-
plete reversal following a switch from the CNI to
an mTOR inhibitor.

Gase repaort

A five-yr-old [emale was transferred- to our insti-
tution due to fulminant hepatic failure of
unknown ctiology, On admission, she presented
with jaundice, coagulopathy and hepatic enceph-
alopathy. Brain CT did not show any cerebral
edema. Despite the administration of intensive
medical treatment, the liver atrophy rapidly pro-
gressed with sustained liver dysfunction. Conse-
quently, the patient underwent LDLT with a
partial liver from her ABO blood type compati-
ble father. Standard LDLT technique was
employed for the operation.
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The post-operative immunosuppressive regimen
consisted of tacrolimus and low-dose steroids.
The patient was fully alert and underwent extuba-
tion on POD 7. However, her level of conscious-
ness gradually worsened and she developed
swallowing dysfunction. Laboratory purameters,
including the serum level of sodium (135-
144 mEq/L) and the trough level of tacrolimus
(6.4-12.2 ng/mL), were maintained within accept-
able ranges. Brain MRI images obtained on POD
13 revealed an increased signal on DWIs and a
decreased signal on ADC images in the pons
- (Fig. 1). These observations were compatible with
the findings of CPM. Neurological symptoms,
including dysphagia, a weak cough and increased
patellar tendon reflexes, were identified. Despite
the replacement of tacrolimus by cyclosporine
(dve to the possibility of tacrolimus-induced
encephalopathy), the patient’s neurological symp-
toms did not dramatically improve. Brain MRI
performed on POD 23 revealed progressed neuro-
radiological findings, including new abnormal T2
hyperintensity in the middle cerebellar peduncle
to the pons (Fig. 2). Following the introduction
of sirolimus and the complete cessation of the
CNI, the patient’s neurological symptoms «isap-
peared. She was discharged three and a
half months after LDLT. Follow-up brain MRI1
did not show any abnormal findings (Fig. 3).
Throughout the.one-yr follow-up, her liver func-
tion tests remained excellent on sirolimus mono-
therapy.

Discussion

CPM is a neurological disorder characterized by
syrmmetrical demyelinization and severe damage
of the myelin sheath of nerve cells in the basis
pontis (2). A late diagnosis of CPM olten results
in a high mortality rate owing to the develop-
ment of irreversible brain damage (7). Recently,
however, CPM can be detected much earlier by
paying particular attention to the rapid changes

Fig. 1. (a) T2-weighted images
showing normal findings in the
pons. (b) DW1 showing an
increased signal in the pons due
to restricted water diffusion -
(arrowhead). {¢) ADC map
showing a decrensed signal in the
pons {arrowhead),

Central pontine myelinolysis after liver transplantation

Fig. 2. (a) T2-weighted images showing hyperintensity in
the middle cerebellar peduncle to the pons (arrowhead). (b)
DWI sequence clearly showing an increased signal in the
pons (arrowhead).

fiig. 3. (a) Improved findings in the pons on T2-weighted
images, as evidenced by the slightly hyperintense area
(arrowhead). (b) ADC map showing almost normal “find-
ings.

in electrolytes, together with the timely MRI
(4, 8-10).

To the best of our knowledge, 10 cases of
CPM after pediatric LT were reported worldwide
between 1989 and 2012 (Table 1) (3, 8-12). Five
patients died, and they were only diagnosed with
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Table 1. Patients with CPM following pediatric LT

