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ABSTRACT
Spontaneous coronary artery dissection (SCAD) is an increasingly
recognized cause of acute coronary syndromes. Fibromuscular
dysplasia (FMD) is an idiopathic, nonatherosclerotic, and noninflam-
matory arterial disease that affects small- to medium-sized arteries
that can result in multifocal aneurysms, stenosis, tortuosity, and dis-
sections. Extracoronary FMD has been identified in approximately 70%
of SCAD patients and it is recommended that all SCAD patients un-
dergo screening for FMD once in their lifetime using computed to-
mography angiography from head to pelvis. This focused review for
cardiologists outlines current approaches to diagnosis and manage-
ment of patients with FMD.
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R�ESUM�E
La dissection spontan�ee de l’artère coronaire (DSAC) est une cause de
plus en plus reconnue du syndrome coronarien aigu. La dysplasie
fibromusculaire (DFM) est une maladie idiopathique, non
ath�eroscl�ereuse et non inflammatoire qui affecte les petites et moy-
ennes artères et peut entraîner des an�evrismes multifocaux, une
st�enose, une tortuosit�e et des dissections. Une DFM extracoronarienne
a �et�e observ�ee chez environ 70 % des patients pr�esentant une DSAC. Il
est recommand�e que tous les patients pr�esentant une DSAC devraient
une fois dans leur vie subir un test de d�epistage de la DFM au moyen
d’une angiographie par tomodensitom�etrie de la tête au bassin. Cette
analyse destin�ee aux cardiologues d�ecrit les approches actuelles dans
le diagnostic et la prise en charge des patients atteints de DFM.
During medical school, we learned about “beads on a string,”
the classic imagery to describe fibromuscular dysplasia (FMD)
of the renal arteries. We knew this was a potential etiology for
early onset hypertension in younger women, but most cardi-
ologists never felt the need to dive deeper into this diagnosis.
The emergence of spontaneous coronary artery dissection
(SCAD) as an alternate pathophysiology for acute myocardial
infarction (MI), especially among women younger than 55
years of age, and its association with FMD has changed the
relevance of this condition for the cardiology community.
SCAD is caused by a spontaneous intimal tear or spontaneous
vasa vasorum bleeding resulting in intramural hematoma
formation within the tunica media with separation of the
intima from the underlying vessel.1 The intramural hematoma
compresses the true lumen causing myocardial ischemia.
When carefully screened, more than 70% of SCAD patients
have extracardiac vascular findings of FMD, and most have
moderate to severe coronary tortuosity.2 Therefore, cardiolo-
gists should be familiar with FMD to better inform discus-
sions with patients who have experienced SCAD. Herein we
review the practical aspects of FMD for clinical cardiologists.

FMD is an idiopathic, nonatherosclerotic and noninflam-
matory arterial disease resulting in abnormal arterial muscula-
ture and distorted arterial architecture from abnormal cellular
proliferation and connective tissue matrix deposition.3 It typi-
cally affects small- to medium-sized arteries with multifocal
aneurysms or ectasia (beading), stenosis, tortuosity, and
dissection (Fig. 1).3 In SCAD patients, the most commonly
affected extracardiac territories are the renal, carotid, vertebral,
and iliac arteries. Most patients with FMD have multifocal
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Figure 1. FMD patterns of disease. (A) Coronary FMD and angiographic patterns observed among patients with SCAD. (B) Manifestations of cervical
FMD observed in the carotid arteries. (C) Renal FMD. (D) Iliofemoral FMD. (E) Optical coherence tomography examination of the left anterior
descending coronary artery in a patient with SCAD-related myocardial infarction. Top left, normal vessel architecture distal to the SCAD segment.
The other panels show varying degrees of intramural hematoma (IMH and asterisks) compressing the arterial lumen from the distal (top right), mid
(bottom left), and proximal (bottom right) aspects of the SCAD segment. The dotted line in each of these panels illustrates the outer vessel
contour. A, artery; ADV, adventitia; C, catheter; FMD, fibromuscular dysplasia; GW, guide wire; GWA, normal comet-like artifact caused by presence
of a GW in the coronary artery; I, intima; LCA, left coronary artery; M, media; RCA, right coronary artery; SCAD, spontaneous coronary artery
dissection.
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Figure 1. (continued).
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FMD.3 Because of the strong association of FMD with SCAD,
it is recommended that all SCAD patients undergo screening
for FMD from head to pelvis at least once in their lifetime.1
Epidemiology
FMD most commonly affects women with an average

age of 56 years at the time of diagnosis (range, 5-83
years).4-6 Only 10%-20% of cases occur in men; typically
with a more aggressive natural history that includes a
greater frequency of aneurysms and dissections.3 Although
FMD most commonly affects White individuals (95%),7

there is no evidence to support an association with race,
and this finding is confounded by the racial demographic
characteristics of the countries from which registry data
were collected (United States or France), and possible
referral bias.8
Classification
The international consensus on FMD described 2 angio-

graphic appearances for classification of FMD: focal and
multifocal (Fig. 1).3 Focal FMD is defined as a solitary lesion
(< 1 cm in length) or tubular stenosis (> 1 cm in length) due
to fibroplasia of the intima or adventitia.9 Focal FMD can
occur in any part of the artery along its length. Multifocal
FMD is described as alternating areas of stenosis (at least 2) and
dilation, classically described as a “string of beads” appearance.3

Multifocal FMD (beading) affects the media of the vessel wall
and involves mid to distal portions of the artery.9
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Risk Factors and Genetics
Risk factors include smoking, mechanical stress, and

exposure to endogenous or exogenous female hormones.
Although the exact role of female hormones in the path-
ogenesis of FMD remains unclear, one study showed
elevated progesterone receptor expression in smooth
muscle cell nuclei among patients with renal FMD.10

Elevated plasma levels of circulating transforming growth
factor b1 and b2 and lysophosphatidylcholine were re-
ported in multifocal FMD.3,11 Finally, FMD has been
identified in > 70% of patients with SCAD-related
MI.2,12

