Original Article

Journal of Child Neurology

1-6

© The Author(s) 2015

Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0883073815609152
jen.sagepub.com

®SAGE

Pial Synangiosis Ameliorates Movement
Disorders in the Absence of Prior Stroke
in Moyamoya Disease

Stephanie Greene, MD', Lalit Bansal, MD?, Keith A. Coffman, MD>,
Raffaele Nardone, MD4, and Giulio Zuccoli, MD’

Abstract

Background: Moyamoya disease is a rare cerebrovascular disease characterized by progressive stenosis of the bilateral distal
internal carotid arteries and their proximal branches. Both chorea and dystonia have been reported as the initial presentation of
moyamoya disease. Objective: The objective was to define the clinical presentation and describe the disease course following
pial synangiosis of 3 patients with dyskinesias. Methods: A retrospective chart review of 3 cases of patients presenting with
movement disorders and ultimately diagnosed with moyamoya disease was performed. Results: The authors present a case
series of | patient with dystonia and 2 patients with chorea, all diagnosed with moyamoya disease. All patients experienced
resolution of their movement disorders following pial synangiosis. Magnetic resonance imaging disclosed moyamoya disease-
related basal ganglia anomalies in all patients. Conclusions: Moyamoya disease is an important and surgically treatable cause

of movement disorders.
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Moyamoya disease is a rare cerebrovascular disease character-
ized by bilateral stenosis or occlusion of the distal internal
carotid arteries and/or their proximal branches. There is com-
pensatory development of a network of dilated leptomeningeal,
thalamoperforator, and transdural collateral vessels which give
rise to a characteristic angiographic appearance.! The inci-
dence of moyamoya disease in the western United States is
0.086 per 100 000,? with a higher incidence reported in Asian
countries® and a female predominance of nearly 2:1.* Onset
typically occurs in childhood or early adulthood, and the prog-
nosis in the absence of surgery is 1 of progressive neurologic
decline.” Of patients, 20% have severe neurologic impairment
or die by adulthood.® The mortality rate in children is 4.3%.”
Neurological deficits can arise as a result of ischemia from
arterial occlusion or hemorrhage from an ectatic collateral
vessel. The most common neurological sequelae are cerebro-
vascular accidents (transient ischemic attacks, stroke, or
hemorrhage), epilepsy, and cognitive decline.** Movement
disorders associated with moyamoya disease have been
reported, with chorea the most frequent.”'" To the best of the
authors’ knowledge, only 23 cases of chorea and 2 case of dys-
tonia s in pediatric patients with moyamoya disease have been
described in the English literature.”'” The authors report 3 new
cases linking dystonia (1 case) and chorea (2 cases) with

moyamoya disease in children. The literature regarding the
incidence, pathophysiology, diagnosis and treatment of these
conditions in patients with moyamoya disease is reviewed.

Methods

Institutional Review Board approval was obtained for this retrospec-
tive study. The operative database maintained by the department of
Neurological Surgery at Children’s Hospital of Pittsburgh was queried
for patients undergoing indirect bypass for moyamoya between the
years of 2009 and 2015. Four patients with movement disorders were
identified. One was excluded from further analysis because he
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suffered a preoperative stroke at the time of initial presentation, with
unsurprising persistence of dystonia after surgery. The 3 remaining
patients are being actively seen in neurosurgery clinic at present, and
the clinicians making their diagnoses of movement disorder preopera-
tively were involved in the creation of this manuscript. Patient charts
and imaging were reviewed such that patient confidentiality was
maintained at all times. By convention, bilateral cases without a dis-
ease known to be associated with moyamoya (the radiographic find-
ing) such as Down syndrome or neurofibromatosis are referred to as
moyamoya disease, while cases with unilateral stenosis and those with
an associated condition are referred to as moyamoya syndrome. Each
patient underwent a comprehensive evaluation for his or her move-
ment disorder, and was begun on medication as deemed appropriate.
Each patient diagnosed with moyamoya (the radiographic finding)
on magnetic resonance imaging (MRI) underwent a cerebral angio-
gram with isolated external carotid artery catheterizations to assess the
candidacy of the superficial temporal arteries for indirect bypass. Each
patient underwent an MRI with an acetazolamide perfusion study to
assess their cerebrovascular reserve as a marker of stroke risk, and
to provide a baseline for postoperative comparison; this noninvasive
technique is being published in a separate manuscript by these inves-
tigators. Each patient underwent pial synangiosis as described by Scott
et al® for treatment of his or her moyamoya disease (or syndrome in
patient 4’s case). Briefly, the superficial temporal artery was auscul-
tated with Doppler ultrasound and dissected free of the scalp over
an 8- to 10-cm length under the microscope. The temporalis muscle
was divided, and a sizable craniotomy created. The dura and arachnoid
were widely fenestrated, and the superficial temporal artery was
sutured to the pia in 4 locations with #8-0 Prolene suture. The dura was
left open, the bone replaced, and the temporalis and skin closed. There
were no surgical complications, and no postoperative strokes. Ima-
ging, both pre- and postoperatively, and clinical data are described
below.