Reference Age Indication  Onset : Neurological Risk Diagnostic Neurological
{issue year) {yr), sex  for LT (day) HE manifastation  factor(s) approach Treatment Ouicome  impairment
3{1989) 4,F BA NA NA  Seiwre CNIHCsA) Autopsy NA Died NA
8F FHF NA NA  NA CNI{CsA) Autopsy NA Died NA
18, M CAH NA NA  NA Hyponatremia ~ Autopsy NA Died NA
8,9{1991) 8. FHF 1 Yos  Decreased NA Autopsy NA “Died NA
Loc
16, F CAH 38 No  Seiwre NA Autopsy NA Died NA
10 {2000) 17.f WD NA No  None CNI(CsA) MR None Alive No
11{2002) 08, M BA NA Yes  None CNI (Tac} MRI None Alive No
15, F BA NA Yes  None CNI {Tac) MR Noae Alive No
121(2012) 1M PSC 9 Yes  Decreased Hyponatremia,  MRI Conversion from  Alive Yes
Loc CNI {Tac) Tac to SR
The presented 5 F FHF 8 Yes  Dacreased CNJ {Tac, CsA)  MRI Conversion from  Alive No
case L0C CNI lo SRL

BA, biliary atresia; CAH, chronic active hepatitis; CsA, cyclosporine; F, female; FHF, fulminant hepatic failure; HE, hepatic encephalopathy; LOC, level of canstious-
ness; M. male; NA, not available; Tac, tacrolimus; PSC, primary sclerosing cholangitis; SRL, sirolimus; WD, Wilson's diskase.

CPM at autopsy. On the other hand, five patients
survived, providing an overall survival rate simi-
lar to that of adult patients (6). Among the five
survivors, three patients without any neurologi-
cal symptoms were incidentally found with CPM
on the imaging {ollow-up of LT. The other two
survivors, including the present case, revealed
neurological symptoms at onset, and then, they
were diagnosed with CPM. The present case was
the only patient to have exhibited a complete
neurological recovery. To the contrary, the other
patient, who displayed hyponatremia and cere-
bral edema before LT, suffered from neurological
sequelae (10). The pre-existing condition might
have caused neurological sequelae (5, 6),

Although there are several initial symptoms of

CPM, including stupor, dementia, dysarthria
and dysphagia, none of these is specifically asso-
ciated with pontine lesions (8, 9). Diagnosing
CPM based on clinical manifestations can be dif-
ficult, as the signs and symptoms of CPM are
often absent or masked by other neurological
abnormalities unrelated to the pontine lesions
(13). In our case, the occurrence of hepatic
encephalopathy before LT due to fulminant
hepatic failure complicated the dingnosis process,

although Erol et al. reported that the presence of

encephalopathy before LT is not a visk factor for
neurological complications in pediatric patients
(14).

The underlying mechanisms of the "develop-
ment of CPM remain largely unknown. How-
ever, some cases of CNI-related CPM have been
reported (2, 5, 10). The occurrence of CNI-
related neurotoxicity after LT, including CPM
and PRES, is observed in [-10% of patients (10,
14). Recently, CNI-related neurotoxic side effects
have been reported to be relatively common in
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‘pediatric recipients (14). ln pediatric patients,
PRES is a rare neurological complication that
can occur after LT in association with the admin-
istration of CNTs, such as tacrolimus and cyclo-
sporine; however, this condition should be
distinguished from CPM. Brain MRI demon-
strates characteristic PRES findings that can be
used to differentiate between CPM and PRES.
ADC mapping of PRES patients shows increased
diffusion in areas that exhibit high signal inten-
sity on FLAIR images, whereas ADC mapping
of CPM patients demonstrates decreased diffu-
sion, as observed in this case.

Sirolumus, agn inhibitor of mTOR, is known to
be an effective immunosuppressant for the pre-
vention of acute rejection in renal transplant
recipients (15). In spite of that, there is a lack of
reports on the use of mTOR inhibitors as the
primary immunosuppressants in LT patients (16,
17). Currently, mTOR inhibitors are mainly used
to treat steroid-resistant rejection in children who
underwent LT (18). Sirolimus does not usually
cause neurotoxicity in LT recipients, which may
be attributed to the different mechanism of action
of mTOR inhibitors compared with that of CNIs,
CNIs bind to immunophilin, forming a ternary
complex with calcineurin, which constitutes more
than 1% of the total protein in the central
nervous system (CNS), while mTOR inhibitors
bind the same immunophilin as tacrolimus. How-
ever, mTOR inhibitors act downstream by block-
ing the activation of a cell cycle kinase, mTOR,
which has a negligible impact on the CNS (15,
19). To date, there are several reports that suggest
a switch from CNI to an mTOR inhibitor may
improve the mneurological prognosis of LT
patients with CNI-related neurotoxicity (10, 20).
Despite the withdrawal of the CNI at an early
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phase after LT, our patient achieved the desired
outcome through sirolimus monotherapy with-
out any complications such as acute rejection.
drug-related eflects or neurological sequelae.

