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INTRODUCTION

Fibromuscular dysplasia (FMD) is a noninflammatory and nonatherosclerotic arteriopathy that 
is identified by irregular cellular reproduction and deformed construction of the arterial wall, 
causing segmentation and constriction (with either central stenosis or the more common beads 
figure), or aneurysm of intermediate-sized arteries.[6] e cervicocephalic arteries represent the 

ABSTRACT
Background: Fibromuscular dysplasia (FMD) is a noninflammatory and nonatherosclerotic arteriopathy that 
is characterized by irregular cellular proliferation and deformed construction of the arterial wall that causes 
segmentation, constriction, or aneurysm in the intermediate-sized arteries. e incidence of FMD is 0.42–3.4%, 
and the unilateral occurrence is even rarer. Herein, we report a rare case of a localized extracranial carotid 
unilateral FMD associated with recurrent transient ischemic attacks (TIAs) treated by extracranial-intracranial 
bypass for indirect revascularization. e specific localization of the disease rendered our case unique.

Methods: We conducted a review of the PubMed Medline database search using the following combined formula: 
((FMD [Title/Abstract]) AND ((isolated [Title/Abstract]) OR (localized [Title/Abstract]))) AND Internal carotid 
artery (ICA) (Title/Abstract). Additional resources were included by screening the reference list of the selected 
papers.

Results: A total of six cases were found, and all accounted for localized FMD affecting the ICA. e age range 
was between 19 and 52, the male-to-female ratio was (2:4), and all of the cases consisted of unilateral carotid 
FMD, mainly on the left side with a left-to-right ratio of 5:1. e management and outcome of these cases varied 
according to the case and associated complications.

Conclusion: Extracranial localized FMD of the ICA is a rare subtype of FMD that has little documentation in the 
literature. In our case, it was a localized extracranial carotid unilateral FMD associated with recurrent TIAs. e 
appropriate treatment was using the intracranial-extracranial bypass.
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preoperatively. A postoperative CT scan revealed no signs of 
new ischemia or stroke, and the patient was discharged after 
5 days. Six months of follow-up revealed left-sided weakness 
Grade 4 with no new findings on imaging.

MATERIALS AND METHODS

We conducted a PubMed Medline database search using 
the following combined formula: ((FMD [Title/Abstract]) 
AND ((isolated [Title/Abstract]) OR (localized [Title/
Abstract]))) AND ICA [Title/Abstract]. Additional resources 
were obtained by screening the reference list of the selected 
articles.

RESULTS

A total of 16 results were found, eight of them were case 
reports, and only six of them accounted for localized FMD 
affecting the ICA. According to the reported cases, the age 
range was between 19 and 52, the male-to-female ratio was 
2:4, and all of the cases consisted of unilateral carotid FMD, 
with the majority on the left side with a left-to-right ratio of 

Figure  1: (a) Preoperative T1-weighted magnetic resonance 
imaging (MRI) image (coronal view) showing periventricular old 
ischemia alongside cerebospinal fuild (CSF)-filled cleft in the right-
sided hemisphere. (b) Preoperative T2-weighted MRI image (axial 
view) revealing periventricular longstanding ischemic changes and 
unilateral CSF-filled cleft in the right hemisphere extending from 
the frontal horn of the lateral ventricle to the Sylvian fissure. 
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second most frequent site for FMD (25–%), following the 
renal artery (60–75%).[3,10]

e incidence of FMD is approximately (0.42–3.4%) and its 
unilateral occurrence is even rarer.[7] e middle one-third 
of the carotid arteries is included in over 90% of cases of 
cervicocephalic FMD.[10] e second most common location 
is extracranially-located FMD which mainly occurs bilaterally 
with narrowing at C1 and C2 levels.[2] FMD is usually diffuse 
and most commonly affects the vertebral arteries and middle 
and distal portions of the internal carotid artery (ICA) and, 
occasionally, intracranial arteries.[7] Only 9% of FMD cases 
affect the extracranial ICA or vertebral arteries.[20]

