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Abstract

Objective—To define the clinical characteristics and outcome of patients with idiopathic stenosis
or occlusion of the basal arteries, without moyamoya collateral formation.

Methods—We identified patients who presented to our institution from 1996 to 2005 with
occlusive disease of the distal internal carotid artery or the proximal middle or anterior cerebral
arteries demonstrated by digital subtraction cerebral angiography. We excluded those with
evidence of atherosclerotic disease, systemic vasculitis, moyamoya phenomenon or any other
condition that could otherwise explain their arterial occlusive disease. Medical records were
reviewed for presenting symptoms and clinical characteristics. Outcome was determined from
chart review and phone interviews.

Results—Twelve patients were identified. All presented with TIA or stroke. Eleven were
women. Age at presentation ranged from 34 to 71 years. Nine had a history of hypertension. Five
had unilateral intracranial disease. None of the five developed recurrent stroke on medical therapy
during an average follow up of 29 months. Seven had bilateral disease. Ischemic stroke occurred
between 2 and 107 months after the initial event in five of eight medically-treated hemispheres.
One patient developed moyamoya collaterals on follow up angiography.

Conclusion—The clinical features and outcome of these patients are similar to those reported in
large case series of North American patients with moyamoya phenomenon. These data suggest a
common etiology for the basal arterial occlusive process and a variable ability to form moyamoya
collaterals.
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Objective

Moyamoya phenomenon is a unique pattern of collateral formation that can attend
narrowing or occlusion of the basal arteries.12 Patients with idiopathic basal occlusive
disease and moyamoya collateral formation are often considered to have moyamoya disease,
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yet the underlying etiology for the occlusive vasculopathy remains undefined.3 Idiopathic
basal arterial occlusive disease, without moyamoya collateral formation, is identified in
some patients presenting with stroke or other ischemic symptoms. It is possible that the
same underlying occlusive vasculopathy is involved in both groups of patients but that the
ability to form moyamoya collaterals is variable.

The purpose of this study was to define the clinical characteristics and outcomes of patients
with idiopathic basal arterial occlusive disease without moyamaya collaterals and compare
these to prior reports of patients with moyamoya phenomenon. These patients may share a
common underlying occlusive vasculopathy but a variable ability to form moyamoya
collaterals, and therefore similar clinical features and outcome.

Patient eligibility and selection

We identified all adults (age >= 18) who underwent digital subtraction catheter angiography
at our institution from 1996 through 2005 and had idiopathic basal arterial occlusive disease,
defined as unilateral or bilateral smooth narrowing (>50%) or occlusion of the supraclinoid
internal carotid artery, proximal anterior cerebral artery, and/or the proximal middle cerebral
artery. Patients who had moyamoya collateral vessels were excluded. Patients with
suspected dissections were excluded. The occlusive process was required to be isolated to
the basal arteries: patients with angiographic evidence of arterial disease involving other
locations, such as the cervical carotid arteries (suggesting atherosclerosis) or distal cerebral
vessels (suggesting intracranial atherosclerosis or a reversible vasoconstriction syndrome)
were excluded.? Exclusion criteria also included the presence of any other medical condition
that could otherwise explain the arterial steno-occlusive disease, including atherosclerosis,
reversible vasoconstriction syndrome, systemic vasculitis, neurofibromatosis type-1, sickle
cell anemia, Down syndrome, meningitis, and prior skull base radiation therapy. A total of
twelve patients were identified.

Retrospective chart review

We reviewed the clinical records, including hospital and clinic notes, laboratory studies, and
radiographic data, for each patient from presentation through 2005. As necessary, outside
hospital and clinic records were also obtained and reviewed. The following terms were used
to define the initial presenting symptom: transient ischemic attack (T1A) for a focal
neurological deficit lasting less than 24 hours, stroke for the acute onset of a focal
neurological deficit lasting greater than 24 hours, and intracranial hemorrhage if a
subarachnoid, intraparenchymal, and/or intraventricular hemorrhage was noted on lumbar
puncture or radiographic studies.

Baseline stroke risk factors were noted at initial presentation including a self-reported
history of hypertension, hypertensive heart disease, coronary artery disease, chronic heart
failure, diabetes mellitus, hyperlipidemia, significant alcohol and/or tobacco use, oral
contraceptive use, and/or parental stroke death. Digital subtraction angiography was
performed on all of the subjects at presentation and repeated if indicated in the course of
their disease. We analyzed angiography reports for sites and extent of involvement, sources
of collateral flow, and other cerebrovascular abnormalities.