In summary, making an early diagnosis is cru-
cial in patients with neurological manifestations
after LT. The importance of using promptly to
facilitate the early diagnosis of CPM cannot be
overstated. We also suggest the switching from
CNI to an mTOR inbibitor as a potentially feasi-
ble approach to treating CNl-related CPM.
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Hepatic artery reconstruction preserving the
pancreaticoduodenal arcade in pediatric hiver
transplantation with celiac axis compressmn
syndrome: Report of a case

18: E232-E235. DOI: 10.1111/petr.12329.

technique is crucial in patients with CACS.

CACS has been reported to be a potential risk

factor for hepatic artery thrombosis after LT (1),
with an incidence of 24% among the general
population (2). This paper describes the manage-
ment of hepatic artery reconstruction in a patient
with CACS in which the pancreaticoduodenal
artery arcade was preserved. :

Case report

The patient was a 14-yr-old male with type II
citrullinemia. The diagnosis of type 1T citrullin-
emia was suspected at five days of age due to
persistent hyperbilirubinemia, hyperammonemia,
increased plasma citrulline/arginine levels, and a

Abbreviations: CACS, celiac axis compression syndrome;
CT, computed tomography; DDLT, deceased donor liver
trapsplantation; LT, liver transplantation; MAL, median
arcuate ligament.
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Abstract: CACS is rare, although it has been reported to be a potential
risk factor for hepatic artery thrombosis following LT, We herein
present the case of a 14-yr-old male with stenosis of the origin of the
celiac trunk. Preoperative CT and color ultrasonography showed
narrowing ol the proximal celiac artery. The patient underwent DDLT
with standard arterial reconstruction without dividing the
gastroduodenal artery. His postoperative course was uneventful, with
an excellent hepatic artery flow on Doppler ultrasonography. Applying
a meticulous preoperative evaluation and the appropriate surgical
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specific mutation with a relevant family history
of an affected sister. Treatment with protein
restriction and medication with sodium benzo-
ate, phenyl acetate, and arginine were subse-
quently administered as the initial therapy.
Despite the administration of medical treatment,
several episodes of fulminant hyperammonemia
and hepatic dysfunction followed at eight yr of
age, requiring repeat hospitalization. The patient
had been on the waiting list for DDLT beginning
when he was 14 yr of age. Preoperative CT and
color ultrasonography revealed stenosis of the
origin of the celiac trunk (Fig. 1a,b). A diagnosis
of CACS was suspected, given that the hepatic
arterial blood supply ran primarily through the
pancreaticoduodenal artery arcade via the supe-
rior mesenteric artery (Fig. lc). The patient
received a piggyback DDLT with a whole liver
graft. Due to the sufficient front flow of the
proper hepatic artery in the recipient, standard

— 116 —



Fig. 1. (a) Color ultrasonography showing focal residual
stenosis at the proximal celiac artery (arvowhead). (b) CT
angiography showing the characteristic hooked narrawing
of the proximal celiac artery on a 3D reconstruction image
(arrowhend). {¢) CT angiography showing the mesenteric
hepatic collateral via the pancreaticoduodenal arcade
(squaxe box). A partial enlarged view of the lower ug,ht
shows the collaterals (arrowhead),

reconsiruction between the proper hepatic artery
without diversion of the gastroduodenal artery
and a common hepatic artery graft was accom-
plished using the microvascular technique (3).

