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Liver transplantation in a patient with
propionic acidemia requiring extra corporeal
membrane oxygenation during severe

metabolic decompensation
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transplantation in o patient with propionic acidemia requiring extra
corporeal membrane oxygenation during severe metabolic
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Abstract: LDLT is an effective (reatment modality in patients with
congenial metabolic liver disease. PA is a rare aulosomal recessive
disorder caused by deficiency in propionyl-CoA carboxylase. The
present study demonstrates a two-yr-old girl with PA who was admitted
for metabolic decompensation and immediately treated with CHD and
protein intake restriction at 46 days of age. Two yr later, the patient was
readmitted for severe metabolic decompensation with complete atrio-
ventricular block and ventricular fibrillation. CHDF and ECMO were
indicated because of progressive metabolic and cardiac deterioration.
After full recovery of the ejection fraction, planned LDLT was per-
formed to prevent further metabolic decompensation and fatal cardiac
insutliciency. No significant events occurred after the operation and the
condition of the patient is stable with conlinued protein restriction and
carnitine supplementation,
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PA, an organic acidemia, is a rare autosomal
recessive disorder caused by a deficiency in PCC,
a mitochondrial matrix enzyme involved in
catabolism. which converts propionyl-CoA to
methylmalonyl-CoA  before entering the TCA
cyvele (1). PA is estimated to occur in cvery
465 000 births in Japan (2). Deficiency in PCC

Abbreviations: CHD, continuous hemodialvsis; CHDE,
continuouns  hemo-diafiliration: ECMO. extra corporeal
membrane  oxyeenation: EF. ejection [raction; LDLT,
living-donor liver transplintation: LT, liver transplantation:
PA. propionic acidemia: PCC. propionyl-CoA carboxylase:
TCA ceycle, ticwrboxylic acid cveler UCG, ultrasonic
curdiography.
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leads to accumulation of toxic substances in the
body. that results in severe metabolic decompen-
sation. In two subunits of the PCC gene (PCCA
and PCCB), several genctic mutations were
veported, that give rise to the varying activity of
PCC (3-5). PA is categorized into two forms: an
early (neconatal) onset form, in which clinical
symptoms ate presented within the first 90 days
of life, and a late onset form. Clinical features of
the carly onsct form arc metabolic decompensa-
tion and fatal cardiac events. including cardio-
myopathy. whereas those of the late onset form
consist of encephalopathy, episodic ketoacidosis,
as well as developniental retardation without
metabolic decompensation  (3). The survival



period is significantly shorter for the early
compared with the late onset form because of
metabolic decompensation and  fatal cardiac
events (4, 6, 7). A study in 17 patients reported
a median survival period of cight months in carly
onsct patients and death at age 2.8 and four yr in
two late onsct paticnts (4).

Here, we report a LDLT in a patient with carly
onset PA  presenting  with scvere  metabolic
decompensation and potentially fatal cardiac
insufficiency, which required CHDF and ECMO
support.

Case report

A two-yr-old girl, born by normal delivery after a
full-term pregnancy and having no significant
Family discase history, was referred at 46 days of
age for hyperammonemia and metabolic acidosis
treatment. The pancnt sho\wd clevated scrum
ammonia levels at 3 pg/dl and decreased
base cxcess at —13 mmol/L Trcatment by
CHD was mmmedi k\tdy initiated after admission,
and protein administration was restricted  to
reduce the load on amino acid catabolism. After
CHD initiation, scrum ammoniz\ levels were
gradually corrected. Diagnosis of PA was deter-
mined based on urinary organic acid analysis,
which revealed elevated levels of 3-hydroxypro-
pionate. In addition, no cardiomyopathy, a lite-
threatening complication of PA, was detected.
Protein administration was restricted at 0.9 g/
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enhance renal excretion of propionyl CoA as
propionylcarnitine, were provided. The general
condition of the patient appeared stable with no
metabolic decompensation, albeit showing a mild
developmental delay.

Two yr later, the patient was readmitted for

decrcased oral intake and gencral malaise.
Serum  ammonia and lactate  levels  were
16 pg/dl and  3.20 mmol/L, respectively,

whereas blood gas analysis showed a base
exeess of =2.1 mmol/L on admission. Despite
fluid resuscitation, deterioration of the meta-
bolic acidosis condition was obscrved (pH

7.078, HCO; 8.7 mmol/L., Lac 18 mmol/L,
B.E. -22.1 mmol/L, NH; 62 pg/dL). In addi-

tion, clectrocardiography showed a rapid dete-
rioration  of circulation duc to  complete
atrioventicular block and ventricular fibrillation.
Cardiopulmonary resuscitation was immediately
performed, and recovery of the sinus rhythm
followed. However, blood pressure could not be
sulliciently maintained and UCG revealed a
decrease in EF to 50%. Despite administration
of high-dose inotropic agents and CHDF, UCG
showed an EF decrease to 10-20% with diffuse
hypokinesis. ECMO (veno- urtcria ECMO) was
initiated bused on diagnosis ol cardiac insufli-
cicncy secondary to severe metabolic decompen-
sation, and a gradual improvement in blood
pressure, EF, and oxygenation followed (Fig. 1).
Seven days later, EF recovered to 60% and the
patient was successtully weaned from ECMO
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Fig. 1. Clinical course of the patient with prapionic acidemia.
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and P/F ratio (PaO,/FiO, ratio: oxygenation
index). In addition, the patient was weaned
from CHDF because of metabolic status
improvement.

