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Mitochondrial myopathy, encephalopathy, lactic acidosis
and stroke-like episodes (MELAS} is a maternally inherited
multisystem mitochondrial disorder characterized by
stroke-like episodes before 20 years of age [1]. Mitochon-
drial angiopathy, with degenerative changes in small
arteries and arterioles, has been reported in many MELAS
patients 12]; these blood vessels have been designated as
strongly succinate dehydrogenase-reactive vessels (S5Vs)
[3]. However, the primary cause for stroke-like episodes in
young MELAS patients—whether mitochondrial cytopathy,
angiopathy, or both—remains controversial. Many thera-
peutic trials have been undertaken to cure mitochondrial
disorders, but not for the acute stroke phase of MELAS.
Based on a hypothesis that stroke-like episodes in MELAS
are caused by segmental impairment of vasodilation in
intracerebral arteries, L-arginine has been used for thera-
peutic trials in MELAS patients during the acute phase of
stroke. We found that L-arginine therapy quickly decreased
severity of stroke-like symptoms in MELAS, enhanced
dynamics of microcirculation, and also reduced tissue injury
from ischemia [4]. L-arginine is a potent vasodilator via
endothelial function through nitric oxide (NO) production
[5]. Cardioprotective effects of L-arginine and NO are
associated with endothelial cell preservation [6], decreased
neutrophil activation [7], improved coronary blood flow,
and reduced free radical-mediated injury [8]. Although the
molecular mechanism of L-arginine therapy in MELAS is
not known, it is a potential new therapy for use at the acute
phase of stroke-like episodes in MELAS.

In this paper, Dr Kubota and colleagues have performed
a therapeutic trial to a 16-year-old girl with an acute phase
of MELAS, using L-arginine infusion in order to improve
the symptoms from stroke-like episodes. Among one out of
five severe stroke-like episodes, L-arginine was added on
the conventional steroid and glycerol therapy at the fifth

* Tel.: +81-942-31-7565; fax: +81-942-38-1792.
E-mail address: yasukoga@med kurume-u.ac.jp (Y. Koga).

0387-7604/3 - see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/.braindev.2004.02.007

episode. The authors described that L-arginine improved the
symptoms much earlier than those without L-arginine
infusion and shortened the duration of hospitalization,
They measured the lactate level by MRS, which is a good
indicator of the therapeutic effect. This is a case report
describing a successful therapeutic result in MELAS. The
finding will provide information about a new therapeutic
approach to this currently incurable disease.
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This reports describes a 12-year-old Japanese female
with Noonan syndrome who had antiphospholipid syn-
drome and moyamoya-like vascular changes. She pre-
sented choreic movements in her face and extremities.
She manifested phenotypic features of Noonan syn-
drome with short stature, mental retardation, and a
webbed neck. Magnetic resonance angiography re-
vealed occlusion of bilateral internal carotid arteries
and moyamoya-like vascular changes around the basal
ganglion region. Pimozide completely resolved the pa-
tient’s choreic movements. Tests for anticardiolipin
antibody and lupus anticoagulant were positive. The
patient has manifested no symptoms for 2 years with
pimozide, aspirin, and growth hormone treatment,
without further aggravation of moyamoya-like vascu-
lar changes. This article is the first report of Noonan
syndrome with antiphospholipid syndrome and moy-
amoya-like vascular lesions. © 2004 by Elsevier Inc.
All rights reserved.

Yamashita Y, Kusaga A, Koga Y, Nagamitsu S, Matsuishi
T. Nocnan syndrome, moyamoya-like vascular changes,
and antiphospholipid syndrome. Pediatr Neurol 2004;31:
364-366.

Introduction

Noonan syndrome is characterized by a normal karyo-
type and clinical features that resemble Turner syndrome.
An association between Noonan syndrome and moyamoya
has been reported in only two cases [1,2]. In adults, the
association between strokes and antiphospholipid antibod-
ies has been established, but such an association with
moyamoya disease has not been identifted.

This report describes for the first time a first patient
with a rare combination of Noonan syndrome, moyamoya-
like vascular changes, and antiphospholipid syndrome.

Case Report

In June 2001, a 12-year-old female experienced difficulty in walking
because of involuntary movement in the Ieft upper and lower limbs. She was
observed at Saga University Hospital. Cranial magnetic resonance imaging
was normal, By the end of June, her symptoms improved. She was
diagnosed as having antiphospholipid syndrome because of thrombocytope-
nia and positive anticardiolipin antibody. None of her family members had
similar problems, The family did not retumn to the hospital because the
patient was completely well. In February 2002, however, she had chorea
again starting from the right hand and extending to the right fool. In April,
her chorea extended to the left side and she began 1o speak less, The family
saw a neurosurgeon, and cranial magnetic resonance angiography revealed
meyamoya-like vascular changes. The patient was then referred to Kurume
University Hospital for further evaluation and treatment.

On admission, her height was 120.8 cm (=35 SD) and her weight was
27 kg (—2 SD). She had multiple purpura lesions in her extremities, She
manifested phenotypic features of Noonan syndrome, including a
webbed and short neck, low posterior hair lines, low-set and abnormal
auricles, and hyperterolism. She manifested no signs of lupus or
secondary sexual development. The patient had no history of seizures,
and no cardiac lesions were evident. There was no family history of
thrombosis.