A patient with CACS

The vessel anastomosis was performed in an end-
to-end fashion using interrupted sutures with 9-0
nylon. The intrahepatic arterial blood flow was
788 mL/min, with a resistance index of 0.56. The
patient was discharged 17 days after DDLT. His
postoperative course was uneventful, with an
excellent hepatic artery flow on Doppler ultraso-
nography. Furthermore, he has been doing well
without cither protein restriction or any addi-
tional 1md1catu)n for the original liver disease.

Discussion

CACS is a well-described anatomnical entity
caused by compression of the celiac axis by the
MAL that was first described by Harijola in 1963
(4). Affected patients usually exhibit various clin-
ical manifestations, including postprandial
abdominal epigastric pain, nausea, occasional
diarrhea, and weight loss (5); however, the pres-
ent patient was asyraptomatic. The incidence of
CACS among transplant recipients has been
reported to be 3.7-10.0% (1, 6, 7). The presence
of CACS may predispose the patient to hepatic
artery thrombosis, as it decreases common hepa-
tic artery blood flow by more than 50% (1).

Rwently, it has become possible to diagnose
celiac axis compression with three-dimensional
(3D) CT angiography and/or Doppler ultraso-
nography, especially in children (8). Tt has been
documented that during expiration in the pres-
ence of celiac artery compression, the blood flow
falls from optimal values of 400 mL/min to val-
ues <200 mL/min (1, 9). We do not measure the
flow volume of the celiac artery routinely; how-
ever, we did note that there was a significant
celiac arterial flow reduction from 35.7 to
16.6 cm/s in maximum velocity during expiration
in the present case. We also did not perform any
direct measurement of the pressure in the hepatic
artery prior to/during the LT. However, such
measurement would help to provide a definite
diagnosis of the presence of CACS. Further-
more, aneurysms of the pancreaticoduodenal
artery are occasionally found in the patient with
CACS, and a proper diagnosis could facilitate
the treatment for such a patient (10). Therefore,
careful planning and follow-up are crucial in
patients with CACS before 1T, with strict assess-
ment of the radiological findings.

Three types of hepatic artery reconstruction
have been described in LT for CACS: release of
the MAL, aortohepatic graft interposition, and
standard reconstruction with preservation of the
native gastroduodenal artery (7). Release of the
MAL has been reported as the initial treatment
in pediatric patients treated without LT, with a
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reported successful rate of 67% (5). This unsatis-
factory result may be explained by the relevant
presence of atheromatic plaque in association
with MAL, resulting in restenosis of the celiac
artery (7). Moreover, the condition induced
celiac trunk injury in [1.7% of LT cases (1).
Meanwhile, Lindner et al. stated that the release
of the compxewng, cuirass of the celiac plexus
could be needed, in addition to the resection of
MAL (11).

Hepatic artery reconstruction with aortohe-
patic graft interposition is performed with an
iliac artery or prosthetic graft and the graft is
implanted on the infrarenal aorta. However, aor-
tohepatic graft reconstruction is associated with
a relatively high incidence of thrombosis, with
an incidence of 5.3-21.8% (12, 13). Normally,
hepatic artery reconstruction is accomplished
with 9-0 nylon interrupted sutures with a surgi-
cal microscope. The gastroduodenal artery of
" the recipient is ligated to the retrograde dissec-
tion of the hepatic axis down to the sorta until
an adequate fjumen of the gastro-hepatic artery
and a normal arterial pressure are obtained.
However, in the present case, we could obtain
sufficient front flow of the proper hepatic artery
without ligation of the gastroduodenal artery.
Preserving the gastroduodenal arterial flow
- might be key for successful hepatic artery recon-
struction in CACS cases. Tying the splenic artery
to increase the hepatic arterial flow is not ulways
pecformed, because it can reduce the portal
venous flow/pressure and cause portal venous
complications, especially in the pediatric patients
with biliary atresia (14).