Case Reports

Patient 1 presented in February 2011 as a 16-year-old female
with a 2-year history of intermittent right hemicranial head-
aches and a 4-year history of episodic left face, tongue, hand,
and foot dystonic movements. The headaches had remained
at their baseline frequency of 4-5 per month, but the dystonic
spells had increased in frequency over a period of a few months
from 3-5 per month to 2-3 episodes per day. The episodes were
characterized by paroxysmal painful dystonic posturing of the
face and tongue, clenching of the left hand, and inversion of the
left foot. The family history was notable for migraine head-
aches in her father and 1 sister, and seizures in another sister.
There was no family history of dystonia. On physical exami-
nation, dystonic tremors of the left foot and ankle could be
elicited with sustained isometric gripping of the bilateral
upper extremities. These episodes were captured on electroen-
cephalogram, with no electrical correlation. An MRI obtained
at an outside institution in the month of the onset of dystonia
was of insufficient quality to identify moyamoya. She was
started on oxcarbazepine and topiramate 2 months after diagno-
sis, with complete resolution of her dystonia over the next
2 months. She was referred to a movement disorder specia-
list at Children’s Hospital of Pittsburgh, and a repeat MRI

Figure 1. MRI of patient | demonstrating classic moyamoya findings
with postoperative resolution. 3D time of flight magnetic resonance
angiography demonstrates marked narrowing of the bilateral internal
carotid artery (A, arrows). Contrast-enhanced and fluid-attenuated
inversion recovery images show the classical “ivy sign” (B, C, arrow-
heads) with signal intensity alterations in the right basal ganglia (C, arrow).
MRI obtained after the pial synangiosis shows resolution of the “ivy sign”
and basal ganglia signal intensity alterations (D). The subtle apparent dif-
ference in ventricular size is attributable to the gantry angle being slightly
different between the 2 studies.

completed 4 months after symptom onset. A contrast-
enhanced MRI of the brain (Figure 1C) showed scattered areas
of T2 and fluid-attenuated inversion recovery hyperintensity
within the bilateral frontoparietal white matter and in the right
basal ganglia. The “ivy sign” (dilation of leptomeningeal col-
laterals) typical of moyamoya disease was apparent on post-
contrast T1-weighted images (Figure 1B). Diffusion-weighted
imaging was normal. Magnetic resonance angiography of the
brain (Figure 1A) showed bilateral stenosis of the carotid ter-
mini and proximal middle cerebral arteries with collateral cir-
culation noted bilaterally and enlarged lenticulostriate vessels
more apparent on the right. Conventional cerebral angiogram
confirmed the magnetic resonance angiography findings. A
hypercoagulable evaluation was normal. She was diagnosed
with dystonia secondary to moyamoya disease. She underwent
bilateral pial synangiosis 5 months after her diagnosis. Follow-
up imaging revealed robust neovascularization from the indi-
rect bypasses, along with resolution of the “ivy sign” and the
signal intensity alterations in the right basal ganglia (Figure
1D). As she remained free of dystonic spells immediately after
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surgery, she was weaned off oxcarbazepine 15 months after
surgery. The absence of recurrence of symptoms after discon-
tinuation of oxcarbazepine, the temporal relationship between
surgery and the resolution of symptoms, and the correlation
between surgery and the resolution of vascular dilation in the
basal ganglia on the MRI support the hypothesis that the pial
synangiosis produced long-term resolution of her dystonia. She
remains symptom-free as of March 2015 on topiramate and
aspirin. The topiramate is being continued for headache
control.

