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Interesting Images
Border-Zone Infarction Due to Cerebrovascular
Fibromuscular Dysplasia
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Abstract: A 45-year-old male presented with acute-onset left-sided weakness and slurred speech.
Non-contrast-enhanced brain magnetic resonance imaging revealed cortical and internal border-zone
infarcts compatible with stroke. A survey of ischemic stroke risk factors in young adults excluded
coagulopathy, vasculitis, and cardiac disease. Nevertheless, neck-computed tomography angiography
revealed a long-segmental narrowing of the right internal carotid artery with wall thickening and a
“string-of-beads” appearance suspicious for fibromuscular dysplasia, which was confirmed on further
angiography. His clinical condition stabilized after intensive medical therapy. This case demonstrates
cerebrovascular fibromuscular dysplasia as a possible cause of ischemic stroke in young adults.
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Figure 1. A 45-year-old male presented with acute-onset left-sided weakness and slurred speech.
The clinical diagnosis of stroke was based on focal neurologic deficits, persistent symptoms, and an
abrupt clinical course. Non-contrast brain magnetic resonance images revealed border-zone infarcts
(Figure la). Magnetic resonance angiography (MRA) disclosed trivial flow in the right internal
carotid artery (Figure 1b). A survey of the ischemic stroke risk factors in young adults excluded
coagulopathy, vasculitis, hematologic and cardiac disease. A history of heavy smoking (two packs
a day for the last 27 years), hypertension, and dyslipidemia (low-density lipoprotein: 143 mg/dL)
were noted during stroke workup. Nevertheless, neck computed tomography angiography (CTA)
revealed a long-segmental narrowing of the right internal carotid artery with wall thickening and a
“string-of-beads” appearance suspicious for fibromuscular dysplasia (FMD), which was confirmed
on further angiography (Figure 2). Adequate hydration, aspirin, and statin were prescribed for
secondary stroke prevention. His clinical condition stabilized after intensive medical therapy. (a).
On diffusion-weighted images, the cortical and internal border-zone ischemic infarcts are visualized
with hyperintense lesions. (b). On magnetic resonance angiography image, the flow signal intensity
of the right proximal internal carotid artery is severely reduced with trivial blood flow (white
arrowhead). Complete occlusion of the right distal internal carotid artery and left middle cerebral
artery are also noted.
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Figure 2. FMD is characterized by noninflammatory, nonatherosclerotic vasculopathy with no identi-
fiable underlying cause [1]. FMD predominantly involves small to median-sized arteries and affects
middle-aged individuals (30 to 50 years old) [2]. According to recent systemic review, cerebrovascular
FMD is as common as renal FMD [2]. In contrast to sites susceptible to the atherosclerotic process
(proximal internal carotid artery), cerebrovascular FMD commonly involves the middle to distal portion
of the internal carotid artery. The most common symptoms of cerebrovascular FMD are pulsatile tinnitus
and headache [3]. However, cerebrovascular FMD is frequently asymptomatic and is found by accident
through an image examination. Devastating neurologic consequences, such as stroke and transient
ischemic attack, can occur in symptomatic patients. Diagnosis of cerebrovascular FMD requires non-
invasive and invasive image exams, including CTA, MRA and digital subtraction angiography (DSA).
Non-invasive CTA and MRA are the modalities of choice whereas DSA remains the gold standard for
the diagnosis of cerebrovascular FMD. Nevertheless, because of its invasiveness and risk of arterial
dissection of the fragile vessels, DSA is commonly reserved for ambiguous cases and those requiring
endovascular treatment. The typical imaging findings of cerebrovascular FMD are alternating luminal
narrowing and dilatation, resulting in a “string-of-beads” appearance. Fusiform vascular ectasia and
vascular loop are also typical features [4]. Other less typical features include aneurysm, arterial dissection
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and subarachnoid hemorrhage [4]. The stroke mechanisms of cerebrovascular FMD are likely
heterogeneous, such as cerebral hypoperfusion, cardioembolism, and artery-to-artery embolism [2].
In this case, cerebrovascular FMD resulted in hypoperfusion of the right internal carotid artery, and
further caused the right cortical and internal border-zone ischemic infarction. The stroke mechanism
is supported by long-segmental severe stenosis of the right internal carotid artery. Subsequent
DSA disclosed a classic “string-of-beads” sign in the cervical internal carotid artery (Figure 2).
There was no evidence of cardiac emboli or artery-to-artery emboli after 24 h Holter monitoring,
echocardiogram, or carotid ultrasound (without atherosclerotic plaque but reduced flow velocity
in the right internal carotid artery). The management principles of stroke with cerebrovascular
FMD due to arterial stenosis are comparable to stroke without cerebrovascular FMD [5]. During
the acute phase of an ischemic stroke, intravenous thrombolysis and endovascular therapy are
recommended in eligible patients [6]. This patient exceeded the time window for intravenous
thrombolysis and endovascular therapy. Thus, an antithrombotic agent with aspirin was prescribed
during the acute phase. For the long-term management of secondary stroke prevention, medical
therapy should be customized according to stroke mechanisms and co-morbidities for optimal
outcomes [7]. Long-term aspirin, antihypertensive agents, statin, and smoking cessation were
prescribed for this patient. It is worth mentioning that endovascular therapy, such as carotid stenting
or surgical arterial bypass, is typically reserved for patients with recurrent ischemic events despite
optimal medical therapy [6,8,9]. At the 18-month follow-up, the patient’s neurologic deficits recover
gradually with minimal left hand dexterity impairment. He also manages his chronic diseases well
with optimal medication and lifestyle modification (i.e., smoking cessation / increased physical
activity). Of particular importance is the relatively young age of the patient, which is the reason for
the comprehensive survey of stroke etiologies. In young patients with ischemic stroke, secondary
stroke prevention can be properly achieved only when the true stroke etiology is found. To sum
up, we demonstrated cerebrovascular FMD as a possible cause of ischemic stroke in young adults.
This differential diagnosis should be considered when stroke occurs at a young age with a typical
“string-of-beads” sign on CTA, MRA, or DSA. Digital subtraction angiography shows long-segmental
alternating luminal narrowing and dilatation of the right internal carotid artery with a typical
“string-of-beads” sign (white arrowheads). The diagnosis of cerebrovascular fibromuscular dysplasia
is confirmed.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted approved by the Research Ethics
Committee of Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation on 12 March 2021.

