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Abstract

Focal cerebral arteriopathy includes unifocal or multifocal lesions that are unilateral or bilateral. Large-
and/or medium-sized vessels are involved and can be visualized on angiography. We report a case of
cerebral infarction in a 9-year-old Japanese female who presented with a transient ischemic attack.
Steno-occlusion involving the distal part of the internal carotid artery, proximal middle cerebral artery,
and anterior cerebral artery was observed. Digital subtraction angiography demonstrated a beaded
appearance in the cervical portion of the diseased internal carotid artery. Revascularization surgery was
performed 45 days after the onset. A new infarction appeared on the other side of the anterior cerebral
artery territory 7 months after the first onset. Antiplatelets and vasodilators were administered, and no
progression was observed during 18 months of follow-up. Genetic analysis did not show ring finger
protein 213 (RNF213)-related Moyamoya disease, and pathological examination revealed no
characteristics of fibromuscular dysplasia. The radiological and genetic features coincided with focal
cerebral arteriopathy, which is a distinct entity from fibromuscular dysplasia and RNF213-related

Moyamoya disease.
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Introduction

Focal cerebral arteriopathy (FCA) is described as angiographic stenosis that is seen as unilateral or
multifocal stenosis of medium- to large-sized vessels including the terminal portion of the internal carotid
artery (ICA), proximal portion of the anterior cerebral artery (ACA), and the middle cerebral artery
(MCA) [1, 3]. Any radiographically specific diagnosis is classified into this type of arteriopathy,
including for example, arterial dissection, Moyamoya disease (MMD), and fibromuscular dysplasia
(FMD) [3, 6].

FCA is also recognized as a leading cause of childhood arterial ischemic stroke and may lead to frequent
recurrent strokes and a poor neurological outcome [4, 14]. Recently, Je et al. presented a patient cohort
that was suspected to have this non-specific condition. Patients were from Korea where MMD is
significantly prevalent among children [18]. This report indicated that some of children with a diagnosis
of MMD in East Asia might be misdiagnosed and actually have FCA. To our knowledge, the present
report is the first to describe a Japanese pediatric patient suspected of having this type of arteriopathy and,

therefore, also the first to describe a genetic and pathologic investigation of such a patient.

Case report

A 9-year-old Japanese female developed dysarthria and right mild hemiparesis and presented with
frequent transient ischemic attacks with severe headaches after the onset. A cerebral infarction in the left
caudate head and basal ganglia was found on diffusion-weighted imaging (Fig. 1a). Magnetic resonance
angiography (MRA) revealed occlusion of the distal part of the left ICA. The proximal parts of the ACA
and MCA were also occluded in the absence of new ischemic lesions (Fig. 1b). Digital subtraction
angiography (DSA) showed no obvious basal Moyamoya collaterals through the lenticulo-striate pathway.
A beaded appearance in the cervical portion of the left ICA was confirmed on DSA (Fig. 1c).
Single-photon emission computed tomography about 3 weeks after the onset indicated decreased cerebral
blood flow in the left MCA territory in the resting state and lower cerebrovascular reserve with an
acetazolamide challenge. Therefore, superficial temporal artery (STA)-MCA bypass and indirect bypass
were performed. The patient was discharged and prescribed aspirin (50 mg daily).

A new infarction in the A1 perforator territory appeared along with severe headaches at 7 months after the
first onset (Fig. 1d). The right mid-A1 showed focal narrowing without ICA or MCA stenosis (Fig. le).
Another oral antiplatelet (cilostazol) was added, and a Rho kinase inhibitor (fasudil hydrochloride) was
administered intravenously as a vasodilator. After this interim progression, the patient became clinically
stable on only aspirin, and follow-up imaging at 18 months demonstrated stabilized narrowing in the

same portion without major recanalization.



The pathological diagnosis from the STA specimen obtained during revascularization surgery was a
normal vascular structure without features of FMD (Fig. 1f). After obtaining written informed consent,
genetic analysis was performed using blood samples and revealed that the patient did not carry p.R4810K

plymorphism of ring finger protein 213 (RNF213) [7].