Most patients with FMD are asymptomatic, and the lesion 
is discovered incidentally. Some patients have a myriad 
of symptoms, including headaches, transient ischemic 
attacks (TIAs), and even stroke.[22] Management focuses 
on symptomatic relief. Surgical management should be 
attempted for symptomatic patients or patients who have 
not responded to medications.[18] ree similar cases with 
the same management as ours are found in the literature 
regarding extracranial-intracranial (EC-IC) bypass for 
extracranial FMD of the ICA.[11,21,23]

In this paper, the authors report a case of a 53-year-old male 
with focal extracranial carotid unilateral FMD associated 
with recurrent TIAs. e uncommon localization of the 
stenosis made the approach seemingly suitable for this case.

CASE DESCRIPTION

A 53-year-old male was referred to Neurosurgical Teaching 
Hospital in Baghdad, Iraq, with a history of recurrent TIAs 
with the left upper limb weakness grade  3/5. Magnetic 
resonance imaging [Figure  1] revealed periventricular 
hemorrhage along with unilateral cerebrospinal fluid  -filled 
cleft in the right hemisphere extending from the frontal 
horn of the lateral ventricle to the Sylvian fissure. Diagnostic 
cerebral angiography catheterization [Figure  2] of the right 
ICA showed significant stenotic segments of the cervical 
ICA, and a decision for endovascular stenting was made. 
During therapeutic catheterization angiography, the stenosis 
was seen up to the intracranial portion of the ICA, giving a 
“beads-on-a-string” sign. A  final diagnosis of focal FMD 
of the right extracranial ICA was made. In addition, the 
coexistence of a hypodynamic circulation due to a weak 
middle cerebral artery (MCA) blood flow shifted the 
treatment plan to an EC-IC bypass.

e patient underwent encephalo-duro-arterio-myo-
synangiosis (EDAMS) surgery under intraoperative 
neurophysiological monitoring, including somatosensory 
evoked potentials and motor evoked potentials. 
Postoperatively, the patient was conscious with stable vital 
signs and left-sided weakness grade 3/5, which is the same as 

Figure  2: (a) Preoperative digital subtraction angiography 
demonstrating fibromuscular dysplasia-related multifocal 
stenosis along the right extracranial internal carotid artery (ICA). 
(b) Preoperative digital subtraction angiography demonstrating the 
“beads-on-a-string” sign appearance along the right extracranial ICA.
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(5:1). e management and outcome of these cases differed 
according to the case [Table 1].[4,5,8,16,17,19]

DISCUSSION

FMD is a rare nonatherosclerotic and noninflammatory 
vasculopathy resulting in arterial narrowing and the potential 
formation of small- and medium-sized vessel aneurysms.[14,15] 
FMD is usually diffuse and commonly involves the vertebral 
arteries and middle and distal portions of the ICA, and 
occasionally, intracranial arteries.[24] Localized FMD is rare 
in the literature; however, there are few reports of isolated 
intracranial FMD affecting the ICA, basilar artery, ACA, 
MCA, and PCA.

Extracranial localized FMD cases also have few reports in the 
literature.[13] FMD is classified into four main angiographical 
categories. ey include the multifocal type, the most 
common type displaying the “beads-on-a-string” appearance 
due to multiple stenoses. Unifocal FMD has long concentric 
stenosis giving it the “tubular” shape, while short-isolated 
segments of stenosis characterize the focal type. Finally, up 
to 20% of patients have mixed-type stenosis.[14] In our case, 
the patient had localized extracranial carotid artery FMD of 
a multifocal subtype giving the string of beads appearance.

