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Introduction

Spontaneous coronary artery dissection (SCAD) has long been recog-
nized as a cause of acute coronary syndromes (ACS). Initially considered
very rare and associated primarily with pregnancy and the peripartum
period, the use of higher sensitivity Troponin assays and early

angiography in ACS, coupled with greater awareness of the condition,
has led to increased diagnosis, and it is now understood that SCAD rep-
resents a significant cause of ACS in predominantly young to middle-
aged women, with most cases occurring outside the context of recent
pregnancy.1,2 Although there are no randomized controlled trials in
SCAD, knowledge has further advanced in the last 5-years as a result of
an international research effort primarily focused on building and study-
ing national SCAD registries.3–19 These studies have demonstrated, not
only that SCAD is a distinct pathophysiological entity, but that there are
key differences in management and outcomes compared to ACS of ath-
erosclerotic aetiology. This position paper aims to set-out current know-
ledge on SCAD for the benefit of practicing clinicians caring for patients
with this condition. It presents the consensus on contemporary manage-
ment and areas of controversy and uncertainty, which remain a focus of
ongoing research. The information is provided to support clinical care
providers but is not intended to replace individualized decision-making
by clinicians and other health care professionals.

Definition

For the purposes of this article, SCAD refers to the acute development
of a false lumen within the coronary artery wall which may compromise
coronary flow by external compression of the true lumen. Dissections
arising from coronary instrumentation (iatrogenic), trauma and as a con-
sequence of a penetrating ulcer or plaque rupture secondary to athero-
sclerotic disease or primary aortic dissection are not considered here.

Pathology

Spontaneous coronary artery dissection is a recognized, relatively
rare cause of sudden cardiac death, presumably as a result of ven-
tricular arrhythmia triggered by myocardial ischaemia or infarction.20

Accurate diagnosis at autopsy can be challenging and the condition is
likely under-represented in post mortem series.21,22 A high index of
suspicion for SCAD is recommended in all potential cases with care-
ful assessment of coronary histopathology, particularly of the mid-
distal vessels which are predominantly affected in SCAD and examin-
ation of the peripheral arterial system for associated arteriopathies
[such as fibromuscular dysplasia (FMD)].

Spontaneous coronary artery dissection results from the develop-
ment of a false lumen, generally in the outer third of the tunica media
(Figure 1A).21–27 The primary cause of false lumen formation is un-
clear with two potential mechanisms proposed: the ‘inside-out’
model (Figure 1B), where the causal event is the development of an
endothelial and intimal discontinuity or ‘tear’, allowing blood to cross
the internal elastic lamina and accumulate in the media; and the ‘out-
side-in’ mechanism (Figure 1C) where the causal event is the primary
disruption of a vasa vasorum micro-vessel leading to haemorrhage
directly into the tunica media.1,28,29 In either case blood propagates
axially as the false lumen extends leading to compression of the true
lumen. It remains unclear if there is a single dominant mechanism in
SCAD or if both causal events are possible. However, a recent intra-
coronary imaging study with high resolution optical coherence tom-
ography (OCT) has shown case examples where there is no
demonstrable communication between false and true lumens,13,30,31

suggesting the ‘outside-in’ mechanism is likely in at least some cases.
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Histologically, fibrin-rich haematoma is present in the false lumen
(Figure 2) with a neutrophil infiltrate extending into the media. There
are frequent reports of a peri-adventitial inflammatory infiltrate with
a predominance of eosinophils.21,23–25,27,32–36 The clot reorganizes
and attaches to the media with granulation tissue formation and
recanalization. Although this may not be specific to SCAD, it can be
useful in distinguishing SCAD from post mortem artefact where

Key Messages

• Spontaneous coronary artery dissection should be actively
considered in the post-mortem differential diagnosis of unex-
plained sudden cardiac death with careful assessment of the
entire coronary tree.

Figure 1 Schematic illustration of spontaneous coronary artery dissection. Accumulation and axial propagation of blood forms a false lumen in the
outer third of the tunica media leading to external compression of the true lumen (A). Blood may enter through an endothelial-intimal disruption or
‘tear’ (B) or as a result of bleeding from a microvessel within the vessel wall (C) leading to an expanding and compressing false lumen (dotted arrows).

A B

FL

TL

FL

TLFL

Figure 2 Gross pathology (A) and histopathology (B) showing spontaneous coronary artery dissection with external compression of the true
lumen by blood within a false lumen in the outer third of the tunica media.
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..fissure formation may occur but only red blood cells are present.21

Some early cases report features of cystic medial necrosis37–39 but
more recent reports do not concur.32,34,40 Significant co-existent ath-
erosclerotic coronary artery disease in SCAD is uncommon.21

Epidemiology

Incidence
The true incidence of SCAD is unknown as this condition remains
under-diagnosed.2 Spontaneous coronary artery dissection was his-
torically considered very rare but contemporary angiographic series
report SCAD diagnosis rates of 0.07–0.2% of all angiograms and 2–4%
of angiograms performed for ACS14,41,42 (although the study with the
highest ACS prevalence did not exclude all atherosclerotic cases42).
Furthermore, in younger women SCAD is reported to account for a
much higher proportion of ACS presentations. In a Canadian series of
women less than 50 years with myocardial infarction, SCAD accounted
for 24% of cases.43 Likewise a Japanese registry reported SCAD in 35%
of females patients under 50 years presenting with acute myocardial in-
farction (AMI),8 a French series reported SCAD in 36% of women
under 60 years with ACS and one or fewer conventional cardiovascular
risk factors13 and a smaller Australian series describes a SCAD preva-
lence of 23% in women under 60 years presenting with ACS.16

