82475 Auto Edited.docx



Name of Journal: World Journal of Clinical Cases
Manuscript NO: 82475
Manuscript Type: CASE REPORT

An Idiopathic Steno-Occlusive Disease in a Child: A Case Report of Bilateral Internal
Carotid Artery Occlusion

Bilateral internal carotid artery occlusion in a child

Sherifa Ahmed Hamed, Hosam Abozaid Yousef

Abstract

BACKGROUND

Moyamoya disease (MMD) is a rare cause of acute stroke and transient ischemic attacks
in children. We described clinical, diagnostic features and follow-ups of a young child

with acute stroke.

CASE SUMMARY

We report a 4-year-old girl with left hemiparesis after an acute ischemic stroke. Her
history was also significant for repeated left or right focal motor seizures, generalized
tonic-clonic convulsions and transient ischemic attacks. Her magnetic resonance
imaging (MRI) and computed tomography (CT) of the brain and MR angiography
(MRA), CT angiography (CTA) and venography (CTV) on the cerebral vessels revealed
evidence of bilateral fronto-parietal ischemic infarctions, occlusion of the right and left
internal carotid arteries (ICAs) started at its bifurcation, non-visualization of right and
left anterior (ACAs) and middle (MCAs) cerebral arteries. There was evidence of
progression in angiography manifested as development of collaterals from the basal
perforating vessels, increase in the extent of large intracranial arterial

stenosis/occlusion and extensive collateral circulation with predominance from the




posterior circulation. Physical and neurological evaluation and comprehensive
laboratory investigations excluded an obvious comorbid disease or risk factor for the
child’s condition. The diagnosis of moyamoya disease (MMD) was highly suggested as
a cause of the child’s steno-occlusive condition. She was treated symptomatically with
levetiracetam, an antiepileptic medication. Aspirin was prescribed for secondary
prevention. Her clinical manifestations were improved during the three years of follow-

up. Revascularization surgery was postponed.

CONCLUSION

Up to our knowledge, this is the first report for MMD in a child in our country. The
clinical improvement and the stabilization of the child’s condition over the 3 years of
follow-up could be attributed to the rapid and extensive recruitment of collaterals and
absence of risk factors or comorbidities. Revascularization surgery is highly

recommended.
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Core Tip: Stroke in children is a significant cause of long-lasting morbidity. The
advances in neuroimaging and laboratory investigations serve an important role in
proper evaluation of stroke in children and identification of its potential etiologies, risk
factors and outcomes. Moyamoya disease (MMD) is a rare progressive non-
inflammatory steno-occlusive arteriopathy of the large cerebral blood vessels. It is a rare
cause of ischemic stroke and recurrent transient attacks in children. The disease is very
under-recognized in different areas of the world except East Asia, predominantly Japan.

MMD can be sporadic or familial. The Japanese term “moyamoya” refers to the puff of




smoke morphology of the dilated basal collateral vessels within the brain tissue seen on
cerebral angiography. Compared to other arteriopathies, MMD is unique as its
treatment solely relies on surgical revascularization. Therefore, increasing reporting and
evaluation of cases with MMD from different ethnicities may help in better

understanding of its causes and proper management.

INTRODUCTION

Moyamoya disease (MMD) is an idiopathic progressive steno-occlusive arteriopathy of
the large cerebral blood vessels. It is a rare and under-estimated cause of acute ischemic
stroke and transient ischemic attacks (TIAs) in children and cerebral and subarachenoid
hemorrhages in adults!'l. MMD usually presents between the ages of 3 to 10 years old or
even earlier and in the 3rd and 4t decades of lifell2l. Some studies from Asia and
Europe reported that MMD is the cause of cerebrovascular stroke in 6% to 22% of
childrenPl. Familial MMD has been reported in 7% to 12% from Japan and ~6% from
USAL45]. The ring finger protein 213 or the p.4810K variant in the RNF213 gene has been
identified by both genome- wide association studies and whole exome sequencing in
95.0% for familial and 75.0% for sporadic cases with MMD. RNF213 gene has been
suggested to be the most frequent susceptibility gene in MMD. However, there are
other genes, allelic heterogeneity and ethnic specific variants that also has been thought
to contribute rarely to the susceptibility, clinical characteristics and outcomes of MMD.
Also some studies emphasized the effect of genetic variants on risk stratification and
clinical presentation, follow-up of patients and surgical outcomes of MMDI*l,