Informed Consent Statement: Informed consent was obtained from the patient involved in the study.
Written informed consent has been obtained from the patient to publish this paper.

Data Availability Statement: Not applicable.

Acknowledgments: We thank the patient for granting permission to publish this information and
I-Chen Tsai for reviewing images.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kirton, A.; Crone, M.; Benseler, S.; Mineyko, A.; Armstrong, D.; Wade, A.; Sebire, G.; Crous-Tsanaclis, A.M.; de Veber, G.
Fibromuscular dysplasia and childhood stroke. Brain 2013, 136, 1846-1856. [CrossRef] [PubMed]

2. Touzé, E.; Southerland, A.M.; Boulanger, M.; Labeyrie, PE.; Azizi, M.; Bouatia-Naji, N.; Debette, S.; Gornik, H.L.; Hussain, S.M.;
Jeunemaitre, X.; et al. Fibromuscular dysplasia and its neurologic manifestations: A systemic review. JAMA Neurol. 2019, 76,
217-226. [CrossRef]

3. Olin, J.W,; Froehlich, J.; Gu, X.; Bacharach, ].M.; Eagle, K.; Gray, B.H.; Jaff, M.R.; Kim, E.S.; Mace, P.; Matsumoto, A.H.; et al. The
United States Registry for Fibromuscular Dysplasia: Results in the first 447 patients. Circulation 2012, 125, 3182-3190. [CrossRef]

4. Varennes, L.; Tahon, F,; Kastler, A.; Grand, S.; Thony, F,; Baguet, ].P.; Detante, O.; Touzé, E.; Krainik, A. Fibromuscular dysplasia:

What the radiologist should know: A pictorial review. Insights Imaging 2015, 6, 295-307. [CrossRef]


http://doi.org/10.1093/brain/awt111
http://www.ncbi.nlm.nih.gov/pubmed/23715093
http://doi.org/10.1001/jamaneurol.2018.2848
http://doi.org/10.1161/CIRCULATIONAHA.112.091223
http://doi.org/10.1007/s13244-015-0382-4

Diagnostics 2022, 12, 1337 50f5

5. Debette, S.; Leys, D. Cervical-artery dissections: Predisposing factors, diagnosis, and outcome. Lancet Neurol. 2009, 8, 668—678.
[CrossRef]

6. Powers, W.].; Rabinstein, A.A.; Ackerson, T.; Adeoye, O.M.; Bambakidis, N.C.; Becker, K.; Biller, J.; Brown, M.; Demaerschalk, B.M.;
Hoh, B.; et al. 2018 Guidelines for the early management of patients with acute ischemic stroke: A guideline for healthcare
professionals from the American Heart Association/American Stroke Association. Stroke 2018, 49, e46—e110, Erratum in 2018,
49, €138. Erratum in 2018, 49, €233-e234. [CrossRef] [PubMed]

7. Kernan, W.N.; Ovbiagele, B.; Black, H.R.; Bravata, D.M.; Chimowitz, M.1,; Ezekowitz, M.D.; Fang, M.C.; Fisher, M.; Furie, K.L.;
Heck, D.V,; et al. Guidelines for the prevention of stroke in patients with stroke and transient ischemic attack: A guideline for
healthcare professionals from the American Heart Association/American Stroke Association. Stroke 2014, 45, 21602236, Erratum
in 2015, 46, e54. [CrossRef] [PubMed]

8.  Gutierrez, J.; Turan, T.N.; Hoh, B.L.; Chimowitz, M.I. Intracranial atherosclerotic stenosis: Risk factors, diagnosis, and treatment.
Lancet Neurol. 2022, 21, 355-368, Erratum in 2022, 21, e4. [CrossRef]

9. Rahme, RJ.; Aoun, S.G.; McClendon, |, Jr.; El Ahmadieh, T.Y.; Bendok, B.R. Spontaneous cervical and cerebral arterial dissections:
Diagnosis and management. Neuroimaging Clin. 2013, 23, 661-671. [CrossRef] [PubMed]


http://doi.org/10.1016/S1474-4422(09)70084-5
http://doi.org/10.1161/STR.0000000000000158
http://www.ncbi.nlm.nih.gov/pubmed/29367334
http://doi.org/10.1161/STR.0000000000000024
http://www.ncbi.nlm.nih.gov/pubmed/24788967
http://doi.org/10.1016/S1474-4422(21)00376-8
http://doi.org/10.1016/j.nic.2013.03.013
http://www.ncbi.nlm.nih.gov/pubmed/24156857

	References

