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Spontaneous coronary artery dissection (SCAD) has been recognized as an important cause of acute coronary syndrome in women < 50 years old,
and up to 43% of pregnancy-associated myocardial infarction. SCAD has a strong association with extra-coronary arteriopathies, including either
more common entities such as dissections, intracranial or other aneurysms, and extra-coronary and coronary arterial tortuosity or less common
inherited vascular disorders such as Ehlers—Danlos syndrome, Marfan syndrome, and Loeys—Dietz syndrome, leading to the conclusion that systemic
arterial disorders may underlie SCAD. Fibromuscular dysplasia is the most common extra-coronary vascular abnormality identified among these
patients, also sharing a common genetic variant with SCAD. The American Heart Association, in a scientific statement regarding the management
of SCAD, recommends that patients with SCAD should undergo additional evaluation with imaging techniques including either computed tomog-
raphy angiography (CTA) or magnetic resonance angiography (MRA). MRA has been shown to have sufficient diagnostic accuracy in identifying
extra-coronary arterial abnormalities, almost equal to CTA and conventional angiography. The aim of this review is to appraise the most recent
important evidence of extra-coronary arteriopathy in the setting of SCAD and to discuss the strengths and weaknesses of various non-invasive
imaging methods for screening of extra-coronary arteriopathies in patients with SCAD.
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Graphical Abstract
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In favour of CTA

Higher sensitivity due to better spatial resolution

Higher diagnostic value (sensitivity) for intracranial aneurysms <5mm

Ideal tool for recanalization assessment and great vessel/catheter access
Higher accessibility due to widespread availability of CT scanners

Shorter scan time

Tolerable for patients with claustrophobia or obesity

No contraindication in patients with devices (permanent pacemakers.

implantable cardioverter-defibrillators, or other metal implants)

In favour of MRA

No risk ofionizing radiation thus, no contraindication in pregnant women

No use of nephrotoxic agents and. therefore. no contraindication in patients
with renal failure. diabetes mellitus or allergies (if non-contrast techniques)
Better contrast sensitivities that allow tissue characterization

Diagnostic method for intracerebral hemorrhage
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Introduction

Spontaneous coronary artery dissection (SCAD) has recently been rea-
lized as a not so uncommon cause of acute coronary syndrome (ACS)
especially among subjects without the typical atherosclerotic pheno-
type." Distinguishing SCAD from typical atherosclerotic ACS is import-
ant because this is a condition with distinct diagnostic, therapeutic, and
prognostic manifestations (Table 7). Patients with SCAD are at a
higher risk to be misdiagnosed and being discharged after evaluation
in the emergency department due to their younger age, female gender,
and absence of typical atherosclerotic risk factors.>® These patients
usually present a distinct clinical phenotype that is similar to that of sub-
jects with fibromuscular dysplasia (FMD), with a history of variable clin-
ical symptoms such as hypertension, tinnitus, headaches, and cervical or
epigastric bruit.

In this regard, the importance of the evaluation of the presence of
extra-coronary vascular disease in patients with suspected SCAD by
means of non-invasive imaging, including computed tomography angi-
ography (CTA) and magnetic resonance (contrast enhanced) angiog-
raphy (CE-MRA) has two-folds. First, it can raise the suspicion of
SCAD in specific subgroups of patients with ACS, therefore initiating
the appropriate diagnostic and therapeutic protocols directed to this
entity, and secondly, it may help identify various inter-related clinical
conditions from vascular beds other than the coronary circulation.
The incidence of extra-coronary disease among SCAD patients has
not been completely elucidated. More importantly, the clinical implica-
tions of this involvement remain largely unknown. The aim of this docu-
ment is to revise most recent important evidence and highlight
strengths and weaknesses of non-invasive imaging modalities in asses-
sing peripheral vascular pathology in the context of SCAD.

