
188 Copyright © 2022 Sungkyunkwan University School of Medicine

This is an Open Access article 
distributed under the terms of the 
Creative Commons Attribution 
Non-Commercial License (https://
creativecommons.org/licenses/
by-nc/4.0/).

CASE 
REPORT

Fibromuscular dysplasia of internal carotid 
arteries: features on high-resolution magnetic 
resonance imaging

Dong Gyu Lim¹, Oh Young Bang¹, Nam Jin Heo¹, Jihoon Cha², Tae Keun Jee³
¹Department of Neurology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea
²Department of Radiology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea
³Department of Neurosurgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

ABSTRACT
Fibromuscular dysplasia (FMD) is a noninflammatory and nonatherosclerotic disease 
that predominantly affects the renal and internal carotid arteries. However, the cause 
of this disease remains unclear. Radiological studies are important diagnostic methods, 
which generally involve luminal features on computed tomographic angiography, mag-
netic resonance angiography, and digital subtraction angiography. However, the 
high-resolution magnetic resonance imaging (HR-MRI) features of FMD have not yet 
been reported. Herein, we report the HR-MRI features of patients with FMD who showed 
typical involvement of the internal carotid arteries. Although both patients presented a 
beading appearance typical of medial fibroplasia, HR-MRI nevertheless showed distinct 
features. HR-MRI revealed concentric wall thickening and circular enhancement with 
dystrophic calcification in one and wall thickening, but no enhancement in the others. 
Further studies are required to determine whether these HR-MRI features are related to 
the type of FMD or patient prognosis.
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INTRODUCTION

Fibromuscular dysplasia (FMD) is a non-inflammatory and non-atherosclerotic disease of un-
known cause which affects the small- and medium-sized arteries. The most commonly involved 
blood vessels are the renal and cervicocephalic arteries. If the disease involves the cervicoce-
phalic arteries, it can cause abnormalities, including carotid and vertebral artery stenosis, arte-
rial dissection, and aneurysm formation [1-3].

FMD is definitively diagnosed by imaging studies such as computed tomographic angiogra-
phy (CTA), magnetic resonance angiography (MRA), and digital subtraction angiography (DSA) 
[2].  High-resolution magnetic resonance imaging (HR-MRI) techniques have recently been in-
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troduced to clinical practice, and provide a high value for the 
etiological diagnosis of intracranial arterial diseases [4-7]. 
Here, we report patients diagnosed with cervico-cephalic 
FMD who underwent HR-MRI. To our knowledge, this is the 
first case report of HR-MRI in a patient with intracranial FMD.

CASE REPORTS

Case 1
A 60-year-old previously healthy woman was admitted with 
short-term vertigo lasting a few seconds. Vertigo was aggra-

vated by positional changes and improved with bed rest. Ini-
tial neurological examination results were normal. She was 
diagnosed with benign paroxysmal positional vertigo as the 
cause of symptoms. Brain CTA showed multiple stenoses and 
dilatations with a string-of-beads appearance in the left inter-
nal carotid artery (ICA) (Fig. 1A). The patient was admitted to 
our hospital for DSA. In the left common carotid artery angio-
gram, vessel tortuosity and a string of beads were observed 
from the left petrous portion to the ICA bifurcation, a typical 
luminal feature of FMD (Fig. 1B). Aorta angiography revealed 
normal renal arteries bilaterally (Fig. 1C). HR-MRI revealed 
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Fig. 1. (A) Brain computed tomographic angiography showing multiple stenosis and dilatation in the left internal carotid artery (arrow). (B) 
Digital subtraction angiography (DSA) shows vessel tortuosity and string-of-beads sign from the left petrous portion to the internal carotid 
artery bifurcation. (C) DSA showing bilateral normal renal artery at the renal-level aortogram.

Fig. 2. High-resolution magnetic resonance imaging showing concentric wall thickening and saccular enhancement with dystrophic 
calcification (arrows).
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Vessel wall MRI finding of fibromuscular dystrophy

concentric wall thickening and saccular enhancement with 
dystrophic calcification in the distal segment of the left ICA 
(Fig. 2). Aspirin was prescribed at discharge, and she had no 
symptoms for up to 6 months after discharge.

