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Abstract
This is a case report of a child, at the age of 3 years old with symptoms of chorea, at the left side and worsening of the hyperactivity, and
the expressive language. The magnetic resonance image (MRI) and magnetic resonance angiography (MRA) performed revealed lenticulostriate
stroke and severe stenosis of the right middle cerebral artery (MCA), M1 portion. After two months, a remarkable worsening at the MCA, with
reduction of flux at the distal branches and It was done the encephalo-duro-arterio-synangiosis (EDAS) procedure with a graft of the superficial
temporal artery. After 8 months, a single photon emission tomography (SPECT) was done, with moderate perfusional asymmetry with reduced
blood flow mostly in right middle cerebral artery (rMCA) territory. The SPECT done 16 months after, the first one, show ed a clear improvement
of the blood flow to the rMCA territory, and minimal perfusional asymmetry between right and left hemispheres
Keywords: lenticulostriate stroke; Single photon emission tomography; Magnetic resonance image; Stenosis; Middle cerebral artery;
antithrombin; infections; recurrence; Zoster Virus; arteriopathies; territory; International Pediatric Stroke; MoyaMoya Disease; Acute Ischemic
Stroke; Focal Cerebral Arteriopathy; Ischemic Attack
Abbreviations: MRA: Magnetic Resonance Angiography; MCA: Middle Cerebral Artery; MRI: Magnetic Resonance Image; rMCA: Right Middle
Cerebral Artery; EDAS: Encephalo-Duro-Arterio-Synangiosis; AIS: Acute Ischemic Stroke; TCA: Transient Cerebral Arteriopathy; PVA: PostVaricella; SCD: Sickle Cell Disease; IPSS: International Pediatric Stroke Study; FCA: Focal Cerebral Arteriopathy; VZV: Varicella Zoster Virus; CMV:
Cyto Megalo Virus; MMD: MoyaMoya Disease; TIA: Transitory Ischemic Attack

Introduction
The incidence of Acute Ischemic Stroke (AIS) in childhood,
is at least 3.3/100.000. The diagnostic criteria for childhood
arteriopathies include moyamoya, dissection, vasculitis,
transient cerebral arteriopathy (TCA) and post-varicella (PVA)
have been proposed by Sébire. The infarction in the lateral
lenticulostriate territory as a result of unilateral intracranial
arterial wall disease affecting the distal internal carotid arterial,
proximal middle and /or anterior cerebral artery (MCA, ACA), is
recognized as an important etiology of AIS, and TCA [1].
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According to the conditions associated with stroke, we have:
cardiological; hematological; cerebral arteriopathy; infections;
genetic and toxic. Thrombophilia risk factors for stroke include
variants factor2 (prothrombin) 20210, Factor 5 R506 (Factor
V Leiden), antithrombin, protein C, and protein S deficiency,
variants of coagulation factor V(G1691A) and elevated
lipoprotein have been found in small case series in children
and infants. Also, Sickle Cell Disease (SCD) have 11% risk of
developing AIS and arteriopathies. The International Pediatric
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Stroke Study (IPSS) group has determined as Focal Cerebral
Arteriopathy (FCA) of childhood, as the one with cerebral
arterial stenosis with no apparent cause, representing the most
common [2-4].
The term FCA describes the appearance of the angiography,
with unilateral stenosis or vessel irregularity of proximal large
intracranial arteries. The TCA represents the most used label for
FCA 1. Other causes attributed to TCA: intracranial dissection,
inflammatory [5,6].