Epidemiology

In the general population, SCAD is the cause of ACS in 0.2-4%
of cases”™"" It is recognized as an important cause of ACS in
women and has been reported to account for nearly a quarter of cases
of ACS in women<50 years old,'*"® and up to 43% of
pregnancy-associated myocardial infarction."* Although classically
thought to affect young women, SCAD is now increasingly
recognized to also occur in older and post-menopausal women. In a
168 patient-cohort, almost 60% were over age 50, and 62% of
women affected were post-menopausal.’”> SCAD has been
reported in all racial backgrounds, but the majority of patients are
white, which may represent referral and sampling bias at reporting
centres.”>"® Although any artery can be affected, the left anterior
descending artery is the most commonly affected (in 32-46% of
cases) but multivessel SCAD can occur in up to 23% of cases®'®"
In most cases, the mid to distal segments of coronary arteries are
involved.”

Histopathology-pathogenesis

SCAD is traditionally defined as the presence of a haematoma within
the media of the coronary artery, either directly as the result of intimal
tear or due to the creation of intramural haematoma, that leads to lu-
minal encroachment and subsequent myocardial ischaemia and infarc-
tion (Figure 1). The underlying mechanism of non-atherosclerotic
spontaneous coronary artery dissection is not fully understood. An in-
timal tear or bleeding of vasa vasorum with intra-medial haemorrhage
has been proposed,18 however, a recent study suggested that the im-
mediate cause of SCAD is likely to be the development of a

920z YoJ4e €0 uo Jasn Bunpoo] uopuo jo Alsianiun ‘s,ab1099 18 AuD Aq G65661.2/770PeAb/Z/1 /81911e/dwilys/woo dno-oiwspese//:sdiy woiy papeojumoq



Assessment of extra-coronary peripheral arteriopathy

Table 1 Similarities and differences in the diagnostic and therapeutic approach between SCAD and ACS patients

Clinical presentation

Most common symptoms: chest discomfort, chest pain, rapid heartbeat or
fluttery

Less common symptoms: pain to the arms or neck, nausea or vomiting,

unusual or extreme tiredness, shortness of breath, back pain

Diagnostic approach
ECG: STEMI alterations (24-87%)
Biomarkers: elevation of hs-cTn
Echocardiography: reduced LVEF < 50% (44—49% of patients)
Other characteristics: complications such as ventricular arrhythmias (3—
10%), cardiogenic shock (<3%), and sudden cardiac death (<1%)
Imaging techniques: coronary angiography plus OCT or IVUS
Therapeutic approach

If patient haemodynamically stable, then conservative management including
(i) beta-blockers, (ii) aspirin, and (iii) angiotensin converting enzyme
inhibitors or angiotensin receptor antagonists or calcium channel blockers
or mineralocorticoid receptor antagonists.

If patient haemodynamically unstable, then revascularization including PCI
or CABG.
Antiplatelets and anticoagulants only after stenting.

Thrombolysis is contraindicated.
Major differences between SCAD and ACS
(i) Sex (SCAD most common in females vs. ACS most common in males)

Most common symptoms: acute chest discomfort described as pain, pressure,

tightness, heaviness, or burning

Less common symptoms: men — shoulder/arm pain, women — diaphoresis,

epigastric pain/indigestion, dizziness, nausea/vomiting, jaw/neck pain,
shortness of breath

ECG: ST-elevation, ST-segment depression, new bundle brunch block

Biomarkers: elevation of hs-cTn
Echocardiography: ventricular akinesia/hypokinesia and usually impaired
LVEF

Imaging techniques: coronary angiography is the gold standard

Pharmacological therapy: oxygen, nitrates, opioids, beta-blockers,
anticoagulants, antiplatelets.

Patients with STEMI — primary PCl or fibrinolysis if primary PCl is not
possible within 120 min of diagnosis.

Patients with NSTEMI — immediate invasive strategy is recommended if
possible.

CABG should be considered for patients unsuitable for PCI.

(i) Age (SCAD most common in younger patients vs. ACS most common in older patients)

(iify Cardiovascular risk factors (patients with SCAD have less cardiovascular risk factors than patients with ACS)

(iv) Fibromuscular dysplasia (associated with SCAD but not with ACS)
(v) Coronary tortuosity (most in SCAD than ACS)

SCAD, spontaneous coronary artery disease; ACS, acute coronary syndrome; PCl, percutaneous coronary intervention; CABG, coronary artery by-pass grafting; OCT, optical coherence
tomography; IVUS, intravascular ultrasound; LVEF, left ventricular ejection fraction; hs-cTnl, high-sensitive cardiac troponin; ECG, electrocardiogram; STEMI, ST-elevation myocardial infraction.