Prospective follow-up

We attempted to make phone contact with all living patients. Informed verbal consent was
obtained prior to phone interview via a script approved by the Human Studies Committee.
We recorded any recurrent stroke events (using the Questionnaire for Verifying Stroke-Free

Neurosurgery. Author manuscript; available in PMC 2012 February 23.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Goyal et al.

Results

Page 3

Status),>® death and its cause, and any further significant change in cerebrovascular history
including surgeries and medication alterations.

General patient characteristics

Patient characteristics are presented in Table 1. Patients ranged in age from 34 to 71 years
(mean 44, median 39). Eleven of the twelve (92%) were female. Nine (75%) were white
while three (25%) were of African-American descent. All but two (83%) had hypertension,
and all were free of known coronary artery disease. One had poorly controlled diabetes, one
had a parental history of strokes, and another drank alcohol significantly. Two of the eleven
(18%) females used oral contraceptives. Six of the twelve (50%) smoked.

Cerebrovascular events and angiographic findings at presentation

In eleven of these patients (92%) the initial cerebrovascular event was ischemic; three
patients presented with TIA and eight with stroke. The twelfth patient presented with
intracranial hemorrhage (Patient 2). In three patients, initial angiography revealed incidental
cerebrovascular findings not related to their presenting symptoms, including one with an
occlusion of the P2 segment of her posterior cerebral artery, another with a 10 x 15 mm
anterior communicating artery aneurysm (Patient 8), and a third with a small petrous dural
fistula in the ipsilateral hemisphere. Five of the twelve patients presented with unilateral
disease while the remaining seven patients presented with bilateral stenosis of the basal
arteries.

Treatment and outcomes

Patient outcomes are listed in Table 2. All five patients with unilateral stenosis were treated
medically. Four of five had good outcomes. None developed recurrent strokes after an
average of 29 months (range 6 — 43 months) following their initial event. Repeat
angiographic imaging was obtained in two of the four. Progression to occlusion was
identified in one (Patient 12). One (Patient 8) died of subarachnoid hemorrhage from rupture
of her previously asymptomatic anterior communicating artery aneurysm 55 months after
initially presentation to our institution.

Six of the seven patients with bilateral disease were followed for recurrent stroke. One of the
seven (Patient 5) underwent an EDAS procedure and died as a consequence of a recurrent
stroke two months after surgery. Ischemic strokes occurred during follow up in five of eight
medically-treated hemispheres in the six surviving patients with bilateral disease. Two of the
six surviving patients with bilateral disease were not treated with surgical revascularization
as their initial therapy: one was treated with clopidogrel (Patient 4) and the other with
prednisone (Patient 7) for suspected vasculitis. The first patient had a recurrent stroke five
years later. Medically therapy was changed to aspirin and warfarin and two months later the
patient had a stroke in the contralateral, previously asymptomatic hemisphere. The second of
the two patients had no further symptoms. A follow-up angiogram was obtained six months
later to assess the response to therapy. New moyamoya collaterals were identified (Figure
1). A superficial temporal artery to middle cerebral artery bypass (STA-MCA) was
performed on the previously symptomatic hemisphere. No new symptoms occurred during
thirty-six additional months of follow up.

The remaining four patients with bilateral disease had unilateral encephalodural synangiosis
(EDAS) (Patients 1 and 6) or STA-MCA bypass (Patients 2 and 3) on the symptomatic
hemisphere as their initial therapy. Three of these four patients suffered subsequent strokes
in their medically-treated, contralateral hemisphere. One of the two patients treated with a
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STA-MCA bypass procedure (Patient 2) remained stroke-free for 86 months. Unfortunately,
he died of a myocardial infarction and resultant left ventricular aneurysm. The remaining
patient (Patient 3) had a contralateral stroke 6 months after successful STA-MCA bypass.
She underwent an EDAS procedure on that contralateral hemisphere and has remained
symptom-free for 14 months.

The two remaining patients underwent unilateral EDAS procedures after initial presentation
and received aspirin post operatively. One was administered warfarin as well. Both had
subsequent ischemic strokes, one ipsilateral and contralateral (Patient 1) and one
contralateral to the treated hemisphere (Patient 6). One stroke occurred ipsilateral to the
EDAS at 107 months (Patient 1). This patient went on to have a contralateral stroke in the
right cerebral middle cerebral artery territory 4 months later. The patient underwent an
EDAS procedure of the right hemisphere and died as a complication of the surgery. Blood
pressure was closely monitored and maintained during and after the procedure. Despite this,
the patient suffered a massive infarction of the entire vascular territory of the right internal
carotid artery (right anterior and middle cerebral arteries, as well as the left anterior cerebral
artery that was supplied across the anterior communicating artery). Patient 6 had an
ischemic stroke in the untreated contralateral hemisphere 33 months after presentation. She
underwent an EDAS procedure at that point and has remained symptom free for 10 months.