Percutaneous angioplasty with stenting has
recently been reported as an alternative option
for the treatment of MAL (15). Although it is a
minimally invasive intervention, its long-term
patency. 1s not fully documented, especially in
pediatric liver transplanted patients with immu-
nosuppression, The efficiency and efficacy of the
stenting in pediatric recipients should be dis-
cussed on case-by-case basis.

Between November 2005 and December 2013,
260 children underwent LT (including 11 cases of
DDLT) at the National Center for Child Health
and Development, Tokyo, Japan. Microvascular
surgery for hepatic artery reconstruction has
been employed since the beginning of the pro-
gram, and no cases of hepatic artery thrombosis
have been observed in our series. In addition to
postoperative ultrasonography, intra-operative
Doppler ultrasonography has been routinely
used to evaluate the vascular patency at our cen-
ter to make an early diagnosis of vascular and
biliary complications. If the hepatic arterial flow
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is not sufficient with a low pulsatility index, we
consider further dissection of the hepatic axis
down to the aorta or splenic artery ligation, if
the portal venous flow is sufficient. There have
been some reports that the intra-operative assess-
ment of the hepatic artery is important to reduce
vascular complications (16, 17). Intra-operative
Doppler ultrasonography might also prevent
early hepatic artery complications (18).

In the present case, standard arterial recon-
struction without division of the gastroduodenal
artery was accomplished with the microsurgical
technique. Lubrano et al. mentioned according
to standard arterial reconstruction technique for
patient with CACS and stated thut the preserving
gastroduodenal flow is feasible for LT cases per-
formed in adults (7). The present case demon-
strates that preserving the pancreaticoduodenal
artery arcade may be appropriate for children, if
the native proper hepatic arterial flow is suffi-
clent, in the setting of hepatic artery reconstruc-
tion among CACS patients evaluated with a
meticulous preoperative assessment ‘and {reated
with the proper surgical technique.
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recurrence of tumor.

HBL is the most common malignant liver tumor
in early childhood, accounting for 60-85% of all
pediatric hepatic tumors (1). As it is a surgical
tumor, the main form of treatment is surgical
resection. Advances in imaging technology, sys-
- femic cisplatin-based neoadjuvant chemother-
apy, and surgical resection have improved

Abbreviations: FDG, F-fluore-2-densy-D-glucose; HBL,
hepatoblastoma; LDLT, Tiving-donor liver transplantation;
PET, positron enission tomography; POST-TEXT, post-
treatment extent of discase; PRETEXT, pretreatment extent
of discase; PV, portal vein; PVTT, porinl vein tumor
thrombosis; SMV, superior mesenteric vein; SpV, splenic
vein.
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. Abstract: We present a case of a two-yr-old boy diagnosed with HBT
with complete main PVTT. HBT was located in the bilateral lobe with
PYTT involving the confluence of the SMYV and the SpV, Cisplatin-
based neoadjuvant chemotherapy was delivered; main tumor shrank
and AFP levels decreased to below one hundredth, However, PVTT
remained in the bilateral portal branches to the main trunk of PV, We
describe the technical details of the portal venous tumor thrombectomy
that was succeeded by a L.DLT. The patient remained healthy 2.5 yr
after LDLT, showing good patency of the PV with no evidence of
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survival rates (2). Patients with HBL with resect-
able tumors have a disease-free survival rate of
80-90% (3). While more than 60% of lesions
that appeared unresectable at initial imaging
shrank with chemotherapy and eventually
became resectable (2), some cases of HBL
remained unresectable despite chemotherapy to
control extrahepatic lesion. In such cases, whole
liver resection is necessary, with liver transplan-
tation being recognized as a valid therapeutic
oplion to accomplish complete resection (4).
HBL that invades the bilateral portal branches
or the main portal trunk with tumor thrombosis
is one of the most unresectable forms of tumor.
Although macrovascular invasion posed as a

— 120 —



poor prognostic factor, the main aim is still to
achieve complete resection for chemosensitive
HBL through surgery (5).