Pregnant and peripartum cases (P-SCAD) account for a minority of
these cases (around 10% in most contemporary series)3–11,13–16,18,44,45

and SCAD should no longer be considered primarily a peripartum con-
dition. However, 21–27% of myocardial infarctions in pregnancy and
50% of post-partum coronary events are reportedly due to SCAD.18,46

Demographics
Previously considered primarily a disease of young adults, SCAD has
now been described in patients aged 18–84 years4,44 with the mean
age in large contemporary series ranging from 44 to 53 years.3–5,7–16

No ethnic variations have been reported but there is a strong female
predominance (female sex and pregnancy section). The demographics
of SCAD patients from 14 contemporary series with at least 20 pa-
tients are summarized in Table 1.3–16

Pathophysiology: risk factors and
associations

The pathophysiology of SCAD remains unknown. It is likely that a com-
bination of predisposing factors increase susceptibility such that a rela-
tively minor trigger event is sufficient to precipitate SCAD. There are a
large number of reported associations with SCAD (Supplementary ma-
terial online, Table S2).4,8,9,33,38,44,47–91,117–124,127–133,140–143 For some
(e.g. female sex, pregnancy, and FMD), a link with SCAD has been estab-
lished in multiple series. Other associations are based on anecdotal case
reports, and in this context causality is harder to determine.

Female sex and pregnancy
The vast majority of SCAD patients (�90%) are women.3–11,14–18

There is some evidence from a Canadian series that male SCAD pa-
tients are different from female cases, being slightly younger and with
higher rates of preceding isometric exercise and lower prior emo-
tional stress levels.92 The predilection of SCAD for female patients
and the association with pregnancy suggest a pathophysiological role
for female sex hormones. The precise nature of this association

....................................................................................................................................................................................................................

Table 1 Demographics and risk factors of patients with spontaneous coronary artery dissection (SCAD) in contem-
porary case series (studies with n > 20)

Max N Age (years) Gender (female, %) HTN (%) Chol (%) Smoking (%) DM (%) FH (%) P-SCAD (%)

Mayo Clinic3 189 44 ± 9 92 31 22 15 2 NA 15

Saw4 168 52 ± 9 92 39 24 13 5 29 2

Lettieri5 134 52 ± 11 81 51 33 34 2 25 NA

Faden6 79 33 ± 5 100 17 18 17 11 NA 100

Rogowski7 64 53 ± 11 94 45 52 28 0 19 5

Nakashima8 63 46 ± 10 94 33 23 32 0 8 8

Motreff13 55 50 100 27 11 22 4 22 4

McGrath-Cadell9 40 45 ± 10 95 18 10 8 5 28 8

Roura10 34 47 ± 12 94 NA NA NA NA 15

Alfonso11 27 52 ± 10 85 37 33 52 4 NA 4

Ito12 23 45 ± 11 100 57 22 30 4 NA 30

Vanzetto14 23 46 ± 9 74 26 39 43 13 13 0

Mortensen15 22 49 ± 9 81 38 NA 57 0 40 10

Rashid16 21 53 ± 9 95 48 48 47 5 24 0

Data are given as mean ± standard deviation or percentages.
HTN, hypertension; Chol, dyslipidaemia; DM, diabetes mellitus; FH, family history of coronary artery disease; NA, not available; P-SCAD, pregnancy-associated coronary artery
dissection.

Key Messages
• Whilst SCAD has been described across a broad demographic,

it is a frequent cause of ACS in young- to middle-aged
women and patients with myocardial infarction in egnancy or
post-partuprm.

• Pregnancy-associated SCAD accounts for a minority of cases.
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..remains to be elucidated but may relate to hormonal influences on
vascular connective tissue and/or the vessel microvasculature.

Data from most contemporary SCAD series suggest that P-SCAD
represents approximately 10% of SCAD cases. Multi-parity, fertility
hormones and pre-eclampsia may increase risk.45,93–95 Pregnant and
peripartum cases has been reported antepartum as early as the 5th
week of pregnancy,96 although most events reported during
pregnancy are in the third trimester.97–99 It also occurs in the early
(<6 weeks), late (6 weeks to 12 months), and very late post-partum
(12 to 24 month) periods, with the peak occurring in the early post-
partum period.95,97–99 Anecdotally, late post-partum SCAD may
occur in association with breastfeeding.96

A Canadian study identified 79 P-SCAD cases from a nationwide co-
hort study of 4.4 million pregnancies between 2008 and 2012 (inci-
dence 1.8 SCAD cases per 100 000 pregnancies),6 a higher incidence
of P-SCAD compared to the historical literature. This study suggested
the P-SCAD presentation may be more severe than SCAD outside
the context of pregnancy, with ST-elevation myocardial infarction
(STEMI) in 64%, cardiogenic shock in 24%, cardiac arrest in 14%, and

maternal death in 4.5%. Moreover, P-SCAD was more likely to involve
the proximal coronaries and was associated with a reduction in post-
infarct ejection fraction. A recent report of P-SCAD cases from the US
Mayo Clinic Series also reported increased STEMI, proximal or muti-
vessel disease and worse left ventricular function compared to non-P-
SCAD. The findings of a more severe P-SCAD phenotype were con-
firmed in an analysis of contemporary published cases99 and a small
retrospective study comparing 7 P-SCAD and 16 SCAD cases.12

Fibromuscular dysplasia
Spontaneous coronary artery dissection has been associated with vari-
ous predisposing arteriopathies (Figure 3).1,2,92 The most frequent is
FMD, a non-atherosclerotic, non-inflammatory disease of arterial walls,
which also occurs predominantly in middle-aged females with few car-
diovascular risk factors. Fibromuscular dysplasia may lead to stenosis,
dissections, and aneurysms of medium-sized arteries, including but not
limited to renal, cervico-cephalic, and visceral arteries.100,101 It is cur-
rently classified by angiography into two subtypes, multifocal and (uni)-
focal. Multifocal FMD, with the typical ‘string-of-beads’ pattern, is the

