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Moyamoya Syndrome in a Patient With Congenital
Human Immunodeficiency Virus Infection

ABSTRACT

A 10-year-old boy with congenital human immunodeficiency virus

(HIV) infection developed recurrent episodes of left hemiparesis
at age 7 years. The progression of his disease was followed by com-

puted tomography, magnetic resonance imaging, magnetic
resonance angiography, and cerebral angiography. The series of

images showed progressive stenosis of both carotid arteries at the

suprasellar origin with involvement of his anterior and middle cere-
bral arteries, while prominent collateral vessels developed from
his external carotid supply through ophthalmic and middle

meningeal arteries. The pattern of cerebrovascular disease is con-
sistent with moyamoya syndrome. We suggest that further studies
on the pathophysiology of cerebrovascular disease in patients with
HIV could be helpful in understanding the cause of moyamoya dis-
ease as well. Also, with the various advances in treatment of HIV,
neurovascular complications could be seen more frequently as the

long-term survival in these patients improves. (J Child Neurol 1999;
14:268-270).

Stroke has been recognized as a complication of acquired immune

deficiency syndrome (AIDS) since the beginning of the epidemic.’
The incidence of stroke in AIDS in both adults and children is esti-

mated to be about 1.3% per year.’e However, the mechanisms of
ischemic stroke in the two populations are felt to be different.
Ischemic cerebral infarcts in adults usually are due to nonbacter-
ial thrombotic endocarditis or concomitant opportunistic central

nervous system infections,’ whereas infarcts in children are more
likely to be related to arteriopathy of the cerebral vessels. 3-, On the

other hand, moyamoya disease is much rarer, with an estimated

incidence of 0.0001% (1 case in 1 million) per year in Japan8 and
worldwide of about 4000 cases reported over 25 years,9 although
the actual incidence could be higher because of underrecogni-
tion. Autopsy studies show that there is intimal and medial thick-

ening of the affected intracerebral vessels without evidence of an

inflammatory process, &dquo; but the cause of the vasculopathy of either
disease remains mostly unclear. We describe a patient with moy-
amoya syndrome with congenital human immunodeficiency virus

(HIV) infection without evidence of any other previous or con-
current central nervous system infection, and compare the litera-
ture on the histopathology in pediatric patients with AIDS with HIV
and moyamoya. Perhaps by learning more about the pathophysi-
ology of cerebrovascular diseases in AIDS, we can gain some

insight into the pathophysiology of moyamoya disease as well.

Case Report
We have followed a 10-year-old Caucasian boy with congenital HIV infec-
tion since the age of 7 years because of recurrent episodes of left hemiparesis
involving the face, arm, and leg. He was first diagnosed with HIV at 15 months
of age. Prior to his neurologic presentation, he was treated with various
experimental protocols, including zidovudine (AZT), pentamidine, intra-
venous immunoglobulin, and didanosine (dDI). He had an episode of
chicken pox at age 5 years, and an attack of perianal zoster at age 6 years;
both responded well to acyclovir.

At age 7, he came to our attention because of three episodes of tran-
sient ischemic attacks over a period of 1 month; one episode involved right
arm and face hemiparesis with expressive aphasia, and the other two

episodes involved left face, arm, and leg hemiparesis and numbness. He
had no evidence of active zoster at that time and his neurologic examina-
tion was unremarkable. A head computed tomographic (CT) scan was
done and revealed a lacunar infarct in the left caudate nucleus. His cere-

brospinal fluid cultures and analyses were unremarkable. His CD4 count
was 0/jjbL. His sedimentation rate was 16, and an antinuclear antibody
screen was negative. His serum protein C, protein S, and antithrombin III
levels were all normal. His carotid duplex and transthoracic echocardio-

grams were also normal. A magnetic resonance angiogram showed ectatic

changes and narrowing in bilateral supraclinoid internal carotid arteries
and middle cerebral arteries. He was placed on aspirin (81 mg/day) for stroke

prophylaxis, and his HIV treatment was changed to AZT, dDI, and nevirapine.
During the next year, he was still experiencing about one episode of left
hemiparesis exacerbated by exercise every 3 to 6 months. Two follow-up
magnetic resonance imaging (MRI) and magnetic resonance angiogram
scans showed increased narrowing of his right middle cerebral artery with
post-stenotic fusiform dilation.