To avoid further metabolic decompensation
and fatal cardiac events, LT was considered and
performed three months after cardiac decompen-

sation using the left lateral scgment from the
father of the patient. Although mild acute
rcjection was obscrved after hu operation, no
metabolic decompensation or cardiac cvents
occurred. Immunosuppressive therapy consisted
of tacrolimus and corticosteroid administration.
Seven months after LT, metabolic/neurological
clecompcnsanon and cdrduc insufliciency were
avoided using mild protein restriction (1.8 g/kg/
day) and r-carnitine administration.

Discussion

The medical treatment of PA, consisting of protein
restriction, as well as L-carnitine and metronida-
zole administration, which facilitates the decrease
in propionate production by the gut flora, has
contributed to survival plo]onv'ttxon (3, 9).
Despite medical treatment, life-threatening com-
plications during carly-onset PA, namdy fatal
cardiac cvents, have frequently occurred. Tn 2
study of 19 patients with PA, six (31.6%) were
reported to show ¢ ardiomyopathy, of which tlucc
(50%) died from cardiac insufficiency (6). Elec-
trophvslolo"l al investigation by Baumgartner
et al. (7) reported a plOlOllULd QTec interval, an
independent risk factor for sudden cardiac death,
and reduced left ventricular function, detected bv
UCG, in 70% and 40% of paticnts with PA,
uspcamdv Given these findings, regular cardio-
logical cvaluation of PA patients was recom-
mended. Although still unclear, the causes of
cardiomyopathy and QTc prolongation are sug-
gested involvement carnitine deficiency, which
possibly induces clectromyocardial changes, di-
rect toxic effects of metabolites, which cause
prolonged myocardium repolarization, inhibition
ol oxidative phosphorylation in mitochondria by
propionyl CoA, as well as a genetic abnormality
(7.8).

Although LT is indicated for liver-related
metabolic disorders, its use in organic acidemias,
which are noun-liver-related metabolic discases, is
still controversial (9-12). To the best of our
knowledge, a total of 11 patients with PA were
reported to have undergone LT (Table 1) (3, 10,
[3-18). During the nconatal period, metabolic
decompensation episodes were observed in all
paticnts, and the median age at LT was two vyr,
ranging from cight months to ninc yr. Livers
from seven deceased and four living donors were
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Table 1. Worldwide reports of liver nansplantation for propionic acidemia

Post-LT metabulic
decompensation

Reference

Outcome

Post-LT protein restriction

Indication of LT

Graft type

Gender

Age ai LT

Case

Died due to PTLD, 15 months

Alive, 10 yr
Alive, 5 yr

Ng restriction
Continued
No restriction

+Chronic hyperamimonemia

Metabolic decompensation

Metabelic decompensation
Metabolic decompensation

Deceased (whole)

Deceased {split-
Living

Deceased (whole)

Auxiliary

2yr
7 yr
9 yr

- e

Died, 3 manths
Alive, 59 months

c
=
=]
g

5

c decompensation

Metabolic decompensation

3yr
2 yr

Unrestricted, then ra-initiated
because of metabolic

et
o
Q

=
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N
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@
@
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[f=]

(10, 17;

Alive, 30 months
Alive, 21 months

decompensation after LT

Mild

Failure 10 thrive
Metaliolic decompensation

Living
Living

M

5yr
1yr

{10, 17)

(18}
{5)

Metabolic decompensation Mild

Metabolic decompensation

el

No restriction Alive, 12 months

Mitd

Deceased (split-liver)

8 months
1yr

Alive, 44 months

Metabalic decompensation

Deceased {split-fiver)

M

Failure to thrive
Metabolic decompensation

Failure w thrive

{5)

Retransplanted for HAT:

Continued

Deceased (whole)

2y

10

Alive, 8 months after initial LT

Deceased (split-liver)

Developmental delay

Present case

Alive, 7 months

Mild

Metabolic decompensation
Cardiac insufficiency

Living

F

2 yr 2 months

11"

LT, liver transplantation; PTLO, post-transplantation lymphoproliferative disorders; HAT, hepatic artery thrombosis.



used for transplantation. It was reported that
LDLT using a graft from a heterozygote donor is
an cflective (reatment modality for PA (10).
[ndications to perform LT included refractory
metabolic decompensation (n = 11), failure to
thrive (n = 3), developmental delay (n = 1),
and cardiac insulliciency (n = [). In the present
study, LDLT was performed after overcoming
severe metabolic decompensation and cardiae
insufficiency, which required ECMO. However,
from Table I, previous studics report that casc 5
presented with metabolic decompensation after

T (10, 17).

For post-LT protein intake, restriction was
partly alleviated in cight patients (72.7%), of
which four (36%) rcturned to normal or ncar
normal protein intake. However, protein restric-
tion was re-initiated in one paticnt because of
metabolic decompensation after transplantation
{17). These observations demonstrate the impor-
tance of protein vestriction and  t-carnitine
administration after LT, In addition, bascd on
post-transplant data from previous reports, LT
for PA patients is considered an effective method
to avoid further metabolic decompensation and
cardiac insufficiency.

In conclusion, we suggest indicating LT in PA
paticnts with frequent hospitalization for meta-
bolic decompensation and  failure to  thrive
despite conventional medical treatment. Further,
LT is a potentially umportant option in avoiding
further fatal cardiac events.