Figure 3 Extracoronary abnormalities in spontaneous coronary artery dissection including renal (A and D) and femoral (B) fibromuscular dysplasia,
carotid and vertebrobasilar aneurysms and tortuosity (C and F) and a localised iliac dissection (E).
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angiographic presentation of medial FMD and is at least four times
more frequent than unifocal FMD.101–103

Since the first case series reporting the association of SCAD with
extra-coronary FMD in 2012,104,105 FMD of extra-coronary vascular
beds has been documented in 11–86% of patients with
SCAD,4,9,44,47,50,106–108 with a narrower range of 41–86% after exclu-
sion of three studies in which <50% of patients were screened9,44,47

(Figure 4). The prevalence of extra-coronary FMD in various cohorts
may differ according to the proportion of patients screened, the
screening protocol used (e.g. imaging technique, vascular beds,
screening according to symptoms vs. systematic assessment etc.) and
diagnostic criteria of FMD. Fibromuscular dysplasia of extra-coronary
vascular beds may also be more frequent in SCAD patients with a
higher coronary tortuosity score.47

In current series, the most commonly affected vascular beds are
renal, cervico-cephalic and iliac arteries.4,50,106–108 In three studies in
which the information was available,104,106,107 29–70% of SCAD pa-
tients with extra-coronary FMD had involvement of two or more
vascular beds. While Saw et al.4 focused their analysis on the pres-
ence of the ‘string-of-beads’ appearance, almost pathognomonic of
multifocal FMD, Prasad et al.107 extended vascular screening to iso-
lated stenosis possibly due to unifocal FMD. Notably however, the
52 cases of extra-coronary FMD documented in their series of 115
SCAD patients were exclusively of the multifocal subtype. Finally, be-
sides typical FMD lesions, other extra-coronary vascular abnormal-
ities (EVAs) such as aneurysms, dissections, irregularities,
undulations, and/or tortuosity have been reported.106,107 Whether
the latter correspond to subtle forms of FMD or a different process
such as a form of connective tissue disorder remains to be estab-
lished107 The clinical implications of the association between EVAs
and SCAD are described in the ‘Computed tomography-peripheral
angiography or magnetic resonance-angiography section’ below.

In view of the high prevalence of extra-coronary FMD in patients
with SCAD, it is tempting to speculate that SCAD is a complication of

underlying coronary FMD in a substantial proportion of cases.108

Pathological demonstration of coronary FMD lesions in at least four
cases of SCAD37,109–111 adds weight to this hypothesis. However, at
present, a degree of caution is required in equating SCAD with FMD, as
(i) current data on the association of SCAD with extra-coronary FMD
mostly derive from two centres in Canada4,104 and the
USA,44,47,50,106,107 with repeat publications from the same group likely
representing different stages of recruitment and exploration of these
two cohorts; (ii) typical FMD coronary lesions are rare112,113 and de-
scription of the angiographic characteristics of coronary FMD is only in
its infancy114,115; (iii) the prevalence of coronary artery dissection is very
low (<3%) in the US FMD registry116; and (iv) a proportion of cases of
SCAD remain idiopathic or are associated with other vascular diseases.

Inflammatory conditions
Spontaneous coronary artery dissection has been associated with
systemic inflammatory conditions (Supplementary material online,
Table S2).33,68–77,117–124 While the prevalence of inflammatory sys-
temic diseases was 8.9% in a Canadian series of 168 cases,4 this is not
yet widely corroborated in other series.11 A clear mechanistic link
between systemic inflammation and SCAD remains to be elucidated.

Atherosclerotic risk factors
Significant atherosclerosis is rare in typical SCAD (although this may
partly reflect the criteria used to define cases). Spontaneous coronary
artery dissection patients have fewer traditional cardiovascular risk fac-
tors for ischaemic heart disease than patients with atherosclerotic cor-
onary artery disease,44 and some patients have no such risk factors at
all. However, in contrast to the previous perception, many patients do
have some risk factors for ischaemic heart disease including hyperten-
sion, smoking, and dyslipidaemia3–18 (Table 1), although there is no evi-
dence these contribute directly to the risk of SCAD. For example, the
mean low-density lipoprotein cholesterol (LDL-C) plasma concentra-
tion in the case series by Rogowski et al.7 was 3.3 mmol/L and some

Figure 4 Prevalence of extracoronary lesions of fibromuscular dysplasia in contemporary series of spontaneous coronary artery dissection
patients.
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..cases of SCAD have been reported in patients with severe hyperten-
sion.125,126 In contrast, diabetes seems to be rare in SCAD patients. In
keeping with the wider population, coronary risk factors tend to be
more prevalent in older patients with SCAD.

Mechanical stressors and exercise
A number of mechanical triggers have been linked to SCAD
events, including extreme Valsalva-type manoeuvres and the provo-
cation of coronary spasm (Supplementary material online, Table
S2).4,9,79–91,127–133 Dissections have also been reported following iso-
metric or extreme exercise,134–138 reported in 11.9% of cases in a re-
cent prospective series19 and occurring more commonly in men.92 A
mechanism linked to increased coronary wall shear stress has been
proposed. There are also patients in whom there is a significant lag
time between the last exercise event and the onset of symptoms sug-
gesting a higher exercise performance capability may be a feature of
the SCAD phenotype in some patients (potentially relating to a mild
connective tissue phenotype).139

Emotional stressors
Antecedent emotional stresses such as a bereavement or major per-
sonal crisis have been reported in a higher than expected proportion
of SCAD cases, particularly in women.4,8,92