Because many patients are asymptomatic, it can be found 
incidentally on imaging or physical examination while 
investigating for any cervical bruit.[1,12] Such lesions can 
result in rare but severe complications in approximately 
10% of cases, such as decreased cerebral perfusion due to 
the narrowing of the lumen of the affected vessels leading to 
TIAs, and thrombus formation, which may result in distal 
embolization, dissection, and rupture.[24]

Management of FMD depends mainly on the clinical 
manifestations and the pertinent anatomy of the artery 
involved. Conservative management of asymptomatic carotid 
artery FMD is advised, with monitoring and anticoagulant 
therapy. When FMD results in the occlusion of the artery by 
thrombus formation, dual antiplatelet therapy is used along 
with anticoagulant medications to prevent ischemic injury. 
Revascularization with a bypass is an option for a good 
outcome with fine patency of blood flow intracerebrally.[12]

Interventional management is usually indicated in patients 
with symptomatic extracranial carotid FMD. is includes 
surgical dilatation with or without endarterectomy for 
the carotid arteries. e most commonly used option is 
percutaneous transluminal balloon angioplasty with or without 
the application of stents or cerebral protection devices.[1,24] 
is method prevents ischemia and neurological deficits in 
patients with recurrent symptoms despite medical therapy.[1] 
Microsurgical clipping and endovascular therapy by stenting or 
coiling are reserved for cases complicated by aneurysms.[15]

In the present case, the localized peculiarity of the stenosis 
is similar in concept to Moyamoya disease (MMD), another 
vasculopathy characterized by progressive bilateral stenosis, 
and occlusion of the supraclinoid ICA leading to the 
development of collateral vessels. Diverse surgical techniques 
have been performed to manage MMD to avoid ischemic 
injury and such techniques may be employed in managing 
localized FMD of the ICA. e most commonly used methods 
include direct revascularization by superficial temporal artery 
to MCA bypass and indirect revascularization methods such 
as encephalo-myo-synangiosis, encephalo-duro-arterio-
synangiosis, and EDAMS.[9]

Table 1: Reported cases of localized FMD in the ICA, the selected treatment options, and the outcome.

Author/year Age/gender Site Management Outcome

Schievink et al. 1994[17] 26/Female Left ICA* FMD** with 
dissection 

- Poor/died due to 
thoracoabdominal 
aortic dissecting 
aneurysm

Escamilla et al. 2000[8] 37/Female Left extracranial ICA proximal 
occlusion of the ACA*** and 
MCA****

- -

Birnbaum et al. 2005[5] 19/Female Proximal ACA and MCA - - 
Poppe et al. 2007[16] 52/Male Right ICA with dissection Aspirin and clopidogrel Good
Spengos et al. 2008[19] 50/Male Left distal extracranial and 

proximal intracranial segments 
of ICA

Antiplatelet agents Good 

Bilman et al. 2021[4] 44/Female Left ICA FMD with dissection Bypass Good
Ismail et al. 2022  
(Current study)

53/Male Right cervical ICA Bypass with 
EDAMS*****

Good

*ICA: Internal Carotid Artery, **FMD: Fibromuscular dysplasia, ***ACA: Anterior cerebral artery, ****MCA: Middle cerebral artery,  
*****EDAMS: Encephalo-duro-arterio-myo-synangiosis
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We reviewed the literature for the reported cases of localized 
FMD involving the ICA. Only six cases consisted of localized 
carotid artery FMD; almost all of these cases involved the 
left-sided ICA. Treatment choices are individualized to each 
case, and with the evolving capabilities of endovascular 
procedures, outcomes for symptomatic FMD may vary 
significantly.

In the present case, the patient had localized FMD of the right 
extracranial ICA. e uncommon localization of the stenosis 
with the coexistence of low-flow MCA made the approach 
seemingly suitable for this case. Indirect revascularization 
by EDAMS was performed to prevent further ischemic 
attacks. Management of FMD varies due to the clinical 
manifestations observed. e surgeon’s decision for the 
operative intervention method differs according to the case. 
Suggestions for managing localized arterial stenosis in FMD 
of the extracranial ICA are minimal and rarely reported.

CONCLUSION

e scarce nature of craniocerebral FMD poses particular 
diagnostic and therapeutic challenges. Traditional 
surgical and endovascular management options exist, but 
individualized planning is essential with each case, especially 
with ICA occlusion or weak flow. In our case, the localized 
stenosis of the extracranial ICA is a rare subtype of FMD, 
rendering our case unique since isolated FMD involving the 
ICA has only a few documents in the literature.
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