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Table 4: Patient survival following living donor liver transplantation

Patient survival (%)

Number % 1 year 5 years 10 years 15 years 20 years
Over all 2224 88.3 85.4 82.8 80.0 79.6
Donor age (p = NS; median 35.2 [range 17-70 years})
<20 years 6 0.3 100.0 100.0 100.0 100.0 —
20 years < <40 years 1648 74 88,8 86.4 83.9 81,7 81.2
40 years < <60 years 543 . 244 86.5 82,8 ©79.7 74,7 74.7
<60 years 29 1.3 82.1 78.8 78.8 — —
Donor relation (p = NS}
Father 952 429 88.2 85,8 82.7 80.2 79.4
Mother . 1166 52.4 88.7 85.7 '83.4 80.6 80.6
Gender migmatch (p = NS)
Female—male - 708 31.9 90.0 87.7 86.1 82.6 82.6
Female—female 517 23.2 87.0 83.2 79.9 78.3 78.3
Male—female 569 25.6 87.7 85.2 82.1 79.4 78.0
Male—male 429 19.3 87.8 84.8 81.8 79.1 79.1
Graft type {p = NS)
Reduced left lataral segment 96 43 79.1 74.2 74.2 — —
Left lateral segment 1548 69.6 ‘89.8 87.6 86.1 83.4 82.9
Left lobe 500 22.5 84.8 80.2 76.9 705 705
Posterior segment 3 0.1 100.0 50.0 50.0 — —
Right lobe 76 76 92.1 90.6 88.6 88.6 88,6
ABO compatibility (p < 0.01)
Identical 1484 66.7 88.9 87.4 84.8 82.5 .81.9
Compatible 446 20.1- 874 83,7 81.2 791 78.1
Incompatible 294 13.2 81.3 78.3 76.0 68.5 -
Age at incompatible LT (p < 0.01)
<2 years 185 62.9 84.8 83.4 81.3 B1.3 —
2 years < <10 years 36 13.3 78.7 723 86.7 48,6 —
10 years < <18 years 73 24.8 72.2 63.7 59.2 493 —
Reclplent sex {p = NS} .
Female 1278 57.5 89.0 86.6 84.3 81.2 80.8
Male 946 42.5 87.4 83.9 80.8 78.6 78.6
Recipient age {p < 0.01; median 4.0 years [range 13 days to 17.9 years])
<6 months . 106 4.8 81.1 72.9 705 70.5 —
8 months < <1 year 613 27.6 89.2 87.6 86.1 85.3 856.3
1 yeat < <5 years 789 35.5 20.2 88.7 85.8 85.1 84.1
5 years < <10 years 320 14.4 90.0 85.3 81.3 76.1 76.1
10 years < <18 years 396 17.8 83.5 791 76.5 68.4 68.4
Indication of liver transplantation {p < 0.01)
Cholestatic diseases {p = NS) 1649 76.2 91.2 89.4 86.5 84.0 84.0
Biliary atresia {age at LDLT; p < 0.01) 1471 66.1 91.3 89.B6 86.9 84.8 84.8
<6 months 44 3 90.9 87.7 87.7 87.7 —
6 months < <1 year 503 34.2 92.2 91.4 89.6 84.8 84.8
1 year < <5 years 535 36.4 93.1 916 88.8 87.9 87.9
5 years < <10 years 177 8 92.86 91.2 877 83.4 —
10 years < <18 years. 212 14.4 83.5 78.0 75.4 68.4 —
Alagille syndrome 70 31 92.9 91.4 86.9 85.9 —
Byler disease 33 1.6 90.9 87.5 83.6 57.3 57.3
Primary sclerosing cholangitis 20 0.9 100.0 94.4 63.0 — —
Metabolic disease {p < 0.001} 194 8.7 92.2 87.9 87.0 77.5 —
Wilson's disease 59 2.6 98.3 96.5 94.4 734 -
Urea cycle disorders 49 22 959 95,9 95.9 96.9 —_
Organic acidemia 28 13 89.7 82.2 822 — —
Glycogen storage diseases 15 0.7 92.9 69.3 _ —_ —
Primary hyperoxaluria 9 04 55.6 56.6 55.86 . 56.6 —
Acute liver failure {age-at LDLT; p < 0.01) 182 8.6 72.6 69.0 67.0 ‘87.0 —
<1 year ' - 83 43.3 81.4 57.3 54.2 54.2 —_
>1 year 109 66.7 81.3 78.1 76.6 76.6 —_
{Continusd}
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Table 4: Continued

Outcomes of Pediatric Liver Transplantation in Japan

Patient survival (%)