Discussion

This is the first case report that pathologically and genetically differentiated FCA from FMD and
RNF213-related MMD. FCA is a leading cause of childhood arterial ischemic stroke, especially in
European countries [1, 3].

Guidelines for diagnosis of MMD do not define the unilateral or bilateral form of stenosis/occlusion in
the terminal portion of the ICA [13]. Using this radiological diagnostic procedure, the current case may
have met criteria for a definitive MMD diagnosis. However, basal Moyamoya vessels did not develop,
and diagnosis remained obscure.

In this case, an initial DSA showed nonspecific vessel irregularity and steno-occlusion in the unilateral
anterior circulation without moyamoya collaterals. Although the patient suffered from severe headache at
onset, specific angiographic features such as intimal flap or double lumen were not obtained. A beaded
appearance in the cervical portion of the left ICA was suspected of type 1 FMD, however, CT
angiography on systemic arteries revealed no abnormality and there was no pathological evidence of
FMD in the STA specimen. Furthermore, systemic inflammatory and autoimmune/collagen diseases were
denied by different kinds of serologic examinations. The patient was healthy and had no clinical history
of varicella zoster infection preceding 12 months. Other infectious agents were not detected in the serum
sample. Cerebrospinal fluid markers did not demonstrate any infectious and inflammatory responses and
other pathophysiological evidences. Given these facts, a definite diagnosis was not confirmed, finally, we
provided a diagnosis of FCA for the patient as a diagnosis of exclusion [9].

In accordance with the Childhood Arterial Ischemic Stroke Classification And Diagnostic Evaluation
(CASCADE) criteria [2], unilateral focal cerebral arteriopathy of childhood (FCA) comprised
steno-occlusion in the anterior circulation with or without collaterals. If this case had some collaterals,
CASCADE criteria gave a diagnosis as some types of possible MMD or some patients with progressive
primary angitis of the central nervous system of childhood. Without collaterals, CASCADE criteria
would suggest any type of MMD but transient-cerebral arteriopathy, post-varicella arteriopathy, and
large-vessel childhood primary angitis of the central nervous system.

As explained above, we have presented that this case met criteria with FCA which basically affected

unilateral intracranial main arteries. However, interestingly, this case had an interim progression



presenting focal narrowing in the contralateral mid-A1l at 7 months after the first onset. This rare
phenomenon without ICA or MCA stenosis has not been reported, usually seems not to be observed in
the FCA. Given the facts, to be exact, it is remained undetermined whether this case should be assigned to
unilateral focal-cerebral arteriopathy of childhood (FCA) or bilateral cerebral arteriopathy of childhood in
the CASCADE criteria. Finally, we have evaluated that this case essentially fell into FCA with
considering the first attack as a main event in the clinical course. Rapid progression invading the
contralateral ICA or MCA might to be appeared in this case, therefore, a careful course observation
should be essential.

According to the result of CBF study obtained about 3 weeks after the onset, we performed STA-MCA
bypass and indirect bypass as combined revascularization surgery usually adopted for moyamoya cases.
MRA demonstrated a good bypass patency in the early postoperative period (Fig. 2 arrowhead in a).
Despite preoperative symptoms induced by cerebral hypoperfusion disappeared immediately after the
surgery, a sparse effect was found in the MRA undertaken 6 months after the surgery (Fig. 2 arrowhead in
b). We have expected favorable result of revascularization observed in moyamoya cases, however, it was
not achieved radiographically. As shown in Fig. 2 (arrow in b), a faint recanalization of the occluded
MCA was occurred unexpectedly without basal moyamoya collaterals in this case. These clinical courses
were usually not seen in moyamoya cases, strongly suspected as the other pathophysiology, such as FCA.
RNF213 was identified as a susceptibility gene for MMD, with about 90% of familial MMD cases and
70% of sporadic cases showing an RNF213 polymorphism, p.R4810K [7]. On the other hand, Miyawaki
et al. reported that four of eight patients (50%) with unilateral MMD were RNF213 p.R4810K
heterozygotes [11]. In the current case, RNF213 genotyping revealed wild-type RNF213, and thus, the
diagnosis may not be RNF213-related MMD. On the other hand, Mineharu et al. presented an adult
unilateral MMD case with rapid contralateral progression over 1 year in which the patient carried an
RNF213 p.R4810K [8]. Thus, information from RNF213 p.R4810K genotyping suggests the possibility
of rapid progression of steno-occlusive changes in the affected and unaffected arteries [7, 8]. Present
diagnostic criteria using only radiological findings (DSA or MRI/MRA) cannot resolve this problem, and
thus, the criteria should be updated with genetic information in the future.