Media

Intramural

hematoma

Adventitla

Figure 1 Pathophysiology of spontaneous coronary artery
dissection.

spontaneous intramural haematoma rather than intimal disruption.'®
An inflammatory reaction in the adventitia has been also observed,
suggestive of peri-arteritis that may potentially breakdown the
medial-adventitial layer, and previous histopathological case reports
have described SCAD as a mono-arteritis because of the density of
the reported associated inflammatory infiltrate.'” However, recent evi-
dence suggests that coronary inflammation in SCAD is a localized heal-
ing response to the injury rather than a causal vasculitic process.®
Connective tissue abnormalities, FMD, postpartum status, multiparity,
systemic inflammatory conditions, and hormonal therapy have all
been implicated in the pathophysiology of SCAD and are present in
up to 80% of SCAD cases." Precipitating cardio-circulatory stressors
are thought to provoke the acute SCAD event on a background of pre-
disposing arteriopathy.

Role of genetic evaluation

Genetic underpinnings of SCAD are inferred by its occurrence in gen-
erally younger patients and in association with minimal cardiovascular
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risk factors; features that are typical of genetically triggered arteriopa-
thies. A recent study revealed five replicated risk loci and positional
candidate genes for SCAD, most of which are associated with extra-
coronary arteriopathies.”® Although SCAD occurs as a sporadic dis-
order in most individuals, in a minority of cases, it is associated with
known inherited connective tissue and aortopathy syndromes, and al-
though these account for only 5-9% of events, genetic evaluation
may be considered in this context.” Genetic testing with a panel of
22 genes associated with familial aortopathies and related connective
tissue disorders in a major SCAD registry confirmed the diagnosis of
a known inherited connective tissue disorder in 5.1% of the cases,
with most cases exhibiting pathogenic mutations in COL3A1 (collagen
type lll alpha 1 chain).?’ Non-coronary FMD is detected in up to 86% of
SCAD patients, indicating that SCAD may be related to an underlying
systemic arteriopathy. In fact, SCAD shares a common genetic variant
with FMD.> PHACTR1/EDN1 is a genetic risk locus for several vascular
diseases, including FMD and coronary artery disease. In a large genetic
study conducted in >1000 SCAD patients and ~7200 controls,
associations were reported between rs9349379, a common non-
coding variant in the PHACTR1/EDN1 locus, and the risk of
SCAD.* Moreover, rare familial cases composed of two or more af-
fected relatives have been reported, implicating a hereditary predispos-
ition.? Despite the recent advances in SCAD susceptibility gene
discoveries, it remains to be determined if they translate into clinically
useful genetic testing to predict recurrence or risk in unaffected family
members.

FMD and other systemic arteriopathies

Extra-coronary arterial abnormalities found in the screening of some
non-atherosclerotic SCAD cohorts have led to the proposal that a sys-
temic arterial disorder may underlie SCAD. Several arteriopathies have
been associated with SCAD, but the reported relative frequency varies
widely depending on the patient population, number of imaged vascular
beds, and type of imaging used for screening.”>"®** The most common
of these arterial abnormalities is FMD, a non-inflammatory non-
atherosclerotic systemic arteriopathy, also occurs predominantly in
middle-aged women with a variable reporting prevalence between
11% and 86%, presenting with dissection, arterial stenosis, occlusion,
and/or aneurysm of medium-sized arteries of the renal, extracranial ca-
rotid, and vertebral arterial beds.">"® Although FMD is the most com-
mon extra-coronary vascular abnormality identified among patients
with SCAD, other arterial abnormalities, including dissections, intracra-
nial or other aneurysms, or extra-coronary and coronary arterial tor-
tuosity, have been observed in patients without imaging signs of
FMD.">"¢2* The prevalence of intracranial aneurysms in SCAD patients
seems to be significantly higher, between 14 and 23%,">% than the re-
ported prevalence in the general population, and expert consensus
documents recommend the systematic screening for brain aneurysm
in all patients with history of SCAD.? Isolated cases of SCAD have
been reported in association with known inherited vascular disorders,
such as Ehlers—Danlos syndrome, Marfan syndrome, and Loeys—Dietz
s>/ndrome.2(”28 However, these instances are rare, and what compo-
nent represents heritable genetic predisposition to SCAD is yet to
be determined. Prevalence of extra-coronary peripheral arteriopathies
in patients with SCAD is demonstrated in Table 2.'%1317:25:29-35