References

fooFenton WA, Graver RAL Rosexymart DS, Disorders of
propionate and mothyimalonate metabolism, I Seriver CRL
Beavper AL, Sty WS, Vawnee D, oeds. The Metabolic and
Moleeulur Bases of Inherited Discases. New York: MeGraw-
Hill, 2001 pp. 21052193,

20 Taravanaat Mooetall National Sarvey Based on Question-
naire to all Major Hospitals in Japan. Kvorin. Tokyo: Japanese
Society of Inherited Metabolic Diseases Annual Meeting., 2000,
Atb.

30 Sass JOU Horaany ML Skeanat Do Mavareper T Scuwany
B. Seert. W, Propionic ucidemia revisited: A workshop report.
Clin Pediitr 2004 430 §37-843.

v

w

0.

{0,

16.

;lei

. Ocier DE Baviiny H,

Liver transplantation for propionic acidemia

Van Der Meer SB, Pocar F, Seapa M, Bonnegont JP,
Clinical outcome and long-term management of 17 patients
with propionic acidacmin. Eur I Pediatr 1996: 135 205-210.
Barsues NR, VanaTra ML Paren AT et al. Cvaluation and
management of patients with propionic acidemia undergoing
liver transplantation: A comprehensive review, Pediatr Trans-
plant 2006: 10: 773-781,

Massoun AF, Leonarp JY. Cardiomyoputhy in propionic
acidacmia. Eur J Pediaty 1993; 152 44 [-445,

o BauncartNer D, Schoue-BOrar S, Sass JO, et al. Prolonged

QTc intervals and deereased left ventriculur contractility in
patients with propionic ucidemin. J Pediatr 2007: 130: 192--197.

- Marvacy RoVeriry MA, Ceperoaunm SD. Clinical, patho-

togical, and biochemical studics in a patient with propionic
acidemin and fatal cardiomyopuathy. Mol Genet Metab 2005
83 286--290).

BeNosT JI7, Ridana O, Touan G,
Ranter D, Sauptiuray IV, Methylmalonic and propionie
acidaemias: Manugement and outcome. J Inherit Metab Dis
2003: 28: 415-423.

Mortora D, Kasauara M, Takapa Y, et ol Living donor
liver transplantation {or pediatric patients with inheritable

metabolic disorders, Amy J Transplant 20030 5: 2754 2763,

O IasaparA ML Horikawa RO TaGawa M. et al. Current role of

liver transplantation for methylmatonic acidemia: A review of
the fiterature. Pediate Transplant 2006 10; 943 947,

. Mortora D Kasaiiara M, Horikawa R Yorovas S,

Fukuny Ao Nakacawa AL Efficacy of living donor liver
transplantation for patients with methybnalonic acidemia, Am
J Transplant 2007: 7: 2782-2787.

Rt MNMutesan P ANpreant POMeL-VeRGant G, Mowar
AP, Hearon ND. Auxiliary tiver transplantation for metabolic
discases. Transplant Proe 1997: 29: d444-445,

o Rey MO BarTuia Ny Mapasur Mooetall Auxiliary liver

transplantation for propionic acidemia: A H-vear follow-up.
Am T Transploat 2007: 7: 2200-2203,

CoSavipusray INL Touan G DeroNtay P Jouver Po Liver

transplantation in propionic acidaemia. Eur J Pediatr 1999:
138 563-S69.

Kaveer LKL Merton RML Lee S, Suse RS, Pexci 1D, Long-
termy survival after liver transplantation in children with met-
abolic disorders. Pediatr Transplant 2002: 6: 295-300.

o Yorteun T, Kawar Mo Masiana M, et all Living-donor liver

transplantation for propionic ucidaemia. J Inherit Metab Dis
2004: 270 203214,

- Mawzont Do Srotrr AL Carrara By Greroe P, Sanzosyt V.

Anuesthesia for Hiver tanspluntation in vwo infants with an
organic acidaemin. Pediatr Transplant 2006 10: 623624,



Pediatr Transplasttation 2000

© 2009 John Wiley & Sons A/S.

Pediatric Transplantation
DOL T I399-30405. 200001170 ¢

Liver transplantation for an mfant with
neonatal intrahepatic cholestasis caused by
citrin deficiency using heterozygote living

donor

Shigeta T, Kasahara M, Kimura T, Fukuda A, Sasaki K, Arai K,
Nakasawa A, Nakagawa S, Kobayashi K, Soneda S, Kitagawa H.
Liver transplantation lor an infant with neonatal intrahepatic chole-
stusis caused by citrin deficiency using heterozygote living donor,
Pediatr Transplantation 2009, © 2009 John Wiley Sons & A/S.

Abstract: NICCD is an aulosomal recessive genetic disorder, charac-
terized by cholestasis, coagulopathy, hypoglycemia, fatty liver and
multiple amino acidemia. NICCD develops in the neonatal/infantile
period and has been reported as a “naturally curable™ disease within
one yr of life, Recently, we experienced an infantile NICCD who
developed progressive liver [ailure, and required subsequent LT using a
heterozygote living donor at eight months of age. Diagnosis of
NICCD was established before Lransgplantation, and donor evaluation
included mutation in the SLC25A13 gene for exclusion of individuals
with citrin deficiency citrullinemia, LDLT, from blood type identical
mother using a lelt lateral segment graft, was performed without serious
complication, Plasma amino acid concentration was normalized rap-
idly, and the patient was discharged 30 days after transplant. During
one yt follow up, the recipient has been doing well without additional
medication for NICCD. NICCD should be considered in the differential
diagnosis as a cause of neonatal/infantile cholestatic disease. LT using
a heterozygote living donor is an effective ulternative in countries
where a deceased donor is not available,