Case 2
A 42-year-old, previously healthy woman visited our hospital 
with headache and shoulder pain. Initial neurological exam-
ination results were normal. She underwent brain MRI and 
MRA to rule out secondary headache. MRA of the brain further 
revealed dilatation and tortuosity of the right ICA (Fig. 3A). HR-
MRI was performed for further evaluation, and aortic CTA was 
performed to identify any renal artery involvement. No steno-
sis or aneurysmal dilatation was observed in the renal arter-
ies (Fig. 3B). HR-MRI revealed diffuse wall thickening but no 
enhancement in the right ICA from the petrous portion to the 
distal communicating segment (Fig. 3C, D). 

Written informed consents by the patients were waived due 
to retrospective nature of our study.

DISCUSSION

Intracranial arteries are involved in 7% to 20% of cases of cer-
vicoencephalic FMD [8]. Most cervico-encephalic FMD are lo-
cated in the ICA, most commonly in the middle or distal seg-
ments. Vertebral artery involvement is less frequent and gen-
erally co-exists with carotid lesions. In addition, 50% of pa-
tients with carotid artery lesions have renal artery disease [9]. 

Our patient presented with headaches and vertigo. In the 
United States registry for FMD, 60% of patients experienced 
significant headache [10]. Pulsatile tinnitus is another com-
mon symptom of FMD. Dizziness may occur in one quarter of 
the patients, but true vertigo is uncommon in FMD. The most 
disruptive sequelae of cerebrovascular FMD include transient 
ischemic attack, stroke, subarachnoid hemorrhage, and cer-
vical artery dissection, which have been reported in 13%, 
10%, 1.1%, and 12% of patients, respectively [10]. Severe ste-
nosis producing cerebral hypoperfusion, thromboembolism, 
dissection, and aneurysmal rupture could be mechanisms of 
focal neurological events. Treatment of FMD patients de-
pends on the particular neurological symptoms and compli-
cations [8]. In this study, patients asymptomatic, and there 
were no vascular complications such as dissection and aneu-
rysm. 

The pathological classification of FMD is based on the dom-
inant vessel wall layer, intima, media, and adventitia. Among 
the three pathological FMD types, the media type is the most 
common, accounting for more than 85% of cases [1,10,11]. 
Medial fibroplasia shows multifocal stenosis, termed the 
‘string-of-beads; appearance, while intimal fibroplasia shows 
focal stenosis [3]. The cases presented in this report were 
classified as having media-type FMD involving intracranial 
ICA. Medial FMD presents as alternating areas of thinned me-
dia and thickened fibromuscular ridges in which the arterial 
muscle is replaced by fibroplasia with loose collagen [11].

In this series, HR-MRI of the first case showed concentric 

Fig. 3. (A) Magnetic resonance angiography showing dilatation and tortuosity in the right internal carotid artery (arrow). (B) Aorta computed 
tomographic angiography showing no stenosis or dilatation. (C) Minimal wall thickening can be seen in the right internal carotid artery (ICA) 
in T1-weighted images (arrow). (D) No enhancement is visible in right ICA in T1-weighted contrast-enhanced images (arrow).
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wall thickening and saccular enhancement, whereas the oth-
er case showed no enhancement. The clinical implications of 
vascular enhancement in FMD remain unclear. In cases with 
carotid web, also known as carotid intimal variant FMD, previ-
ous studies have shown that HR-MRI reveals protrusion with 
enhancement along the posterior margin of carotid bulb [12]. 
HR-MRI feature of concentric wall thickening may be related 
to the pathological features of thickened fibromuscular ridg-
es. In addition, the HR-MRI findings of concentric enhance-
ment with wall thickening in our case were similar to those of 
patients with symptomatic moyamoya disease [6]. Therefore, 
diffuse concentric enhancement within vessels could repre-
sent hyperproliferation of the vessel wall components and 
may be related to symptomatology in FMD. Further studies 
are needed to determine whether HR-MRI can provide infor-
mation about the natural course of FMD.

In conclusion. HR-MRI can be used to directly visualize ves-
sel walls. As the natural course of this disease varies among 
patients with FMD despite similarities in luminal features, fur-
ther studies with HR-MRI are needed to test the diagnostic 
and prognostic role of HR-MRI in patients with FMD.
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