Further research is required to understand the genetic de-
terminants of FMD because very few familial and sporadic
gene mutations have been identified. Recent imaging studies
have suggested that 11% of FMD is familial, however, other
registry data suggest that only 2%-7% of patients have an
affected family member.6,7,13 In a retrospective study of 104
patients with imaging-confirmed FMD, all family members
with FMD were siblings and there were no cases of vertical
transmission.6

A PHACTR1 (phosphatase and actin regulator 1) gene
mutation on chromosome 6 was identified as a risk factor for
FMD (odds ratio 1.4).6,14 This gene is involved in angio-
genesis and cell migration. It was also identified as a risk
factor for cervical artery dissection (CeAD), hypertension,
and migraines.6 Other studies that have assesses gene asso-
ciations with known arteriopathies have not shown a clear
association. Because of the limited evidence for genetic
determinants of FMD, genetic testing for asymptomatic
relatives of patients with FMD is not recommended at this
time.
Clinical Presentation and Diagnosis
The clinical presentation of FMD is heterogeneous on the

basis of the vascular beds affected and severity of disease
(Table 1). Many patients with FMD remain asymptomatic
over their lifetime, with the diagnosis being uncovered as an
incidental finding in the context of imaging performed for
another indication. In the Assessment of Renal
and Cervical Artery DysplasIA (ARCADIA) Registry, 48% of
patients with renal or cerebrovascular FMD had lesions in
another vascular bed and 18% of patients had aneurysms or
dissections.9 Overall, the rate of multisystem FMD involve-
ment is approximately 66%.9 Regardless of the initial site of
FMD involvement, all patients with FMD should undergo
screening for multisystem involvement with computed to-
mography angiography (CTA) from head to pelvis3; contrast-
enhanced magnetic resonance angiography (MRA) could also
be considered if CTA is contraindicated. Although CTA ex-
aminations involve exposure to radiation and contrast, CTA is
prioritized over MRA and duplex ultrasound because of better
spatial resolution, ability to identify vessel calcification, and
widespread availability and convenience (Table 2).

Coronary artery FMD

Coronary artery FMD might be an incidental finding on
angiography or identified after presentation with SCAD-related
MI. Although extracardiac FMD is common (> 70%) among
patients with SCAD, the prevalence of SCAD among FMD
patients is low (2.7%).15 Patients who experience SCAD typi-
cally present with chest pain, that is indistinguishable from a
patient experiencing a traditional atherosclerosis-related MI;
however, some patients can havemore severe presentations such
as ventricular arrhythmias (4%-14%), cardiogenic shock (2%),
or sudden cardiac death.16 SCAD patients are usually middle-
aged women (mean age 52 years; nearly 90% female) with
few or no traditional cardiac risk factors.1,16 Although previ-
ously believed to be an uncommon condition, SCAD is
increasingly recognized as an etiology for acute coronary syn-
dromes (ACS). Causing nearly a third of ACS cases among
women aged 50 years or younger, SCAD is also a common cause
of pregnancy-associated MI.1

Coronary artery FMD has been associated most commonly
with the angiographic finding of severe coronary artery tor-
tuosity (Fig. 1A). Severe coronary tortuosity is characterized
by pronounced 360� loops, sinusoidal twisting or bending of
the arteries, and is indicative of potential structural weak-
nesses, possibly predisposing to dissection or intramural he-
matoma formation (Fig. 2). Among SCAD patients with
extracoronary FMD, the prevalence of severe coronary artery
tortuosity on coronary angiography is notably greater
compared with those without extracoronary FMD (58.4% vs
36.5%; P < 0.001).17 Additional angiographic findings
include irregular stenosis patterns, marked by irregular borders
in focal or diffuse patterns (with or without systolic accen-
tuation), and smooth stenoses have also been observed.17

Coronary ectasia, indicating positive remodelling of arterial
segments, might also be associated with FMD among SCAD
patients.2,17 Notably, arterial beading is not as prevalent in
coronary arteries compared with other arterial beds.17

Although these observations suggest a potential correlation
of coronary FMD with SCAD, confirming a direct causal
relationship requires histopathological validation, which is
challenging because of limited access to autopsy data. It re-
mains controversial whether SCAD is a distinct entity or a
consequence of coronary artery FMD. Some postmortem re-
ports describe histological findings consistent with FMD in
SCAD patients, whereas others have not shown this correla-
tion.3 In a retrospective analysis of 346 SCAD patients, the
presence of extracardiac FMD was not associated with an
increase in adverse clinical events compared with SCAD pa-
tients without extracardiac FMD.2

Routine coronary artery imaging in patients with FMD to
screen for potential coronary artery involvement is not rec-
ommended in the absence of an ACS, to avoid iatrogenic
coronary artery dissection associated with invasive coronary
angiography. For patients with ACS, SCAD might be sus-
pected when the patient is of younger age, peripartum, or with
few preexisting cardiac risk factors, and invasive coronary
angiography is considered the gold standard for diagnosis.
Although coronary CTA has adequate spatial resolution in the
proximal and middle portions of most coronary arteries, the
ability to exclude dissection in small tapering distal vessels is
limited. To solely rely on coronary CTA risks leaving the
patient without a definite diagnosis of SCAD, which has
implications for management, lifestyle, and prognosis.

Three distinct angiographic patterns of SCAD have been
previously described (Fig. 1A).18 Angiographically, type 3
SCAD (focal) can be mistaken for atherosclerotic coronary
artery disease. In cases of diagnostic uncertainty, for very tight



Table 1. FMD summary

Fibromuscular dysplasia Findings

Main characteristics
Sex � 80%-90% Female

Classification � Arterial disease: nonatherosclerotic,
not vasculitis

� Focal or multifocal
� Stenosis, aneurysm, dissection, or

tortuosity in > 1 arterial bed

Vascular territory � Coronary
� Cerebral
� Cervical (carotid or vertebral)
� Renal
� Other visceral (hepatic, celiac,

splenic, superior, or inferior
mesenteric)

� Lower extremity (mainly
iliofemoral)

� Upper extremity

Environmental factors � Smoking
� Female hormones (theoretical,

causation unestablished)

Clinical scenarios � Uncontrolled hypertension
� Migraine headaches
� Pulsatile tinnitus
� TIA, or stroke
� Myocardial infarction (STEMI or