Recently, citrin deficiency has been established as
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an autosomal recessive genetic disorder, and has
two phenotypes (1), One is NICCD and the other
is CTLN2. NICCD has been reported with
SLC23A 13 mutations and develops in the nco-
natal andjor infantile period. Clinical presenta-
tions of NICCD are characterized by cholestasis,

Abbreviations: AFP, alpha-feto protein: CT. computed
tomography; CTLN2. adult-onset type 1 citrullinemia:
LDLT, living donor liver transplantation; LT, liver trans-
plantation;  NICCD, neonata!  intrahepatic  cholestasis
caused by citrin deficiency; PT-INR, prothrombin time
international normalized ratio: T-bil, total bilicubin.

coagulopathy, hypoglycemia, fatty liver, and
multiple aminoe acidemia; however, these features
have been reported to improve spontancously
within one yr of life (2). Therefore, development
of end-stage liver discase in NICCD patients is
extremcely rarc. We report our cxperience of
infantile NICCD diagnosed preoperatively that
required LDLT because of development of end-
stage liver discase. The (easibility of LT using a
heterozygote living donor is discussed,

Case

The female nconate was born at 40 wk ol
gestation, weighing 2679 ¢, with normal delivery.
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She was the first live-born child of unrelated
parents with no abnormalities in the family
history., At five months old, she was admitted
to the hospital beeause of abdominal distension
and an inguinat hernia. Her weight (6370 g) and
height (68 cm) were within the limits of the mean
and standard deviation of the growth standard,
Laboratory data showed an clevated serum T-bil
3.8 mg/dL (normal range: 0.25-0.85 mg/dL), as-
parate aminotransferase 155 1U/L (2442 TU/L),
alanine aminotransferase 81 IU/L (928 TU/L),
PT-INR 1.4 (0.64-1.17), and AFP 230 000 ng/
mL  (normal range at five months of age:
1-20 ng/mL). Abdominal ultrasound and CT
revealed a liver tumor of segment 8 (15 mm)
(Fig. 1), which was suspected as a hemangioma
or hemangioendothelioma by magnetic reso-
nance imaging, without evidence ol fiver cirrhosis
but with massive ascites. Liver function progres-
sively deteriorated within two months, and con-
trol of intractable ascites failed. She was referred
to Nationa! Center for Child Health and Devel-
opment for possible LT because of cnd-stage
liver disease ol unknown ctiology. Routine stud-
ics to determine the cause of nconatal/infantile
cnd-stage  liver disease were performed,  As
SLC25A13 gene mulation revealed a compound
heterozygote of 1638ins23 and 5225X, the cause
ol liver failure was diagnoscd as NICCD. Lab-
oratory data before LT showed T-bil 19.5 mg/
dL, and PT-INR 2.0 with administration of fresh
frozen plasma every other day.

Her mother was evaluated as a potential organ
donor for LT, In addition to the routine cvalu-

Fig. 1. CT demonstrited the tumor in the liver at segiment 8
with massive ascites.

2

ation for potentinl donor, mutation in the
SLC2SA13 gene was examined for exclusion of
CTLN2. She did not eat an unbalanced diet, and
her liver function was normal including the
serum pancreatic  sccretory  (rypsin  inhibitor
3.0 ng/mL  (normal range: 4.6-20.0 ng/mL).
DNA diagnosis of donor for the mutated gene
revealed  an asymptomatic  heterozygote  for
S225X mutation. The ABO blood group identical
mother was selected as the organ dounor, because
of the better graft-to-recipient weight ratio, At
cight months old, LDLT was performed using
the eft lateral secgment, weighing 242 g, without
complication. The native liver was found to be
cirrhotic.  Microscopic  examination revealed
giant cell hepatitis with portal fibrosis of the
fiver lobules without fatty change, and the tumor
was  diagnosed as a hemangioendothelioma
(Fig. 2). After LDLT, the paticent received nor-
mal milk and food without protein restriction.
Blood amino acid analysis was normal (Table 1),
and the serum concentration of AFP, t-bil and
total bile acid normalized rapidly. The patient
was discharged 30 days after LDLT without
serious complication. During one yr follow-up,
she has been doing well without additional
medication.

Discussion

Citrin deficicney is an autosomal recessive genctic
disorder that results from mutation in SLC25A13
gene on chromosome 7g21.3 (1, 3). SLC25AI13
gcnc cncodes a calcium-binding mitochondrial
protein, designated citrin, expressed mainly in
the liver. Citrin plays an important role in the
supply of aspartate from mitochondria to the
cytoplasm  for synthesis of  arginosuccinale,

Fig, 2, Histology revealed that liver displaved as giant cell
hepatitis with portad fibrosis among liver lobules without
fotty change (Masson trichrome stain).



Table 1. Plasma amino acid concentration before and after liver transplant

Post-operative day

Range {nmoy/mt)  —107 -28 -1 77

Threonine 66.5-188.9 2211 2705 2005 1643
Serine 72.4-164 5 195.3 2352 1118 859
Asparagine 44.7-96.8 39.8 69.5 783 55.9
Glutamic acid  12.6-62.5 634 69.9 64.9 65.9
Citruline 17.1-426 452 332 254 255
Methionine 18.9-40.5 40,7 2278 888 258
Leucine 766-171.3 122.8 118.3 591 130
Tyrosine 404-90.3 95 2662 2518 65.1
Phenylalaning  42.6-75.7 54.3 929 72 53.6
Fisher ratio 2.43-4.40 2.98 119 077 369

Therefore, impairment of citrin could lead to
Failure in supply of aspirate from mitochondoria
to the cytoplasm for synthesis of argininosuccin-
ate, and causc high citrulline and ammonia
fevels.