Overall EDAS was performed in six hemispheres of four patients with bilateral steno-
occlusive disease of the basal arteries. One death occurred as a direct result of the surgery
(Patient 1, discussed above). Two recurrent ischemic strokes occurred in the five remaining
EDAS-treated hemispheres (2 months, Patient 5, and 107 months after the procedure, Patient
1).

Discussion

These data demonstrate important similarities in both the clinical phenotype and outcome
between recent descriptions of North American and European adults with moyamoya
phenomenon and patients who have idiopathic occlusion of the basal arteries but fail to
develop moyamoya collateral vessels. This finding supports the hypothesis that the ability to
form moyamoya collaterals may be variable, despite a similar occlusive vasculopathy or
vasculopathies.

The baseline clinical characteristics of the patients in the present study are very similar to
recent series of North American and European patients with moyamoya.’~10 A large
majority of the patients in the present series were female and between the ages of 30 and 50.
The racial demographics corresponded to those of our region. Similar to North American
and European moyamoya case series, almost all of our patients presented with ischemic
symptoms. In the series from St. Louis, Missouri, reported by Hallemeier et al., 24 of 34
adult moyamoya presented with ischemic symptoms, and 25 were women with a mean age
of 42 at presentation.” In the series from Houston, Texas, reported by Chiu et al., 23 of 26
adult patients presented with ischemic symptoms, 25 of the 35 total patients were women
(this study included all idiopathic moyamaya patients, including 7 children), and the mean
age was 32.8 In the series from New York, reported by Starke et al., 42 of 43 adult patients
presented with ischemic symptoms, and 28 were women with a mean age of 40 years.® In
the Essen, Germany, series of 21 European patients reported by Kraemer et al., all were of
northern European ancestry, all presented with ischemic symptoms, and 17 were women
with a mean age of 34 years.10 These ethnic and demographic features differ substantially
from Asian series in several regards: children are affected much more frequently than adults;
adults are more likely to present with hemorrhage than ischemia (50 — 60%); and there is
only a slight female preponderance.211
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Baseline stroke risk factors primarily included hypertension in most and tobacco use in some
of the patients in the present series. Diabetes, family history of stroke, and coronary artery
disease were not prominent features in their history. Less than 20% of our females used oral
contraceptives, providing no evidence that this may represent a major risk factor for steno-
occlusive disease of intracranial arteries. These frequencies of stroke risk factors are similar
to the published series of North American and European moyamoya patients.’~10

Unilateral versus bilateral disease

The extent of stenosis, i.e. unilateral versus bilateral, had a striking effect on stroke
recurrence and overall outcome. Like patients with moyamoya disease, bilateral disease
conferred greater risk of stroke recurrence and grave prognosis than unilateral involvement.”
Three of the six surviving patients with bilateral involvement suffered a recurrent ischemic
stroke (ipsilateral or contralateral) within two years of their initial event. Two of the
remaining three had a recurrence after two years and the final patient later developed
moyamoya collaterals.

In contrast, the patients with unilateral disease and without moyamoya vessels did not suffer
any recurrent ipsilateral ischemic strokes. In the similar cohort of moyamoya patients with
unilateral involvement, two of twelve (17%) experienced subsequent ipsilateral ischemic
strokes.” Becker and colleagues report the outcome of 8 symptomatic patients, age 32 — 56
years with isolated middle cerebral artery stenosis and no evidence of atherosclerotic
disease. No further strokes occurred during a follow up of 39 — 82 months.12 Overall, both
in moyamoya patients and in the present cohort, risk of recurrent stroke was highly related
to the presence of bilateral disease while unilateral involvement, at least in these patients,
generally conferred a good prognosis. We suggest that bilateral non-atherosclerotic
occlusive disease of the basal arteries imparts a considerably worse prognosis, while
unilateral disease is less likely to result in recurrent stroke.