NSTEMI)
� Postprandial abdominal pain with

unexplained weight loss
� Bruits might be auscultated over

affected arterial beds
� Upper and lower extremity FMD is

usually asymptomatic

Diagnosis � Invasive angiography (gold standard)
� CTA: best noninvasive modality
� MRA, if CTA not available, but less

accuracy for subtle luminal changes
� Head-to-pelvis scanning at least

once, in all patients, to screen
extracardiac vascular beds (CTA of
head and neck, and CTA of chest,
abdomen, pelvis)

� For acute coronary syndromes:
limited role of coronary CTA (most
distal branch-level dissection will be
missed)

� For patients with extracardiac
FMD, routine invasive coronary
angiography or coronary CTA not
recommended (low yield)

� Repeat scanning only for symptoms,
or aneurysm surveillance

� Routine screening of unaffected
relatives not recommended (low
yield)

Genetic screening � Not recommended, unless family
history of aortopathy or other
collagen vascular disease

� No specific genetic test for FMD
(polygenetic inheritance suspected)

Medical therapy
Antiplatelet therapy � Aspirin 75-100 mg daily is

reasonable
� DAPT for 1 year if a stent was

placed for SCAD-related MI

Table 1. Continued.

Fibromuscular dysplasia Findings

b-Blocker therapy � Recommended in patients with
SCAD to reduce heart rate, blood
pressure, and arterial sheer stress

Other antihypertensive therapies � Recommended for management of
uncontrolled hypertension

Statins � No benefit

Heart failure therapies � Recommended if left ventricular
dysfunction or heart failure after
SCAD-related MI

Migraine therapy � Avoidance of triggers, and vasocon-
strictive agents

� Potential role for b-blocker therapy
� Medications to abort migraine

headaches, consider involving
headache neurologist

Lifestyle
Diet � No restrictions

Physical activity � Moderate-intensity exercise
� Avoid prolonged straining, heavy

lifting, and high-intensity exercise in
patients with SCAD

� Reasonable to avoid severe neck
traction and prolonged neck exten-
sion among patients with cervical
FMD

Stress management � Recommended

Smoking Cessation � Recommended

CTA, computed tomography angiography; DAPT, dual antiplatelet
therapy; FMD, fibromuscular dysplasia; MI, myocardial infarction; MRA,
magnetic resonance angiography; NSTEMI, noneST-elevation myocardial
infarction; SCAD, spontaneous coronary artery dissection; STEMI,
ST-elevation myocardial infarction; TIA, transient ischemic attack.
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lesions, relook angiography performed 2-4 weeks after initial
presentation, with or without intracoronary imaging might be
helpful to determine etiology of the ACS presentation. Lesion
resolution would favour SCAD, and lesion persistence should
prompt a careful image-guided approach to confirm tradi-
tional atherosclerosis.19 Optical coherence tomography images
of SCAD are characteristic (Fig. 1E) with evidence of intimal
disruption and intramural hematoma, whereas intravascular
ultrasound images require closer scrutiny to discriminate be-
tween traditional atherosclerosis and SCAD because of the
lower spatial resolution.16

Renal FMD

Renal FMD is often clinically silent or diagnosed inci-
dentally and thus its true prevalence is likely under-
estimated.3 In renal transplant studies, the prevalence of
renal FMD in the transplanted kidney was 3%-4%.3 Up to
90% of cases are multifocal and typically affect White,
middle-aged women with a personal or family history of
hypertension (Figs. 1C and 3-5).7,13 Focal renal FMD is less
common and associated with hypertension at younger than
30 years of age, with a more balanced sex distribution.



Table 2. Summary of clinical presentation, diagnosis, and management of fibromuscular dysplasia according to vascular territory involvement

Vascular bed Clinical presentation Diagnosis Management

Coronary artery � SCAD
� Acute coronary syndrome (most

common: chest pain)
� Rarely arrhythmias, cardiogenic

shock, or sudden death

� Invasive coronary angiography
� OCT or IVUS may also be used for

cases with diagnostic uncertainty, or
to guide PCI

� Conservative strategy for most pa-
tients, if clinically stable (> 80% of
cases)

� Consider PCI if hemodynamically
unstable, or ongoing ischemia,
large-territory SCAD, or multiple
coronary arteries with SCAD

� CABG when PCI is not possible
(can be life-saving)

� Antiplatelet therapy, usually aspirin
75-100 mg daily

� DAPT for 1 year if PCI with
stenting performed

� b-Blocker therapy to reduce arterial
sheer stress

� Treat hypertension3

Renal artery � Hypertension
� Dissection (distal thrombotic

events, renal infarction)

� Renal angiography with or without
IVUS/OCT if intervention is
planned

� Screening with CTA, preferred over
MRA

� Duplex ultrasound in expert centres

� Revascularization for hemodynami-
cally significant stenosis with an-
gioplasty (stenting avoided if
possible)

� Endovascular therapy (stenting,
coiling) or surgical repair if pro-
gressive end-organ malperfusion,
dissection, or aneurysms > 2 cm

� Antiplatelet therapy, usually aspirin
75-100 mg daily

� 4-6 Weeks of DAPT followed by
lifelong aspirin if angioplasty

� 3-6 Months anticoagulation in pa-
tients with dissection followed by
antiplatelet therapy

� Treat hypertension, and encourage
smoking cessation

Cerebrovascular � Pulsatile tinnitus, migraines, dizzi-
ness, Horner syndrome, focal
neurological symptoms, TIA, stroke

� Cerebral angiography if intervention
is planned

� Screening with CTA or MRA
� Duplex ultrasound in expert centres

� Endovascular therapy restricted to
CeAD patients with persistent
ischemia despite medical therapy

� Endovascular therapy (surgical clip-
ping or coiling) for intracranial
aneurysms

� Antiplatelet therapy, usually aspirin
75-100 mg

� 3-6 Months anticoagulation in
CeAD patients with stroke/TIA

� Migraine management: caution
with vasoconstrictive therapies, try
b-blocker therapy