It is already known that aortic stiffness may lead to left ventricular
hypertrophy and altered coronary perfusion.3® Specifically, left ven-
tricular hypertrophy may impair coronary flow reserve through the in-
crease of microvessel resistance in the coronary arteries.>’ As a result,
aortic stiffness could be associated with coronary microvascular
dysfunction in patients with or without obstructive coronary artery
disease.? It has also been proven that coronary microvascular dysfunc-
tion, defined as elevation in the index of microcirculatory resistance
and/or limited coronary flow reserve, has been associated with

SCAD.? Increased arterial stiffness is associated with endothelial dys-
function and LV diastolic dysfunction.>**° Coronary microcirculation
is impaired in patients with essential hypertension.*'~** Studies have de-
monstrated a reduced coronary flow reserve in hypertensive patients
or in patients with pre-hypertension compared with healthy con-
trols.*"*? The combination of elevated LV diastolic filling pressures in-
duced by increased arterial stiffness and vascular damage affecting the
aorta and the coronary arteries may explain the existence of coronary
flow reserve in hypertensive patients.3”***¢ This coronary microcir-
culatory impairment may occur in very early stages of hypertension,
even in the absence of LV hypertrophy.*’*® Therefore, increased arter-
ial stiffness could be linked with impaired coronary microcirculation
and, therefore, with SCAD, especially in hypertensive women.

SCAD has a strong association with extra-coronary arteriopathies
and it is recommended by expert consensus statements (IC) that pa-
tients with SCAD undergo additional cross-sectional imaging with ei-
ther CTA or MRA 3671224254950 |+ o manifest as arterial stenosis,
aneurysm, tortuosity, or dissection of potentially any medium-sized ar-
tery (although carotids and renal arteries are most commonly affected).
On CT, the most common appearances of FMD are aneurysms forma-
tion and beading of the renal or other visceral arteries with alternating
areas of stenosis and dilatation.”® In the majority of cases, this can be
present in multiple areas (multi-focal FMD), but in <10% may appear
angiographically as a single concentric or tubular narrowing (focal
FMD). Patients with SCAD should be clinically screened in order to
rule out systemic/syndromic conditions (Table 3).> Other vascular ab-
normalities such as dissections, aneurysms (including intracranial aneur-
ysms), or extra-coronary and coronary arterial tortuosity have also
been identified in patients who do not have a formal diagnosis of
FMD."7*2%3 It is not clear whether these represent insufficiently inves-
tigated FMD cases. The use of a low-dose/high-pitch head to pelvic CT
can be utilized to rule out FMD in most vascular beds and protocols
combining cardiac and extra-cardiac evaluation have been described
and should be considered to minimize radiation and contrast dose.>*

It has been recently indicated that among patients with SCAD, those
diagnosed with FMD are significantly older than those without. While
an apparent explanation for this finding is not obvious, it may be that
patients with an early presentation of SCAD may have not yet devel-
oped the angiographic appearance of FMD that can later evolve.>
Except for FMD, other vascular lesions are often found in patients
with SCAD at a rate of 60-70%. These can be found in both FMD
and non-FMD patients, being significantly more common in the former
group and regard aneurysms, tortuous and/or ectatic vessels, dissec-
tions, focal stenosis, and luminal irregularities.33 The most common
extra-coronary arteriopathies in patients with SCAD are demonstrated
in Table 4.>2%>*%

Non-invasive diagnosis of SCAD and
associated extra-coronary pathology
Role of CT imaging