In Japan, the frequency of homozygotes with
SLC25A 13 mutations is estimated to be | in
19 000, and the incidence of NICCD could be 1
in 34 000, but it depends on the recognition of
this discase cntity, owing to the nature of
NICCD, which may spontancously resolve with-
out treatment (2), Ohura ct al. (2) reviewed the
characteristics of 73 patients with NICCD.
Among them, 30 and 45 patients were posilive
and negative for ncwborn screening in Japan
(hypergalactosemia, hypermethioninemia, and
hyperphenylaluninemia), and more than half of
negative paticnts presented before three months
with prolonged jaundice, acholic stools, and
Fatlure to thrive. Laboratory studics reveal serum
transaminase, T-bil, total bile acid concentra-
tions to be mildly elevated. The main character-
istic of patients with NICCD is an abnormal
amino acid pattern, with significant elevation of
citrulline and methionine concentrations; how-
ever, it is noteworthy that six newborn screening
negative cases did not show any elevation of
citrulline. The present case was also negative for
newborn screening, but did not present any signs
of cholestatic disease during the first five months
of age. Moreover, citrulline and methionine were
elevated only slightly at her first visit, which
made the diagnosis of liver discase attributable to
citrullinemia difficult.

Treatment included special lactose-free milk
formula enriched with medium chain triglycer-
ides and protein free as well as medical therapy
with fat-soluble vitumins, ursodeoxycholic acid,
and phenobarbital (2). Four of 75 children with
NICCD developed severe liver damage, and
required subsequent treatment with fresh-frozen

LT for NICCD using heterozygote donor

plasma or glucagon-insulin therapy. Seventy-
threc cases resolved by 12 months; however,
two cases progressively developed liver failure
and underwent LT before their frst birthday.
Furthermore, Tamamori et al, (3) reported a case
that required LT at 10 months old because of
cnd-stage liver disease. They suspected the causc
of end-stage liver discase was tyrosinemia type |
before LT, but confirmed the cause as NICCD
two yr after LDLT. Morcover, their case wus
a compound heterozygote of 85ideld/IVSII+
1G — A, which was dilferent from our case.

LT can offer complete resolution for genetically
acquired errors of metabolism originating in the
liver. However, LDLT using a hetcrozygote
donor is an important issue to avoid subscquent
development of serious complications in donor as
well as in recipient, Previously, the safety of using
a heterozygote donor has been reported, and
concluded that LDLT using parenteral donors
can be recommended as an effective treatment for
pediatric cases with inheritable metabolic disor-
ders (4). They reported a large series of LDLT for
pediatric cases with various inheritable metabolic
disorders using parenteral liver grafts, and did not
expericnce mortality and morbidity related to the
heterozygote state, as we reported in this manu-
script, Thus, LT using a graft from a heterozygole
living donor is & feasible alternative for NICCD
patients.

In conclusion, we report an LDLT for an
infantile case with NICCD who developed
intractable ascites and cnd-stage liver discase.
We madce a preoperative diagnosis, and success-
ful LDLT was performed using a heterozygote
living donor. It is difficult to decide the optimal
timing for LT with NICCD because a spontane-
ous remission can occur; however, LT should be
considered when patients develop irreversible
fiver failurc even when only a heterozygole living
donor is available.
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Congenilal absence of the portal vein (CAPV) is a rare
disorder thal may lead lo the development of hepalic
neoplasms, hepatic encephalopathy, pulmonary hyper-
tension (PH), and hepatopulmonary syndrome (HPS).
The portal vein develops by selective involution of the
vitelline venous system, and associated abnormalities
may vesull in CAPV. Some patients wilh CAPV are di-
agnosed al the lime of neonatal screening lor hyper-
galactosemia.! The eliology of PH/HPS is an imbalance
ol vasoconstrictors and vasodilators, either produced or
metabolized by the liver, that alfect the pulmonary ar-
terioles and capillaries by a portesystemic shunt.? A
patient whose portal vein is patent and perfuses the
liver as well as a shunt vessel (type 2) can be treated by
shunt ligalion (or graded shunt embolization) without
portal hypertension being induced. However, if the liver
is not perfused with portal blood and the entire
splanchnic blood supply flows through a shunt vessel
into a systemic vein (type 1), then either surgical or
radiological intervention of the portal vein might be
contraindicated. Liver transplantation (LT} is indicated
as a curative operation for CAPV in patients with un-
controllable hepatic encephalopathy and PH/HPS. Si-
tus inversus (S) is also a rare congenilal anomaly with
a frequency of 0.002% to 0.1%.% Sl occuus in associa-
tion with polysplenia syndrome and midgut malrota-
tion. a preduodenal portal vein, an aberrant hepalic
arterial supply., and absence of the inferior vena cava

{IVC). Consideration; therelore, has Lo be given to addi-
tional vascular reconstruction at LT for CAPV. with SI.