Visceral artery � Postprandial abdominal pain,
abdominal bruit, mesenteric
ischemia, aneurysms

� Dissection (distal thromboembolic
events, splenic infarction)

� Visceral angiography
� Screening with CTA or MRA

� Endovascular therapy (stenting,
coiling) or surgical repair if pro-
gressive end-organ malperfusion,
dissection, or aneurysms > 2 cm

� Antiplatelet therapy, usually aspirin
75-100 mg daily

� 3-6 Months anticoagulation in
dissection patients followed by an-
tiplatelet therapy

Extremity � Claudication, foot/hand ischemia,
femoral/brachial bruits, paresthesia,
Raynaud phenomenon, discrepant
arm blood pressure measurements

� Peripheral angiography
� Screening with CTA or MRA
� Duplex ultrasound in expert centres

� Percutaneous angioplasty or surgery
(bypass surgery, aneurysm resection)

� Antiplatelet therapy, usually aspirin
75-100 mg daily

CABG, coronary artery bypass graft surgery; CeAD, cervical artery dissection; CTA, computed tomography angiography; DAPT, dual antiplatelet therapy;
IVUS, intravascular ultrasound; MRA, magnetic resonance angiography; OCT, optical coherence tomography; PCI, percutaneous coronary intervention; SCAD,
spontaneous coronary artery dissection; TIA, transient ischemic attack.
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Occasionally, renal FMD patients might present with distal
thromboembolism and renal infarction in the setting of renal
artery dissection. Sudden onset or worsening of hypertension
and age older than 55 years or younger than 30 years should
prompt consideration of renovascular hypertension, and if
younger, renal FMD.

The primary modality to diagnose renal FMD is invasive
catheter-based angiography; however, current guidelines



Figure 2. Coronary tortuosity in a patient with SCAD-related MI, who was managed conservatively. (A) Right coronary artery, left anterior oblique
projection. Note 360� loop (arrow) and undulating course (asterisks). (B) Left coronary artery, cranial projection. Note the SCAD segment in the mid
left anterior descending artery (arrows). (C) Left coronary artery, cranial projection. Complete healing of the mid left anterior descending artery 8
weeks after initial angiography. MI, myocardial infarction; SCAD, spontaneous coronary artery dissection.
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recommend initial noninvasive imaging with CTA, or MRA
if CTA is contraindicated.3 CTA provides better spatial
resolution to visualize small calcifications to differentiate
FMD from atherosclerotic renal artery stenosis. In special-
ized centres, duplex ultrasound can be used if expertise is
available.3 Compared with CTA, ultrasound has lower
spatial resolution and is highly operator-dependent. During
Figure 3. A 49-year-old woman with NSTEMI due to SCAD and results of sub
artery angiography in the right anterior oblique-cranial projection shows a 30-
anterior descending artery. (B) FMD of both internal carotid arteries. Note th
irregularity white asterisk) of left renal artery. (D) FMD of right and left ilia
computed tomography angiography; FMD, fibromuscular dysplasia; LICA, lef
tion; RICA, right internal carotid artery; SCAD, spontaneous coronary artery
percutaneous intervention, translesional pressure gradient
measurement is helpful to assess the hemodynamic signifi-
cance of stenoses in patients with multifocal FMD. This
may be combined with intravascular ultrasound or optical
coherence tomography to further assess anatomy, and accu-
rately size equipment.3 A pressure gradient of 10% of the
mean aortic pressure (ratio of distal coronary artery pressure
sequent CTA screening for FMD from head to pelvis. (A) Left coronary
mm segment of type 2 SCAD (between white arrows) in the distal left
e luminal irregularities between the black asterisks. (C) FMD (luminal
c arteries (note luminal irregularities between black asterisks). CTA,
t internal carotid artery; NSTEMI, noneST-elevation myocardial infarc-
dissection.



Figure 4. Coronary angiography and subsequent 3-D reconstruction of an abdominal-pelvic CTA performed as part of screening for FMD in a 52-year-
old woman with anterior STEMI due to SCAD. (A) Left coronary angiography in a cranial projection with a long segment (between white arrows) of
abrupt luminal compression by intramural hematoma affecting the distal left anterior descending artery (type 2 SCAD). (B) FMD (beading) of both
main renal arteries (white asterisks) and more distally, FMD (beading) involving both external iliac arteries (between white arrows) was observed.
CTA, computed tomography angiography; FMD, fibromuscular dysplasia; SCAD, spontaneous coronary artery dissection; STEMI, ST-elevation
myocardial infarction.
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to aortic pressure < 0.90) is considered significant in
patients with atherosclerotic renal artery stenosis; however,
this threshold has not been validated in patients with renal
FMD.20
Figure 5. A 72-year-old woman had inferior STEMI due to distal occlusion of
which conservative therapy was pursued. Her coronary angiogram could not
brachial artery tortuosity (A, between the white asterisks). Coronary angio
showed right iliofemoral FMD (B, note luminal irregularity in between the wh
(C, white asterisk). The patient was subsequently diagnosed with paroxysm
event was the suspected etiology for her myocardial infarction. In this case,
ST-elevation myocardial infarction.
Cerebrovascular FMD

Extracranial (carotid and vertebral artery) cerebrovascular
FMD has been reported in approximately 65% of FMD
the distal posterior descending branch of the right coronary artery, for
be completed from the right radial artery because of excessive right
graphy was undertaken via the right femoral artery, and angiography
ite asterisks). Aortic run-off angiography showed left renal artery FMD
al atrial fibrillation during prolonged Holter monitoring, and an embolic
FMD was an incidental finding. FMD, fibromuscular dysplasia; STEMI,
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patients, often coexisting with renal FMD (Fig. 1B).13 Extra-
cranial carotid dissections typically occur � 2 cm beyond the
carotid bifurcation or at the level of the skull base and vertebral
artery dissections usually occur at the level of C2-C6 or in the
extracranial segment between C2 and the skull base.21,22 Ca-
rotid webs (carotid bulb diaphragms) are considered a focal
variant of cerebrovascular FMD, and are increasingly recog-
nized as a cause of ischemic stroke in younger patients.3,23