Coronary CT angiography (CCTA) allows the non-invasive visualization
of the arterial lumen wall as well as of the arterial wall. It has adequate
spatial and temporal resolution for the detection of SCAD in the prox-
imal and middle portions of most coronary vessels but may be limited
for the assessment of the more distal coronary territories that are fre-
quently affected.*® The most common coronary CCTA features of
SCAD are absence of atherosclerotic plaque, presence of dissection
flap, long-segment of tapered or abrupt luminal stenosis that is de-
scribed as a sharp demarcation between contrast-opacified patent
coronary artery lumen and distal luminal narrowing, intramural haema-
toma with haemorrhage within the wall of the coronary artery, and
perivascular fat stranding.>’ Patients with SCAD have a high prevalence
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Table 3 Screening for ruling out extra-coronary
arteriopathies and connective tissue disorders in
patients with SCAD

Personal medical history

Early-onset hypertension, stroke, pulsatile tinnitus, migraine
headaches, renal infarction, subarachnoid haemorrhage, aneurysm
or dissection (aortic, peripheral, brain), rupture of hollow organs
(intestinal, bladder, uterine), pneumothorax, tendon or muscle
rupture, joint dislocation, umbilical or inguinal hernia, scoliosis or
pectus deformity, pregnancy, complications (cervical incompetence,
haemorrhage, uterine prolapse, hypertension), poor wound healing,
ectopia lentis, myopia, detached retina, early glaucoma, or early
cataracts, tall stature, valvulopathies, systemic inflammatory disease

Family medical history

Dissection (coronary, aortic, peripheral), inherited arteriopathy or
connective tissue disorder, fibromuscular dysplasia, aneurysm
(aortic, peripheral, brain), early stroke, early myocardial infarction,
sudden cardiac death

Current condition

Headaches, pulsatile tinnitus, postprandial abdominal pain, flank pain,
claudication, easy bruising, joint hypermobility or laxity

Diagnostic methods

Blood sample biomarkers

Imaging techniques (ultrasound, CTA, MRA)

of coronary artery tortuosity and myocardial bridging, both of which
can easily be identified on CCTA>*>®

The absence of dissection on CTCA does not effectively rule out
SCAD and the use of a multi-modality imaging approach may be war-
ranted; invasive coronary angiography provide sufficient spatial reso-
lution of smaller, more distal, coronary arteries (particularly of those
<1.5 mm), and cardiac MRI enables the assessment of myocardial scar
and viability. Although current guidelines do not recommend CTCA
as a first-line investigation for acute SCAD, there is an emerging
role for the monitoring for spontaneous healing and recanalization
particularly of larger calibre proximal coronary arteries. Given the
known risk for iatrogenic dissection in acute SCAD, routine follow-up
invasive angiography may not be recommended whereas CCTA may
have an important role, especially in the presence of recurrent
symptoms.*®

Series with angiographic follow-up data have shown that in most
cases SCAD heals with restoration of a normal coronary architecture
that can be confirmed on CCTA. Atherosclerotic CAD may sometimes
be difficult to distinguish from SCAD, and CCTA allows the assessment
of the lumen and plaque consistency in those ambiguous cases; the
presence of persistent stenosis and coronary calcium or positively re-
modelled atherosclerotic plaque (which is best seen best with
CTCA) can be more suggestive of an atherosclerotic event as opposed
to SCAD.>? CCTA also is useful in ruling out other mimics of SCAD;
coronary vasospasm may cause diffuse or focal luminal stenosis, but
concurrent presence of intramural haematoma or perivascular fat
stranding would point towards SCAD.®*®" Coronary artery embolism
usually involves multiple coronary artery territories and demonstrates
luminal occlusion adjacent to branch points. The presence of an embol-
ic source also favours the diagnosis of coronary artery embolism.
CCTA can also offer prognostic information in SCAD, as the absence
of residual dissection at CCTA at 3—6 months has been shown to con-
fer excellent long-term prognosis.>’