Number % 1 year 5 years 10 years 15 years 20 years
Neoplastic diseases 66 3 84.8 72.7 89.9 69.9 69.9
Vascular diseases 32 1.4 93.8 86.7 85.7 85.7 85.7
Primary vs. re-transplantation {(p < 0.01)
Primary transplantation 2148 96.6 89.4 86.6 84.0 81.2 80.8
Re-transplantation 72 3.3 56.9 50.8 48,1 _ — .
Re-re-transplantation 4 0.2 75.0 75.0 —_— — —
Center volume (p =.NS)
High volume (=50) 2033 9.4 88.1 85.2 82.5 797 79.3
- Llow volume {<50) 191 8.6 90.0 88.3 86.8 85.8 —_—
Transplantation era {p < 0.01) .
1989-1885 - 286 13.3 80.1 77.0 71.86 69.3 68.9
1996-2000 573 25.8 86.0 82.8 80.7 78.1 —
2001-2005 680 30.6 89.0 86.0 84.8° —_— —
2008-2010 675 30.4 93.2 . 91.8 — — —

impact on posttransplantation mortality (16,17}, Optimizing
the pretransplantation status with nutritional management
would be essential.

ABO-incompatible LDLT has been performed to mitigate
the problems of the organ shortage in Japan. The graft
survival rate of children younger than 2 years of age
receiving ABO-incompatible grafts was similar to that of
children receiving compatible grafts in the present series.
Survival is gradually affected in association with age by
specific complications related to antibody-mediated rejec-
tion such as focal hepatic necrosis caused by microcircula-
tory disturbances and the development of multiple non-
anastomotic biliary strictures attributable to arteriole
insufficiency (8). ABO-incompatible grafts were used in
13.2% of the recipients in the present series. Despite the
application of preoperative plasma exchange, splensctomy
and enhanced Immunosuppression, the 15-year graft
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Figure 3; Patient survival following pediatricliving donor liver
transplantation according to ABO compatibility.
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survival rate was less than 50% in children over 2 years
of age. The recent introduction of rituximab in ABO-
incompatible cases has improvad graft survival in older

- teciplents by inducing B cell desensitization {18,19).

Recently, rituximab prophylaxis has become widely used,
with improved outcomes. The percentage of patients
receiving ABO-incompatible grafts has increased to
16.0%. Although providing long-term follow-up, including
monitoring for late-onset neutropenia, is necessary in order
to offer clear recommendations, children over 2 years of
age can receive this alternative treatment modality {20).
Moreover, operational immunosuppressant tolerance pro-
tocol, not limited to ABO-incompatible cases, was initiated
in the early 1990s at Kyoto University, with a complete
withdrawal rate of 38.1 % in selected pediatric patients with
monitoring gamma-delta T cells (21,22). Operational
tolerance is one of the recent innovations in pediatric
LDLTs.
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Figure 4: Recipient survival curves according to the original
liver disease,
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Figure 5: Recipient survival according to transplant era.

It has been reported that the cause of liver disease is a
strong predictor of patient outcomes, and patients with
cholestatic liver disease fair far better than those with other
indications (9). Similar to the findings of the deceased LT
series, patients with biliary atresia had a consistently better
20-year patient survival rate of 84.8% in the present series,
Significantly worse patient survival, however, was ob-
served in the patients with biliary atresia over 10 years of
age, with a 20-year survival rate of 68.4%. The timing of
LDLT in older patients with biliary atresia is crucial.

The present study confirmed that LDLT performed to treat
metabolic disease can provide an acceptable survival rate of
77.5% over 16 years, although most daonors in the present
series were heterozygous for their respective recipients’
disorders. While neither mortality nor morbidity related to

héterozygosis were observed, an intensive investigation .

should be conducted in this donor population.

There are several reports of the use of decsased LT to treat
acute liver failure in children, with reported overall patient
survival rates of 60-75% (23,24). The overall survival rate of
the patients with acute liver failure in the present study is
comparable with 67.0% over 15 years. However, among
acute liver failure patients less than 1 year of age, the patient
survival rates were significantly lower in the short and long
term (61.4% and 54.2% at 1 and 15 years, respectively}
despite relatively appropriate availability of donors com-
pared to deceased LT, The reasons for this difference are
not well documented; however, long-lasting unknown
hepatitis viral infections may cause accelerated immune
responses, and the incidence of refractory acute or chronic
rejection is higher in patients with acute liver failure of
unknown etiology in infancy (25,26). Further immunological
refinements and advances in perioperative intensive care
are required for LT patients with infantile acute liver failure.

The patients undergoing LDLT for hepatic malignancy
demonstrated a poorer 20-year survival rate of 69.9%. The
potential advantage of LDLT is that it allows for optimal
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timing of LT, given the absence of delay betwsen the
completion of effective chemotherapy and planned LT {27).

Re-LT remains controversial in the setting of LDLT given the
limitation of donors and the fact that previous reports have
demonstrated poorer outcomes with re-LT than primary
LT {28). Taking into consideration the recipient 10-year
survival rate of 48.1% observed in the present study,
determining clear indications and limitations for re-LDLT is
necessary in order to avoid uneguivocal morbidity and even
mortality in potential living donor candidates.