Patient 2 presented in May 2012 as a 10-year-old left-
handed female with a 4-week history of choreic movements
of the left face, arm and leg. The movements occurred at rest,
worsened with exertion and stress, and were leading her to fall.
Her birth and family histories were unremarkable. On examina-
tion she had choreic movements of her left arm and leg that
became more obvious with evocative techniques such as heel,
toe and tandem walking. An MRI of the brain showed right
frontal white matter T2 hyperintensities with no restricted dif-
fusion to suggest a recent stroke. The basal ganglia were nor-
mal. A magnetic resonance angiography was not performed
at this time. An echocardiogram was normal. A hypercoagul-
able workup was negative, as was an evaluation for demyeli-
nating disease. Her antistreptolysin O titer was 554, and she
was treated with penicillin followed by sulfadiazine prophy-
laxis for presumed Sydenham chorea despite not meeting Jones
criteria for rheumatic fever as she met no minor diagnostic cri-
teria (though chorea is an exception to Jones criteria).'® She
had no history of preceding illness, joint pain, rash, or fever.
She had no acute phase reactants, and an electrocardiogram
was normal. She was begun on carbamazepine for the chorea,
with complete resolution of her symptoms in the next 2 months,
following which she was taken off of all medications. Eight
months later, her chorea recurred. Her brain MRI showed sta-
ble nonenhancing bifrontal white matter lesions. The basal
ganglia remained unremarkable. No “ivy sign” was identi-
fied. Diffusion-weighted imaging was again normal. Her
magnetic resonance angiography at the time revealed bilat-
eral, left greater than right, moyamoya disease, confirmed
by formal angiography. Dilated lenticulostriate arteries were
noted to be present bilaterally. Two months thereafter, she
underwent bilateral pial synangiosis with complete resolution
of her chorea immediately after surgery. A follow-up angio-
gram 1 year after surgery revealed robust neovascularization,
more on the right than the left. She is asymptomatic as of
January 2015.

Patient 3 presented in January 2014 as a 10-year-old male
with a history of attention-deficit/hyperactivity disorder and a
chief complaint of 3 weeks of abnormal movements of his face,
left arm and leg. He felt “funny” just before the onset of an
abnormal movement, and could suppress the movement for a
few seconds. He had no pain, weakness, stiffness, or paresthe-
sias. Because of these movements, which had progressed to be
constant, he was unable to dress himself, walk, or play. He had
a history of streptococcal pharyngitis 3 months prior, which
was treated with an adequate antibiotic course. He had had

no episodes concerning for seizure, joint pains, rash, heart pal-
pitations, sore throat, or fever. He had a history of a single epi-
sode of left hand and left leg numbness which lasted about 30
minutes before resolving spontaneously. He had suffered a
small subarachnoid hemorrhage in December 2012 after a
minor closed head injury. Family history was significant for
lupus in the mother, idiopathic thrombocytopenic purpura in
the maternal grandmother, moyamoya disease in a maternal
great-aunt, and multiple sclerosis in the paternal grandfather.
On physical examination, the patient had chorea in all 4 extre-
mities, most severe in the left arm and leg. He had difficulty
standing and walking due to the chorea. He had multiple areas
of ecchymosis on his lower extremities due to recent falls. The
remainder of his neurological exam was normal. An evaluation
for Sydenham chorea secondary to rheumatic fever revealed an
antistreptolysin O titer of 400, an erythrocyte sedimentation
rate of 20 mm/hr, and a normal echocardiogram. He was begun
on sulfadiazine prophylaxis despite not meeting Jones criteria'®
for rheumatic fever (though chorea is an exception to the cri-
teria). His magnetic resonance angiography of the brain
showed severe distal stenosis of the internal carotid and prox-
imal middle cerebral arteries with extensive abnormal collater-
alization (Figure 3C); this was confirmed angiographically
(Figures 2A and 2B). Diffusion-weighted imaging was normal.
Dilated leptomeningeal vessels were prominent within the
basal ganglia, right greater than left (Figures 3A and 3B). An
acetazolamide perfusion study showed increased perfusion
with acetazolamide administration in the posterior circulation,
and no increase in perfusion in the anterior circulation, evi-
dence that the internal carotid arteries were maximally dilated
in an attempt to deliver adequate blood supply to the brain. He
was diagnosed with moyamoya disease, with his chorea attrib-
uted to extensive basal ganglia involvement. He was started on
aspirin and carbamazepine, with significant improvement in his
chorea over the next month, but not resolution. He underwent
bilateral pial synangiosis surgery 1 month after diagnosis, and
had no chorea immediately after surgery. A magnetic reso-
nance angiography 6 months after surgery demonstrated
near-complete resolution of the pathological leptomeningeal
circulation in the basal ganglia (Figure 3D). A follow-up angio-
gram revealed robust bilateral neovascularization (Figures 2C
and 2D). He has had no recurrence of chorea, even after being
weaned off of carbamazepine, as of May 2015.

