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Acute encephalopathy in inherited metabolic diseases
Ayako Fujinami, Kei Murayama, Masaki Takayanagi
Department of Metabolism, Chiba Children’s Hospital

Abstract
Acute encephalopathy, regardless of the cause, is a medical emergency. In addition to
being a common manifestation of a variety of acquired medical or surgical conditions, it
is a presenting feature of number of inherited metabolic diseases, particularly in young

children.

Because of the importance of identifying treatable inherited metabolic diseases early,
initial investigation must not be delayed. In addition, it is important to keep their serum

and urine for investigation later.

Key words: acute encephalopathy, inherited metablic disease, initial investigation, hy-

perammonemia
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Case Report of a Successful Liver Transplantation for Acute Liver
Failure Due to Mitochondrial Respiratory Chain Complex Il Deficiency

l. Iwama, Y. Baba, S. Kagimoto, H. Kishimoto, M. Kasahara, K. Murayama, and K. Shimizu

ABSTRACT

Mitochondrial respiratory chain disorders can cause acute liver failure in infants and
children. Liver transplantation, however, has rarely been indicated for patients with
mitochondrial respiratory chain disorders, because of the extrahepatic involvement.
Herein we reported a case of acute liver failure with mitochondrial respiratory chain
complex III deficiency treated by liver transplantation. At 2 years after transplantation,
there were no extrahepatic manifestations. We suggest that mitochondrial disorders should
be considered to be a cause of liver failure in infancy and that liver transplantation can be

a life-saving treatment.

Inbom errors of oxidative phosphorylation, the so-called
mitochondrial respiratory chain disorders (MRCDs)
have recently been recognized as one of a common group of
inborn errors of metabolism, affecting at least 1 in 5,000
individuals.! The disease may start in the neonatal period or
later in childhood. Clinical presentations vary considerably;
thus there may be an significant delay in diagnosis.

MRCD can cause of acute liver failure (ALF) in infancy
and children. Liver transplantation, however, has rarely
been indicated for patients with MRCD, because of extra-
hepatic involvement. We report herein a case of ALF due
to mitochondrial respiratory chain complex III deficiency
that was treated with liver transplantation. At 2 years after
transplantation, no extrahepatic manifestations were dem-
onstrated. The patient was doing well at the time of writing,
with ubiquinone supplementation for mitochondrial sup-
port.

CASE REPORT

A 10-month-old boy was referred to our tertiary care medical
center because of ALF. His parent’s main concern was fever with
decreased consciousness. He was born at 39 weeks gestation via a
normal vaginal delivery. He had neither his medical history nor
family history (2 healthy siblings) was remarkable. Growth and
development had been normal.

Fever and vomiting began a day before admission. On the day of
admission, he continued vomiting and developed acutely reduced
consciousness. He had not received any medication. His Glasgow
coma scale was 4 (E1VIM3). His temperature was 38°C. The liver
edge was palpable at 6 cm beneath the right costal margin.

Laboratory values on admission showed hypoglycemia (16 mg/

dL) with significant elevations in transaminases aspartate transam- '

inase, ([AST] 11,320 IU/L [normal, 23-70 IU/L]; alanine transam-

© 2011 Published by Elsevier Inc.
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Transplantation Proceedings, 43, 4025-4028 (2011)

inase [ALT] 4,800 IUL [normal, 9-53 TIU/L)); lactate
dehydrogenase (7,646 TU/L [normal, 205-423 TU/L]); and NH,
(236 pmol/L [normal, 9-47 umol/L]) and mitochondrial AST (454
TU/L [normal, <7 IU/L]). Bilirubin and gamma-glutamy] transpep-
tidase (GGTP) were only slightly elevated (total bilirubin, 1.6
mg/dL [normal, 0.1~0.6 mg/dL; and GGTP, 45 IU/L [normal, 6-38
TU/L]). There was lactic and pyravic acidemia (lactic acid, 95.2
mg/dL [normal, 4.2-17 mg/dL}; and pyruvic acid, 3.2 mg/dL [nor-
mal, 0.3-0.9 mg/dL}]). The lactate-to-pyruvate ratio was 30 (normal,
<20). Prothrombin time was prolonged (PT-INR, 12.99 [normal,
0.81-1.38]). Abdominal computerized tomography showed reduced
density in the liver with no structural anomaly. Screenings for
cytomegalovirus, adenovirus, herpes simplex virus, hepatitis A, B,
and G, parvovirus B19, toxoplasmosis, and syphilis were all nega-
tive. Urinary lactate and dicarboxylic acid levels were markedly
increased. Brain magnetic resonance imaging (MRI) was normal.