The effect of surgical revascularization

The conclusions that may be drawn regarding the effects and role for surgical
revascularization are extremely limited, owing to the small sample size, and the
retrospective nature of the study. In addition, the patients were not investigated for
hemodynamic impairment. Finally, owing to a lack of consensus regarding the utility of
indirect or direct revascularization procedures in patients with non-atherosclerotic idiopathic
occlusive disease without moyamoya collaterals, there was considerable variability in
treatment (medical versus surgical).

EDAS was performed in six hemispheres among four patients who presented with bilateral
stenosis. Of these, two patients died, one owing to complications of the procedure (Patient
1). This patient may not be typical. She was the only one with recurrent ipsilateral ischemic
stroke after EDAS. In addition, these symptoms occurred 8 years after the procedure.
Contralateral symptoms developed 4 months later. The other patient suffered a fatal stroke
in the surgically-treated hemisphere 2 months after surgery. Poor outcomes after indirect
revascularization procedures were reported by Komotar et al. in 12 patients with
atherosclerotic intracranial arterial disease.1® Ten suffered new strokes or TIA after the
procedure. All had evidence of hemodynamic impairment on pre-operative testing and five
demonstrated worsening after the procedure. As discussed below, patients with either
idiopathic or atherosclerotic basal arterial occlusive disease and no moyamoya collaterals
may lack the necessary vessel proliferative signals that allow the indirect bypasses to form.
Alternatively, as suggested by Komotar et al., this may also be related to the time-lag in the
development of indirect anastamoses.13 Further investigation in this area is warranted.
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The three patients treated with STA-MCA bypass had good neurological outcomes.
However, it is not possible to draw any firm conclusions from this experience owing to the
limited number of procedures performed. These data suggest that STA-MCA bypass may
represent a feasible method of treatment for patients with bilateral steno-occlusion of the
basal arteries without moyamoya collateral vessels. Success rates for extracranial-
intracranial bypass procedures may be further improved by stratifying higher risk patients
with physiologic testing for hemodynamic impairment (i.e. via positron emission
tomography or transcranial Doppler imaging).1* Finally, the high rate of contralateral events
suggests a potential benefit for performing bilateral revascularization procedures, either at
the time of initial treatment or in a staged fashion.

Though not attempted in any of these patients, endovascular treatments including
angioplasty and possibly stenting may be useful adjuncts to antiplatelet and surgical therapy,
particularly in the setting of bilateral idiopathic basal arterial occlusive disease. A few case
reports suggest that such treatment may be possible in select patients.141® The restenosis
rates may be high, however. In a large prospective registry of patients treated with
angioplasty and stenting for symptomatic intracranial stenosis, severe restenosis, often more
severe than the initial lesion, was strongly associated with younger age (<55 years) and the
supraclinoid carotid location.16:17 The role of gender was not reported. Many of these
patients may have had a non-atherosclerotic vasculopathy. Further investigations are
warranted here as well.

Relationship to moyamoya disease

The common phenotype at presentation and good correspondence of outcomes on medical
therapy between the patients presented here and those of similar cohorts of North American
and European patients with moyamoya phenomenon suggests that the underlying occlusive
vasculopathy may be similar between these two groups, while the ability to form moyamoya
collaterals may be variable.

There has been considerable confusion regarding the relationship of patients with isolated
idiopathic occlusion of the basal arteries to patients who meet full criteria for moyamoya
disease. Suzuki and Takaku had initially proposed six stages of moyamoya disease.18
Neither the first nor the last stage required the presence of moyamoya vessels, both being
characterized by stenosis and occlusion, respectively, of the carotid fork and the proximal
middle cerebral arteries. Later, however, the Research Committee on Spontaneous
Occlusion of the Circle of Willis included moyamoya collateral vessels in their criteria for
moyamoya disease.1? The relevance of unilateral versus bilateral involvement for definitive
diagnosis of moyamoya disease has been discussed extensively elsewhere and further
complicates the matter.