MMD is typically characterized by endothelial hyperplasia and fibrocellular thickening
of the intima, and duplication of the internal elastic lamina of the large intracranial
vessels with parallel evolution of contiguous collateral anastomotic changesl’l. The
anterior circulation is involved more commonly than the posterior circulation with
particular involvement of the distal terminal segments of the internal carotid arteries
{ICAS),‘%I segment of the middle cerebral arteries (MCAs), Al segment of the anterior

cerebral arteries (ACAs) and the proximal portion of the posterior cerebral arteries




(PCAs) or the basilar artery (BA)ISl. Manifestations of MMD include TIAs, ischemic
strokes, intracranial hemorrhages, seizures, headaches, choreiform movements,
cognitive deficits and visual deficitsl'l. There are common childhood behaviors which
induce cerebrovascular insults in a child with MMD, which include&ying, coughing, or
blowing (i.e. hyperventilation) and other activities which result in hypocapnia-induced
cerebral vasoconstriction of the already maximally dilated cerebral blood vessels!l. The
definite diagnosis of MMD depends on specific angiographic criterial8l which are: (a)
bilateral stenosis/occlusion of the distal terminal part of ICAs and/or the proximal
parts of ACAs and/or MCAs, and (b) visualization of the moyamoya vessels, an
abnormal arterial vascular network from deep perforating dilated arteries, in proximity
to the stenosed/occluded vessels('%l. These vessels also appear as concurrent large flow
voids in the basal ganglia and thalamus in magnetic resonance imaging (MRI) of the
brain("l. Suzuki and Takakul'2l provided stages for MMD based on the angiographic
finding. These stages explain he pathological changes seen over a period of time in
each patient with MMD, but they do not correlate with the disease severity. The initial
stages (stages 1-3) involve the occlusion of the distal parts of the ICAs with the
development of moyamoya vessels, the late stages (stages 4-5) involve the ICAs-ECAs
(the external carotid arteries) anastomosis followed by fading of moyamoya vessels and
the last stage (stage 6) involves complete occlusion of ICAs.

The long-term outcome of MMD is poor in up to 66% of patients with the development
of symptomatic neurological and cognitive deteriorations (i.e. progression) within the
next five years following its diagnosis. The surgical revascularization is recommended
at young age to prevent recurrence of ischemic insults('*15, Management of acute
ischemic stroke due to MMD is symptomaticl®l. Conservative treatment can be used for
secondary prevention usingénti-platelet drugs and calcium channel blockers. Anti-
platelet drugs (as aspirin in a dose of 1 to 5 mg/kg/day or clopidogrel in a dose of 1
mg/kg/d) are recommended for at least 3 to 5 years after the acute ischemic stroke to
prevent thrombosis and thromboembolism at the sites of arterial stenosis(!4! It has been

reported that calcium channel blockers (as nicardipine) can be used for secondary




prevention from ischemic insults. Nicardipine (in a dose of 0.25-0.5 mg/kg/day every
12 h by oral route) may .improve the hemodynamics in patients with MMD by

optimizing the collateral circulation['6l.

CASE PRESENTATION

Chief complaints
A 4-year-old female (DOB: 2015) with left sided hemiparesis.

History of present illness
She presented in June 2019 with left sided hemiparesis and recurrent focal motor

seizures.

History of past illness

Her history was significant since October 2017 for repeated attacks of loss of
consciousness (LOC), sudden falls without LOC, convulsions or body discoloration.
There were also attacks of dysarthria or speech arrest or deviation of the angle of the
mouth to the left side which lasted for 20-30 minutes. The mother noticed that excessive
crying could provoke sudden falls and hot water bath could result in drowsiness for
few minutes. Her neurological examination and computed tomography (CT) of the
brain were unremarkable. She was diagnosed as having epilepsy and treated with
sodium valproate (VPA), an anticonvulsant drug but she discontinued treatment after
few months.