Despite the increasing proportion of small children and ABO-
incompatible cases, patient survival was significantly better

. among the patients undergoing LDLT more recently (5-year

survival rate: 91.8%) due to perioperative patient manage-
ment by pediatric specialists and surgical innovations and
advances in immunosuppression, such as overcoming graft
size matching and ABO incompatibility. In addition, the
outcomes after LDLT observed in the present study were
comparable to those of deceased LT (9,10,11). In our
country, small deceased donors are less likely to become
available, and LDLT is often the only treatment modality for
patients with pediatric liver disease. Due to the unequivocal
risks, efforts should be made to increase deceased LT in
order to minimize the need for living donors.

Over the past two decadss, medical and surgical innova-
tions have established pediatric LDLT as the optimal
therapy for patients suffering from acute or chronic liver
disease. Our study, however, was limited by the restric-
tions, accuracy and consistency of the information con-
tained within the JLTS database. We did not have access to
preoperative patient conditions, recipient and donor labora- -
tory data, immunosuppression protocols, morbidity, cause
of death, growth or quality of [ife measures. As LDLT has
been revealed to increase the donor pool and decrease
pediatric waiting list mortality, conducting further inves-
tigations of the most important remaining causes of death
inliver-transplanted children is essential. The JLTS started a
new online detailed registration system in January 2013
that can be explored in detail. We hope that increased
experience with and refinement of this procedure will lead
to further improvements in outcomes among patients
undergoing LT for pediatric liver diseases.
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Transgenic Pig Expressing the Red Fluorescent Protein
Kusabira-Orange as a Novel Tool for Preclinical Studles on
Hepatocyte Transplantation

T. Shigeta, H.-C. Hsu, 8. Enosawa, N. Matsuno, M. Kasahara, H. Matsunari, K. Umeyama,
M. Watanabe, and H. Nagashima

ABSTRACT

Introduction. Research on hepatocyte transplantation as an alternative or supplementary
treatment for liver transplantation is progressing. However, to advance to clinical trials,
confidence in the technique must be established and its safety must be validated by
conducting experiments using animals of comparable sizes to humans, such as pigs. We
used transgenic pigs expressing red flucrescence protein for investigating the distribution
and survival of transplanted cells..

Materials and Methods. Donor hepatocytes were isolated from transgenic Kusabira-
Orange (KO)-expressing pigs (age, 41 days; weight, 10 kg) created by in vitro fertilization
using spern from a transgenic-cloned KO pig by Matsunari et al. and ova from a domestic
pig. The hepatocyte transplant recipients were the nontransgenic, KO-negative littermates.
In these recipient pigs, double lumen cannulae were inserted into the supramesenteric
veins to access the hepatic portal region. KO-positive donor hepatocytes from the
transgenic male pig were isolated using collagenase perfusion, Hepatocytes (1 X 10° cells)
were transplanted through the cannula. For estimating allogeneic immunogenicity,
full-thickness skin (3 X 3 cm) from the same donor was grafted orthotopically on the neck
region of the recipients. Immunosuppressive treatment was not implemented. The
recipient pigs were humanely killed at 7 and 39 days after transplantation, and the organs
were harvested, including the lungs, heart, liver, pancreas, and kidneys.

Results. Strong red fluorescence was detected in both the parenchymal and nonparenchy-
mal hepatocytes of the transgenic male donor pig by fluorescent microscopy. Transplanted cells
were detected in the liver and lung of the recipient pigs at 7 days after perfusion. Hepatocytes
remained in the liver and lung of recipients on day 39, with lower numbers than that on day 7.

Conclusion. Transgenic pigs expressing the fluorescent protein KO serve as a useful
model of cell transplantation in preclinical studies.

EPATO CYTE transplantation (HCT) is considered to
be an alternalive or supplementary ireatment for

liver transplantation (LT) in urea cycle disorders (UCD),
including ornithine transcarbamylase deficiency and car-
bamyl phosphate synthetase 1 deficiency, in addition to
acute liver failure (ALF).»* HCT has many advantages
compared with LT. For instance, it is less invasive, feasible
as a partial or temporal liver support for metabolic disease
or ALF, could be supplied from a marginal graft, and could
be ready-to-use on demand.** However, HCT research is
at the pioneering stage, despite increasing numbers of case
reports for clinical HCT.»**? Moreover, because UCD is
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HEPATOCYTE TRANSPLANTATI ON

most common in neonatal patients, size mismatches of liver
grafts represent a major problem at the time of LT.
Therefore, these patients must wait until reaching about 7
kg2 During the waiting time for LT, patients are at risk
of hyperammonemia, developing severe neurological im-
pairments, or lethal coma.>*'* Thus, HCT can be per-
formed to prevent such problems in the treatment of UCD
and ALF as a bridge to LT. To advance to clinical trials,
confidence in the technique must be established and its
safety must be validated by conducting experiments using
animals of comparable sizes to humans, such as pigs. This
study shows the use of transgenic pigs expressing red
fluorescence to investigate the distribution and survival of
transplanted cells,

MATERIALS AND METHODS

Donor hepatocytes were isolated from transgenic Kusabira-Orange
(KO)-expressing pigs (age, 41 days; weight, 10 kg) created by in
vitro fertilization using the sperm from a transgenic-cloned KO
male pig by Matsunari et al. and ova of a domestic pig.**

KO-positive donor hepatocytes were isolated from the male
transgenic pig by collagenase (032-10534 Wako Pure Chemicals,
Osika, Japan) perfusion; furthermore, the parenchymal hepato-
cytes were obtained through low-speed centrifugation (50 g 1
‘minute, 3 times).'>® .