Here, we report a pediatric patient with PVTT
that remained in the SMV and the splenic venous
junction (SMV-SpV juanction) despite neoadju-
vant chemotherapy. The patient cventually
underwent complete surgical resection with PV
thrombectomy and LDLT. We describe the
details of the surgery of the PV thrombectomy
that employed the use of a “pullout technique.”

Case

The patient was a 2.5-yr-old boy 12 kg in weight.
The chief complaint was abdominal distension.
A computed tomography (CT) showed multifo-
cal liver tumors occupying the whole liver with a
PVTT that extended to the SMV-SpV junction
(Fig. 1a). PET with FDG study showed that

Fig. 1. (1) Large PV thrombosis (while arrow) in coronary
view revealed by computed tomography. (b) Thin and long
PV thrombosis (black arrow) from the bilateral portal
branch 1o the confluence of the SMYV and the SpV (asterisk).
A collateral vein was presenl in the hepatoduodenal liga-
ment (double asterisk).

Hepatoblastoma with portal vein tumor thrombosis

huge liver tumor, PVTT, and the segment 6 of
the right lung were positive. At the time, serum
AFP level was markedly elevated at 580 000 ng/
mL (normal range: <10 ng/mL). The case was
assessed using the PRETEXT grouping system
for HBL, as PRETEXT 1V, Ci, E0a, F1, H0,
MIp, P2a, and V1 (6). Needle biopsy findings
showed fetal and embryonic mixed-type HBL.
Neoadjuvant chemotherapy by cisplatin—piraru-

‘bicin  (tetrahydropyranyl-adriamycin) (CITA)

was introduced in accordance with the protocol
of the Japanese Study Group for Pediatric Liver
Tumor protocol-2 (7). At the end of the third
eycle of CITA, AFP levels decreased to 2373 ng/
mL and the size of the tumor size was reduced.
While a lung metastasis was no longer present
after the fourth cycle of chemotherapy by ifosfa-
1ide, carboplatin, tetrahydropyranyl-doxorubi-
cin, and etoposide (ITEC), AFP levels rose again
to 6450 ng/mL. It was determined at that stage
that the primary liver tumors could not be suffi-
ciently controlled, prompting the need for tran-
sarterial chemoembolization. ln addition, a

‘systemic chemotherapy comprising cisplatin,

vineristine, and fluorouracil (C5V) was delivered
due to the suspicion that the patient might have
impaired response to the previous rounds of che-
motherapy (8). Subsequently, AFP level
decreased to 2532 ng/mL. However, the PVTT,
which assumed an atrophic shape and was nega-
tive in FDG-PET study, remained in the SMV-
SpV junction. CT showed enlarged and tortuous
collateral vessels had developed along the com-
mon bile duct in the hepatoduodenal ligament
(Fig. 1b). The case was assessed again using
POST-TEXT grouping system for HBL, as
POST-TEXT 111, C0, E0, FI, HO, M0, P2a, and
V0. We scheduled an LDLT for total resection of
HBL and removal of PYTT by either thrombec-

tomy or totul resection (including PV). The

patient’s 40-yr-old mother volunteered to have
her left lateral segment, weighing 242 g, donated
as a graft. The graft-to-recipient body weight
ratio was 1.95%. .

Surgical procedures

Both collateral vessels and the PV were isolated
and taped with vessel loops, and preserved until
total hepatectomy. Intra~operative ultrasonogra-
phy provided definitive imaging of the location
of the PVTT which extended into the.SMV-SpV
junction; however, it was atrophic and appeared
“floating.” The SMV-SpV junction was exposed
with meticulous dissection of the tributaries into
the portal venous system. The SMV and the SpV
were isolated and clamped at a distal site of the

E267

- 121 —