Table 4 The most common extra-coronary
arteriopathies in patients with SCAD

FMD lesions (17-86%)
Most frequent arteries
Renal (79.7%)
Carotid (extracranial and intracranial) (74.3%)
Vertebral (36.6%)
Mesenteric (26.3%)
Less frequent arteries
lliac (9.8%)
Visceral (2.9%)
Dissections (1.7—-19.7%)
Most frequent arteries
Carotid (75%)
Renal (21.6%)
Vertebral (17%)
Less frequent arteries (<5%)
Mesenteric, cerebrovascular, coeliac, iliac, visceral, aortic
Aneurysms (7.5-17%)
Most frequent arteries
Renal (32.9%)
Carotid (21.1%)
Aortic (19.7%)
Coeliac (15.8%)
Cerebrovascular (11.8%)
Less frequent arteries (<5%)
Visceral, intracranial, mesenteric, basilar, vertebral, subclavian,
popliteal, iliac
Focal stenosis (7.5-8.7%)
Most frequent arteries
Renal
Cerebrovascular
Coeliac trunk
Less frequent arteries (<5%)

Carotid, visceral, iliac

Role of MRA in SCAD-related peripheral vascular
evaluation

MRA has been shown to have sufficient diagnostic accuracy in this set-
ting.? Specifically, a 96% sensitivity and 93% specificity have been re-
ported for the diagnosis of renal FMD, compared with conventional
angiography, especially in the presence of string of beads appearance.®*
Specific techniques during image acquisition such as real-time contrast
bolus monitoring, elliptical centric view ordering, and parallel imaging
have been proposed to increase diagnostic accuracy of MRA and coun-
teract the disadvantage of the lower spatial resolution compared with
CTA.® MRl from head to pelvis is usually employed to evaluate patients
with FMD in order to capture the most commonly affected arterial
beds (renal, extracranial carotid, and vertebral arteries).>*

Previous reports that used MRI to screen patients with SCAD for
FMD have indicated a high rate of co-existence of these conditions.
Specifically, over 60% of patients with SCAD have been reported to
present FMD, with multi-focal involvement being the most common
type. Renal arteries were most commonly affected, followed by ca-
rotid and vertebral arteries, while extremity arteries like brachial
and iliac were involved in a minority of patients.>**> If complete
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Intracranial and carotid
MRA protocol
~20 min

Baseline cardiac protocol
~20 min

Total SCAN TIME
~90 min

EGE-LGE
SAXcine

Figure 2 This diagram graphically depicts the timeline of an example study including full vascular screening using the gadobutrol bolus. CE-MRA,
contrast-enhanced magnetic resonance angiography, 3D steady-state-free-precession (SSFP); EGE, early gadolinium enhancement; LGE, late gadolinium

enhancement; SAX, short axis.

screening is not undertaken, cases with FMD may escape diagnosis
and in this case, lower co-prevalence rates have been reported (i.e.
the Canadian Registry indicated an overall FMD rate of 31% among
the study cohort and 58% among the subgroups of patients with com-
plete screening)."’

One of the largest cohorts of patients with SCAD screened for per-
ipheral vascular pathology by MRA and to assess SCAD-related infarct
size and relevant associations showed CMR is a valuable contribution to
the investigation of patients with SCAD. The timeline of an example
study including full vascular screening is demonstrated in Figure 2. At
least 27% demonstrated at least an extra-coronary vascular abnormal-
ity; 25% of them were diagnosed with FMD, 30% showed arterial tor-
tuosity, 20% had focal stenoses (not meeting criteria for focal
fibromuscular dysplasia as defined by joint European-American consen-
sus criteria)63 20% had ectasia, and 25% exhibited fusiform dilation of
proximal aorta. Notably, the majority of patients with positive vascular
screening (73.3%) exhibited myocardial infarction (odds ratio, 7.0). In
addition, patients with negative vascular screening were more likely
to have single-territory involvement as opposed to multiple territories
(odds ratio, 4.0).%* Different cases of extra-coronary artery abnormal-
ities can be found in Figure 3.

Comparison between the two non-invasive diagnostic methods,
CTAand MRA, in SCAD findings and extra-coronary arterial abnormal-
ities is presented in Figures 4 and 5. CTA seems to have higher accessi-
bility, lower cost and time of examination for the patient, as well as
higher diagnostic accuracy in specific cases, but MRA presents less con-
traindications due to the lack of ionized radiation and nephrotoxic
agents (if non-contrast techniques are used), better contrast sensitiv-
ities, and lower complexity after image processing. Figure 6 is demon-
strating a clinical algorism for the diagnosis and management of
extra-coronary arteriopathies in the setting of SCAD.