The TCA pathophysiological mechanism seems to be an acute
vasculitis in a large and middle vessel induced by infections,
viral and/or inflammation. Within 3 months following the
infarct, there is unilateral, focal or segmental stenosis or even
occlusion that involve the distal part of the intern carotid and
initial segments and branches of the anterior cerebral artery
(A1), middle cerebral artery (M1) or posterior cerebral artery
(P1). Some cases, there is minimal stenosis, which increases to
maximum stenosis or occlusion within 3 months In a prospective
study by Fullerton, et al. [7]. the total of 56 children (16%) has a
recurrence of the stroke during follow-up [8].
Infectious due to Varicella Zoster Virus (VZV) has a known
link to cause TCA [9]. It reveals a unilateral stenosis arteriopathy
at the distal Internal Carotid Artery (ICA) and proximal segment
of the Anterior Cerebral Artery (ACA) and middle cerebral artery
(MCA), disclosing infarcts within the vascular territory of their
lenticulostriate branches [10].

Multiples virus have been linked to arteriopathies and stroke
in children. The IPSS have reported the association between
minor recent infections and childhood arteriopathies [11,12].
In Study by Amlie-Lefond, et al. [4]. 25% of the children with
ischemic stroke, had Focal Cerebral Arteriopathy (FCA), which
predictor was a recent upper respiratory infection. Other virus
involved, parvovirus B19, cytomegalovirus (CMV), mycoplasma
pneumonia, Borrelia burgdoferi, enterovirus, and Helicobacter
pylori, can also be responsible for an acute large vessel vasculitis,
and TCA [7].
In a study by Lanthier, et al. [13]. 26 children were eligible for
AIS/Transitory Ischemic Attack (TIA) after varicella infection,
despite the use of antithrombotics like aspirin or anticoagulant
drugs. After spontaneous regression after up to 48 months, there
was no restenosis, what suggests a monophasic course.
Another type of arteriopathy is the MoyaMoya Disease
(MMD). Named it, because of the angiographic appearance of
“puff and smoke”. The angiographical diagnosis of moyamoya
requires occlusion or stenosis, bilateral of the terminal ICA or
its branches, associated with uni or bilateral abnormal collateral
network of small lenticulostriate branches [14,15].
The use of antithrombotic therapy varied among continents,
with the predominant use of antiplatelet drugs. Moreover,
multicenter outcomes of childhood AIS are limited. In the case
of 79 children with unilateral arteriopathy, the anti-platelet
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medication was prescribed to four of five (80%) of those with
progressive arteriopathy, and to 58 of 74(78%) of patients with
TCA. Antiviral and anti-thrombotic medication was prescribed
in two children, and anti-coagulant in ten patients (14%) of
TCA, combined with antiplatelet treatment in four of them.
Patients that received no treatment (4 of TCA group and one of
progressive arteriopathy) had poor outcome [15,16].
Nowadays, one of the indirect surgical procedures practice
to vascularization is the encephalo-duro-arterio-synangiosis
(EDAS). The EDAS involves freeing the superficial temporal
artery, keeping its patency and attaching it to brain surface [17].

The mechanism of vascularization via indirect procedures
may be adaptable to any type of chronic cerebral ischemia. At the
early stage the indirect anastomosis, the angiogenesis promotes
the spontaneous communication between the extracranial and
intracranial arteries, in the operative wound, and granulation
tissue. The two arterial systems allow the flow from the external
carotid artery to the internal carotid artery systems. The cerebral
perfusion imaging has become an important procedure in the
diagnosis and treatment of MMD in children. The single photon
emission tomography (SPECT) is known as a reference standard
to evaluate the hemodynamic status in patients with MMD and
also a good method to predict further clinical course in patients
after revascularization surgery [17-21].

Case Report

The child VPMS, five years old, was born after an uneventful
term pregnancy. He was a healthy child, with normal neurological
development, except for the speech delay and hyperactivity. He
was hospitalized at the age of 3 years old with symptoms of
chorea at the left side, beside a worsening of the hyperactivity,
and the expressive language, uncomprehensive at this point. At
that time, he had good social interaction and chorea at the left
side. There was no sign of pyramidal tract involvement, clonus,
spasticity or cranial nerve impairment. It was referred by the
parents, otitis and upper respiratory infection disease 2 weeks
prior to the stroke event.

