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Abstract

We reported a patient with Leber’s hereditary optic
neuropathy (LHON) with an intracranial arteriovenous
malformation (AVM). Genetic analysis of this patient
revealed a point mutation in mitochondrial DNA
(mtDNA) at nucleotide position 11778 in the ND4 sub-
unit of complex I. Although the relationship between
intracranial AVM and mtDNA mutations remains uncer-
tain, some patients with intracranial AVM may be asso-
ciated with mitochondrial abnormality. Further study is
necessary to confirm whether the above conditions are
coincidental or closely interrelated.
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Introduction

Leber’s hereditary optic neuropathy (LHON) is a
maternally inherited disorder characterized clini-
cally by an acute or subacute onset of central visu-
al loss prevalently in young males. Several point
mutations in mitochondrial DNA (mtDNA) have
been identified in patients with LHON and the
most frequent mutation is a substitution at
nucleotide position (np) 11778 (11778 mutation) in
the ND4 subunit of complex I (Wallace et al.,
1988 ; Newman, 1993).

Intracranial arteriovenous, malformation (AVM)
has been considered to originate from intrauterine
maldevelopment of cerebral vessels. Familial cases
have been rarely reported (Laing et al., 1974 ;
Snead OC III et al., 1979 ; Aberfeld et al., 1981 ;
Boyd et al., 1985 ; Yokoyama et al., 1991 ; Amin-
Hanjani et al., 1998), though a genetic defect has
not yet been established.

We report here, a patient with LHON associated
with intracranial AVM. Genetic analysis of this
patient revealed the 11778 mutation in mtDNA
common to LHON. Although we could not ascer-
tain how the mtDNA mutation is related to AVM,
this disease combination was of interest to explain
vascular abnormalities in both diseases.

Case report

A previously healthy 9-year-old Japanese boy
suddenly developed severe headache and vomiting,
and was admitted to our hospital. His parents were
healthy with no consanguinity. The patient had one
brother and one sister who were healthy with no
visual disturbance. On admission, he was lethargic
and showed inward deviation of both eyes, left
hemiparesis and hemiataxia. Brain computed
tomography revealed right thalamic and intraven-
tricular hemorrhage. Angiography revealed AVM
located from the right posterior thalamus to the
midbrain with feeders from the posterior thalamo-
perforate artery (Fig. 1). Ventricular drainage was
performed and all symptoms were improved except
for upward gaze palsy of both eyes. Since a con-
ventional direct operation was difficult in this area,
he underwent gamma radiation in the U.S.A. Six
months after this therapy, the AVM disappeared on
angiography, though he developed left hemiparesis,
and postural and intention tremor of the left upper
limb, which were thought to have been induced by
radiation injury. He underwent a right thalamotomy
(nucleus ventralis intermedius) 8 years after the
radiation, then the tremor disappeared.

At the age of 18 years, he first noticed a visual
disturbance on the left, and the right 8 months after
the onset. He visited the ophthalmologic clinic in
our hospital and was referred to the neurology sec-
tion for further evaluations.

He was 163 cm in height and 62 kg in weight.
His mental status was normal with normal speech.
He had mild left hemiparesis and hemiataxia, but
no tremor. Deep tendon reflex was mildly hyperac-
tive on the left side, but no pathologic reflexes were
seen. He showed mild hypesthesia in the left upper
limb.

On ophthalmological examination, his visual
acuity was 0.03 OD and 30 cm/nd OS. He had
bilateral central scotoma, which was more severe in
the left than the right eye. Optic disc examination
showed mild optic atrophy in the temporal side of
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the left eye, but normal in the right. Retinal micro-
angiopathy was not recognizable during the course.
Critical fusion frequency (CFF) was 25 cycles/sec
OD and 13 cycles/sec OS. Fluorescein fundus
angiography showed neither dye leakage nor dilat-
ed capillaries. Pattern-reversal visual evoked poten-
tials failed to exhibit P-100 waves in both eyes.

His routine blood analysis (complete blood
count, liver enzyme activities, electrolytes, glucose,
urea nitrogen, etc) yielded normal results. Lactate
and pyruvate levels in the blood were 8.4 mg/dl
(normal 3.7-16.3) and 0.86 mg/dl (0.1-0.9), respec-
tively. The cerebrospinal fluid was normal includ-
ing a cell count of 2/mm3, protein level of 24 mg/dl,
lactate of 15.1 mg/dl (11.1-16.6), and pyruvate of
1.10 mg/dl (0.75-1.29). Electrocardiography was
normal. Electroencephalography showed a slow
background of 7-8 Az and j waves.