Impact on prognosis based on non-invasive
imaging
To which extent the abovementioned common extra-coronary arterial
lesions in patients with SCAD have clinical implications is largely un-
known. Nevertheless, most previous reports seem to converge in a
very low rate of evident vascular clinical events. Indeed, even during a
long-term follow-up of 5 years, no primary extra-coronary events
were recorded in a series of 173 patients. At the same time, recurrent
coronary events were as common as 20% during the same time inter-
val.>> Others have indicated similar findings with ~10-20% rate of re-
current SCAD resulting in major adverse cardiac events during
mid-term follow-up, while rate up to 50% using extended follow-up
have been reported.’>*>

Identification of a subgroup of SCAD patients with a higher risk for
recurrence would certainly be desirable, but relevant risk factors have
not yet been determined. Limited data suggest that severe coronary
tortuosity may be a risk factor for recurrent symptomatology, although
it is not clear if tortuosity has a direct causal effect for SCAD or if it sim-
ply acts as a marker of a most severe vascular involvement and a higher
risk patient |:>henotype.32'52 Additionally, hypertension has been identi-
fied as a significant predictor of recurrent cardiac events, while use of a
beta-blocker seems to confer a significant protective effect.® Notably,
the presence of extra-coronary arterial involvement in the form of ei-
ther FMD or non-FMD has not been found to be related to the risk of
SCAD recurrence.*? The fact that FMD has been previously related to
an increased tortuosity of coronary vessels, which in turn has been
found to predispose to adverse cardiac events during follow-up of pa-
tients with SCAD, indirectly forms a basis for a hypothetical causal re-
lationship between FMD and SCAD recurrence, but this cannot be
supported by available evidence.
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Figure 3 (A) Irregularities and focal dilatation in the external iliac arteries. (B) Small right vertebral artery focal dissection. (C) Tortuous right common
iliac artery with mildly dilated middle and distal segments. (D) Tortuous distal abdominal aorta and iliac arteries with focal proximal dilation of the left
common iliac artery. (E) Significant tapering at the origin of coeliac trunk. (F) Focal regions of stenosis and mild dilatation in the mid-course of the renal
artery typical for fibromuscular dysplasia.

In favour of CTA
CTA CE-MRA

Higher sensitivity due to better spatial resolution

Higher diagnostic value (sensitivity) for intracranial aneurysms <Smm

Ideal tool for recanalization assessment and great vessel/catheter access

Higher accessibility due to widespread availability of CT scanners

Shorter scan time

Tolerable for patients with claustrophobia or obesity

No contraindication in patients with devices (permanent pacemakers.

implantable cardioverter-defibrillators, or other metal implants)

In favour of MRA

+ Norisk ofionizing radiation thus, no contraindication in pregnant women

+ No use of nephrotoxic agents and, therefore. no contraindication in patients
with renal failure, diabetes mellitus or allergies (if non-contrast techniques)

+ Better contrast sensitivities that allow tissue characterization

+ Diagnostic method for intracerebral hemorrhage

Figure 4 Advantages and disadvantages of each non-invasive imaging technique for identifying extra-coronary arteriopathies in patients with SCAD.
(Left) Computed tomography angiography (CTA). (Right) Contrast-enhanced magnetic resonance angiography (CE-MRA).
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Figure 5 Fibromuscular dysplasia in proximal renal artery; comparison between contrast-enhanced magnetic resonance angiography (A) and com-
puted tomography angiography (B). Fibromuscular dysplasia in iliac artery; comparison between contrast-enhanced magnetic resonance angiography

(C) and computed tomography angiography (D).