Discussion

Moyamoya disease presenting as a movement disorder is rare
in the pediatric population, with chorea present in approxi-
mately 4% of new diagnoses® and dystonia in an even smaller
percentage. Baik and Lee’s” review of 38 published patients
and 4 of their own patients (21 of which were pediatric) with
moyamoya disease and a movement disorder identified 27
(64.3%) patients with chorea, 4 with chorea and dystonia, and
4 with isolated dystonia. Pandey et al’s'® review of 446 patients
(118 pediatric) with moyamoya disease identified only 4
pediatric patients with movement disorders (chorea in 2,
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Figure 2. Angiograms on patient 3 demonstrating distal internal car-
otid artery stenosis and robust neovascularization postoperatively.
Preoperative angiogram, selective internal carotid artery catheteri-
zation, anteroposterior view (A and B) reveals marked bilateral stenosis
of the distal supraclinoid internal carotid arteries, proximal middle and
anterior cerebral arteries. The left middle cerebral artery appears
completely occluded. There is dilation of the lenticulostriate and anterior
choroidal arteries bilaterally. Postoperative angiogram, selective exter-
nal carotid catheterization, anteroposterior view (C and D) reveals sig-
nificant hypertrophy of the superficial temporal arteries and extensive
perfusion of the bilateral middle cerebral arterial territory.

hemiballismus in 1, and involuntary limb shaking in 1). Ahn
et al'! reported 9 of 316 pediatric patients whose diagnosis of
chorea led to their diagnosis of moyamoya disease. Three of
these patients were initially diagnosed with Sydenham’s
chorea. Lee et al'” described 5 pediatric patients (all with
chorea, 1 with dystonia as well) with movement disorders, all
of whom improved following indirect bypass.

Figure 3. Dilated lenticulostriate vessels in the basal ganglia on MRI
of patient 3. On susceptibility-weighted images engorgement of lenti-
culostriate vessels is noted in the posterior aspect of the right putamen
(A, arrow). This finding is confirmed on fluid-attenuated inversion
recovery images (B, arrow). 3D time of flight magnetic resonance
angiography source images of the intracranial arteries obtained
before pial synangiosis demonstrates prominent vessels in the
bilateral basal ganglia (C, arrows) followed by complete resolu-
tion of the anomalies on the follow-up examination obtained after
surgery (D).

The most frequent cause of the sudden onset of unilateral
chorea or dystonia is a lacunar infarction or neoplasm in the
contralateral basal ganglia (caudate, putamen, or subthalamic
nucleus),'” though the most frequent cause of chorea in chil-
dren is Sydenham chorea. In patients with moyamoya disease,
the effect can be secondary to dilated lenticulostriate arteries
compressing the basal ganglia, or due to local ischemia or
infarction.'! Chorea is frequently associated with lesions in the
caudate nucleus or putamen, resulting in disinhibition of the
external globus pallidus and hypofunction of the indirect path-
way from the putamen to the internal globus pallidus. Dystonia
has been correlated with isolated or combined lesions of the
contralateral putamen, external globus pallidus, posterior and
posterolateral thalamus, red nucleus, or subthalamic nucleus.?’
It correlates more strongly with increased activity of the direct
pathway between the putamen and internal globus pallidus.
Both pathways result in disinhibition of thalamic projections
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to the premotor and motor cortex.”! The hypoxic-ischemic
injury to the basal ganglia in moyamoya disease can be
explained by selective hypoperfusion coupled with an intrinsic
susceptibility of the striatum to such an insult.*° The internal
globus pallidus and the medial external globus pallidus are sup-
plied by the anterior choroidal artery, whereas the caudate head
and putamen (and lateral external globus pallidus) are supplied
by the lenticulostriate arteries. Limited perfusion can affect
either or both vascular territories.

Hypoxic injury in previously normal children and adults can
cause dystonia. Bhatt et al?? reported that 10 of 12 patients with
anoxic brain damage (6 children or young adults and 4 older
patients) developed pure dystonia a mean of 9.7 months
(range 1 week to 36 months) after anoxic events. The dystonia
became generalized over a mean of 21.9 months (range 4 to 96
months). Neuroimaging generally revealed lesions in the
putamen in the younger patients. Outcomes after hypoxic-
ischemic injury appear to be different in infants, children, and
adults.”® In children, the delay between the insult and the
movement disorder is typically longer than in adults, and the
abnormal movements are far more likely to generalize.** Age-
dependent changes in neuroplasticity or variability in the
metabolic response of the brain to injury*>*® can account for
these differences.