Two offspring (recipients) that were nontransgenic, KO-negative
littermates, were used in this study, Under isoflurane anesthesia,
minimal abdominal midline incisions were made in both of the
recipient pigs. Then, double lumen cannulae (18 gauge; Medicut
LCV-UK; Tyco Healthcare, NJ, United States) were inserted into
the supramesenteric veins of both the pigs, to access the portal vein
trunk. The proximal end was used for portal pressure assessment,
whereas the distal end was used for HCT. Hepatocytes (1 X 10°
suspended in 100 mL saline containing 5 UfmL heparin) were
transplanted once though the cannulae. To estimate allogeneic
immunogenicity, full-thickness skin (3 X 3 cm) from the same male
donor was grafted orthotopically onto the neck region of the
nontransgenic recipient pigs. Immunosuppressive treatment was
not implemented. The 2 recipient pigs were humanely killed at 7

(recipient 1) and 39 (recipient 2) days after transplantation, and the

organs were harvested for examination, including the lungs, heart,
liver, pancreas, and kidneys. Isolated organ specimens were sliced
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into 5 to 10-mm pieces, and observed using fluorescent micros-
copy. i

RESULTS

Strong red fluorescence was detected in both the parenchy-
mal and nonparenchymal hepatocytes of the male trans-
genic donor pig using fluorescent microscopy (Fig 1).
Multiple transplanted cells were detected in the liver and
lung of recipient 1, whereas the skin graft was rejected
within 7 days. Hepatocytes remained in the Jung and liver of
recipient 2 for 39 days, with a lower number than that in
recipient 1. While the skin graft was acutely rejected, the
hepatocytes remained for up tg 39 days, KO-positive hepa-
tocytes were not detected in the heart, pancreas, or kidhey,
and no obvious ischemic change was observed on the liver
surface of either recipient.

DISCUSSION

To our knowledge, this report shows the first record of
using KO-transgenic hepatocytes for HCT experiments.
Matsunari et al produced transgenic-cloned pigs carrying a
humanized KO gene, which is a newly developed red
fluorescent protein,'* KGO was cloned from the mushroom
coral Fungia concinng, which yields orange-red fluorescence
in its dimeric form and has 558 and 583 nm excitation and
emission maxima, respectively.!’ In addition to KO trans-
genic pigs; transgenic pigs expressing enhanced green fluo-
rescent protein (EGFP) were studied.’® As a major feature,
KO showed minor background autofluorescence in the liver
and lung of humanized KO transgenic pigs compared with

EGFP transgenic animals, in which the organs are known to

exhibit autofluorescence.’”?® Furthermore, the clear red
fluorescence of the humanized KO protein is maintained

_even in paraffin-smbedded tissue sections.™

In our study, lung distribution was identified, although
there was no obvious presentation of pulmonary emboliza-
tion. Interestingly, only a few studies have documented the
possibility of pulmonary embolization after HCT.%**! Mu-
raca et al showed that hepatocytes remained in the lung
sinusoids for up to 48 hours after infusion in all pigs;

Fig 1. (a) Fluorescent micros-
copy images showing strong red
fluorescence in both parenchymal
and nonparenchymal hepatocytes
of the transgenic denor pig. Trans-
planted KO-expressing fransgenic
hepatocytes were detected 1 week .
after hepatocyte ransplantation {b}
in the liver and {c) lung. Trans-

planted KO-expressing transgenic
hepatacytes were detected about
1 month after hepatocyte trans-
plantation (d) in the liver and (e}
lung. :
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furthermore, a minor basal pulmonary infarction was iden-
tified in one of the pigs.?’ In addition, they showed that the
number of infused cells was directly correlated with in-
creased portal pressure, but not increased pulmonary artery
pressure, They suggested that local vasoconstriction might
contribute to the observed increase in pulmonary artery
pressure after HCT. Bilir et al reported that intraportal
HCT in patients with ALF was followed by hypoxia and
pulmonary infiltrates in chest cardiographs, both of which
improved after 24 hours.* In clinical HCT, hepatocytes
were infused several times; hence, portal vein complication
represents a serious complication.”®?! In addition, there is
a risk of pulmonary embolism due to the repeated infusion
of hepatocytes, despite only a small number of hepatocytes
passing through the liver. There was no evidence of the
. infrapulmonary shunt causing a problem to the experimen-
tal pigs, However, the safety of intraportal HCT requires
further improvement, along with further investigations
about the risk of pulmonary embolization. KO hepatocytes
remained in the liver and lung for about 1 month. However,
our study had a limitation in that we could not identify
whether these hepatocytes were functional. Therefore, ex-
periments using animal disease models should be consid-
ered in future studies.