Discussion and future perspectives

Screening for extra-coronary arteriopathies is mainly encouraged by
expert consensus statements.> As previously mentioned, the impact
on prognosis of extra-coronary vascular lesions in subjects with
SCAD in patients’ prognosis, as well as the clinical implications for
the individual patient, is yet ill determined. One aspect of a possible im-
pact would be the rate of significant extra-coronary vascular events.
Available data suggest a very low rate of clinical vascular events and
complications in patients with SCAD, which might question the clinical
benefit and the cost-effectiveness of screening these patients at all.
Another aspect would be the predictive role of extra-coronary vascu-
lopathy in predicting cardiac adverse events and SCAD recurrence.
Regarding this, a predictive role of extra-coronary disease in patients
with SCAD in terms of risk for recurrence has not been definitively
established. The current rationale for extended extra-coronary
vascular imaging could be driven by the reported finding of a
higher-than-expected proportion of aneurysmatic lesions, with the po-
tential adverse associated risks.>” However, the benefits of detecting
mild extra-coronary abnormalities are uncertain over the potential in-
dividual risks in these patients. The potential psychological distress
caused by the identification of a mild aneurysm of low risk of future

vascular event could lead to additional surveillance imaging with in-
creased radiation exposure of the patient. Moreover, physical and emo-
tional stress is a risk factor of vascular dissection, aneurysm, and
cardiovascular event. There is only indirect evidence that may imply
causality, but available data cannot yet support such an argument, ex-
cept in a hypothetical basis. However, we have recently shown import-
ant evidence supporting adverse CMR features and larger infarctions in
patients with positive extra-coronary vascular screening and multi-
territorial coronary involvement.®* This may have implications on their
long-term follow-up, which may be required for increased cardiovascu-
lar risk and events. In our opinion, the fact that except for co-
prevalence, a clinical relevance has not been established for FMD or
non-FMD arteriopathy in patients with SCAD, may be due to that
fact that these patients represent a heterogenous group, and possible
causal correlations may be hidden.

Therefore, future research could focus on the special characteristics
of subgroups of patients that may be relevant to answer questions such
as: is there a possible role of the number of vascular beds involved?
Could the form/type of the arterial lesions (such as dissection, focal
or multi-focal stenosis, and aneurysms) be relevant when evaluating
the effect of extra-coronary vascular disease? Is the symptomatic vs.
asymptomatic status of FMD patients relevant when examining possible
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Figure 6 Clinical algorithm for the diagnosis and management of extra-coronary arteriopathies in the setting of SCAD.

relations with SCAD? This could identify group of patients who present
specific characteristics that may be relevant to define prognosis. The
need to establish SCAD registries in big university and non-university
hospitals worldwide in order to post and update information regarding
baseline characteristics of these patients, risk factors, and clinical char-
acteristics of SCAD lesions is obvious. The development of a global net-
work of SCAD, including all national registries, could provide valuable
information and provide new insights in the early diagnosis of this syn-
drome through the use of non-invasive imaging techniques, as well as
future developing biomarkers.

Conclusions

SCAD presents a strong association with extra-coronary arterial ab-
normalities, including dissections, intracranial or other aneurysms, or
extra-coronary and coronary arterial tortuosity, leading to the conclu-
sion that systemic arterial disorders may underlie SCAD. FMD is the
most common extra-coronary vascular abnormality identified among
these patients. Other known inherited vascular disorders, such as

Ehlers—Danlos syndrome, Marfan syndrome, and Loeys—Dietz syn-
drome, are rare and observed only in isolated cases. Additional screen-
ing of SCAD patients with imaging techniques including either CTA or
MRA may be beneficial for their evaluation, as well as the diagnostic and
therapeutic approach of an extra-coronary arterial entity. Although
non-invasive imaging may not be as sensitive as invasive angiography
to detect subtle extra-coronary vascular abnormalities, recent ad-
vances in image resolution have given us the possibility to detect
most extra-coronary vascular abnormalities with CTA and/or MRA.
In fact, CTA provides more reproducible image quality at higher reso-
lution, with easier learning algorithms for the physicians and less co-
operation required by patients, compared with MRA. However,
specific techniques during image acquisition have been proposed to in-
crease diagnostic accuracy of MRA and counteract its disadvantages
compared with CTA. Nevertheless, further clinical trials are required
in order to compare various non-invasive imaging techniques in identi-
fying extra-coronary arterial abnormalities and establish appropriate
screening, diagnostic and therapeutic protocols of patients with SCAD.

Conflict of interest: None declared.
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