In this case series, no patient had a stroke, and all experi-
enced resolution of their chorea or dystonia immediately fol-
lowing revascularization surgery. Neovascularization might
not precipitate symptom resolution in the setting of infarction,
though it will reduce the risk of further infarctions from upward
of 90% lifetime risk to about 4% once the perioperative period
has passed.® The improvement of movement disorder symp-
toms after moyamoya surgery can be caused by normalization
of cerebral autoregulation and a reduction in the degree of dila-
tion of the lenticulostriate arteries, or by a reduction in the
degree of basal ganglia ischemia. All of the authors’ patients
had dilated lenticulostriate arteries apparent on magnetic reso-
nance angiography or angiography preoperatively, a finding
not seen in all patients with radiographic moyamoya, and all
had normalization of these arteries on follow-up imaging post-
operatively. This finding, correlated with the improvement in
symptoms, could be explained by either mechanical compres-
sion of the basal ganglia by the dilated lenticulostriates or
by the presence of basal ganglia ischemia preoperatively,
both of which would be expected to improve postopera-
tively. The rapid resolution of dyskinesia after indirect
bypass argues against neovascularization as the key to
improvement. As discussed by Lee et al,'” the pathophysiol-
ogy of movement disorder in moyamoya disease remains
incompletely understood.

Two of the patients (patients 2 and 3) had chorea and
elevated antistreptolysin O titers, which raised the concern
for Sydenham chorea and rheumatic fever. The upper limit
of normal for antistreptolysin O titers is higher in children
than adults and varies by geographical location; such varia-
tion is attributed to climatic or socioeconomic conditions.?’”
The radiological findings in patient 2 and 3, followed by

complete resolution of symptoms after revascularization sur-
gery, suggest that moyomoya disease was the etiology of
their chorea. While Sydenham chorea can be the only sign
of rheumatic fever in up to 20% of patients,”® this must
be a diagnosis of exclusion. Caution must be advised in the
diagnosis of a patient with Sydenham chorea in the absence
of a clear diagnosis of rheumatic fever, as occurred in both
chorea patients in this series and in several patients in the
Ahn series.

All 3 of the patients were treated with medication during their
illnesses, a possible confounder of the conclusion. The absence
of recurrence of symptoms after discontinuation of these medi-
cations, the temporal relationship between surgery and the reso-
lution of symptoms, and the correlation between surgery and the
resolution of vascular dilation in the basal ganglia on MRI and
angiography support the hypothesis that pial synangiosis pro-
duced long-term resolution of their symptoms. Other authors
have documented the recurrence of movement disorder symp-
toms when medication is stopped, evidence that medication con-
trols the movement disorder but does not cure it.?*>% It is also
possible that the aspirin begun to ensure graft patency, and not
the surgery, produced resolution of the patients’ movement dis-
orders. However, there is no evidence that aspirin functions as a
treatment for moyamoya disease, and normalization of vascular
dilation in the absence of surgical treatment of moyamoya dis-
ease has not been previously reported.

Moyamoya disease must be included in the differential diag-
nosis of the sudden onset of dyskinesias in children and adoles-
cents, particularly chorea and focal dystonia. In the patients with
moyamoya disease and chorea, as well as in the Ahn series, "
MRI/A revealed the presence of dilated lenticulostriate vessels
and cerebral angiography showed the classic moyamoya disease
“puff of smoke.” Parenchymal infarctions can be subtle or
absent on MRI, and ischemia might not be visible. The authors
recommend that MRI and magnetic resonance angiography, fol-
lowed by cerebral perfusion studies and possibly angiography if
the initial study is abnormal, be considered in all children with
the new onset of chorea or dystonia of unknown etiology to eval-
uate for moyamoya disease. Revascularization has demonstrated
excellent results in patients with chorea in the published litera-
ture,”'" and the 2 patients with chorea and 1 with dystonia sup-
port this contention. Residual symptoms are attributable to the
presence of infarction on MRI. The authors recommend that con-
sideration be given to early surgical intervention to normalize
cerebral hemodynamics and treat the movement disorder in
patients with moyamoya disease.
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