Inherited connective tissue disorders
Although SCAD has frequently been reported in association with
connective tissue disorders (Supplementary material online, Table
S2),38,44,50–58,140–143 large contemporary series suggest such cases
constitute a tiny minority of prevalent cases (around 1–2% in the US,
Canadian, and Japanese series)4,107 and until now the yield from gen-
etic screening of SCAD-survivors for associated genes has been re-
ported to be very low.50

Genetics
The genetics of SCAD remains to be clearly elucidated with very few
focused studies to date. Whilst a number of sibling–sibling pairs and
mother–daughter pairs have been described,144 SCAD outside the
rare context of known connective tissue disorders does not appear to
be a strongly inherited condition, with only 1.2% of 412 patients in one
series describing a family history of SCAD.144 Hence whilst a thorough
clinical assessment for rare connective tissue disorders is required in all
SCAD-survivors, whether more systematic genetic screening is useful
and cost-effective remains to be demonstrated.50,115

Clinical presentation

There is considerable evidence that SCAD remains under-diag-
nosed.2 Some patients fail to act on their symptoms and never pre-
sent to medical services and a few cases may present with sudden
cardiac death (see pathology section). However, of those who do
present to medical services, missed or delayed diagnosis is com-
mon.1,145 Some patients are not referred for coronary investigations,
primarily because most acute medical and cardiology services are
focused on the identification of patients at high risk of obstructive
atherosclerotic ACS and patients with SCAD typically fall into the
lowest risk groups on the basis of traditional risk scores for ischaemic
heart disease. A high index of suspicion in typical patients, coupled
with familiarity with the angiographic variants of SCAD is key to mini-
mizing missed or delayed diagnoses.

Patients with SCAD usually present with an ACS associated with
positive biomarkers of myocardial necrosis (e.g. high sensitivity
troponin). The proportion of cases presenting with STEMI (26–55%)
vs. non-ST-elevation myocardial infarction (NSTEMI) varies in the
larger published series.3–5,8,13,45 This likely reflects differences in pa-
tient selection for these registries. A minority present with ventricu-
lar arrhythmia (2.8–10%),3–5,8,45 Chest pain is the most frequently
described presenting symptom,15,44,146 an association which may be
more common in SCAD than atherosclerotic ACS patients (chest
pain reported in 60–90% of SCAD patients).146 This may be because,
in addition to pain arising from myocardial ischaemia and infarction,
dissection per se is inherently painful.145 In the Canadian series, chest
pain was reportedly associated with radiation to the arm (49.5%) and
neck (22.1%), nausea and vomiting (23.4%), diaphoresis (20.9%), dys-
pnoea (19.3%), and back pain (12.2%).146 Despite the strong associ-
ation with chest pain, the nature of the pain may be atypical with
‘burning’ (9%), ‘pleuritic’ (3.0%), ‘tearing’ (1.0%), and ‘positional’ (1%)
descriptors in a minority of patients.146

Diagnosis

The differential diagnosis for SCAD includes atherosclerotic ACS,
coronary artery spasm, Takotsubo cardiomyopathy, coronary
thromboembolism, and myocardial infarction with non-obstructed
coronary arteries (MINOCA). There are no currently identified spe-
cific blood biomarkers for SCAD. Coronary angiography represents
the principal tool for the diagnosis of SCAD in clinical prac-
tice.1,145,147 Intracoronary nitroglycerin should be given, where blood
pressure allows, to ensure complete vasodilation and to rule out the
possibility of associated coronary spasm. With experience most
SCAD cases can be diagnosed on angiography alone, with intracoro-
nary imaging reserved for cases where diagnostic uncertainty
exists.145 However, it is important to appreciate that the appearances
of a radiolucent flap, dual lumen, and contrast hold-up seen with

Key Messages

• The strong female predisposition and association with preg-
nancy suggest a role for female sex-hormones in the pathogen-
esis of SCAD but the mechanism remains unknown.

• Spontaneous coronary artery dissection is frequently associ-
ated with extra-coronary arteriopathies including FMD.

• Spontaneous coronary artery dissection is not a strongly in-
herited condition.

• Research is needed to better understand the pathophysiology
of SCAD.

Key Messages

• Patients with SCAD usually present with ACS.
• Delayed diagnosis is common and SCAD should be actively

considered in the differential diagnosis of ACS presentations in
low risk patients.
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..iatrogenic dissections148 and familiar to most interventional cardiolo-
gists are present in only a minority of SCAD angiograms.

Coronary angiographic classification
The most commonly used angiographic classification of SCAD has
been adapted from Saw et al.149,150 (Figure 5), although other
approaches are also proposed (Supplementary material online, Figure
S6).13 From the Saw classification, Type 1 represents the classical
angiographic radiolucent ‘flap’ and linear double lumen often associ-
ated with contrast hold-up (Figure 5A). This reportedly occurs in 29–
48% of cases.4,7,8 However these features are absent in the com-
moner Type 2 pattern (52–67%)4,7,8 characterized by a long diffuse
and smooth stenosis predominantly located in mid-to-distal segments.
This has been divided into Type 2a (Figure 5B) where there is recru-
descence of a normal calibre distal vessel and Type 2b (Figure 5C)
where the stenosis extends angiographically to the end of the vessel.
Intermediate appearances (between Type 1 and 2) are also seen
where a typical Type 2 pattern is seen but with a short segment of
dual lumen or contrast hold-up in keeping with a localized fenestration
between true and false lumen (Figure 5F). Type 3 lesions (Figure 5D)
are defined as angiographically indistinguishable from a focal

atherosclerotic stenosis requiring diagnostic confirmation by intra-
coronary imaging (see intracoronary imaging section). However, these
account for a small minority of cases (0–3.9%).4,7,8 Type 4 SCAD is
described as a total occlusion, usually of a distal vessel (Figure 5E).145 In
this uncommon circumstance, the diagnosis is particularly challenging
and frequently can only be established during an ensuing coronary
intervention once coronary flow is re-established or inferred by sub-
sequent vessel healing and the exclusion of an embolic cause.