Compared with the general population, the prevalence of
intracranial aneurysms is significantly elevated in FMDpatients
(13%-22%), and the aneurysms are often larger in size and
involve high-risk locations such as the posterior circulation.5,15

Patients with cerebrovascular FMD frequently report
nonspecific symptoms of pulsatile tinnitus, headaches, neck
pain, and dizziness. A cervical bruit might be present. Acute
onset of focal neurological symptoms, cranial or cervical
neuropathies, Horner syndrome, or transient ischemic attacks
suggest cerebral ischemia from thromboembolism or cerebral
hypoperfusion. There might be associated severe pain
involving the head, neck, or face, depending on the location of
FMD and suggests the presence of a severe stenosis, acute
CeAD involving the carotid or vertebral arteries, cerebral
thromboembolism, or aneurysm rupture (Figs. 1B and 3).15,24

In most centres, CTA or contrast-enhanced MRA has
replaced invasive angiography to diagnose cerebrovascular
FMD, with catheter-based angiography being reserved for
interventions on aneurysms, dissections, or severely stenotic
lesions. There are currently no diagnostic criteria for FMD
on carotid duplex and transcranial Doppler ultrasound, but
it may be considered for screening in specialized centres
with expertise in ultrasound. Carotid duplex might detect
68%-95% of cases, but it is operator-dependent.25,26 It is
suboptimal for detecting dissection in patients with isolated
Horner syndrome and for dissections near the skull
base.25,26

Visceral artery FMD

Visceral involvement occurs in approximately 20% of pa-
tients with FMD and is associated with an increased risk for
aneurysms and dissections (Fig. 6D).7 The celiac arteries,
hepatic arteries, splenic arteries, and the superior and inferior
mesenteric arteries might be involved.3,27 Clinical presenta-
tion can range from postprandial abdominal pain or abdom-
inal bruit to mesenteric ischemia, splenic infarct, aneurysms,
and dissections. CTA or MRA are typically used for the
diagnosis of visceral artery FMD. Duplex ultrasound has not
been validated for diagnosis.

Extremity FMD

Extremity FMD is most commonly multifocal and bilat-
eral. In lower extremity FMD, the iliac arteries are most
commonly affected (7%-14% of patients; Figs. 1D and 3-5).7

Upper extremity FMD has been reported in 16% of pa-
tients.24 It can involve the brachial, subclavian, axillary, radial,
or ulnar arteries. Patients with lower extremity FMD might
present with claudication, foot ischemia, weakness, femoral
bruits, or aneurysms/dissections.28 In contrast, patients with
upper extremity FMD might present with hand ischemia,
claudication, dissections, aneurysms, paresthesia, or Raynaud
phenomenon. Diminished pulses, brachial bruits, and
discrepant arm blood pressure (BP) might be present.28

Duplex ultrasound can be used to screen for extremity
FMD. CTA, MRA, or catheter-based angiography are usually
used to confirm the diagnosis. Misdiagnosis can occur in
lower extremity FMD in the presence of benign transient
standing arterial waves on catheter-based angiography
(Fig. 6C and D),29 which are regular areas of corrugation, or
sinusoidal undulating contour of medium- and small-sized
arteries such as iliofemoral or renal arteries. Standing waves
are usually transient, and might not be present on repeat
contrast injections.29 FMD usually imparts a fixed, irregular
ectatic contour on angiography. The mechanism of standing
arterial waves is unclear, however, it has been proposed that it
is related to vasospasm, or other arterial reaction stemming
from rapid contrast administration.
Pharmacologic Management
Although there is no cure for FMD, it can be managed

with medications, and lifestyle recommendations that will
help maintain arterial wall integrity throughout the body.
FMD management is guided by the site(s) of involvement and
associated complications.

Antiplatelet therapy

There are no randomized placebo-controlled trials to guide
antiplatelet therapy for FMD patients. It has been suggested
that routine antiplatelet therapy for patients with symptomatic
and asymptomatic FMD is reasonable because patients can
present with multiple FMD-associated complications such as
thrombosis or thromboembolic events.3 In our clinical expe-
rience, we have observed a greater tendency to prescribe anti-
platelet therapy for patients with symptomatic FMD. There are
currently no clear guidelines on which antiplatelet agent would
be preferred, however, most centres use acetylsalicylic acid
(ASA) 75-100 mg daily in the absence of contraindications.

In some subgroups, there are clear indications for use of an-
tiplatelet therapy. For example, in patients with SCAD-related
MI who have undergone coronary stenting, dual antiplatelet
therapy (DAPT) is recommended for 1 year. In patients with
SCAD who have not undergone percutaneous coronary inter-
vention (PCI), there is a lack of consensus data on the use of
single antiplatelet therapy with aspirin or DAPT. Many Cana-
dian centres currently use single antiplatelet therapywith ASA, so
not to delay resorption of coronary intramural hematoma. An
international randomized controlled trial Anti-Platelet Therapy
in Spontaneous Coronary Artery Dissection (APT-SCAD) trial
to establish optimal antiplatelet therapy after SCAD is planned.
For patients with renal FMD who have undergone angioplasty,
lifelong ASA is recommended, with some operators recom-
mending a short course of DAPT for 4-6 weeks.3

Antihypertensive therapy

There are no FMD-specific guidelines for BP management
and patients would fall into the category of increased
cardiovascular risk, but not high risk, therefore targeting
BP < 140/90 mm Hg for office BP measurement and < 135/
85 mm Hg for standardized automated office BP, or home
BP monitoring, or daytime ambulatory BP monitoring



Figure 6. A 54-year-old woman had inferolateral STEMI due to SCAD involving the OM3 of the left circumflex artery. (A) Left coronary artery
angiography in right anterior oblique-cranial projection showing (white arrow) subtotal occlusion of the upper subbranch of the OM3 due to
intramural hematoma. Note other coronary vessels are smooth and normal-appearing with severe tortuosity (sinusoidal waves). (B) Repeat left
coronary angiogram in cranial projection, performed 8 weeks after SCAD, shows vessel healing with OM3 recanalization (white asterisk) after
resorption of intramural hematoma. (C) During repeat coronary angiography (B) via the right common femoral artery, femoral angiography was
performed by injecting a 10-cc contrast bolus through the vascular access sheath. Standing waves are shown in the right external iliac artery
(regular corrugated luminal contour, between the white asterisks). Standing waves represent vascular artifact, and are possibly due to transient
vasospasm induced by the arterial injection of a rapid bolus of contrast. (D) CTA of the abdomen and pelvis with 3-D reconstruction performed
7 years after myocardial infarction to investigate abdominal discomfort. The previously noted luminal irregularity in the right external iliac artery is
resolved (arterial segment between white arrows) and a small known saccular splenic artery aneurysm (white asterisk) has a stable appearance.
CTA, computed tomography angiography; OM3, third obtuse marginal branch; SCAD, spontaneous coronary artery dissection; STEMI, ST-elevation
myocardial infarction.