A 16-month-old Asian girl weighing 9.5 k¢ who pre-
sented  with “hyperammonemia (serum. NHy, 150
jrmol/L) was admitled to the hospital. The patlienl was
diagnosed Lo have hypergalactosemia by neonatal met-
abolic screening, Al the time of assessment, a:labora-
lory evaluation showed the following: serum bilirubin,
0.34 mg/dL; asparlaie aminotransferase, 72 1U/L;
gamma glulamyl lransferase, 21 IU/L: albumin, 2.8
g/dL; tolal protein, 4.8 g/dL; tolal biliary acid, 126.6
pmol/L: and prolthrombin time: international normal-
ized ratio; 1.2 1. Further imaging studies revealed CAPV
with S, polysplenia, and absence of the relrohepatic
IVC (Fig. 1). The results ol a chest and cardiac exami-
nation were unremarkable: Because of recurrent hy-
perammonemia and progressive hyperintensily in the
globus: pallidus. on magnelic resonance imaging, de-
spite medical treatment and protein restriction, the pa-
tient underwent living donor LT,

The donor was her 27-year-old mother, who had the
identical blood type. The liver gralt, a reduced lelt lat-
eral sector weighing 154 g and thus representing 1.62%
ol the graft-to-recipient weight ralio, was procured. The
recipient laparotomy showed CAPV, SI, polysplenia,
midgut malrotation, and absence of the retrohepatic
IVC. The hepatic veins dralned directly into the right
atrium (Fig. 24}, The right renal vein was palent and
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Figure 1.
(arrow) of the superior mesenteric vein (8MV) and splenic vein
(6PV) drained into the right renal vein without entering the
hepatic hilum,

Preoperative computed tomography. The conduit

drained through the retroperitoneal channels inlo the
azygous syslem. The recipient hepalecfomy was un-
complicaled. A histological examination ol the 200 g of
explanted symmelric native liver, which was 61.6% of
the estimated slandard liver volume, showed atrophic
portal veins visible in the porlal tracls (Fig. 2B). The
conduit of the superior mesenteric vein and splenie vein
drained into the right renal vein without entering the
hepatic hilum (Fig. 3A). Alter the hepalic vein recon-
struction Lo the right atrium, the shunt vessel was di-
vided al its junction with the right renal vein. The
stump of the shunt vessels, measuring 3.0 cm in
length, was turned upward behind the pancreas and
anastomiosed direclly to the graft portal vein inan end

Figure 2.
vetrohepatic inferior vena cava (white arrow) and that the
hepatic veing drained directly into the right atrium (asterislk),
Note the Arantius ligament (blaclk arrow) and absence of portal
branches in the hepatic hilum, (B} A histological examination
showed a normal bile duct and hepatic artery and an atrophic
portal vein in the portal tract,

(&) Anintraoperative view shows the absence of the

to-end fashion (Fig. 3B). During the clamping ol the
portal vein, the portal vein pressure increased from 12
lo 32 nun Hg. Mesenteric venous congestion developed,
bul it was tolerable over the 21 minutes of warm isch-
emic Linie. Biliary reconsiruction was carried out with a
Roux-en-Y choledochojejunostomy. The operalion
lasted 8 hours 36 minutes. and the blood loss was 520
mL. The posloperative course was uneventiul, and the
palientwas discharged on postoperalive day 39. During
the 9-month follow-up, the patient did wellwith normal
liver [unction and normal magnetic resonance imaging
indings without hyperammoneniia,

The type 1 anomaly seen in the present case is olten
associaled with aberrant mallormations, such as bili-
ary atresia, liver tumors, cardiac anomalies, and
polysplenia. The present case had 3 additional condi-
tions not reported so {ar: SI, polysplenia, and absence
of the retrohepatic IVC, which are otherwise technically
demanding if LT is indicated. The indications for LT in
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Figure 3. (A) An intraoperative view shows that the shunt
vessel, conduit of the superior mesgenteric vein (SMV) and
splenic vein (SPV), drained into the right renal vein, (B) The
stump of the shunt vessel was turned upward behind the pan-
creas and anastomosed directly to the graft portal vein in an
end-to-end faghion,

patients with CAPV have not yel been established. Ten
cases of CAPV (realed with LT have been reported.’*1?
The indications for LT were liver cirrhosis secondary (o
biliary alresia in 5, an unresectable liver tumor in 3,
hyperammonemia in 3, PH in 2, HPS in 1, and hema-
tochezia in 1, and they were resistant to conventional
medical treatment. PH was not seen in the present
patient; the pathophysiology of PH in CAPV is demon-
strated as thromboembolic pulmonary arterial hyper-
tension, and this state can be cured if the shuni vessel
can be closed. Recently, preemplive LT for a CAPV pa-
tient was performed because LT is the only therapeulic
option Lo prevent regression ol progressive PH.'' In
HPS, there is an imbalance between vasodilator and
vasoconsiriclor substances thal have aclivity in the
pulmonary circulation. Pulmonary vasodilation may

oceur il porlocaval shunling impairs the metabolism ol

vasoaclive substances by the liver. Emre et al.'® re-
ported that HPS could be treated by the routing of the
portal flow into the liver with auxiliary LT because il
confirms that a major cause of HPS is impaired hepalic
clearance of vasoactive substances.

Early LT should therelore be indicated in symptom-
atic CAPV palients, even in those without impaired liver
function, before advanced PH/HPS and/or irreversible
brain damage due lo hyperammonemia.

REFERENCES

1. Howard ER. Davenport M. Congenital extrahepalic porto-
aval shunts. The Aberranthy malformation, J Pediatr
Surg 1997:32:494-497.

. Hoeper MM, Krowka MdJ, Strassburg CP. Porlopulmonary
hypertension and hepatopulmonary syndrome. Lancet
2004,363:1461-1468.

3. Blegen HM. Surgery in silus inversus. Ann Surg 1949:129:

244-259,

4. Barton JW, Keller MS. Liver transplantation {or hepato-
blastora in a child with congenital absence of the portal
vein, Pediatr Radiol 1989:20:113-114,

. Woodle ES, Thistlethlwaite JR, Emond JC, Whitington PF,
Vogelbach P, Yousclzadeh DK, Broelsch CE. Successiul
hepalic transplantation in congenital abscence of portal
vein, Suvgery 1990, 107:475-479.