Additional possible angiographic findings
Other angiographic features reported in association with SCAD
include:

• Increased coronary tortuosity47

• Predilection for more distal coronary segments (in contrast to ath-
erosclerotic disease)4,5,44,45

• Predominant involvement of the left anterior descending coronary
artery and its branches reported in most4,5,8,13,44 but not all45 series

• False lumen starting and/or ending at a side branch13

• Absence or reduced incidence of co-existent atherosclerosis—un-
affected coronaries are usually normal or near-normal13

• Coronary FMD (see fibromuscular dysplasia section)
• Association of sites of dissection with myocardial bridging.151

Figure 5 Angiographic classification of spontaneous coronary artery dissection. Type 1 spontaneous coronary artery dissection (A), Type 2A spon-
taneous coronary artery dissection (B), Type 2B spontaneous coronary artery dissection (C), Type 3 spontaneous coronary artery dissection (D),
Type 4 spontaneous coronary artery dissection (E), and Intermediate Type1/2 spontaneous coronary artery dissection (F).
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..Multi-vessel spontaneous coronary
artery dissection
Multi-vessel SCAD (Figure 6) is defined as simultaneous dissections
occurring in more than one artery, without continuity, and is thus dis-
tinct from recurrent SCAD or a continuous dissection which extends
into different coronary territories. It is well recognized152–156 with a
reported frequency of 5–13%3–5,8,13,45 in the larger series and careful
angiographic assessment of apparent non-culprit vessels during index
angiography is recommended. There are no current specific studies
of multi-vessel SCAD; however, the approach to management for
multi-vessel SCAD should not differ from single vessel disease with
each lesion being assessed for intervention on its individual merits
and a preference for conservative management where possible (see
conservative management section).

Secondary iatrogenic dissection in
spontaneous coronary artery dissection
A single study has reported an increased risk of secondary iatrogenic
dissections during angiography and percutaneous coronary interven-
tion (PCI) in SCAD patients (2% risk during coronary angiography vs.
0.2% during non-SCAD angiography, 14.3% during PCI).157 High rates
of secondary iatrogenic dissection were also reported in a second
series (11 of 189 SCAD cases) but without a comparator popula-
tion.3 For this reason, a meticulous co-axial catheter technique and
avoidance of aggressive or deeply engaging guiding catheter designs is
advised.

Intracoronary imaging
Most SCAD can be diagnosed angiographically and in scenarios
where a conservative approach to management is feasible, coronary
instrumentation should, if possible, be avoided.19,106,108 However,
where diagnostic uncertainty exists or to guide coronary intervention
when required, careful intracoronary imaging can be invaluable and

appears safe.13,30 Because SCAD frequently affects more distal cor-
onary segments, complete imaging of the axial extent of the false
lumen may not be possible (e.g. for Type 2b SCAD). In one series
only 5/11 affected cases could be imaged across the entire affected
length.30 However imaging of shorter proximal segments may be suf-
ficient for diagnostic purposes.30 Intravascular ultrasound (IVUS) and
OCT provide tomographic images of the vessel wall and the coron-
ary lumen that have proved to be of major value in the diagnosis of
SCAD.13,30,31,158,159 Intracoronary imaging can also help to guide
decision-making on stent size. The length of the stent may be planned
according to the longitudinal extent of the false lumen with the aim of
minimizing propagation of intramural haematoma (see percutaneous
coronary intervention section). The reported risk of late mal-
apposition on haematoma resorption due to stent under-sizing in the
presence of extensive haematomas160 can also potentially be mini-
mized by careful assessment of proximal and distal vessel dimensions
with IVUS/OCT. Although there are relative advantages to each tech-
nology, OCT is generally favoured for SCAD imaging because of its
higher spatial resolution.1,145

Intravascular ultrasound

Intravascular ultrasound (axial resolution 150lm) is able to differen-
tiate atherosclerotic plaques from SCAD (Figure 7A).31,158,159,161–165

This technique readily depicts the true and the false coronary lumens
and is able to demonstrate the extent of false lumen thrombosis. The
principal advantage of IVUS over OCT is firstly, that blood clearance
(and therefore pressurized contrast injection) is not required and
secondly, IVUS has superior depth penetration, enabling complete
visualization of the vessel wall to the external elastic lamina, including
imaging through thrombus. The main limitation is poor spatial reso-
lution which can limit identification of small structures associated
with SCAD such as the intimal-medial membrane and localized fenes-
trations connecting true and false lumens.145

Figure 6 Multivessel spontaneous coronary artery dissection affecting two branches of the circumflex coronary artery, the left anterior descending
coronary artery and its diagonal branch (arrows).
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Optical coherence tomography

Optical coherence tomography has the advantage of much higher
spatial resolution (axial resolution 15 lm), and characteristic images
of SCAD are well described (Figure 7B–E).30,42,150,159,166 Imaging with
OCT necessitates blood clearance requiring a high pressure contrast
injection which carries a potential risk of extension of the false lumen,
especially in proximal Type I SCAD. However, reports to date sug-
gest, with care, OCT imaging in SCAD can be conducted
safety.13,30,150 Depth penetration is more limited with OCT, exacer-
bated by shadowing or attenuation e.g. by thrombus or haematoma.
However this generally does not limit accurate diagnosis.