Petropoulos et al. 1283
FMD for the Cardiologist
according to the 2020 Hypertension Canada Clinical Practice
Guideline.30

In patients with renal FMD, the need for antihypertensive
therapy is common and referral to a hypertension specialist
should be considered. Angiotensin converting enzyme in-
hibitors or angiotensin receptor blockers are favoured because
the renin-angiotensin-aldosterone system is activated in pa-
tients with renal FMD. In severe bilateral stenotic lesions, a
10%-30% increase in plasma creatinine might occur with
treatment, underscoring the need to monitor kidney function
after initiation of therapy. Patients with FMD often require
additional therapies, including long-acting dihydropyridine
calcium channel blockers, and thiazide-like diuretics.

There have been no randomized controlled trials to guide
SCAD therapy, however, lower recurrence rates with the use
of b-blockers and antihypertensive therapy to maintain
normal BP were reported in a single retrospective review.12 In
the Canadian SCAD registry, 75% of patients continued
single antiplatelet therapy and b-blockade, and the risk of
SCAD recurrence was much lower than previously reported at
2.4% by 3 years.31 As a result, b-blockers are recommended in
patients with SCAD. There is no evidence that angiotensin-
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converting enzyme inhibitors, angiotensin receptor blockers,
calcium channel blockers, or nitroglycerin have direct benefit
in patients with SCAD; however, they can be used as anti-
hypertensive medications. Overall, further research is required
to guide medical therapy.

Statin therapy

Because FMD is a nonatherosclerotic, and noninflamma-
tory connective tissue disease, statin therapy is not routinely
recommended. This includes patients who have had SCAD or
CeAD. Most experts reserve statin therapy for cases of severe
dyslipidemia (low-density lipoprotein cholesterol > 5 mmol/L).
In our experience, this is a difficult concept for most cardio-
vascular specialists to grasp, because of the fairly ubiquitous use
of statin therapy for patients with most types of vascular disease.

Migraine therapy

More than two-thirds of patients with FMD report
migraine with at least 50% of them experiencing symptoms
weekly.32 Treatment for migraine in FMD patients is
dependent on the severity of migraine and might involve
appropriate preventive and acute therapies with the appro-
priate safety profile. Currently, there have been no trials to
guide migraine therapy in FMD patients. If medical therapy is
required, it is important to be cautious with the use of trip-
tans, ergots, or vasoconstrictive agents. In patients with a
history of SCAD or CeAD, these agents should be avoided.1

b-Blocker therapy is often used to reduce shear stress, heart
rate, and BP among patients with SCAD-related MI.
b-Blockers also have evidence in migraine prevention, and in
our experience, many SCAD patients not infrequently report
some amelioration of migraine headaches after taking daily
b-blocker therapy after SCAD. For FMD patients who require
b-blockade and having migraine, it might be worth selecting
an agent that has evidence in migraine prevention such as
propranolol, metoprolol, or nadolol rather than newer agents
that have less evidence for this indication.33 Acute therapy for
migraine can be more challenging and although there are no
direct studies, direct oral calcitonin gene-related peptide
antagonists (rimegepant, ubrogepant) might be better options
for acute migraine treatment because of their absence of
vasoconstrictive properties compared with triptans.

Pulsatile tinnitus therapy

Pulsatile tinnitus is present in 32% of patients with cere-
brovascular FMD and is caused by turbulent blood flow
patterns near the ear, resulting in a rhythmic noise
(whooshing sound) at the same frequency as the heart rate.34

Patient reassurance is recommended. In the presence of severe
symptoms, referral to an ENT specialist should be considered
because medical therapy is limited.
Management of Clinical Scenarios Observed in
Patients With FMD

Although FMD might remain clinically silent over a
patient’s lifetime, the disease might manifest clinically in
certain well recognized scenarios. The management of FMD
depends on the location of vascular involvement and extent of
complications.
SCAD

In patients with SCAD, most cases can be safely managed
conservatively (> 80%), without coronary revascularization.
For severe cases with active or ongoing coronary ischemia, or
hemodynamic instability, or SCAD involving the left main
artery or proximal vessel(s), a revascularization attempt might
be necessary. The goal of intervention is to completely or even
partially restore myocardial perfusion, as feasible. For those
managed with an initial conservative approach, spontaneous
healing with resorption of intramural hematoma occurs
in 95% of cases by 30 days after a SCAD event, however, in
2%-8% of cases conservative therapy fails.35 Options for
revascularization (acutely or deferred) include PCI or coronary
artery bypass graft surgery (CABG). The results of previous
studies reveal that only 30% of PCI attempts have successful
and durable results, and another 40% are partially success-
ful.16,36,37 PCI in patients with SCAD is associated with an
increased risk of complications and suboptimal outcomes
including iatrogenic dissection, hematoma propagation, re-
sidual stenosis, and repeat target lesion revascularization
because of stent thrombosis, in-stent restenosis, and stent
malapposition.18,36 In select cases, CABG might be life-
saving, and considered if a significant myocardial territory is
at risk and the lesion is not amenable to PCI. Patients who
undergo CABG have increased early mortality rates (5%) and
more than two-thirds of grafts occlude in the long term
because of completive flow as the SCAD lesion heals.37