A small area in the right thalamus and midbrain
had a low signal on the T1-weighted image and a
high signal on the T2-weighted image of magnetic
resonance imaging (MRI), thought to be caused by
the ruptured AVM and gamma radiation.

He was placed on corticosteroid pulse therapy
(methylprednisolone 1000 mg div/day for 3 days
per week, three times) with the tentative diagnosis
of optic neuritis. After LHON was diagnosed,
coenzyme Q10 supplement therapy was started.

About two weeks after the steroid pulse therapy, his
visual acuity improved to 0.08 OD and 0.04 OS.
His visual acuity became 0.04 OD and 0.01 OS
some months later, but it further improved to
0.20 OD and 0.03 OS after the next 2 years.

MtDNA analysis

To detect the LHON mutation, DNA was
extracted from peripheral lymphocytes. Two large
mtDNA fragments were amplified using long PCR
by a method described previously that avoid the
amplification of nuclear mtDNA-like sequences
(Akanuma et al., 2000). The PCR products were
directly purified using Microspin S-400 HR
columns (Amersham Pharmacia Biotech). With 96
primer sets designed for sequencing, fragments
were subject to the BigDye Terminator Cycle
Sequencing reaction (PE Applied Biosystems) and
sequence determination on an ABI 3700 automated
sequencer according to the manifacturer’s protocol.
We identified the 11778 G → A mutation but did
not find any other LHON mutation or new poly-
morphism (Table 1). To determine whether the
mutation was homoplasmic or heteroplasmic, we
applied PCR-RFLP method using SfaNl restriction
enzyme. The all PCR products were not cut by the
enzyme indicative homoplasmy.

FIG. 1. — (A) Computed tomography of the brain shows a right thalamic hemorrhage and intraventricular rupture.
(B) Left vertebral angiography reveals arteriovenous malformation (AVM) at the right posterior thalamus to the midbrain with

feeders from the posterior thalamoperforate artery.
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Discussion

Our patient presented the typical symptoms of
LHON, including subacute onset of bilateral visual
loss at the age of 18 years. He had no family histo-
ry, however, and mtDNA analysis disclosed the
11778 mutation. The most interesting feature of this
patient was an association with intracranial AVM.

It is well known that some pedigrees with LHON
have exhibited some additional neurological find-
ings and have been called Leber’s ‘plus’. The
symptoms include dystonia, tremor, parkinsonism,
spasticity and polyneuropathy (Meire et al., 1995 ;
Nikoskelainen et al., 1995 ; Schoffner et al., 1995).
Multiple sclerosis-like symptoms and MR findings

have also been reported (Harding et al., 1992).
However, AVM has not been complicated with
LHON, with myoclonus epilepsy associated with
ragged-red fibers (MERRF) nor mitochondrial
myopathy, encephalopathy, lactic acidosis and
stroke-like episodes (MELAS). Although it is diffi-
cult to conclude whether the combination with
AVM and LHON was coincidental or interrelated,
further cumulative study of the combination may
resolve this issue. It would be interesting to screen
the many reported families with LHON for the
occurrence of intracranial AVM by CT or MRI
study.

Our patient’s visual acuity improved from
0.03 OD and 30 cm/nd OS to 0.20 OD and 0.03 OS

TABLE 1

Sequence analysis of whole mtDNA

region mutation amino acid frequency in
replacement normal controls

D-loop a73g 98%
c150t 14%
t199c 10%
a263g 83%

ins-303c 44%
ins-311c 85%

t489c 62%
12SRMA a750g 99%

a1438g 92%
16SRMA a2706g 99%

ins-3168c 0%
ND1 g4048a. D → N 3%

c4071t syn 5%
a4164g syn 4%

ND2 a4769g syn 99%
a5351g syn 4%
g5460a A → T 5%

CO I c6455t syn 13%
t6680c syn 4%
c7028t syn 99%

CO II t7684c syn 3%
g7853a V → A 4%

ATP 6 a8701g T → A 45%
a8860g T → A 100%

CO III t9540c syn 52%
t9824c syn 14%

ND3 t10345c I → T 4%
a10398g T → A 70%
c10400t syn 63%

ND4 t10873c. syn 63%
g11719a syn 100%
g11778a R→ H 0%

ND5 c12405t syn 4%
c12705t syn 73%
t12811c Y → H 4%

cyt b c14766t I → T 100%
t14783c syn 65%
g15043a syn 63%
g15301a syn 49%
a15326g T → A 99%

