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Abstract

Introduction: We describe four patients with Down syndrome and moyamoya who were referred
for possible cerebral revascularization. The unique features associated with these cases are
presented.

Methods: A retrospective case review of all inpatient and outpatient records and neuroimaging
studies was performed.

Results: Three of the four patients were women; all had bilateral moyamoya. Ages ranged from
18 to 34 years. One patient presented with repeated transient ischemic episodes (TIAs) despite
antiplatelet therapy. One had repeated "spells” that mimicked complex partial seizures, but
seizure activity could not be demonstrated on electroencephalogram. One patient presented
with a minor stroke, and the final patient presented with headaches only with no evidence of
ischemia. Superficial temporal artery-middle cerebral artery (STA-MCA) bypass was performed
in two patients, bilateral in one. One patient underwent bilateral pial synangiosis procedures.
One patient was managed with aspirin alone.

Conclusions: Down syndrome may be associated with moyamoya. Patients with Down
syndrome who develop symptoms of cerebral ischemia should be evaluated for this condition.
Cerebral revascularization may be warranted in selected cases, and results have been favorable
in these patients.
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Introduction

The association between Down syndrome and moyamoya has been previously reported [1-3].
We describe four patients with Down syndrome and moyamoya who were referred for potential
cerebral revascularization procedures. Three patients with neurological symptoms and
evidence of impaired cerebral blood flow or cerebrovascular reserve on ancillary testing were
managed with surgical revascularization. One asymptomatic patient was managed with
antiplatelet therapy alone. Outcomes were favorable in all cases.

Case Presentation
Patients & methods
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We reviewed in retrospective fashion the inpatient and outpatient records of all patients
referred for cerebral revascularization to a busy neurovascular center. Four patients with Down
syndrome and moyamoya findings on angiography were identified. Neuroimaging studies
including, computerized tomography (CT) scan, magnetic resonance imaging (MRI), CT
perfusion, Xenon-enhanced CT, and cerebral angiography were reviewed. Operative records and
follow-up clinic notes were reviewed as well.

Results

All patients had angiographically-documented moyamoya collateral formation in the setting of
supraclinoid internal carotid or middle cerebral artery stenosis/occlusion. There were three
women and one man. Ages ranged from 18 to 34 years.

The first patient presented with repeated transient ischemic episodes (TIAs) despite
antiplatelet therapy. She had suffered a minor stroke during an orthopaedic surgical procedure
one year earlier. The patient also suffered from progressively worsening behavioral difficulties,
significantly complicating her care. MRI showed evidence of watershed ischemia; CT perfusion
demonstrated impaired cerebral perfusion. Cerebral angiography demonstrated bilateral severe
moyamoya. The patient underwent bilateral staged STA-MCA anastomosis. The patient's TIAs
stopped, and her behavior improved as well.

FIGURE 1: Intraoperative photomicrograph revealing a
completed STA-MCA anstomosis

Intraoperative photomicrograph revealing a completed STA-MCA anstomosis. Not the blue
background material underneath the recipient cortical MCA branch. The vessel size is
approximately 1.2mm in this case.
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The second patient presented with repeated "spells" that mimicked complex partial seizures
that could not be captured on electroencephalogram. She also exhibited progressive behavioral
problems. Cerebral angiography demonstrated bilateral moyamoya, significantly more
advanced on the left side. Xenon-enhanced CT with diamox challenge demonstrated poor
cerebrovascular reserve on the left, and MRI demonstrated multiple areas of watershed
ischemic changes in the left hemisphere. The patient underwent uncomplicated left-sided STA-
MCA anastomosis. Postoperatively, her spells decreased significantly, and her behavior
improved as well, although she continues to have an occasional seizure-like episode.

FIGURE 2: Postoperative CT-angiogram reconstruction
demonstrating a patent STA-MCA anastomosis (white arrow)

The third patient suffered an ischemic stroke resulting in mild weakness which recovered
promptly. MR imaging revealed watershed ischemic changes. He was started on antiplatelet
therapy, but given the advanced moya moya changes seen on angiography, a decision was made
to proceed with bilateral pial synangiosis. At six month follow-up, he remained at his
neurological baseline with no further ischemic symptoms.

The final patient presented with headaches only. MRI suggested the presence of moyamoya,
and this was confirmed by angiography. The patient had no evidence of neurological symptoms
referable to the moyamoya. There was no history of TIA. CT perfusion demonstrated adequate
collateral supply to the involved territories. This patient was managed with aspirin therapy. She
has remained asymptomatic during a three year follow-up period.

Discussion

Patients with Down syndrome are at risk for cerebral ischemia for a variety of reasons [3]. One
rare cause of stroke in this population is the unusual association of moyamoya with Down
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syndrome. Although intracerebral and subarachnoid hemorrhage have been reported in older
patients with moyamoya, the majority of pediatric and young adult patients with Down and
moyamoya have presented with cerebral ischemic symptoms |2, 4, 5].

The reason for the association between these two disorders remains unclear. It has been
suggested that there may be some hypercoagulable state possibly related to protein C
deficiency in some Down patients that may be related to the development of moyamoya or
other vascular occlusions [6, 7]. Alternatively, it has been suggested that an autoimmune
problem may develop in some Down patients predisposing them to moyamoya development [8].
Finally, it has been postulated that a protein encoded on chromosome 21 may be related to the
pathogenesis of moyamoya, explaining the coexistence of the two disorders in some patients

[1].

The management of patients with Down and moyamoya is complicated. These patients often
have some compromise in their baseline level of functioning which may complicate neurologic
assessment. Two of our patients suffered from progressively worsening behavioral difficulties.
It was impossible to know for sure whether this issue was related to cerebrovascular
insufficiency. Nevertheless, behavioral improvement postoperatively suggested that this may
have been at least partially related to the moyamoya.

In addition, patients with Down are subject to other anatomical disorders that may complicate
their management. Down patients frequently have cardiac anomalies that may complicate
surgical intervention. Similarly, the potential for atlanto-axial instability must not be
overlooked in these patients [9]. For these reasons, we have employed preoperative cardiac
evaluation as well as flexion-extension cervical spine films as routine preoperative measures in
this patient population. Like all patients with moyamoya, it is critical that the anesthesiologist
managing the patient intraoperatively avoid hypotension and hyperventilation to prevent
intraoperative cerebral ischemic injury.

Conclusions

Down syndrome may be associated with moyamoya. Patients with Down syndrome who develop
symptoms of cerebral ischemia should be evaluated for this condition. Cerebral
revascularization may be warranted in selected cases, and results have been favorable in these
patients. Specific issues associated with Down syndrome such as an increased potential for
associated cardiac anomalies and for atlanto-axial instability must be considered when
managing these patients.
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