CeAD

In patients with acute ischemic stroke, thrombolysis and
endovascular thrombectomy should be considered; however,
there is limited evidence to guide this approach specifically in
the FMD population. CeAD is not a contraindication to
intravenous thrombolysis, despite the theoretical risk of
intramural hematoma enlargement. Current American Heart
Association/American Stroke Association guidelines recom-
mend treatment with 3-6 months of anticoagulation or anti-
platelet therapy in CeAD patients with ischemic stroke or
transient ischemic attack. The Cervical Artery Dissection in
Stroke study failed to show superiority for either anti-
coagulation or antiplatelet therapy. In the STrOke Prevention
in Cervical Artery Dissection (STOP-CAD) study it was
shown that the subgroup of patients with occlusive CeAD
might derive benefit from anticoagulation over antiplatelet
therapy in the short term (first 180 days).38 Endovascular
therapy is typically restricted to patients with persistent cere-
brovascular ischemia despite medical therapy and for cases of
expanding pseudoaneurysms and worsening stenosis with
cerebral hypoperfusion.39,40

Intracranial aneurysms

The management of intracranial aneurysms in patients
with FMD is controversial. The mean annual risk of rupture
for an intracranial aneurysm in the general population is
< 1% per year; however, it is unknown whether the risk is
increased in FMD patients. With a 13% prevalence of
unruptured intracranial aneurysms among patients with
FMD, screening using brain CTA or MRA is recommended
at least once regardless of the initial vascular site involved.
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Yet, it remains unclear if subsequent vascular imaging is
warranted after initial negative screening.4,41 For small
unruptured aneurysms with diameter < 5 mm, serial nonin-
vasive imaging is suggested, using MRA without contrast to
limit patient’s exposure to radiation, and contrast agents. Risk
of rupture depends on aneurysm-related factors including
aneurysm diameter > 5 mm, posterior circulation location,
multilobulated aneurysm morphology, and patient character-
istics. Patient factors include history of rupture, family history,
hypertension, smoking, and alcohol use disorder.4,41 For an-
eurysms without high-risk characteristics or symptoms, con-
servative management involves close observation without
immediate intervention.

Options for endovascular management include surgical
clipping and endovascular coiling. Current American Heart
Association/American Stroke Association guidelines recom-
mend that patients with no history of subarachnoid hemorrhage
with aneurysms � 7 mm may be followed conservatively with
routine imaging surveillance to assess changes in aneurysm size
and/or morphology.42 The frequency of imaging remains un-
clear, however, it is advisable to consider conductingMRA time
of flight (noncontrast exam) every 6-12 months after initial
detection of the aneurysm.43 Subsequently, yearly imaging for 3
years is recommended, followed by biennial scans if the
aneurysm size remains stable thereafter.43

Renal and visceral artery dissection

Patients with renal and visceral artery dissection might be
asymptomatic or present with distal thromboembolic events
such as renal or splenic infarction. This is more common inmen
than in women. Most patients can be managed with medical
therapy and surveillance imaging; however, current guidelines
on medical therapy after renal or visceral artery dissection re-
mains controversial. Some centres recommend 3-6 months of
anticoagulation followed by long-term antiplatelet therapy,44

especially in the setting of thromboembolism. In contrast,
other centres prefer antiplatelet therapy only; ether ASA alone
or DAPT with clopidogrel.44 In severe cases with progressive
end organ hypoperfusion, dissection, or secondary aneurysms,
endovascular intervention might be required. This might
include covered stents, coil embolization, or surgical repair.3

Renal and visceral artery aneurysms

Renal and visceral artery aneurysms are typically managed
with surveillance, antihypertensive therapy, and smoking
cessation. Aneurysms might rupture or result in renal infarc-
tion from embolization of thrombus within the aneurysm.
Large aneurysms can be treated with coiling, covered stents, or
surgery. Success rates are similar for percutaneous and surgical
options, however, surgery is associated with higher morbidity
rates. There is currently no evidence to guide the timing of
intervention in patients with renal FMD; therefore, inter-
vention is typically offered if the aneurysm exceeds 2 cm,
which is in line with current guidelines for noneFMD-asso-
ciated aneurysms. When these measure > 2 cm the risk of
rupture ranges from 25% to 40%, with an associated mor-
tality rate up to 76%.45 The 2-cm cutoff for intervention in
patients with visceral artery aneurysms is a general guideline
because most reports of these rare aneurysms include cases
with heterogeneous etiology. The decision for intervention
should include consideration of location, symptoms, the risk
of rupture, and/or other predisposing factors rather than a
simple size cutoff.45 For example, earlier intervention may be
considered in patients who are at high risk for rupture such as
before pregnancy.45 In our centre’s experience, rupture of
aneurysms attributable to FMD alone are extremely rare.

Renal FMD

Treatment options for renal FMD include medical therapy
alone, percutaneous intervention, and surgery. Renal artery
revascularization for stenotic lesions can be considered for he-
modynamically significant stenosis; however, there have been
no randomized controlled trials to compare medical therapy
with revascularization to guide this. At our centre, the pro-
portion of lesions that are hemodynamically significant is small.

Revascularization is typically achieved using angioplasty
alone for focal and multifocal FMD because stenting might be
complicated by stent kinking and fracture. Stenting is typi-
cally only considered in the setting of procedural complica-
tions such as flow-limiting dissection or renal artery rupture.
After angioplasty, patients require lifelong antiplatelet therapy.
In patients with complex FMD lesions involving bifurcations,
branches, complex stenosis with aneurysms, or failed angio-
plasty, surgery is the preferred management strategy. This is
typically an aortorenal bypass using a saphenous vein graft.
After intervention for renal FMD, the rate of hypertension
cure has been reported at 36%, with a greater likelihood of
success in patients with focal FMD.3 This is likely a result of
the later age at diagnosis in patients with multifocal FMD and
longer duration of hypertension with nephrosclerosis. After
intervention, surveillance duplex ultrasound for restenosis is
recommended every 6 months for 2 years, then annually.3

The rate of restenosis after percutaneous angioplasty ranges
from 12% to 34% over 6-24 months of follow-up.46,47

Extremity

Most patients remain asymptomatic (> 70%) and are
usually managed conservatively (> 90%). If revascularization
is required, percutaneous angioplasty may be performed.
Surgical intervention might include bypass surgery, or aneu-
rysm resection.48,49 Treatment of limb-threatening extremity
FMD typically involves anticoagulation.
Lifestyle Modifications

Smoking

Smoking cessation is recommended for general cardiovas-
cular protection. In patients with FMD, smoking is associated
with increased risk of aneurysms, dissection, and need for
intervention.