Initially was made a screening for Sydenham chorea, with
ASLO antibodies, cardiologic exam, all unremarkable. The
magnetic resonance image (MRI) performed at this point (July
1st), revealed increased signal at diffusion-weighted imaging
(DWI), in the right anterior basal ganglia, dominant at the
caudate nuclei, anterior lentiform nuclei and anterior branch,
and knee of the internal capsule (Figure 1). Other sparse
small signals at diffusion-weighted were seen at the cerebral
peduncle, transition parieto-occiptal, cortical and subcortical
sites, all at the right side. At the right head of caudate nuclei was
also revealed an intumescent region. The 3D-TOF (time of fight)
MRA (july 6th) demonstrated severe stenosis of the right middle
cerebral artery (MCA), more than 50% at the M1 portion (Figure
2). All this together favors the diagnosis of an acute ischemic
stroke at the right lenticulostriate site.
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Figure 1: Acute ischemic stroke. Diffusion restriction at DWI in the right anterior basal ganglia.

Figure 2: 3D-TOF MRA: (2A) coronal Maximum Intensity Projection (MIP), severe stenosis of the MCA; (2B) axial MIP, reduction of the
degree of stenosis.

Figure 3: 3D-TOF MRA: coronal MIP, remarkable worsening to MCA, with reduction of flux at the distal branches.
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An extensive screening included hematologic, rheumatologic
and infectious work-out, including thrombophilia risk factor,
varicella zoster brain infection, and cardiological screening,
what disclosed no abnormality. It was introduced AAS 100mg
per day, Haloperidol for the chorea (weaned off after 2 months)

and imipramine, for the hyperactivity disorder. A follow-up MRI,
after 19 days (July 20th), revealed improvement of the ischemic
stroke at the right lenticulostriate region with less tumescent
effect. The MRA demonstrated reduction of the degree of
stenosis of the right MCA (Figure 3).

Figure 4: 3D-TOF MRA. Coronal (4A), Axial (4B): EDAS procedure, improvement of the caliber of the right superficial temporal artery,
improvement of flux at post-stenosis branches of MCA.

A new MRA in September 29th, three months after the acute
phase of the stroke, revealed remarkable worsening to MCA,
with reduction of flux at the distal branches, in comparison to
the last MRI (Figure 4). Also, there was an improvement at the
right internal capsule and no new acute ischemic stroke. At this
point, it was decided to the encephalo-duro-arterio-ynangiosis
(EDAS) procedure with a graft of the superficial temporal artery.
In March 2016, he had severe signs of hyperactivity and language
disability. Several medicines were tried, as methylphenidate,
imipramine, risperidone, fluoxetine, with unfavorable outcome.
With the start on atomoxetine, there was a great improvement
of his behavior related to hyperactivity, attention disorder, and
language development.

In June 2016, when he was 4 years and 5 months, after 8
months following EDAS procedure, there was a remarkable
improvement of the caliber of the right superficial temporal
artery, now located inside the area of craniectomy at the right
temporo-parietal region. There were new collateral transdural
vessels in the surgical site. There is evidence of flow, by the
collateral vessels, at the M2, M3 and M4 segments of the right
MCA. There is an improvement of the flow by the new collateral
of right middle meningeal and sphenoidal branches of the
ophthalmic artery. Other small cortical collateral vessels from
the posterior cerebral artery to MCA, were also evident (Figure
4).