At age 9 years, the patient had a severe Pneumocystis carinii pneu-
monia infection and dehydration with giardiasis, and he also suffered a stroke
with left face, arm, and leg hemiparesis. A repeat work-up showed normal
cerebrospinal fluid with polymerase chain reaction (PCR) negative for all
herpes viruses. A repeat echocardiogram was also normal. His antiretroviral

regimen was changed to lamivudine (3TC), starvudine (d4T), and ritonavir,
and his opportunistic prophylaxis included azithromycin, ganciclovir,
trimethoprimlsulfamethoxazole, and fluconazole. His stroke prophylaxis
remained 81 mg per day of aspirin. Six months after he began this regimen,
his CD4 count improved to 50/~,L, and his serum HIV ribonucleic acid
(RNA) viral load was less than 500 copies/ILL. After this, he was medically
stable, was gaining weight and height to the 50th percentile of his age, and
was attending mainstream school in grade 4. Neuropsychologic testing
showed that his IQ was normal.

At age 10 years, he was re-adnitted because of crescendo transient

ischemic attacks with left hemiparesis and paresthesia involving his face,
arnl, and leg. On examination, his blood pressure was 110/70 mm Hg with
a regular pulse rate of 84 beats per minute. There were no carotid bruit or
cardiac murmurs. Neurologic evaluation was remarkable only for a prona-
tor drift on the left arm, and an extensor plantar response on the left foot.
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Figure 1. TZ weighted magnetic resonance image (TR-3000, TE-80)
showing a large right frontal lobe infarct with associated encephalo-
malacia, and a smaller infarct in the left caudate nucleus.

Laboratory data showed normal complete blood count, electrolytes, and

coagulation profile. His CD4 count had increased to 344/fl,1, and his serum
HIV viral load remained less than 500 copies/~L. Cerebrospinal fluid showed
three red blood cells/fLL, four white blood cells (monocytes)/~,L, protein level
of 16 mg/dL, and glucose level of 89 mg/dL (serum glucose 118 mg/dL). Poly-
merase chain reaction for herpes simplex virus 1 and 2, varicella-zoster virus,
cytomegalovirus, Epstein-Barr virus, and human herpes virus-6 were all neg-
ative. Additional studies were done (including protein C, protein S, antithrom-
bin III, the Venereal Disease Research Laboratory test, factor V DNA,
antinuclear antibodies, rheumatoid factor, lupus inhibitor, and anticardiolipin
antibodies), but did not identify any other causes for strokes. However, the
serum level of triglyceride was found to be elevated to 282 mg/dL, although
serum cholesterol levels were normal. An MRI showed a large right frontal
lobe infarct with encephalomalacia from his stroke during his last intensive
care unit stay (Figure 1). A magnetic resonance angiogram showed occlu-
sion of right anterior and middle cerebral arteries. The cerebral angiogram
confirmed these lesions and showed that there were prominent collaterals

Figure 2. Digital subtraction angiogram of right internal carotid
artery, lateral view, showing ectactic changes of the supraclinoid
internal carotic artery, occlusion of both right anterior and middle cere-
bral arteries, and partial reconstitution of the right middle cerebral artery
by branches of the lenticulostriate arteries.

developing from the external carotid system (Figure 2). The patient was

placed temporarily on heparin and was treated with warfarin adjusted to
an INR between 2 to 3. After 3 months, he experienced recurrence of tran-
sient ischemic attacks with left face and arm hemiparesis and dysesthesia.
A single photon emission computed tomographic scan and transcranial
Doppler with acetazolamide challenge showed a limited vascular reserve;
therefore, a right superficial temporal artery synangiosis procedure was
offered as an experimental treatment. Six months after the operation, the

patient had a transient ischemic attack involving the right side, and repeat
MRI showed progressive narrowing of his left middle cerebral arteries. He
was offered a second synangiosis procedure on the left side. Currently, 6
months after the second operation, the patient is stable with no new neu-
rologic symptoms.