Analysis of antigenicity of the donor-recipient combina-
tions in the current study indicated that KO was xenoge-
neic, whereas somatic cells were allogeneic. Because KO is
an intracellular protein, xenogeneic antigenicity might not
accelerate normal allogeneic rejection, Immunosuppressive
treatment might induce extended survival. One major prob-
lem in the clinical application of HCT is the low survival
rate of donor cells. It has been hypothesized that the quick
disappearance of HCT cells is due to a nonspecific inflam-
matory response or instant blood-mediated inflammatory
reaction (IBMIR); however, the precise mechanisms re-
quire clarification.?® The transgenic pigs used here might
serve as a conclusive research tool to overcome the deficitin
information, as well as toward improving the cell transplan-
tation procedure, In addition, identical clones of nontrans-
genic and transgenic littermates obtained by the nuclear
transfer methodology might help create a more simple
research model for IBMIR research focus.? In conclusion,
the transgenic pig expressing fluorescent protein KO pro-
vides a useful model in cell transplantation’ preclinical
studies. :
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Abstract

Purpose The aim of this study was to analyze the out-
comes of children added to the waiting list for deceased
donor liver transplantation (DDLT) and the results of
DDLT in a single Japanese center.

Methods TForty-seven children were listed on the organ
allocation system for DDLT. The priority points related to
the medical status of each patient were evaluated and
stratified into four categories; 10, 8, 6, and 3 points. The
clinical data were collected from the medical records, and
the outcomes were analyzed.

Results There were 10 priority points in 25 patients, 6
points in 13 and 3 points in 9. Ten recipients (21.3 %); 7
patients with 10 points and 3 patients with 6 points,
underwent DDLT. Seven out of the 10 recipients received
split/reduced liver grafts. The surgical complications con-
sisted of biliary stricture, hepatic venous outflow obstruc-
tion, intraabdominal abscess and intraabdominal bleeding.
Two recipients, who were critically-ill before DDLT, died
due to sepsis. The one-year graft survival rate was 70.0 %,
with a median follow-up period of 6.4 months,
Conclusion The initial experience with pediatric DDLT
in our series was satisfactory. Split LT of deceased donor
organs may have the potential to resolve the serious organ
shortage in Japan.
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Introductiqn

In Japan, the number of deceased donor liver transplanta-
tion (DDLT) has gradually increased since the enforcement
of a new law on organ transplantation in 2010. In contrast,
living donor liver transplantation (LDLT) has been an
established therapeutic option for children with End-Stage
Liver Disease (ESLD), and LDLT has been adopted as an
optional life-saving procedure for children in urgent need
of liver transplantation (LT) [1]. Although the number of
deceased organs does not alleviate the shortage of organs in
our country, a positive impact produced by the increasing
number of deceased donor organs may be expected in the
pediatric population requiring LT. We herein report the
outcomes of the pediatric recipients enrolled on the waiting
list for DDLT and the results of DDLT in our series.

Patients and methods

Since July 2010, 47 children with ESLD, consisting of 15
males and 32 females, were included on the waiting list for
the organ allocation system for DDLT in Japan. The
median age of the patients enrolled on the waiting list was
2.8 years, ranging from 11 days to 17 years. The original
diseases consisted of acute liver failure (ALF) in 20 cases,
cholestatic liver diseases in 11, congenital hepatic fibrosis
(CHF) in 6, graft failure after LDLT in 4, autoimmune liver
diseases in 3, and metabolic liver diseases in 3, respec-
tively. The clinical data were collected from-the medical
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records, and the patient outcomes were retrospectively
analyzed under the permission of the institutional review
board of the National Center for Child Health and
Development, ' '

The organ allocation system for DDLT in Japan

Livers will be offered to the DDLT candidates having the
highest number of points receiving the highest priority. The
priority points are calculated by considering the medical
status and ABO blood type similarity of the patients. The
points related to the medical status are stratified into four
categories: 10 points, patients who are expected to survive
1 month or less without LT; 8 points, patients who are
expected to die within 3 months; 6 points, those expected
to die within 6 months and 3 points, those expected to die
within 12 months. The medical status of each patient is
evaluated according to the criteria for. determining the
original disease. For example, the patients of ALF with
hepatic encephalopathy are considered to have 10 points.
The patients with cholestatic diseases, such as biliary
atresia, may be -assigned 6 points when the episodes of
cholangitis and/or gastrointestinal bleeding are repeated
and refractory to medical treatment, The Child-Pugh clas-
sification is also used for the evaluation of the patients with
cirrhosis, The patients with Child-Pugh class C have 6
points, while those with Child-Pugh class B are assigned 3
points.