In September 2018, she developed recurrent motor seizures starting in the right perioral
area followed by the right upper and lower limbs. She was re-treated with VPA. In
October 2018, she developed motor seizures on the left side of the body. There was no
impaired awareness during the attacks and her neurological examination and repeated

computed tomography (CT) scan of the brain were normal. The treating physician




prescribed VPA in a dose of 200 mg every 12 h and levetiracetam (LEV), another
anticonvulsant drug, in a dose of 100 mg every 12 h. The seizures subsided with
medications. In January 2019, she developed two attacks of generalized tonic-clonic
convulsions (GTC) without regaining consciousness in between the attacks. She was
admitted to the hospital. On admission, her oral temperature was 38.0°C. There were no
signs of meningeal irritation. Her electroencephalography (EEG) showed diffuse delta
slowing. Her routine laboratory investigations and chemistry analysis of the
cerebrospinal fluid (CSF) were unremarkable.

Magnetic resonance imaging (MRI) (Siemens machine, 1.5 Tesla) of the brain was
performed. It showed bilateral abnormal signal ilaensities involving both frontal lobes
(with gyral pattern) being hypointense in Tl-weighted imaging (T1IWI) and
hyperintense in T2-weighted imaging (T2WI), fluid attenuation inversion recovery
(FLAIR) views and diffusion weighted imaging (DWI) (i.e. restricted diffusion). There
was no mass effect or perilesional edema (figure 1). Treatment was started with
ceftriaxone, an antibiotic, and acyclovir, and antiviral drug, for concern of being an
attack of encephalitis/ meningoencephalitis. Intravenous LEV was also prescribed. The
patient regained consciousness within days but found to have left sided hemiplegia. She
was discharged after few days on oral LEV (200 mg every 12 h).

There was no history of traumatic head or neck injuries. There was no comorbid
medical or surgical condition. There was no history of risk factors in temporal relation

with disease onset (e.g. infection/inflammation, vaccination, etc).

Personal and family history

Her body weight (BW) was 18 kg. She was a product of normal pregnancy and delivery
and had normal development, speech and intelligence. She was an active girl. Her
detailed history, comprehensive investigations (hematological and metabolic laboratory
testing) and medical and cardiac evaluations excluded an underlying diseases or
predisposing factors as a cause of stroke. There was no family history of similar

condition.




Physical examination
Neurological examination at presentation (June 2019) revealed left spastic hemiparesis
(muscle power was 3/5), left upper motor neuron facial paralysis, exaggerated left deep

tendon jerks and left Babinski sign. Her fundus examination was normal.

Laboratory exanﬁ'mtions

They included complete blood cell count (CBC), prothrombin time (PT), partial
thromboplastin time (PTT), erythrocyte sedimentation rate (ESR), antinuclear (ANA),
anticardiolipin and antiphospholipid antibodies, protein C and S, serum lactate and
pyruvate, sickle cell preparation, serum amino acids, triglycerides, cholesterol.
electrocardiogram and echocardiogram. No genetic testing was done.

FURTHER DIAGNOSTIC WORK-UP

This will include genetic testing with special emphasis to RNF213 gene variants.

Imaging examinations

In October 2019, she did follow-up MRI of the brain and MR angiography (MRA) of the
cerebral vessels. MRA was performed using three-dimension (3D) technique and
maximum intensity projection images (MIP) were obtained. MRI showed bilateral
abnormal high signal intensities in the frontal and parietal gray and white matters in
T2W]I, FLAIR and diffusion/perfusion weighted imaging views which did not contrast
enhanced. There were ex vacuo dilatation of the frontal horns and bodies of lateral
ventricles with relative prominence of the overlying sulci. There were variable sized
hypointense foci with near CSF intensity within the right frontal white matter
indicating frontal gliotic changes and cystic encephalomalacia in brain areas supplied
by ICAs/MCAs (figure 2). MRA showed complete occlusion of the supraclinoid portion
of both ICAs. The ACAs and MCAs were not visualized. The basilar (BA) and PCAs




had normal sizes and calibers. Collaterals were predominantly from the posterior
circulation (figure 3).