Optical coherence tomography enables detailed characteriza-
tion of: the true lumen including any associated thrombus; the
size, nature, and extent of the false lumen including points where
the false lumen surrounds the true lumen circumferentially; the
relationship of the false lumen with side-branches; fenestrations
or the more classical ‘entry tear’ connecting true and false
lumens.30 Accurate measurement of key features is also practical
including the thickness of the intimal-medial membrane (mean
350 lm)30 and the dimensions of the compressed true lumen.
Optical coherence tomography has also been used to report areas
characterized as ‘coronary FMD’ (see fibromuscular dysplasia
section). It is important to recognize that the light attenuation
(blackness) of the false lumen is highly variable (presumably
reflecting phases in the maturation of the intramural thrombus
and variability in contrast penetration of the false lumen).145

Careful assessment of the images is required to identify the classical
crescentic semi-lunar false lumen (Figure 7B–E) and ensure an
accurate OCT diagnosis.

Optical coherence tomography is also of value in the subset of
SCAD patients requiring coronary revascularization.30,167 Before any
intervention it is critical to confirm, if there is any uncertainty, that
the guidewire is located in the true lumen (Figure 8) as stenting into

the false lumen can have serious consequences.168–170 Long-term
follow-up OCT has also been reported in a few cases showing the
stages of vessel healing. In most cases restitutio ad integrum of the
previously affected vessel wall can be appreciated.171 One report
described an increase in the vasa vasorum density during the
healing phase (median 44 days after presentation) of SCAD.172

Given the reported increased risk of iatrogenic dissection in
SCAD patients, repeat imaging should only be considered where
clinically necessary.

F

B C DA E

Figure 7 Intracoronary imaging of spontaneous coronary artery dissection by intravascular ultrasound (with outer border of false lumen arrowed,
A), and optical coherence tomography showing partial (B) and circumferential (C) false lumens; the site of a fenestration (D) connecting true and false
lumens and reduced light penetration through the false lumen (E). Three-dimensional image derived from segmentation of optical coherence tomog-
raphy image showing how the false lumen tracks around the true lumen and is influenced (and frequently bounded) by side branches (F).

FL

TL

GW C

Figure 8 Guidewire passage into the false lumen demonstrated
by optical coherence tomography, with both wire (GW) and optical
coherence tomography catheter (C) seen in the false lumen outside
the compressed true lumen.
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Computed tomography coronary
angiography
There is currently limited data to support the use of computed tom-
ography coronary angiography (CTCA) for the diagnosis of acute
SCAD. However, this imaging modality is increasingly used clinically
to assess acute chest pain presentations. For SCAD, it has the advan-
tage of being non-invasive (allowing coronary assessment without
the increased risk of iatrogenic dissection reported with invasive angi-
ography. However it is limited by lower spatial resolution, of particu-
lar importance for accurate assessment and interpretation of the
smaller mid-to-distal coronary territories for which SCAD has a pre-
dilection.173 Typical CTCA appearances have been described147,174

(Figure 9A) and are consistent with angiographic and OCT findings
where some cases show clear-cut contrast penetration of the
false lumen leading to a ‘classical’ dual lumen but many show com-
pression of the true-lumen by haematoma but without contrast
penetration. The sensitivity and specificity of CTCA as a primary
diagnostic investigation for SCAD are not known and false

negative findings are reported.173,175 In this context at present,
patients in whom SCAD is suspected (e.g. low atherosclerotic risk
young- to middle-aged females with typical symptoms and positive
biomarkers) are recommended to undergo coronary angiography
as the primary diagnostic investigation of choice. CTCA may how-
ever have a role in the follow-up assessment of SCAD (Figure 9B,
see coronary angiography or computed tomography-coronary
angiography section).

Figure 9 Coronary computed tomography findings with parallel angiographic images for a Type 2A dissection of the left anterior descending cor-
onary artery at presentation (A) and following healing after 3-months follow-up (B).

Key Messages

• Most SCAD can be diagnosed by coronary angiography and a
working knowledge of the typical angiographic findings is key.

• Intracoronary imaging with OCT appears safe and should be
considered where there is diagnostic uncertainty.

• Multi-vessel SCAD is common and careful assessment for this
is required during angiography.
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..Acute management

Conservative management
There is good evidence that the majority of SCAD will first stabilize
and then heal completely over time if managed conservatively
(Supplementary material online, Figure S6).3,4,7,8,11 Revascularization
in patients with SCAD is very challenging due to the presence of an
underlying disrupted and friable coronary vessel wall. This is widely
reported to lead to worse outcomes for PCI than in atherosclerotic
coronary disease.3–5,7,8 For this reason where revascularization is not
mandated (i.e. in haemodynamically stable patients with maintained
distal flow in the culprit coronary and without demonstrable ongoing
ischaemia) a conservative strategy is generally favoured.1,2,145

The proportion of healed cases described in contemporary series
depends on the number of cases undergoing follow-up angiography
and the timing and indication for repeat assessment. The US Mayo
Clinic series reported on 59 patients (from 95 managed conserva-
tively) who underwent repeat angiography for a range of reasons a
median of 2.4 years after the index event. In all, 73% (43/59) were
described as ‘healed’.3 Likewise, the Canadian series reported late
revascularization in 3/134 conservatively managed cases but com-
plete healing in all 79 of the remaining cases who underwent repeat
angiography73; a Japanese series reported 68% healing in 28 conserva-
tively managed patients assessed early by CTA a median of
3.4 months post event8; a Swiss series reported healing in all but one
of 36 from 56 conservatively managed patients who underwent re-
peat angiography 6 months after the event.7 It does appear that a
small number of cases initially managed conservatively subsequently
require revascularization. In a recent prospective series, 9 of 272
(3.3%) patients managed conservatively required subsequent in-
hospital revascularization.19 This may depend in part on the threshold
for repeat investigation and intervention. It should be noted that dis-
sections are often inherently painful and careful consideration should
be given as to whether ongoing symptomatic chest pain is ischaemic
in origin before proceeding to repeat angiography or intervention on
a symptomatic basis.145 As the majority of cases failing a conservative

management strategy occur early during follow-up, prolonged inpa-
tient monitoring (�5 days) in conservatively managed SCAD is sug-
gested.1,2,148 Further prospective research is required to better
understand vascular healing after SCAD and the characteristics and
management approach to delayed or failed healing.