Management during the period on the waiting list

' Bach patient on the waiting list for DDLT continued to
receive medical treatment until the offer of a deceased
donor organ. If there was a living donor candidate for
LDLT, a thorough medical evaluation was performed to
determine the suitability of the donor. Donors were selec-
ted on the basis of the results of the medical evaluations,
including liver function tests, ABO blood group typing and
graft/recipient size matching, as described previously [2].
In the selected patients has a chance of undergoing LDLT
as a back-up therapeutic option, LDLT was performed after
the family’s consent to proceed with LDLT was obtained,
because of the shortage of deceased donor organs in our
country.

Procedure for donor procurement and DDLT

During the donor operation, the whole liver was retrieved
using University of Wisconsin solution for organ preser-
vation in the standard fashion. The reduction or splitting of
a whole liver was performed in an ex vivo manner as a
graft for smaller patients, if required. The recipient oper-

ation was performed in a piggy-back fashion without a

@ Springer

veno-veno bypass. If the inferior vena cava (IVC) was
aitached to the graft, the side-to-side cavo-caval anasto-
mosis was performed by making a wide orifice on the IVC
of the recipient and the graft sides. Otherwise, an end-to-
side hepatic venous anastomosis was performed in the
same manner as that used for LDLT. The reconstructions of
the portal vein and the hepatic artery were performed in an
end-to-end fashion. A hepatico-jejunostomy was performed
by inserting a stent tube, except in one case with duct-to-
duct biliary anastomosis (Case 10).

Postoperative management after DDLT

The basic immunosuppressive regimen consisted of ta-
crolimus and low-dose steroids, Patients were weaned off
steroids by 6 months after DDLT, when their liver function
was stable. A liver biopsy was performed when indicated.
Acute cellular rejection (ACR) was treated with a high
dose of methylpredonisolone, which was used as steroid
pulse therapy if the liver function did not improve.

Results

Clinical outcomes of the patients 6h the waiting list
for DDLT

The priority points related to the medical status consisted
of 10 points in 25 patients, 6 points in 13 patients, and 3
points in 9 patients (Table 1). The majority of the patients
with 10 points were suffering from ALF. Consequently, 7
patients were considered to be candidates for DDLT, and
13 patients underwent LDLT without having a chance to
obtain a graft from a deceased donor. Three patients with
ALF did not need LT because of the improvement of their.
conditions by medical treatment. One patient with graft
failure after LDLT died without undergoing LT. In terms
of the patients with 6 points, three patients underwent
DDLT and nine patients underwent LDLT. One patient
with Alagille syndrome was once enrolled on the waiting
list for DDLT; however, his concomitant cardiopulmonary
disease became worse and he subsequently died, Among
the patients with 3 points, six patients underwent LDLT
and three patients are still on the waiting list.

Clinical outcomes of the patients undergoing DDLT

Ten recipients, consisting of three males and seven
females, underwent DDLT (Table 2). The median age at
DDLT was 10.5 montbs, ranging from 18 days to 17 years.
The interval from the enrollment on the waiting list to

‘DDLT ranged from 2 days to 1.5 years. All of the recipi-

ents with 10 points underwent DDLT within an interval of .
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Table 1 Clinical outcomes of the patients on the waiting list for DDLT

Priority points

10 points (2 = 25, 53.2 %)

6 points (n = 13,277 %) 3 points (n = 9, 19.1 %)

Age enrolled in the waiting list, median (range)

17 years)

Original disease

Acute liver failure 20 ¢80.0 %)

Cholestatic liver diseases -

Congenital hepatic fibrosis -

Graft failure after LDLT 4 (16.0 %)

Autoimmune liver diseases -

Metabolic liver diseases 1 (4.0 %)
Outcomes

DDLT 7 (28.0 %)

LDLT 13 (52.0 %)

Patient died 1 (4.0 %)

Improved 3 (12.0 %)

Too sick to LT ’ -

Withdraw 1 (4.0 %)

Still waiting . -

10,0 months (11 days—

3.0 years (5 months-- 4.1 years (4 months—

16 years) 14 yeats)
6 (462 %) 5(55.6 %)
4 (30.8 %) 2(22.2 %)
1 (7.7 %) 2 (222 %)
2 (154 %) ~
3(23.1 %) -
9692 %) 6 (66.7 %)
1(77 %) -
- 3(33.3 %)

‘DDLT deceased donor liver transplantation, LDLT living donor liver transplantation, LT liver transplantation