Figure 5: Transverse slices of two brain perfusion SPECT studies using 99mTc-ECD performed in June/2016 (figures A-D) and October/2017
(figures E-H).
There is clear improvement of the blood flow to the right middle cerebral artery (rMCA) territory, including frontal (white arrowhead - A and E)
and parietal (long white arrow - A and E) lobes, insula (dashed white arrow - B and F), temporoparietal cortex (short white arrow - B and F),
thalamus (black arrowhead - C and G), striatum (long black arrow - C and G) and neocortical temporal lobe (short black arrow - D and H).
The latter study reveals only minimal perfusional asymmetry between right and left hemispheres on posterior parietal (short white arrow - F)
and neocortical neocortical temporal lobes (short black arrow - H).
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In June 2016, a SPECT was done, and revealed a mild to
moderate perfusional asymmetry with reduced blood flow
mostly in right middle cerebral artery (rMCA) territory, including
the posterior aspect of frontal lobe, insula, right parietal lobe,
neocortical temporal lobe, thalamus, right basal ganglia (Figure
5). In July 2017, a new MRA and cranial MRI, with no additional
aspects of collateral vessels or signs of strokes, with no image
presented at this manuscript. In October 2017, the following
SPECT showed a clear improvement of the blood flow to the
rMCA territory, including frontal and parietal lobes, insula,
temporoparietal cortex, thalamus, striatum and neocortical
temporal lobe. At this study, a minimal perfusional asymmetry
between right and left hemispheres on posterior parietal and
neocortical temporal lobes was revealed (Figure 5). Now, he
keeps some disfluency in his phrases, but some flaws in his
phrases, in progress with phonotherapy and physiotherapy. A
remarkable improvement in school abilities, with the benefit of
his attention function. It is yet observed a subtle disability at the
left superior and inferior limb, in fine movements.

Discussion

The acute treatment of stroke in children is supportive,
although the secondary stroke prevention is done with either
anticoagulation or antiplatelet therapies. Little is known
about the efficacy and safety of therapies with thrombolytic in
various ages groups, what demands further studies in order to
understand the management, pathogenesis, and outcomes [11].

In our patient, despite the use of antiplatelet therapy, there
was a progression of the stenosis arteriopathy at the MCA, after
3 months of the AIS the reason why was decided for the EDAS,
to restores the flow at the MCA territory. The surgical treatment
should be provided for children with MMD, in order to establish
external carotid artery collateral circulation, preventing and
treating ischemic damage in cerebral tissues and risks of new
ischemic lesions. In other cases of chronic cerebral ischemia,
vascularization via indirect procedures may be adaptable.
Abnormalities of cerebral arterial circulation is present in eighty
percent of children of AIS. Children from 1 month to 18 years old
with AIS, who undergone investigation with MRI and MRA. In the
total of 50 children, the most commonly artery involved was the
MCA (38 patients). At an interval of 38 months, 5 children had
recurrent clinical symptoms (2 with AIS and 3 with transitory
ischemic attack). Three patients with progressive arteriopathy
underwent external carotid to internal carotid by-pass surgery
[1].
The great majority of children with AIS and anterior
circulation intracranial arteriopathy suffer from TCA, probably
of inflammatory etiology, and in 44% of cases, preceded by VZV
infection. Many children developed worsening of arteriopathy,
with later improvement or stabilization. In an acute vascular
image with intracranial arteriopathy in children with AIS, the
MRA should be repeated 3-6 months after the diagnosis and
again at 6-12months [3].
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Conclusion
In short, we report the case of a child, 3 years old with
worsening of the stenosis of MCA after 3 months following the
AIS, had remarkable improvement after 10 months he underwent
EDAS surgery. We do not have determined the exact mechanism
by which the vascular alterations appeared in our case, but we
suppose that the upper respiratory infection prior to the vascular
stenosis may have contributed to the vasculopathy.
The MRA, 8 months later the EDAS, revealed collateral
vessels to MCA (M2, M3, M4), meningeal artery. Also, the SPECT,
that initially, presented with mild to moderate perfusional
asymmetry, reduced blood flow mostly in right middle cerebral
artery (rMCA) territory, revealed remarkable improvement,
after 16 months, with clear improvement of the blood flow to the
rMCA territory, and minimal perfusional asymmetry between
right and left hemispheres on posterior parietal and neocortical
temporal lobes.

We conclude the indication, so far, of revascularization
surgery, in cases, other than moyamoya disease, in which the
flow to the cortex and the subcortical area is compromised, and
the reliable use of MRA and SPECT to follow-up cases of stenosis.
In this case, we could make a precocious diagnosis about the
worsening of the stenosis and also, be sure about the success of
the revascularization surgery months later.
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