Angiographic beading in the cervical portion of the diseased ICA was uniquely found in this case. This
feature is by far the most common angiographic finding in type 1 FMD patients [12]. FMD is a type of
arteriopathy that is not atheromatous or inflammatory and has an unknown etiology. Previous reports
described that FMD can be diagnosed histopathologically using a biopsy specimen of the distal STA [5,
6]. Thickened medial fibroplasias displacing muscle cells, disruption of the internal elastic lamina, and

smooth muscle are observed in FMD specimens [5, 6]. Our present STA specimen showed no



characteristics of FMD, and furthermore, this case showed no abnormalities in the other lesion except for
a diseased ICA. Thus, our patient was not diagnosed with FMD. On the other hand, Je et al. reported that
the arterial beading found in unilateral intracranial arteriopathy indicates reversible disease [18]. They
suggested that beading may be associated with arterial wall inflammation and that this condition would
have reversible vasoconstriction, based on prior reports [3, 14].

Alisha et al. experienced a case series of 10 patients with FCA in a single center in the US over 9 years.
The initial angiographic appearances of these 10 cases were similar, including non-specific
steno-occlusion in the anterior circulation that was characterized as FCA. The final diagnoses of six
patients (60%) were changed during the follow-up period due to the high, 40% recurrence rate of stroke
[16]. Thus, the absence of a standardized diagnostic regimen and treatment protocol for FCA can lead to a
worse prognosis [4, 17]. High-resolution vessel wall imaging on MRI will clarify the vessel wall
pathologies and improve diagnostic accuracy for these patients [15]. However, RNF213 genotyping might
be contributory to predict an early-onset and severe form of MMD [10], a careful attention should be
required even in case of RNF213 wild type at the thought of the FCA case. Hence, a serial radiological
follow-up is obviously warranted to catch a treatment opportunity, a suitable treatment protocol should be

established in responding to each pathophysiology of pediatric stroke including FCA.
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Figure Legend

Fig. 1

Diffusion-weighted imaging (DWI) showed a cerebral infarction in the left caudate head and basal
ganglia (a). MR angiography (MRA) revealed occlusion of the distal part of the left internal carotid artery
(ICA). The proximal parts of the left anterior cerebral artery and middle cerebral artery (MCA) were also
occluded (b). Digital subtraction angiography (left common carotid angiogram, anterior-posterior view)
showed a beaded appearance in the cervical portion of the left ICA (arrow in ¢). DWI showed a new
infarction in the right Al perforator territory 7 months after the first onset (d). MRA revealed right
mid-A1 focal narrowing without ICA or MCA stenosis (arrow in e). The pathological diagnosis from left
the superficial temporal artery specimen obtained during revascularization surgery was a normal vascular

structure without features of fibromuscular dysplasia (H & E, bar = 200 pm, f).

Fig. 2
Effect of combined revascularization surgery (superficial temporal artery (STA)-middle cerebral artery
(MCA) bypass and indirect bypass) for this case. MR angiography (MRA) revealed patent STA-MCA

bypass filling the left MCA in the early postoperative period (day 4, arrowhead in a). On the other hand,



direct and indirect bypass development was not observed in MRA about 6 month after the surgery

(arrowhead in b). A faint recanalization of the left MCA was confirmed (arrow in b).
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