He was diagnosed to display ALF with hepatic encephalopathy.
Continuous hemodialysis and plasma exchange were initiated for
the hepatic encephalopathy and coagulopathy. Because the pa-
tient’s coagulopathy resolved by repeated plasma exchange and
platelet counts were kept to >70,000/mm?, a single-pass percuta-
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neous liver biopsy was performed with a thin (18-gauge) Menghini
needle on the: second day of admission.® Nunierous icytoplasmic
microvesicules were observed in the hepatocytes (Fig 1A). They
were positive with Sudan or Oil red- O stain, which. indicated that
they contained lipid. The nuclei were deformed wit chromatm
deposited marginally on the nuclear membrane (F ‘lA) The
TUNEL TdT-mediated dUTP-biotin nick-end Iabelmg (TUNEL)
specimen showed fluorescent stained DNA break pomts (Fig 1B).
TUNEL studies showed obvious fluorescent signals at the margmalf
nuclei, where aggregated chromatin was noted under light micros-
copy. The number of mitochondria were decreased and swollen'on
clectron microscopy (Fig 1C), which suggested hepatocyte apopto-
sis.

The patient’s 1mpmred conwousness and coa, ulopathy did nott
recover with supportive thempxes, liver ‘fun detenorated
Because it is dangerous to perform a Iumb T puncture in !
with ALF, the patient’s coagulauon indices: andp)atelet count were’
confirmed to be in normal range and there was no sign:of an’
clevated intracranial pressure. Lumbar puncturc showe j-lactatc‘
and pyruvate levels within’ ‘normal hmnts Because of the uncertain
outcome and- possible -ethical issues involved in- transplaniting a
child with such a condxtmn, we assembled an adhoc committee
comprising nurses, surgeons, and pednatncnans aswell as lay pcople
to discuss the best course of actmn The family concurred wi
transplantanon as a life-saving option. We obtained mformed

IWAMA, BABA, KAGIMOTO ET AL

consent with explanation of the possibility of neurologic deteriora-
tion after transplantation. He underwent living related liver trans-
plantation from his mother at 15 days after the onset of symptoms.
The removed liver showed necrotic and fibrotic changes but no
apoptotlc cells.

‘We. assayed the activities of resplratory cham complex (Co) I 11,
11, and IV in the crude post-600g liver supernate obtained during
the surgery, as described previously.*¢ Each complex activity was
presented as the percentage ratio relative to the mean value
obtained from 12 healthy control subjects. Together, we calculated
the percent ratios of Co I, II, TI1, and I'V activities to that of citrate
synthetase (CS), as a mntochondrtal cnzyme marker, Co I1.* The

neuromuscular abnormahtles mcludmg a normal brain' MRI. He
had no muscle weakness: or episode of seizure. Serum lactate,
pyruvate, and creatine kinase levels were within normal limits.

DISCUSS!ON

wse of liver faxlure in this patient was strongly
suspccted 10 be a mxtochondrxal dnqorder because ‘of the

éd and they were swollen. Numerous cytoplas-
ing fat were seen in the hepatocytes. Nuclear
“deposited at the nuclear membrane.
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LIVER TRANSPLANT FOR MRCD LIVER FAILURE

Table 1. Enzyme Assay of Resplratory Chaln in the Removed

Liver Tissue
Col Coli Colli ColV cs
% of normal 63 75 16 100 143
CS ratio 43 52 11 68 -
Co ll ratio 83 — 21 131 —

Enzyme activities are expressed as % of mean normal control activity relative
to protein, relative to CS, and relative to Co Ii.
Abbreviations: Co, complex; CS, citrate synthass.