In January 2021, follow up pre- and post-contrast multi-slice CT (MSCT) of the brain
and CT angiography (CTA) and CT venography (CTV) on the cerebral vessels were
done. CT of the brain showed bilateral frontal subcortical and slightly cortical
hypodense lesions with CSF density. There were dilated ventricular systems, and
prominent cortical sulci and basal cisterns (figure 4). CTA showed non-visualization of
right and left ACAs and MCAs, the left ICA ended blindly before the siphon, non-
visualization of the left posterior communicating artery (PCoA) and attenuation of the
distal parts of the right vertebral artery (VA) (compared to its proximal part) and BA.
There was dominance of the posterior circulation with extensive bilateral collaterals
(compared to early MRA findings) and prominence of the dilated basal perforating
vessels (moyamoya vessels) (figure 5). CTV showed normal opacification of the dural
venous sinuses with no filling defects. The superficial and deep cerebral veins were

normal.

FINAL DIAGNOSIS
MMD

TREATMENT

Her treatment regimen included LEV (200mg bid) and aspirin (75mg/day). The child
was also seizure-free on LEV in a maintenance dose of 200 mg every 12 h.
Recommendations included continuation of aspirin in a maintenance dose of

75mg/day. The decision for revascularization surgery was postponed.

OUTCOME AND FOLLOW-UP

Clinical follow-up over at least 3 years showed no new ischemic insults or exacerbation

of the existing deficits.




DISCUSSION

We present a younger female child with epilepsy (right and left focal seizures and
generalized tonic-clonic convulsions (GTC) and TIAs. She developed left sided
hemiparesis after an attack of ischemic cerebrovascular stroke. A common child
behavior which triggered the TIA was crying (i.e. hyperventilation or hyperpnea
excitement). She had no family history of similar condition. There were no risk factors
(e.g. infection, vaccination, etc) in temporal relation to the disease onset. There were no
comorbid other neurological or extra-neurological manifestations. Her comprehensive
laboratory investigations did not reveal an identifiable cause for the ischemic attacks.
Her MRI, MRA and CTA findings are highly supportive for the diagnosis of MMD.

For the presented child, the diagnosis of MMD was provided based on the followings:
(@) The bilateral involvement (stenosis/occlusion) of the distal terminal parts of ICAs.
The brain infarcts involved the fronto-parietal areas (areas supplied by the
ICAs/MCAs) and appeared with “gyral pattern” which was atypical from infarcts of
conventional ischemic strokes due to other steno-occlusive diseases which typically
have territorial, border zone, deep lacunar or multiple-dots patterns!’71°l. The occlusion
of the ICA started at its bifurcation, i.e. in the supraclinoid part distal to the ophthalmic
and anterior choroidal arteries. The right and left ophthalmic arteries and PCoAs were
visualized on MRA but the ACAs and MCAs were not visualized. There were no
infarcts in basal ganglia, diencephalon, midbrain and temporal lobes, i.e. brain areas
supplied by the anterior choroidal artery. (b) There were imaging evidences for disease
progressive overtime regardless to the apparent symptomatic improvement. They
included (i) the robustness of bilateral collaterals which was seen overtime and the
visualization of the basal moyamoya vessels or “puff of smoke”.

Studies of large cohort of children found that the development of collaterals occurred
before any significant hemodynamic impairment or development of ischemic stroke
due to arterial occlusion, indicating that the neo-vascularization in MMD is a dynamic
process triggered by progressive stenosis and not a passive compensation for the