Neurologically, she was alert, but had dysarthria caused by facial
chorea. Her ¢horea was more prominent in the right side upper and lower
limbs with hypotonia. Her deep tendon reflexes were elevated, and the
Babinski reflex was positive on the right side. Her full intelligence
quotient (Wechsler Intelligence Scale for Children—third version [WISC-
ITI]} was 33; verbal intelligence quotient 60, performance intellipence
quotient 55, Her social performance was relatively good, and she was in
a mainstream classroom,

Complete blood count revealed low platelets (90,000). Prothrombin
time and activated partial thromboplastin time were mildly prolonged,
and lupus anticoagulant 1.76 (normal <1.3), anticardiolipin antibody 100
(normal <10), anti-b2 glycoprotein, and antinuclear antibody were
positive. Anti-Sm, anti-RNA, anti-§8-A/Ro, and anti-SS-B/La antibodies
were negative. Protein C and § were normal. Her bone age was delayed,
and growth hormone secretion was abnormal by both an L-arginine and
glucagon loading test. Auditory brainstem response and electroencepha-
logram were nomal. The cranial computed tomography revealed mild
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Figure 1. Cerebral angiogram: Right carotid angiogram indicated
severe stenosis of internal carotid artery terminal lesion (A), and left
carotid angiogram (B) demonsirated severe stenosis in the supraclinoid
segment and collateral moyamoya-like vascular changes distal to the
stenosis. The left internal carotid artery was narrower than the left side.

atrophy of the parietal lobe in the right hemisphere. The cranial magnetic
rescnance imaging revealed low-intensity areas in the basal ganglia on
the right side. The cranial magnetic resonance angiography documented
bilateral stenosis of the intemal carotid arteries, which was more
prominent on the right side, and moyamoya-like vascular changes in the
bilateral basal ganglia and thalami region (Fig 1). Her chromosome count
was normal (46 XX).

The patient was treated with a D2 antagonist, pimozide (1.5 mg/day),
and her chorea completely resclved by the end of May. She has
manifested no symptoms for 2 years with pimozide, aspirin (100
mg/day), and growth hormone treatment, with no further aggravation of
moyamoya-like vascular changes.

Discussion

This patient was diagnosed with antiphospholipid syn-
drome because she had thrombocytopenia, positive anti-

cardiolipin antibody, and lupus anticoagulant. These find-
ings were repeatedly demonstrated at 10-month intervals.
Furthermore, the patient manifested characteristic features
of Noonan syndrome, including short stature, facial and
neck abnormalities, mild mental retardation, and a normal
karyotype. On magnetic resonance angiography, she also
manifested moyamoya-like vascular changes in bilateral
carotid arteries and basal ganglia. She was diagnosed with
moyamoya disease because she had underlying Noonan
syndrome and antiphospholipid syndrome.

Booth et al. have reported a 7-year-old female with an
ischemic event in association with repeated elevation of
anticardiolipin antibody {3]. They demonstrated bilateral
moyamoya-like vascular changes. The patient was treated
with warfarin for 5 months, followed by aspirin. Eleven
months after the treatment, a marked improvement in
blood flow with decreased stenosis of the left internal
carotid was observed. They speculated that the develop-
ment of moyamoya-like vascular changes might be sec-
ondary to initial thrombosis and stenosis of the basal
cerebral vasculature with subsequent formation of collat-
eral vessels. Takahashi et al. reported eight children with
acute hemiplegia, with three being diagnosed as having
infarctions due to moyamoya [4). Anticardiolipin immu-
noglobulin G antibody was positive in three of the five
with idiopathic infarction, but none with moyamoya dis-
ease, suggesting that the etiology of the infarct might be
distinct from that in the patients with idiopathic infarction.
In contrast, Bonduel et al. reported detecting prothrom-
botic disorders in 4 of 10 patients with moyamoya disease,
suggesting its role in the pathogenesis of moyamoya [5].
Shoning et al. reported eight children who suffered from
cerebrovascular ischemia or strocke in which antiphospho-
lipid antibodies were detected. In two patients, stenoses of
the basal cerebral arteries were present; a 5-year-old
female with moyamoya-like vascular changes manifested
improved circulation after treatment with aspirin and
intravenous immunoglobulin, whereas a male patient re-
quired surgery for encephalo-duro-arterio-synangiosis [6].

There have been only two case reports of Noonan
syndrome and moyamoya [1,2]. One of these patients had
activated protein C resistance, which was thought to be
coincidental. Antiphospholipid antibodies were not mea-
sured in these cases. Both patients were treated with
aspirin and were responsive to nonsurgical therapy.

Encephalo-duro-arterio-synangiosis surgery was also
considered for the patient in the present report; we decided
not to pursue this route, however, because pimozide
dramatically improved her symptoms and no further re-
currence or progression of moyamoya-like vascular
change occurred. In patients with moyamoya disease or
moyamoya-like vascular changes, the possibility of an-
tiphospholipid syndrome should be considered.

The authors gratefully acknowledge the assistance of Dr, Muneyuki
Matsuo at the University of Saga, Department of Pediatrics.
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