D-loop g16129a 21%
c16223t 75%
t16297c 4%
t16298c 10%

syn : synonymous.
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after about 2 years suggesting a beneficial effect of
coenzyme Q10 therapy. The treatment of LHON is
not yet established. Newman (1993) described in
the review of LHON that attempts to treat or pre-
vent the acute phase of visual loss with systemic
steroids, hydroxycobalamin, or cyanide antagonists
have, in general, proved not efficacious. He also
stated that use of coenzyme Q and succinate in
patients with LHON and visual loss had been lim-
ited, but his preliminary results were not particular-
ly encouraging. Nakamura et al. (1994) reported a
patient with LHON with a mtDNA mutation at
np 3460, whose visual acuity improved after coen-
zyme Q10 supplemention, steroid pulse therapy and
hydroxycobalamine injection. Mashima et al.
(1992) reported a patient who had a remission of
LHON with idebenone, which is a quinor that stim-
ulates net  ATP formation in cerebral metabolism
and inhibits lipid peroxidation in the mitochondrial
membrane. Nishikawa et al. (1989) reported a case
of mitochondrial encephalomyopathy with cyto-
chrome c oxidation deficiency, treated with high
doses of coenzyme Q10. Abnormal elevation of
serum lactate over pyruvate ratio and the increased
concentration of serum lactate plus pyruvate
induced by exercise decreased with coenzyme Q10

treatment. They suggested that coenzyme Q10 had
clinical value in the long-term management of
patients with mitochondrial encephalomyopathies,
even though there were clinical limitations to the
effects of this therapy.

Familial occurrence of AVM is rarely reported.
Yokoyama et al. (1991) reported 3 families in
which a father and his son, cousin, and a mother
and her son were respectively affected. Amin-
Hanjani et al. (1998) reviewed familial AVM
patients reported in the literature, consisting of
parent-child combinations from 7 families (41%),
including 2 mother-daughter, one mother-son,
4 father-son, as well as sibling combinations in
7 families (41%), and cousin combinations in
3 families (18%). Analysis of familial patients has
revealed that some appear to have autosomal domi-
nant inheritance and others mtDNA (maternal)
inheritance or autosomal recessive inheritance.

Genetic mechanisms that contribute to patho-
genesis and phenotype of intracranial AVM are still
unknown. A lot of research is currently going on
exploring the molecular aspects of vascular proli-
feration/malformation. Recently, a gene and muta-
tions causing cerebral cavernous malformations
(CCM) in a subset of families with the disease were
identified. CCMl mapping to 7q encodes KRIT1,
Krev-1/rap1a binding protein (Laberge-le Couteulx
et al., 1999 ; Sahoo et al., 1999). Hereditary hem-
orrhagic telangiectasia (HHT) is an autosomal
dominant disorder characterized by cutaneous vas-
cular dysplasia and a high propensity to develop
systemic and intracranial vascular lesions or
AVMs. Endoglin, a transforming growth factor beta

binding protein of endothelial cells, has been
proved to be the gene for HHT type 1 mapping to
9q3 (McAllister et al., 1994).

Blood vessel involvement has been observed in
some mitochondrial diseases, especially MELAS
in which abnormal mitochondria are accumulated
in the small arteries showing “strongly succinate
dehydrogenase-reactive blood vessels” (SSV)
(Hasegawa et al., 1991 ; Goto et al., 1992). Sakuta
et al. (1989) examined biopsy specimens of mus-
cles from patients with mitochondrial myopathy
and revealed that some pericytes around a few
arterial capillaries contained aggregates of slightly
enlarged mitochondria. Kishi et al. (1988) reported
an autopsy case of MELAS, describing that the
cerebral cortex was in spongy state and capillary
proliferation and fibrillary gliosis were noted.
Bertrand et al. (1996) also reported a case of mito-
chondrial encephalomyopathy of mixed MELAS
type, showing numerous focal and so called
pseudolaminar cortical necrosis in the brain with
characteristic proliferation of capillary vessels in a
microscopic study. Microangiopathy is the first
abnormal finding in the optic disc in LHON. In
conjunction with these findings, some patients with
intracranial AVM may have an associated mito-
chondrial abnormality. A link could be found
between molecular mechanisms of AVM and the
mitochondrial defect. Further genetic research is
necessary to understand the relationship between
AVM and LHON.
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