Percutaneous coronary intervention
Published studies consistently show an increased risk of coronary
complications with PCI.3–5,7,8 In the Canadian series, revascularization
procedural success was only achieved in 64% of patients and, in add-
ition to that, only 30% of patients maintained durable results at long-
term follow-up.4 In the large series from the Mayo Clinic, most pa-
tients (2/3 of the total cohort) underwent coronary revascularization
during initial hospitalization.3 Coronary interventions, however, were
associated with high complication rates. Procedural success was only
achieved in 57% of cases. Furthermore revascularization was not
associated with a reduced long-term risk of repeated revasculariza-
tion or recurrent SCAD.3,8 Where ongoing ischaemia or infarction
mandates intervention, interventional cardiologists should be mindful
of specific additional risks associated with SCAD interventions.
These include:

• Increased risk of secondary iatrogenic dissection
• Guidewire passage into the false lumen3,168–170 (Figure 8)
• Proximal and/or distal false lumen propagation during stent de-

ployment33,36,38,39,41 (Figure 10)
• Persistent distal dissection
• Major side branch restriction or occlusion by propagation of

haematoma

Where stents are deployed, second generation drug-eluting stents
(DES) are advised. Significant rates of in-stent restenosis are reported
in one retrospective series [23/44 target vessel revascularization
(TVR) from 87 patients managed by PCI and followed-up for a me-
dian 2.3 years], although the drug elution status of the stents used is
not described.3 In a recent retrospective multicentre study of 238
SCAD patients,176 108 underwent PCI with DES or bare metal stents

Figure 10 False lumen propagation during stenting. A Type 2A dissection affecting a high obtuse marginal branch of the circumflex but with main-
tained distal flow (A). Stenting (B) leads to proximal haematoma migration (arrowed C). Two further stents were required in this case to fully exclude
the haematoma from luminal restriction.
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(BMS). Overall, 24 patients (22.2%) suffered procedural-related com-
plications. After a median follow-up of 3 years there was a trend to-
wards a reduction in major adverse cardiac events after DES
compared with BMS (26 vs. 39%, P = 0.14) mainly driven by TVR (4
vs. 18%, P = 0.08). Although the differences did not achieve statistical
significance, the trends are consistent with existing knowledge about
the relative risk of BMS vs. DES in non-SCAD PCI. A recent meta-
analysis also suggested an additional TVR risk of 6.3% in patients
treated with revascularization.177 A single case has been reported of
late strut mal-apposition purportedly due to the effects of haema-
toma resorption160 although to date an increased incidence of stent
thrombosis has not been confirmed. Adequate stent sizing and ex-
pansion is therefore likely to be important but stent post-dilation/
optimization is a balance between the risk of haematoma propagation
and ensuring optimal strut expansion.

Given the increased risk of adverse outcomes with PCI in SCAD, a
number of less conventional interventional approaches have been re-
ported. These include:

• Minimal plain old balloon angioplasty (POBA) to restore flow fol-
lowed by a conservative strategy178

• Extended stent lengths to reduce the chances of proximal or distal
haematoma propagation

• Sealing the proximal and distal extremes of the affected segments
with short stents to restrict the haematoma before stenting the
intermediate segments.179,180

• Targeting an intimal tear or ‘flap’ for focal stenting or stenting just
the proximal extent of the dissection to prevent proximal
propagation.8,181

• Cutting balloon inflation to fenestrate the intimal-medial mem-
brane and depressurize the false lumen as a stand-alone strategy
or prior to stenting.182–185

• Use of bioresorbable coronary scaffolds.184,186–188

These anecdotal case reports are subject to publication bias.
Additionally, the role of bioresorbable coronary scaffolds more gen-
erally has been the subject of recent scrutiny.189 In the absence of
randomized data, no specific alternative PCI strategy can at present
be specifically recommended.

Coronary artery bypass grafting
Coronary artery bypass grafting (CABG) in SCAD is generally used
as a bail-out strategy either for a failure of PCI with ongoing ischaemia
or infarction of a significant at-risk myocardial territory (e.g. failure to
wire the true lumen distal to a SCAD occlusion) or because the site
and extent of the dissection (usually involving the left main stem or
the presence of multiple dissections in different vessels) is felt to
pose a prohibitive risk with either a conservative or a PCI strategy.
Successful grafting may be challenging where the dissection extends
beyond the graft anastomosis site and great care must be taken to en-
sure anastomosis to the true lumen.190 Coronary artery bypass graft-
ing using arterial or venous conduits and both off-pump and robotic
techniques are described but the literature on CABG in SCAD is lim-
ited to case reports and small case series (5–23 cases).3,6,12,14 Early
outcomes from these limited data on CABG are reported to be
good but the Mayo Clinic Series reported high rates of graft failure at
follow-up, perhaps due to healing of the native coronary leading to
competitive flow and conduit thrombosis.3

Adjunctive supportive devices and
transplant
For details, see Supplementary material online.191–208

Medical management
There are to date no randomized controlled trials comparing differ-
ent pharmacological treatment strategies for SCAD. Current prac-
tice is therefore based on case and registry observations, clinical
experience and the extrapolation (where appropriate) of guidelines
for non-SCAD ACS treatment.