elevated mitochondrial AST, elevated serum lactate/pyru-
vate ratio, and the numerous positive signals with TUNEL
in the liver biopsy (Fig. 2). The indication for the liver
transplantation in ALF with MRCD is controversial be-
cause of the risk of extrahepatic involvements, especially
neuromuscular diseases. It has been suggested that MRCD
with extrahepatic involvements should be a contraindica-
tion to liver transplantation. However, there have been
some case reports of successful liver transplantation for
liver failure with MRCD. The 11 published case reports of
liver transplantation for MRCD*-'°; show mitochondria in
different tissues to vary in number, ultrastructure, respira-
tory capacity, and involvement in specific metabolic path-

4027

ways.!! (Table 2). MRCDs may be restricted to the liver
among those who were alive, with no extrahepatic involve-
ment. It can be said that liver transplantation did not alter
the natural course of extrahepatic involvement of MRCD.
We suggest that liver transplantation can be a life-saving
treatment for liver failure with MRCD. Exclusion of extra-
hepatic involvement is crucial to decide the indication for
liver transplantation in patients with MRCD. Thomson et al
proposed a diagnostic protocol to exclude generalized
mitochondrial cytopathy—based liver diseases. The most
important factors are cerebrospinal fluid lactate, liver bi-
opsy, and muscle biopsy for ultrastructural mitochondrial
changes and analysis of respiratory chain enzyme activity.
Although an examination of enzyme activity of respiratory
chain in muscle is useful to exclude extrahepatic involve-
ments, the test is impractical in an emergency situation.
High cerebrospinal fluid lactate levels are considered to be
more reliable for neurologic involvement. Signs of psy-
chomotor retardation are also indicative of neurologic
involvement. Careful investigations for extrahepatic in-
volvements are crucial. Informed consent with explanation
of the possibility for posttransplantation extrahepatic (par-
ticularly neuromascular) deterioration is also necessary.

Table 2. Worldwlide Experlence In Liver Transplantation (LT) for Mitochondrial Resplratory Chaln Disorders

Case Age at Age at Fulminant Respiratory Chain
No. Onset Time of LT Liver Failure Defect Liver Histology Follow-Up and Outcome Reference
1 3mo 3mo Yes Partial defect of Co Microveslcular 3y, no extrahepatic 5
_ IV (iver) steatosis involvement
2 4mo 4 mo Yes Partial defect of Co | Microvesicular 4 mo, neurologic 6
(muscle) steatosis deterioration and
death
3 3mo 6 mo No Col, IV (liver) ) Microvesicular 21 mo, no neurologic 7
steatosis involvement,
persistent acidosis
4 4 mo 6 mo No Partial defect of Co Cholestatic Death Immediately after 7
1V (iver) hepatitis LT
5 4 mo 6 mo Yes Generalized (muscle) Microvesicular 4 mo, neurologic 6
steatosis deterioration and
death
6 6 mo 6 mo Yes Generalized (iver) Microvesicular 22 mo, moderate clinical 7
steatosis motor retardation
7 8d 7mo Yes Generalized (liver) Steatosis 11 mo, neurologic 7
. deterioration and
death
8 1mo 8 mo No Co |, IV (liver) nd 5y, no extrahepatic 8
involvement
9 S mo 8 mo No Co |, Hl, IV (iiver) Microvesicular 12 mo, no extrahepatic 7
steatosis involvement
10 3mo 15 mo No Generalized (liver) nd 36 mo, retransplantation, 9
no extrahepatic
involvement
L) 3y 3y : Yes Generalized (muscle) Microsteatosis 4.5 mo, neurologic 10
deterioration and
death
12 10 mo 10 mo Yes Co il (liver) Microvesicular 24 mo, no extrahepatic Present case
steatosls involvement

Abbreviations: Co, complex; nd, not determined.
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We do not think that living related liver transplantation is
justified in every case independently from the prognosis
after transplantation for patients with MRCD. We think
that if the patient’s neurologic prognosis is poor owing to
preexisting neurologic condition, then the MRCD patient
will not benefit from transplantation and it may be a
contraindication to liver transplantation. We do not advo-
cate liver transplantation for patients with poor prognostic
factors. However, the situation in living related liver trans-
plantation is quite different from that of deceased-donor
liver transplantation, because the donor has a strong pref-
erence for organ donation and is committed to the proce-
dure. Because the experience with liver transplantation for
MRCD is limited, and the follow-up period is too short to
enable us to draw any valid conclusions, we are cautious to
recommend the same process, including percutaneous liver
biopsy and living related liver transplantation for similar
patients. .