6. Morgan G, Superina R, Congenital abscnce of the portal
vein: two cases and proposed classificalion system for
portasyslemic vascular anomalies. J Pediatr Surg 1994
29:1239-1241.

7. Taoube KA, Alonso CJL. Yandza T, St. Vil D, Blanchard FH.
Congenilal absence of portal vein in a givl with biliavy
atresia lreated with fiver transplant. Cir Pediatr 1999:12:
38-41.

8. Shinkai M. Ohhama Y, Nishi T, Yamamoo H, Fujila S, Take
H. cl al. Congenital absence of portal vein and role of liver
{ransplantation in children. J Pediatr Surg 2001:36:1026-
1031.

9. Charre L, Roggan F, Lemaire J, Mathijs J, Gollete P, Danse
E, Lerutd. Hematochezia and congenital extrahepatic por-
tocaval shunt with abscnt portal vein: successiul Lreat-
ment by liver transplantation. Transplantation 2004:78:
14044-140G.

10, Ohnishi Y. Ueda M. Doi H, Kasahara M, Haga H, Kamnei H.
ct al. Successlul liver transplantation for congenital ab-
senee of the portal vein complicated by intrapulmonary
shunt and brain abscess, J Pedialr Surg 2005;40:1-3.

11, Takeichi T, Okajima H, Suda H, Hayashida S. lwasaki H.
Ranives MZ, el al. Living domine liver transplantation in
an adull with congenital absence ol portal vein. Liver
Transpl 2005;11:1285-1288,

12, Socjima Y, Taguchi T, Ogita K, Taketomi A, Yoshizumi T,
Uchiyama H, et al. Auxiliary partial orthotopic living donor
liver transplantation for a child with congenital absence of
portal vein. Liver Transpl 2006:12:845-849.

. Emre S, Amon R, Cohen E, Morotti RA. Vaysman D,
Shneider BL, Resolution of hepatopulmonary syndrome
alter auxiliary partial orthotopic liver transplantalion in
Abernethy malformation. A case reporl, Liver Transpl
2007:13:1662-1668.

14, Ohno T, Muncuchi J, Thara K, Yuge T, Kanaya Y, Yamaki
S. Hara T, Pulmonary hypertension in patients with con-
genital portosystemic venous shunt: a previously unree-
ognized association. Pediatrics 2008;121:892-899.

N

(o)

-

LIVER TRANSPLANTATION.DO! 10.1002/1L. Published on behalf of the American Association for the Study of Liver Diseases



V. WA



TRk 21 R BATEE R AR R AR BRI

mIu Y ME R R T AERICBIT A REZE~02 Y ha— b

TRFRIRET OIERU BT D AT FR8E

X o | K 4 CI - B 4
TS | TR AR | BRAREEERMSERR N i ED
wroeotaE | Bl e | BElEERE S F— EaiiEs
SR OBA | EREERE 2 — 53
HE S0k | BRARRZEZI R #fx
g ERE | ESE)ANRERE Rl
BES W NGNS Bh#
WrEm g | KRR RN | BB v LR N R &
Bo BF | KERFEZERNIH E=1
K & | Aesombe HIERS
WA (B HAL R R FBEE R FER N AR5 B wEH
Fril = THERZ &bk EE
Fa o s | ERERFNER USEERIES
ZE BY | MRINRLZ EbERE S F— Ei
HAGRERIT | RACKRF ARG E 2R FER N R i Bh#
E WL | RREFRRKEREEZIEN AERK - £ HER
Hin B | @IERZEEFNEESR i
OHiE Pk | AlEANHIUNEH e
Kig = SR E AT B e N AR AR HT
HEH BR | RERRZERZBBEE LR ZER/NER 2 ]
Hfd A | KERH SRR FBEE A 7R 56/ N R E B
P 5L | FEREEZEE/ AR MR
HIRESF T | MSATBAEA  ESORBRILERE 2 — NRE =il
KEF BER | BEUORFE SR N Bl
BERNAR | ESEREEENBIRRZEST/NERE B
g Mk | RREAEA ZHs EEOHBEERER  H%g bR
FIR T | JUNKFENER FRHT
AN | R NER ]
BEE R | BRREEE N AR R E ]
K EiF | RRAREEE SRR N R =1
WE FlFERBEERE ¥ — = Bifi
REASE | FERKFEFEREER A R Hi%
MR = | (LWFRRRR AR EE




VI. BlatEmT v MmiED
Wi R fa &t



BEMET v v MEORETERESH

AR 1. BILGEZ 2, AEREEAL 20 (BT 3, (IS 4, EHESUR 1
1 BEARRFEALMMTERRE, 2 BN EERY 7 —, 3ESLEF/NVNNLRE. 4 KBRS

1. Lz

EEEET v U IER 3 SOFRAICAEINTWD, BEERTWTh S ERERSHE
ThD,

(1) EEEEFe v MELIR: 7<= U AT & MEfEE R —EORBIZL > THRIET 5,
(2) EEttEF as oMmfE IR METF o o7 2 7 KRR O KEBIC X - TRIE
5, .