10 days, while the recipients with 6 points underwent the
DDLT 45, 221 and 571 days after their enrollment on the
waiting list. The age of the deceased donors was <6 years
in one case, 6-18 years in one case, 18-49 years in five
cases and >50 years in three cases. Three recipients
received whole liver grafts and seven recipients received
split/reduced livey grafts, consisting of right lobe in one
case, left lobe in one case, left lateral segments (LLS) in
three cases and reduced LLS in two cases. The graft weight
to recipient body weight ratio ranged from 1.39 to 5.75
(mean + SD; 3.36 £ 1.44). The mean cold ischemic time
-was 480.3 min, ranging from 296 to 839 min. Surgical
complications after DDLT occurred in four cases. One
patient (Case 3) suffered from hepatic venous outflow
obstruction on postoperative day (POD) 26. Despite suc-
cessful venoplasty with stent insertion, she subsequently
received another graft from a living donor due to pro-
gressive graft failure. The macroscopic findings of the
explanted graft did not show an anastomotic stricture of the
- hepatic vein, although the pathological findings revealed
necrosis of the first graft due to sinusoidal obstruction
syndrome [3]. One patient (Case 10) using duct-to-duct
biliary anastomosis suffered from biliary stricture, which
was successfully revised to hepatico-jejunostomy on POD
41. Medical complications after DDLT occurred in four
cases, including convulsion related to tacrolimus neuro-
toxicity in two cases, intracranial hemorrhage in one case,
and acute renal failure in one case. The case suffering from
acute-renal failure (Case 10) required hemodialysis during
the immediate postoperative petriod, and basiliximab was

simultaneously introduced to lower the blood concentration
of tacrolimus, Three recipients experienced episodes of
ACR, which were successfully managed by steroid pulse
therapy, Two recipients who were critically-ill before
DDLT; one with high-output syndrome with multiple
hepatic hemangiomas (Case 2) and one with graft failure
after LDLT with a Model for End-Stage Liver Disease
(MELD) score of 50 (Case 9), died due to sepsis. The one-~
year graft survival was 70.0 %, with a median follow-up
period of 6.4 months. '

Discussion

Recent advances have proven that LDLT is a viable option
for obtaining grafts in a timely fashion. Especially for
children with ALF who are considered ‘to be a high-
urgency situation that requires LT, LDLT has been adopted
as an optional life-saving procedure, although various
ethical dilemmas and possible constraints resulting from
the short duration of time for the psychological evaluation
of the donor and family still remain [4]. Our present results
revealed that the majority of the patients with 10 points, the
highest priority for liver allocation, received grafts froin
deceased or living donors, and only one patient with graft
failure after LDLT died without having a chance to obtain
a graft from a deceased donor. The number of deceased
donors has been increasing in our country; however, it still
remains insufficient, and pediatric LT still relies on living
donors.

@ Springer
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» Table 2 Clinical outcomes of the patients undergoing DDLT

Case Age at Original Priority Interval to DDLT Age of donors Type of graft CIT Complications Outcomes Follow-up
no. DDLT disease _points (days) (years) (min) ) period
/gendex
1 0 month/M ALF 10 8 1849 Reduced LLS (split 378 - Alive 6.5 months
. L)
2 2 months/F ALF 10 6 18-49 Reduced LLS (split 600 Intraabdorminal bleeding, Died 10 days
LD Intracranial hemorrhage
3 8 months/F  ALF 10 2 >50 LLS (reduced LT) 414 Hepatic venous outflow Re LDLT 32 days
obstruction
9 months/F  Graft failure 10 7 <6 Whole 468 - Alive 9.6 months
5 10 months/  Graft failure 10 9 1849 1LS (split LT) 501 - Alive 6.3 months
F ) .
6 1 year/F Chaolestatic 6 45 18-49 LLS (split LT) 296 - Alive 2.2 years
disease ’
7 9 years’F  ALF 10 2 18-49 LL (split LT) 334 Convulsion Alive 2.6 years
15 years/F  PSC 6 221 6-18 RL (split LT) 483 - Alive 1.6 years
9 17 years/M  Graft failure 10 4 =50 ‘Whole 490 Convulsion, Died 47 days
: Intraabdominal abscess
10 17 years/M OTCD 6 571 >50 ‘Whole 839 Acute renal failure, Alive 4.9 months

Biliary stricture

ALF acute livér failure, CIT cold ischemic time, DDLT deceased donor liver transplantation, LDLT living donor liver transplantation, LL left lobe, LLS left lateral segments, LT fiver
transplantation, OTCD ornithine transcarbamylase deficiency, PSC primary sclerosing cholangitis, RL right lobe .
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An ideal organ allocation system can offer a liver graft
.to a candidate for DDLT fairly and impartially. For that
purpose, the priority of liver allocation should be appro-
priately evalvated by considering jfhé medical status. and
waiting time of each candidate. Certain scoring systems,
like the MELD score for adult patients and the Pediatric
End-Stage Liver Disease (PELD) score for the pediatric
patients in the United States, has been applied and have
been demonstrated to be useful to assign candidates for
DDLT [5]. From the standpoints of the pediatric population
requiring LT, various original liver diseases may be indi-

cations for LT, For example, congenital metabolic diseases,

such as urea cycle disorder and hyperoaluria, are illnesses
peculiar to children, and the patients do not usually show
synthetic dysfunction of the liver. The liver allocation
policy in the United States deals with this clinical condition
as an exceptional disease to give extra priority for liver
allocation [6]. CHF is also a chronic liver disease with
preserved liver synthetic function. Our patients with CHF
were evaluated to have a lower priority for liver allocation,,
However, the disease is often associated with autosomal
recessive polycystic kidney disease, which may lead to
concomitant renal insufficiency, and the majority of the
patients with congenital hepatic fibrosis may require
combined or sequential liver and kidney transplantation,
The Japanese allocation system for liver and kidney organs
accords a liver recipient priority for receiving a kidney
from the same deceased donor. Under these circumstances
and due to the shortage of deceased donors, it is often

unavoidable to use a living donor for at least one organ [7].
" Although it is difficult to evaluate the priority of liver
allocation for pediatric and adult candidates for DDLT in
an equitable manner, our allocation system related to each
original liver disease peculiar to children must be revised to
give higher priority than the current system when more
deceased donors become available.