In conclusion, we suggest that mitochondrial disorders
should be considered as a cause of liver failure in infancy
and that liver transplantation can be a life-saving treatment.
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Background: Mitochondrial DNA deplenon syndromes are a group of heterogeneous autosomal recessive
disorders associated with a severe reduction in;mitochondrial DNA in'the affected nssues. Sodium pyruvate
has been reported to have a therapeutic effect in mitochondrial diseases.

Methods: We analyzed the effects of 0.5 g/kg of sodium pyruvate administered through a nasogastric tube in a
one-year-old patient with myopathic mitochondrial DNA depletion syndrome, To evaluate the improvement,
we used the Newcastle Paediatric Mitochondrial Disease Scale (NPMDS) and manual muscle testing. As the
improvement of motor functions in this severely disabled infant could not be comprehensively detected by
NPMDS, we also observed the infant's ability to perform several tasks such as pouting, winking, and number of
times she could tap a toy xylophone witha snck. Blood lactate and pyruvate levels were also monitored.
Results: ‘After one month’s treatment, the NPMDS score in section IV, the domam for the quahty of life,
improved from 17 to13. The infant became capable of raising her forearm, lower Ieg and wrist against gravity.
The maximum number of times she could repeat each task mcreased and the movements became brisker and
stronger. No sxgmﬁcant change of the blood lactate level or lactate-to- -pyruvate ratio; both of whxch were
mildly increased at the initiation of the therapy. was observed-despite the clinical i xmprovement '
Conclusion: Sodium pyruvate administered at 0.5 g/kg improved the muscle strength and the NPMDS score of
an infant with myopathic mitochondrial DNA depletion syndrome

General significance: Sodium pyruvate may be effective for ameliorating the clinical manifestations of

mltochondnal dtseases. This articl : s part of a Specxal lssue entlgled onchemxstry of Mitochondria.
: :  1© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Mitochondrial DNA depletion syndromes (MDSs) are.a heteroge-
neous group of autosomal recessive disorders mamfestmg m n!y in
infancy and childhood that are associated with a severe redu 1 C
the mitochondrial DNA (mtDNA) copy number in the affected ssues
{1]. Three different clinical forms of MDSs have been descnbed
myopathic, encephalomyopathic, and hepatocerebral MDSs [2-G]. The
clinical phenotypes can overlap and patients with myo‘z thic' MDS
could develop encephalomyopathlc MDS “at ‘a”later date. Several
causes of MDSs, which affect the mtDNA rephcanon and mamtenance
have been reported. These include defects of enzymes affecting the

P

Abbreviations: MDS, mitochondrial DNA depletion syndrome; L/P, lactate-to-
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tase P53-R2 subunit and thymidine
defeyct‘s of mtDNA replication proteins (mtDNA
and Twmkle) defects of succinyl-CoA ligase,
whlch mteracts wnth mxtochondna! nucleotide diphosphate kinase,
and defects of proteins of unknown function, including MPV 17 {5].
kae ali’ of the other ‘mitochondrial respiratory-chain disorders,
there are no ‘curative” therapies for MDSs. For mitochondrial
neurogastromtestmal encephalomyopathy (MNGIE), however,
which is associated with disturbance of the nucleotide pools,
treatments. that reduce the circulating levels of nucleotides can
improve the symptoms, including peritoneal dialysis 7], enzyme
replacement therapy [8] and allogenic stem cell transfusions [9].
Unfortunately however, such treatments cannot be applied to other
types of MDSs. Treatments with vitamins, cofactors and respiratory
substrates may improve some symptoms, however, the efficacy is
limited.
Tanaka et al. recently reported the therapeutic promise of pyruvate

for mitochondrial diseases [10]. According to their theory, pyruvate

supplementation would improve the intracellular redox state by




