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Abstract

Fibromuscular dysplasia (FMD) is a non-atherosclerotic, non-inflammatory vascular disease. FMD
once considered rare, is increasingly a condition recognised as an incidental finding. It is an im-
portant cause of stroke especially in younger, female patients and therefore a high index of suspi-
cion is required. FMD has distinct pathological findings along with some pathognomonic an-
giographic findings (“string of beads” appearance). The mainstay of cerebrovascular FMD treat-
ment is antiplatelet therapy but intervention with percutaneous transluminal angioplasty is indi-
cated under some circumstances. We present an interesting case of a woman in her 60 s who un-
derwent extensive investigation to identify the underlying aetiology of her stroke.
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1. Introduction

Fibromuscular dysplasia (FMD) is a non-atherosclerotic, non-inflammatory vascular disease [1], which has
been observed in almost every artery throughout the body, however it is more typically associated with renal
and carotid arteries [2]. The typical renal FMD presentation is hypertension whereas carotid/vertebral FMD
has been associated with stroke and TIA. We present a case to illustrate how FMD, although not being an
uncommon cause of stroke, is significantly under-recognised as a high index of suspicion required to diagnose
it. The subsequent discussion will focus on the aetiology, diagnosis and management of carotid and vertebral
FMD.

2. Case Presentation

A female office worker in her early 60 s attended our emergency department (ED) having developed left facial
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asymmetry, left sided weakness, and left visual neglect. Our hospital is representative of a medium to large dis-
trict general hospital in England treating about 600 inpatient strokes per year. The onset time was not clear as
she had assumed it would resolve and continued working until her family encouraged her to seek medical atten-
tion. On review it became apparent she had a paucity of risk factors for cerebrovascular disease. She had no re-
levant past medical or family history, was a life-long non-smoker, drank alcohol very occasionally and was gen-
erally very active with a normal body mass index (BMI). Examination revealed profound left visual neglect, left
upper motor neurone facial palsy and dysarthric speech. She had a mild left hemiparaesis with grade 4/5 power
on the left. Her cardiovascular examination was normal.

The working diagnosis was a right partial anterior circulation stroke. She had an initial CT (see Figure 1),
which demonstrated an area of low attenuation in the right parietal lobe consistent with an infarct after her de-
layed presentation. She went on to have a MRI brain with diffusion weighted sequence (see Figure 2) to con-
firm an is chaemic stroke and exclude other pathology such as a tumour. She underwent extensive investigations
to identify the underlying cause of her stroke. Her ECG and ambulatory monitor showed no evidence of atrial
fibrillation and she had a normal echocardiogram. There was no evidence of hypertension, hyperlipidaemia or
diabetes mellitus. Rarer causes such as lupus or thrombophilia were also excluded. No evidence of significant
internal carotid artery stenosis was identified on carotid doppler ultrasound scanning.

A further magnetic-resonance angiogram (MRA) of her carotids was organised as a second imaging modality
(see Figure 3). This demonstrated a “string of beads” appearance and she was diagnosed with fibromuscular
dysplasia. (FMD).The patient was subsequently referred to a tertiary centre for a conventional angiogram of the
cerebral vessels. After discussion in the neurosurgical centre’s multi-disciplinary team meeting she was not
deemed appropriate for surgical or radiological intervention at present. Instead she was commenced on dual an-
tiplatelet therapy (aspirin and clopidogrel). The patient made a good functional recovery and was left with only a
mild visual field defect that was noted during her follow up appointments. Formal written consent for this case
report was obtained from the patient.

Figure 1. CT head FMD.

Figure 2. MRI FMD.
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Figure 3. MRA FMD.

3. Discussion
3.1. Epidemiology and Aetiology

Once thought vanishingly rare FMD is now an increasingly incidental finding. Several studies looking at poten-
tial renal donors have found incidental rates between 2% - 6.6% on renal angiogram [3]-[5]. Up to 90% of those
affected are female [6]. The exact underlying aetiology of FMD is currently unknown. There may be an associa-
tion with smoking [7] however the general consensus is there is likely to be an underlying genetic component. In
the US registry for fibromuscular dysplasia 7.3% had a confirmed diagnosis of FMD among a family member
and 23.5% had a family history of aneurysm [6]. Due to the rarity of FMD there are no large cohorts for genetic
studies and small case control studies are yet to identify a consistent genetic mutation.

Leadbetter and Burkland first mentioned the pathology of FMD in the literature in 1938 when they described
curing a 5-year-old boy of hypertension following a unilateral nephrectomy [8]. It was not until 1958 when
McCormack et al gave the first accurate pathological description of FMD with a series of four patients with re-
no-vascular hypertension [9].

3.2. Pathology

There are three main sub-types of FMD: intima, media and adventitia [10] [11].

3.2.1. Medial

This is the most common histological variant representing over 90% of identified cases. Fibromuscular ridges
are formed which lead to arterial stenoses alternating with area of smooth muscle loss with consequent arterial
dilation giving the typical “string of beads” pattern seen on angiography.