There are many potential factors that may play a role in the ability of a given patient to
develop moyamoya collaterals in response to an occlusive vasculopathy.2? Age at onset of
the vasculopathy may be important: children appear to commonly form moyamoya
collaterals (given the Asian phenotype), young adults less frequently, and older adults even
less. The pathologic nature of the occlusive vasculopathy is also likely to be important. For
example, a non-atherosclerotic process may be more likely to lead to a proliferative response
than atherosclerosis. The progression seen in the patient reported in this series while on
corticosteroids may have been incidental, or related in some way to inflammation or the
inhibition of inflammation. Genetic factors are almost certainly involved. An
epidemiological survey of moyamoya disease in Japan in 2003 identified a family history in
12% of patients.2! An autosomal dominant pattern of inheritance was reported in 15
Japanese families, with a linkage analysis identifying chromosome 17¢25.22 Finally, the
degree of hemodynamic impairment may also play a role.
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As mentioned above, the experience of Komotar, et al., regarding the poor performance of
indirect anastamosis in patients with atherosclerotic intracranial occlusive disease and
hemodynamic impairment raises interesting issues.13 Angiographic follow up was obtained
in two of the patients in the present series after EDAS. One had no collateral formation
(Patient 1) while the other did (Patient 6). It may be that indirect anastamoses require
vascular proliferative signals in order to be effective, and that these signals are related to
moyamoya collateral formation as well. In other words, patients with basal arterial occlusive
disease can develop moyamoya collaterals if there are appropriate proliferative signals, and
these may be the same signals required for the formation of indirect anastamoses. The data
regarding the role of proliferative factors in moyamoya are incomplete, however.23 Several
growth factors have been associated with moyamoya formation, including hepatocyte
growth factor, platelet-derived growth factor, and hypoxia inducible factor 1a.24-27

Moyamoya vessels provide a source of collateral flow, bypassing stenotic or occluded
segments of the internal carotid and middle cerebral arteries. In nearly all cases, the bulk of
the cortical flow is provided by pial collaterals from the posterior circulation. The clinical
importance of moyamoya vessels is unclear. Given the similar outcomes in the present
series, albeit very small, compared to the prior series of North American moyamoya, these
collaterals may not provide adequate collateral flow. In addition, it appears that long-
standing flow through these small vessels may predispose to hemorrhage. Hemodynamic
studies of Asian adults presenting with hemorrhage tend to show an absence of severe
cortical hemodynamic impairment, as compared with children presenting with ischemic
symptoms.28:29

We recognize several limitations to the present study. This study was retrospective with
variable patient characteristics and treatments, precluding any definitive statement on the
benefits of particular treatments. The etiology of intracranial stenosis in the patients of the
present series is unknown. A reversible vasoconstriction syndrome, such as Call-Fleming, is
unlikely but could have been present in some of these patients. This disorder tends to
involve multiple cortical vessels in addition to the basal arteries.* Though we excluded
patients with obvious signs of atherosclerotic disease or dissection, only histopathological
confirmation could exclude such etiologies definitively. Despite the results above, the
relationship between these patients and the moyamoya phenomenon remains speculative in
all but the one patient who later developed the characteristic moyamoya collaterals. Further
longitudinal study of the other patients, including follow-up angiography, would permit
more exploration of this hypothesis. The mean follow up in the present series was slightly
more than two years. We performed no systematic analysis of hemodynamic status in this
cohort. As mentioned above, the presence of severe hemodynamic impairment might be a
factor in the development of moyamoya collaterals. The poor outcome on medical therapy in
patients with bilateral occlusive disease suggests that many likely had impaired
hemodynamics, however.

The clinical characteristics, anatomic features, and outcome of North American adult
patients with idiopathic occlusive disease of the basal arteries are similar to those reported in
large recent case series of North American and European patients with moyamoya
phenomenon. This, as well as the progression to moyamoya in one patient, suggests a
common etiology for the arterial occlusive process with a variable ability to form moyamoya
collateral vessels. Patients with unilateral involvement appear to have a good outcome with
medical therapy. Patients with bilateral disease at presentation have a high likelihood of
recurrent ischemic stroke.
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Figure 1. Development of moyamoya collaterals in a North American adult

Legend: A 45 year old female patient initially presented with ischemic stroke. Cerebral
angiography demonstrated proximal stenosis of the middle cerebral arteries bilaterally (A
and V). Figure 1A, AP projection after right common carotid artery injection, demonstrates
severe narrowing of the proximal middle cerebral artery (black arrow). Figure 1B, AP
projection after left common carotid artery injection, shows similar changes of the distal
internal and proximal middle and anterior cerebral arteries (black arrow). She was treated
with steroids for presumed vasculitis. On repeat angiography approximately 6 months later,
the stenotic lesions markedly progressed with the interval development of moyamoya
collaterals (C and D). Figure 1C, AP projection after right common carotid artery injection,
shows occlusion of the distal internal carotid artery (asterisk) with moyamoya collaterals
(black arrow). Figure 1D, AP projection after left common carotid artery injection,
demonstrates similar changes (middle cerebral artery occlusion with moyamoya collateral
formation, asterisk) with pial collaterals from the posterior artery branches to the middle
cerebral artery territory (black arrow).
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