Discussion

Moyamoya disease is a rare, chronic occlusive disease of the cere-
brovascular system involving the circle of Willis. The diagnostic
guideline as defmed by the Ministry of Health and Welfare of Japan
involves four criteriall: (1) stenosis or occlusion of the intracranial
internal carotid artery or the adjacent anterior and middle cerebral

arteries, (2) abnormal vascular network adjacent to the stenosed

artery identified during the arterial phase of angiography, (3) bilat-
eral findings on angiography, and (4) no other identifiable cause.
Because of the 4th criterion, the term moyamoya syndrome, or phe-
nomenon, is used to distinguish from moyamoya disease caused

by the presence of other associated diseases. These include neu-

rofibromatosis, post-irradiation, tumor, Down syndrome, athero-

sclerosis, antiphospholipid syndrome, autoimmune vasculitis, and

leptospiral infections. 8,12 One pathologic case was described in a

patient with AIDS and quaternary neurosyphilis. 13 In the case of our
patient, we have looked exhaustively for any other cause that
could explain his cerebrovascular disease. There is no evidence of

any of the previously described associated diseases in our patient.
However, our patient did have a history of varicella infection,
which has been described to be associated with acute hemiplegia
of childhood and strokes in adults, 14,15 but we were unable to find
evidence of active infection with repeated normal cerebrospinal
fluid that was negative PCR for varicella-zoster virus. Other pos-
sible confounding variables include the unknown long-term effects
of the antiretrovirus medications and the effects of intravenous

immunoglobulin, which he received monthly for about 5 years, but
these have never been reported to cause changes in the cerebral
vasculature. Another abnormality noted in our patient’s work-up
was the elevated triglyceride level. Some recent studies suggest that

hypertriglyceridemia can be an independent risk factor for
atherothrombotic cerebrovascular disease in adult patients.16,17
However, recent reports suggest that the elevated triglycerides
could be an effect of the protease inhibitor rather than a primary
endocrine abnormality.&dquo; This would make atherosclerosis an
unlikely cause of strokes in a 10-year-old boy with no other evidence
of cardiac or peripheral vascular disease. One could argue that he
could have moyamoya disease independent of his HIV infection,
but based on the low incidence of the disease, especially in the Cau-
casian population, this would be an unlikely coincidence. We sus-

pect that active HIV infection, either independently or with influence
from a past varicella-zoster virus infection, played a significant role
in the cause of the cerebrovascular changes in our patient. Nev-

ertheless, it is possible that the etiology is multifactorial, with
influence from the long-term use of multiple medications, his
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hypertriglyceridemia, or a combination of the various factors in his

complicated history.
Although the epidemiology of strokes in association with

AIDS in adults is still unclear,2 the association in the pediatric pop-
ulation appears to be more definitive. 3-7 In the few available

autopsy reports, there seems to be a characteristic histopathologic
pattern of vascular changes. Park et al3 described arteriopathy
affecting large vessels of the circle of Willis with intimal fibroplasia
with medial thickening and elastic lamina destruction or redu-

plication. Similar pathologic changes also were described by other

groupS.7,19,20 These vascular changes were speculated to be due to
HIV itself or HIV-infected cells, because a major HIV transmem-
brane glycoprotein (gp41) has been detected in the walls of the
abnormal arteries of the circle of Willis.3,~s However, Lang et al2o

did not detect gp41 in such lesions. Interestingly, the pathologic
description on moyamoya disease vessels also reveals thickening
from smooth muscle cell proliferation in the media and redupli-
cation of the elastic lamina.1O,21,22 This suggests that HIV can induce

a central nervous system vasculo-occlusive process that is simi-

lar to moyamoya disease. However, it is important to realize that

these pathologic changes are nonspecific responses to injury and
cannot be regarded as pathognomonic for a specific process.
Since many diseases can produce the radiologic findings seen in

moyamoya disease, it is not unreasonable to suggest that moy-
amoya disease is a specific pattern of vascular changes with devel-

opment of collateral vascular supply in response to a particular
insult that resulted in a progressive occlusive disease of the ves-
sels of the circle of Willis. There is active research underway in

Japan focusing on the genetic basis of moyamoya diseased Per-

haps an occult infectious cause such as HIV with minimal inflam-

matory response also could be a basis for the disease.

As for the management of our patient, the temporal artery
synangiosis was offered only as an experimental treatment and a
last resort, as his symptoms were progressing despite maximum med-
ical treatment. One needs to be aware that data on the long-term
effectiveness of the procedure are still very limited. Prior to the
recent advances in HIV treatment, neurologic complications were
often seen at the terminal stage of AIDS. With the introduction of

protease inhibitors, the natural history of HIV-infected patients has

changed significantly. Cerebrovascular complications could become
more frequent as these patients live longer, and early diagnosis
and aggressive management are warranted. Further research on the
mechanisms of stroke in AIDS is necessary to improve our under-

standing and management of these patients’ illness.
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