3.2.2. Intimal
This is the second most commonly encountered type of FMD as represented by focal angiographic stenoses. Es-
sentially there is accumulation of fibrous tissue in the intima.

3.2.3. Adventitial
This represents fewer than 1% of FMD cases and consists of collagen deposition surrounding the adventitia and
extending into the periarterial tissue. Once again this leads to focal stenoses seen on angiography.

As histopathology specimens for diagnosis of FMD become less frequent there has been a move to define
FMD by its angiographic appearances. The French and Belgian consensus statement in 2012 defined three an-
giographic appearances: multifocal, unifocal and tubular [2] and the American Heart Association in 2014 further
refined the classification into multifocal and focal [12]. Multifocal lesions correspond to medial histopathology
whereas focal lesions corresponded to intimal or adventitial histopathology.

3.3. Clinical Presentation of Cerebrovascular FMD

The presentation of cerebrovascular FMD is very variable and non-specific therefore it can be a challenging di-
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agnosis to reach. There are a proportion of patients with asymptomatic FMD [13]. The US registry identified the
commonest symptoms of FMD, which include hypertension (63.8%) headache (52.4%) followed by pulsatile
tinnitus (27.5%). The frequency of neurological sequelea in FMD is significant with rates of stroke and TIA
9.8% and 13.4% respectively. 12.1% had suffered a cervical artery dissection and there was an increase in the
incidence of subarachnoid haemorrhage [6]. FMD has a number of manifestations including: severe stenosis
(haemodynamic strokes), thromobosis, emboli, dissection and aneurysm rupture leading to focal neurological
events [12]. Prevalence of intracranial aneuryms may be as high as 21% [13], but a more recent paper revises the
estimate down to 7.3% [14].

3.4. Diagnosis

Many patients who present with stroke will undergo carotid artery duplex scanning however the identification
of FMD can be difficult and is user dependent. In renal artery stenosis ultrasound only has a 60% positive
predictive value [15]. Typical findings include beading and tortuosity of the mid and distal internal carotid
artery. Often the main clue is the site of the stenosis as atheromatous disease tends to be seen more proximally
therefore a high index of suspicion is required to correctly identify cases. Both CT angiography (CTA) and
MRA are widely used in the diagnosis of FMD. CTA and MRA have been validated against catheter-based
angiography in the context of atheromatous disease with a correlation rate of in excess of 97% CTA and 95%
MRA however there are no studies defining either accuracy in FMD [16]. Although MRA has similar correla-
tion rates to CTA it does have some advantages including being more likely to identify FMD related dissec-
tion [17]. The changes seen in the arterial wall result in a number of common angiographic appearances: focal
stenosis, tubular stenosis, multifocal stenosis alternating with mural dilatation (“string of beads” appearance),
a septum or diverticulum. Catheter based angiography remains the gold standard however its use is now re-
served for symptomatic cases where intervention is being considered and there are either diagnostic or ana-
tomical uncertainties [12].

3.5. Therapeutic Options

Management can be split into medical and interventional approaches.

3.5.1. Medical Management

Medical management is similar in many ways to stroke caused by atherosclerotic disease however the evidence
base for this approach is somewhat lacking. In the first instance antiplatelet therapy is recommended, however
the American Stroke Association (ASA) guidelines do not state the optimum drug or dosing regime [18]. There
have been no randomised controlled trials in this area. Secondly, antihypertensive treatment is recommended
with Angiotensin-converting enzyme inhibitors (ACEi) appearing to be agents of choice [12]. In the context of
FMD renal function should be closely monitored following the initiation of an ACEi. Finally there is likely to be
benefit in addressing cardiovascular risk factors including lifestyle modification as many patients may have dual
pathology and furthermore there may be an association with current cigarette use.

3.5.2. Interventional Management

The benefits of revascularisation in cerebrovascular FMD is less clear cut however the recent ASA guidelines
suggest that revascularisation is not recommended in asymptomatic carotid artery FMD regardless of the severi-
ty of the stenosis [18]. In symptomatic patients with ischaemic symptoms related to the ipsilateral carotid artery
may warrant intervention although some may give a trial of antiplatelets therapy and only use percutaneous
transluminal angioplasty (PTA) in those with recurrent ischaemic events often in the setting of dissection or in
who antiplatelet therapy is contraindicated. Another indication for PTA is for carotid or vertebral pseudoaneu-
rysms when they become symptomatic or are demonstrably increasing in size [18].

3.6. Follow up

Annual non-invasive follow up is recommended, however the length between interval scans can be lengthened
once the disease is deemed stable [18].
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4. Learning Points

Our case highlights the importance of considering FMD as a potential cause of ischaemic stroke, particularly in
women, where traditional vascular and other relevant risk factors have been effectively excluded. Carotid
Doppler, often used as a first line investigation, particularly in district general hospitals in England is not an
ideal imaging modality to detect FMD. CTA and MRA have much higher sensitivity and specificity and should
be considered in selected cases. Once identified, neurosurgical and neuroradiology colleagues should be in-
volved as select cases may benefit from intervention.
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