Split LT has been perceived as an important strategy to
increase the supply of liver grafts by creating two trans-
plants from each allograft. This procedure may carry the
utmiost importance because it can increase the available
grafts for the pediatric recipients [8]. According to the
2011 OPTN/SRTR annual report, split LT was performed
for 18.8 % of pediatric DDLT between 2009 and 2011
[9]. The introduction of this procedure has dramatically
decreased the need for living donation at many pediatric
transplant centers in the United States [10]. The previous
reports showed that the long-term graft survival rates in
children for segmental grafts from deceased donors were
comparable with those for whole organ LT [[1]. Proper
donor and recipient selection for split LT is crucial for
optimal organ allocation and for the best use of a scarce
and precious resource. According to the previous reports

from major transplant centers, the ideal split liver donor

should be between 14 and 50 years of age, with good
liver function, a serum sodium level <160 mmol/L, a
short intensive care unit (ICU) stay, stable hemodynam-
ics, with a grossly normal liver, and with a cold ischemia
time less than 10 h [12]. In terms of the recipient selec-
tion for split LT, the use of split grafts in critically-ill

_recipients, such as those with MELD score > 30, and

retransplant patients diminished the patient survival [13].
In our series, .all six patients who received a split graft
received the graft from a relatively younger donor, who
ranged from 16 to 45 years, and who had a mean cold
ischemia time of 7.2 h. On the other hand, the recipients
who received a split graft included three patients with
ALF and one case of graft failure after LDLT as the
underlying liver disease. The outcome of our series of
split LT is satisfactory, even when the relatively criti-
cally-ill. recipients are included.

In conclusion, although pediatric LT in Japan still has to
rely on living donors, the increasing number of deceased-
donor organs can reduce the burden of living donors in the
future. The initial experience with pediatric DDLT in our
series was satisfactory. Split LT of deceased donor organs
may help to resolve the serious organ shortage in our
country.
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INITIAL EXPERIENCE OF SPLIT LIVER TRANSPLANTATION IN NATIONAL CENTER FOR CHILD
HEALTH AND DEVELOPMENT, JAPAN

Mureo Kasahara, Ikumi Hamano, Hajime Uchida, Takanobu Shigeta, Akinari Fukuda, Hiroyuki Kanazawa,
Megumi Kobayashi, Toshihiro Kitajima, Hideaki Tanaka and Seisuke Sakamoto
Organ Transplantation Center, National Center for Child Health and Development, Tokyo, Japan

Purpose ; We reviewed our initial experience of deceased split liver transplantation in National Center for
Child Health and Development and report the results herein.

Subjects and methods : We have listed 50 patients with end-stage liver disease for deceased liver trans-
plantation, and done 6 cases of split liver transplantation during October 2010 through October 2012, Vari-
ables including indication of liver transplantation outcome were reviewed,

Results : The indication for split liver transplantation was acute liver failure in 4, re-transplantation in 1
and primary sclerosing cholangitis in 1. The age of recipient ranged 17days~15yeras and body weight ranged
24kg~55kg. The split grafts were hyper-reduced left latéral segment in 1, left lateral segment in 3, left lobe in
1 and right lobe in 1. Although case #2 received retransplantation with living donor, all the patients are cur-
rently doing well with acceptable liver function with minimum follow-up of 2 months,

Conclusion : Satisfactory result can be achieved on initial experience of split liver transplantation in Na-
tional Center for Child Health and Development. The follow-up period was too short to make definitive conclu-
sion, however, split liver transplantation could be expand potential donor pool and may reduce the waiting list
mortality without alterations of the results.

© Japan Surgical Society ~ Journal Web Site : http://journaljssoc.orip
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DECEASED DONOR LIVER TRANSPLANTATION RECEIVING A LIVER FROM A CHILD UNDER SIX YEARS
OLD: AN EXPERIENCE OF ORGAN RETRIEVAL FROM A PEDIATRIC DONOR IN JAPAN

Tkumi Hamano', Seisuke Sakamote’, Akinari Fukuda', Hajime Uchida', Kengo Sasaki!, Takanobu thgeta‘ Hiroyuki Ka-
nazawa', Atsuko Nakazawa', Mureo Kasahara!, Yasuhiro Ogura® and Shinji Ueinoto?

Transplantation Center, National Center for Child Health and Development, Tokyo', Department of Hepatobiliary, Pan-
creas and Transplant Surgery, Kyoto University Graduate School of Medicine, Kyoto, Japan®
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