(3) #tEmFoy JMEIIR 48 Fod o7 ==L A E VBRI LEER SN RIBT 5
L TRIET D, FlA—F UV UREDR UBRERICL D RIET 5 B RAKREEER
HREBTH D,

2. BEERAER

(1) #EEMEET o v mE TR T, #1775 2EE & BRAEEESFENTH D, &
BEOED DI E DIFER, BE AR, TH., M, HEREPROND, BEEFTIIFR
E~EITL, WHBETHNITAER 2~3 » A THRETH, £#Er A0 D 1 FRERE CHES
EIIET D AN, FEEOEITIES) TH 5 BREMRMICIIFEE, HAE2IES
B FET 5, HigE L2 AT IEMGE L, EREEREVHRE STV D, BT
RS MREREIC L - T, RY VIEMEL 296, ©4 I D S 2R ERRHH
ha,

(2) EtEF o o iE TR cE, TSI R L mdFa v AEREy, TROK
FIRERF s o OHRERAITHT 2 2 St ko THE L, PE- RIEICRFH L@ 4
ft. OBAZAELD, EEABCBWTLULA - EENEL D, MPFr i RENE
IZEW—EBOIER TITHFMEEOENZRO L LB H D,

(3) MIBOERIFTIA, NBELY BRETHY . BEROEMLHFET S, ZhETIC
KA, R, BREOBWMBREELR EAHREINTND,

3. PWifEE

FROBKEREET2EETIE, LF7 I BT E T A ARABIL Lo Tl F
RYUERMET DI LR ETHETHD, BF v riEE 2T 5 8EF CIHBERERT
o omdE TR, IR, IIRLIAMC, foJRKIC KD v o AAEO R EZ ERIT 5,
(1) EEEERTF v & MfE T OB CIIFEEOAENEE TH 5, [HERERE ORR,
i b7 AT IF— B0 LERCRERFORMIE T2 L2805, BIRMEBRIERSEC



K VIRY UEBRIMAE, BER, BERZEPBOLND, o, MEF a7 = FF /7 DB
MR TH D, EEZBWOZDITIL, REBBROTZBZWFa v A REEDTH
A4t RaXxl ool BA YUV 48 Fuxd 7=V ER 48 Faexd 7 o=
NECEIBRIR EOWINE, 7oA T o OEIMERLMMNIT S, RES I =T
T b OBEIMIBZE 2 MEAE . Fio, BERRRIAIND, 5538 B HRME IR A AR
KL LT, 7~ U7 MEERE RS —EEEERIET D,

(2) EEMEEF v fE IR CIEEOREAL - CLARLABEOUS A - BB
AIEZ DI D P T 2 BT Tl o1 3 13 20mg/dl Bl E & B TERETH B,
A CIE 4t Fed v 72 LA EVER, 48 FRX o 7 oV, 4-8 R
FUT7 o VENE VBN RBICRHEN S, MlRETF e T 2 REBEREEED
I AERDBMLETH D,

(3) BEMHEET v o ffE R CHEERRERIISEE Ty, ih7 I/ BTiise
UMK 20mg/dl BEETHIML, BRPE~4-t FueXxi 7= U X OF ok
bR REICHRIBSNS, EEZHTIIF 4t Fexi 7 2= Ve B LEESE 2 H
ET D, NI BOBEMCTHLIF—F v VUV RIEIRPAR—F U U BT 5 2 L TRl
Iha,

M1 B\ateEF o o e o RS E AL

= T s

| Tm=maAT T KR B
Fois

| o7 1) REERRE (B e g ITE)
4k Fpdi P aoi el 5B

L 4~k Fed 7= e OV BRBRIREE (8o v E TR, S—% vV RE)
S F VB

I R g gl =
v LA T ERER

| w7 EERRS VAT
7w AT FERRE

L 7= UAT e FEROERE (BFoomiETR)

TR b TR LERER




*1 BF o rMmEDSE
epit EiatE b BRI ESXAST 1N
Fory bR

BafaForr g8 BE T YT MERE TANREE BOWITEE
HiEF SRR Rl M7 b A{UHRE
HEESTS G T e

S roswy ¥ 1 Fr 7 2k HhiemiB EEoRY AL
g die 11 LA g AL A BB
HindEF o EHYE o S 4 Fufrra=A H£H O Tuhh

i 4 TIT B Lo RERR LR I O R BRI

B L CIRAE O EE Bb i 4B FpdFe7emil  —BMEREEu

B A R LB FHORR

RIS oS e

o ol R N

2
e
e
W
5
P
7

N

WA B 72l

R b Ui

bt
i
{34

B E R R

i

4. JRpEESt
FrvrBEORETIRIMN, IIH, HIMEZOMORRIC LS ET o v v i OER| %
RHERIE & RIRICIT 5, B A RN EE N 2 T SRR IIRBEET 5,

(1) I BTIIHEEOETEZRHICHIET L ENEETHY, =F 3/~ (NTBC:
2-(2-nitro-4-trifluoromethyl-benzoyl)-1,3-cyclo- hexanedione)Z{EH L K7 == AT 5 =
vARFu v oREHAT D, IBRODEHEIIIEERE L e 7= NE LT ED
WERFERATHSD, NTBC #FEH LRWHITIIFRRICE D Z 034 <, FFBHEMTDh
%, NTBCIZIENTIIAFRETHY . MAMABLEL RS,

(2) DBETHETZ ==AT = RFu v v BREBZ RV, MIRFOF v AEEET
SHLMFPF % 10mg/dl LLTIZERD,



(M AT IR IR 2= T T2 BF v U BIC KD BEEEEITO,

R 2281 H 31 H
HEEMER BRI IREE  FES 0 B
M&F o s v EZRTEHA RIS 2K ~oZEi 7 ha—L &

TEFERET OERUIZ B 2058 AFFEEE