ischemic stroke or arterial occlusion’l. Authors also found a development of new




arterioles from pre-existing vascular structures (i.e. arteriogenesis), which developed
within days after arterial occlusion in children with MMD (but not in other steno-
occlusive diseases) and the reformation of small sized collaterals into large sized vessels
overtimel20.2ll, (ii) the non-visualization of left PCoA. (iii) the attenuation of the distal
terminal part of the VA and the distal part of the BA (i.e. stenosis). (iv) the
stenosis/occlusion of the left ICA before the siphon. The absence of visual impairment
and the normal fundus examination at the time of CTA (done 15 mo after the acute
stroke) confirmed that the progressive stenosis/occlusion of the left ICA was distal to
the left ophthalmic artery. It also seems that the progressive left ICA pathology might
also be distal to the left anterior choroidal artery, because there were no clinical or CT
evidences for the presence of infarctions in brain areas supplied by the anterior
choroidal artery. However, CT is less sensitive than MRI for visualization of deep brain
infarcts('?l Previous studies indicated that CTA is non-invasive technique. It captures
snapshots in different contrast bolus phases and provides more relevant data regarding
secondary collateral flow, which significantly correlates with the neurological outcome.
They also indicated that combined MRI, MRA and MRV, non-invasive imaging tests,
are enough for the diagnosis of suspected MMD in a child with sensitivity of 92% and a
specificity of 100%![®l. It has been found that MRA is beneficial for diagnosis of large
basal intracranial vessels and Willisian, leptomeningeal, and transdural collaterals[1718],
whereas conventional angiography is better for diagnosis of smaller moyamoya
collaterals and extracranial distal collateral networksl®. MRI and MRA also differentiate
MMD from the mimicking conditions including vascular dissection, inflammatory
vasculitis and cystic medial necrosis®l. The patient did not perform conventional
angiography. In practice, cerebral conventional angiography must be reserved for
children with MMD in the following circumstances due to its invasiveness: (i) if
diagnosis was uncertain, and (ii) inconsistency between the clinical progression and the
finding of MRA or CTA during follow-up, during pre-operative planning, and

sometimes during follow-up evaluation after surgical re-vascularization/2l.




The long-term outcome of this patient has to be followed overtime. The clinical
improvement (marked reduction of TIAs and seizures) and stabilization of her clinical
condition during the 3 years period of follow-up could be attributed to the rapid and
extensive recruitment of collaterals and absence of risk factors or comorbidities.
However, there are factors indicative for poor prognosis which included: (a) the early
age at onset of symptomsl’}, (b) the large extent of infarctions seen on MRI at the time of
initial presentation, (c) the presence of encephalomalacia and atrophy of the cerebral
hemispheres (i.e. evidence of severe stroke), and (d) CTA evidence of progressive
arteriopathy. We suggest that the marked difference in the extent of collaterals between
MRA, which was done 3 mo after the cerebrovascular stroke, and the follow-up CTA,
which was done 15 mo after the stroke, indicates the rapid and progressive degree of
carotid stenosis/occlusion. Therefore, surgical revascularization is indicated for this
child to reduce the recurrence of strokel'®.. However, experience of this type of surgery
is not locally available.

Management of the patient was symptomatic treatment for epilepsy. Aspirin was
prescribed in a dose of 75 mg/day for secondary prevention®!4l, It has been indicated
that the main line of treatment of MMD is surgical revascularization!'5l. However,
conservative treatment using the anti-platelet drugs (as aspirin or clopidogrel)*® and
the calcium channel blockers (as nicardipine)l'l may play a supportive role especially
when surgical treatment is not available locally. Furthermore, because patients with
MMD have deficit in cerebral hemodynamics and cerebral vascular reserve, thus
advices for prevention of rapid deterioration included: avoidance of situations which
induce hyperventilation, dehydrations and hypotension. In MMD, hyperventilation
causes decrease in arterial carbon dioxide tension which causes vasoconstriction,
induces cerebral hypoxia and may result in steal response in brain areas which already

have chronic hemodynamic stress[?2l.

CONCLUSION




0 the best of our knowledge, this is the first case report of a child with MMD disease
from our locality. Clinical and imagjing follow-ups for the child was done over a period
of at least 3 years after the acute ischemic stroke. Her clinical manifestations were
improved and no further ischemic insults were happened which could be attributed to
the massive development of bilateral collaterals. Revascularization surgery is highly

recommended for optimal treatment of the patient.
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