Physical activity

Arterial dissections have been associated with physical ac-
tivity in FMD patients; however, individualized, regular,
moderate-intensity exercise likely outweighs the theoretical
risks of dissection with exercise. Patients with previous dis-
sections such as SCAD or CeAD should avoid high-risk ac-
tivities. SCAD has been associated with physical activity in
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32% of patients, therefore it is recommended that patients
avoid lifting, pushing, or pulling heavy objects that require
prolonged straining, high-intensity exercise, extreme endur-
ance training, and elite competitive sports.1 Patients with
CeAD should avoid activities that require prolonged neck
extension or severe neck tractions such as chiropractic neck
manipulation. In addition, they are advised to refrain from
exercises like push-ups and sit-ups for 8-12 weeks. Afterward,
their activity recommendations align with those for SCAD
(moderate-intensity exercise, and lifting of light to moderate
loads). Although there are currently no data to indicate re-
striction of activities like riding roller coasters, skydiving,
scuba diving, or chiropractic manipulation,50 it is not unrea-
sonable to exercise caution with these activities to avoid excess
torsion on the cervical arteries. Among patients with SCAD,
the safety of participation in cardiac rehabilitation has been
reported,51 although it might be prudent to wait 6-8 weeks
before initiating an exercise program to permit vessel healing.

Mental health considerations

FMD is often under-recognized because of the broad
number of symptoms possible, with patients often experi-
encing a delay in diagnosis. A quality of life survey study
revealed that 22% of FMD patients experience moderate
depression, 10% had moderate general anxiety, and 41%
experienced significant physical symptoms.52 Compared with
the general population, the rates of anxiety and depression
were nearly double, and rates of somatoform symptoms were
also increased.52 A retrospective review identified that 30%-
40% of patients experience post-traumatic stress disorder
symptoms, anxiety, and depression after their SCAD diag-
nosis.53 Anxiety diminished over time, but post-traumatic
stress disorder and depression were time-independent. In
our experience, patients struggling with a new diagnosis of
SCAD and/or FMD might benefit greatly from a psychiatry or
psychology referral to assist with restoring emotional well-
being.

Hormone and reproductive concerns

Because SCAD and FMD occur predominantly among
women, there is a presumed pathophysiologic role for
endogenous and exogenous forms of female sex hormones;
however, previous studies have not identified a causal rela-
tionship. At present, there is no definitive evidence that the
use of hormonal contraceptives or hormone replacement
therapy for menopause increases the risk of SCAD recur-
rence.54 Moreover, the fact that SCAD occurs across a broad
age range, representing a wide variety of estrogen and
progesterone levels, and also among men, leads one to believe
that the role of female sex hormones in the pathogenesis of
SCAD and FMD might be less prominent than previously
assumed.

Recognizing the absence of direct evidence linking estrogen
and progesterone to the pathophysiology of SCAD, consensus
statements have recommended avoidance of exposure to
exogenous hormones for contraception and postmenopausal
therapy, if possible, and only support use if nonhormonal
strategies have been explored. For contraception, preferred
methods include vasectomy of male partners of SCAD
patients, tubal ligation, long-acting progesterone-only thera-
pies (intrauterine devices with local delivery of levonorgestrel,
or levonorgestrel subdermal implants), and the avoidance of
estrogen-containing contraceptives.1,54 To guide the use of
postmenopausal hormone therapy, it might be necessary to
individualize recommendations on a case-by-case basis, taking
into account patient preferences, shared decision-making
about risks and benefits, and giving preference to topical
agents over oral hormone replacement therapy. Every effort
should be made to use the lowest effective dose possible, if oral
agents cannot be avoided.54 These difficult cases might be best
supported through collaboration with menopausal experts.

Preconception counselling with a maternal-fetal medicine
specialist is recommended for all patients with FMD. An
increased risk of preeclampsia is reported among patients with
renal FMD.55 Patients with a history of CeAD, SCAD, or poorly
controlled hypertension are at significantly increased peripartum
risk. Pregnancy-associated SCAD-related MI accounts for 1.81
per 100,000 pregnancies.56 Approximately 20% of patients with
SCAD have recurrence with pregnancy, with > 70% of cases
occurring within the first week postpartum.1,57 Patients who
develop SCAD during pregnancy tend to have more extensive
infarction and often multivessel SCAD.57 It is recommended
that SCAD patients should avoid subsequent pregnancy because
of the high risk of recurrent SCAD.

Follow-up

After initial screening with head-to-pelvis CTA, it is rec-
ommended that patients with FMD have annual clinical
follow-up to review symptoms, vascular events, and monitor
for hypertension. More frequent follow-up might be required
depending on the site of vascular involvement and compli-
cations. Annual electrolyte and creatinine levels should be
monitored in patients with renal FMD with periodic urinal-
ysis to assess for albuminuria.3 Counselling on clinical
symptoms, when to seek medical attention, and lifestyle
modifications should be reviewed at follow-up visits. There are
currently no consensus guidelines on the frequency and mo-
dality of imaging surveillance. This is typically individualized
on the basis of severity of disease including the site of
involvement, size of lesions, and previous interventions. There
is presently no established role for routine surveillance of
vascular territories for patients diagnosed with FMD, other
than a reactive approach when new symptoms arise to guide
further imaging in these patients.
Conclusions
Systematic screening for FMD should be performed in all

patients with SCAD-related MI. Pharmacological manage-
ment and intervention depend on the site of involvement
and associated complications. The long-term management of
patients should include routine symptom surveillance, hy-
pertension management, lifestyle modifications, education,
and counselling. In this review the importance of a
comprehensive multidisciplinary care model is emphasized
because of the complexity of FMD and its multisystem
involvement. Further research is required to define optimal
medical therapy in these patients.
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