Thrombolysis

Although individual historical cases of SCAD managed apparently
successfully with thrombolysis have been described,209 there are also
reports of dissection extension and even coronary rupture leading to
cardiac tamponade following lytic therapy.210–213 Thrombolysis is
therefore contraindicated for the acute management of SCAD.

Antiplatelet therapies

The use of antiplatelet therapies and the duration of treatment re-
mains an area of controversy and divergent practice in SCAD. This re-
sults from an apparent conflict between the strength of existing data
of efficacy from non-SCAD ACS vs. an inherent concern (albeit un-
proven) about using medications that prolong bleeding time for a con-
dition whose primary pathophysiology may be an intramural bleed.145

This may be further complicated by problematic menorrhagia which
can be an issue in SCAD-survivors of menstrual age taking antiplatelet
therapies.214 Patients who undergo stenting should receive dual anti-
platelet therapy for 12 months and prolonged or lifelong monother-
apy (usually with aspirin) in accordance with current ACS
guidelines.206,207 In patients managed conservatively, there is evidence
from OCT studies of high grade stenosis sometimes with true luminal
thrombus in association with SCAD.30,166 This provides justification
for antiplatelet therapy in the acute phase and most authors advocate
acute dual antiplatelet therapy (usually with aspirin and clopidogrel ra-
ther than the newer P2Y12 inhibitors and avoiding intravenous anti-
platelet therapies).19,106,108 The optimal duration of dual and
subsequent monotherapy remains unknown with some authors advo-
cating lifelong aspirin19,108 and others questioning this approach.106

Anticoagulant therapies

The same concerns about the potential adverse impact described for
antiplatelet therapies also apply to anticoagulant treatments.
Anticoagulation should probably be limited to acute administration
during revascularization procedures while chronic use should be re-
stricted to situations where there is an unequivocal clinical indication
(such as left ventricular thrombus or thromboembolism) which
should over-ride what is at present a theoretical risk.145

Angiotensin converting enzyme inhibitors, angiotensin

receptor antagonists, mineralocorticoid receptor

antagonists, beta-blockers, and vasodilator therapies

Medical management of SCAD patients with significant impairment of
left ventricular systolic function should follow current guidelines aimed
at maximizing angiotensin converting enzyme (ACE) or angiotensin
receptor blocker (ARB) and b-blocker doses and adding in a
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mineralocorticoid receptor antagonist (MRA) as indicated,206,207

although hypotension frequently limits dose escalation in this younger
population. More controversial is the management of SCAD-survivors
without significant impairment of left ventricular systolic function. One
recent multivariate analysis from a prospective cohort reported an as-
sociation between hypertension and an increased risk of recurrent
SCAD and b-blocker treatment with a reduced risk of recurrence.19

These findings are not from a randomized study and await validation in
other cohorts215 but if confirmed provide the first evidence that
SCAD recurrence risk may be reduced therapeutically. Vasodilatory
therapies (e.g. nitrates or calcium channel blockers) are reserved for
the empirical treatment of chest pain during the acute phase and recur-
rent chest pain following the index event (see post-spontaneous cor-
onary artery dissection chest pain and its management section).

Statins

The rationale for prescribing statins for a condition whose patho-
physiology has no known association with cholesterol is unclear. One
small study reported higher statin use in patients with SCAD recur-
rence44 but this non-randomized finding should be interpreted with
caution and an adverse signal was not reported in a larger prospect-
ive cohort.19 In general, statins are reserved for patients with conven-
tional indications for treatment independent of their SCAD event.

Contraception and hormone replacement therapy

Concerns about hormonal contraception62,63 and hormone replace-
ment therapy30 following SCAD are largely based on the presumed
pathophysiological association between SCAD and female sex hor-
mones arising from the female sex predominance and the known as-
sociation of SCAD with the peripartum period.1,2 However, the
exact nature of this association remains to be elucidated. A number
of cases have been reported of SCAD in association with exogenous
sex hormones but given the high prevalence of use in the population,
a causative link has yet to be determined. At present a reasonable
strategy may be to avoid hormonal contraception where possible. In
patients with recurrent cyclical chest pain following SCAD, low dose
local hormone delivery intrauterine contraceptive devices have been
anecdotally reported to be helpful.145 The use of the levonorgestrel
releasing intra uterine system (LNG-IUS) or endometrial ablation
may also be considered in women with prolonged, severe menorrha-
gia (e.g. where antiplatelet therapies are mandated in the context of
previous stenting).

Pregnancy

Pregnancy-associated spontaneous
coronary artery dissection: special
considerations
Special considerations for the management of P-SCAD include the
avoidance of teratogenic drugs, minimization of exposure of the un-
born foetus to ionizing radiation216 and timing of delivery to minimize
as much as possible risk to both mother and baby. Obstetric issues
are reviewed elsewhere96 and are not considered in detail here but
coronary management should not differ greatly from other SCAD
patients with diagnosis by limited coronary angiography and a man-
agement preference for a conservative approach to revascularization
where practical.

Pregnancy after spontaneous coronary
artery dissection
There is a single published report of nine pregnancies in SCAD-
survivors with one recurrence occurring in a patients whose first
event was not peripartum.217 The degree of left ventricular impair-
ment post-SCAD will also contribute independently to the risk.
Some authors have advocated a blanket recommendation to avoid
pregnancy in SCAD-survivors.1,2 Patients should certainly be carefully
counselled before contemplating pregnancy, potentially teratogenic
drugs discontinued, and any planned or un-planned pregnancy should
be considered high risk and monitored accordingly.

Outcomes and follow-up

Follow-up imaging
Echocardiography/cardiac magnetic resonance imaging

Following SCAD, as with myocardial infarction of other causes, an as-
sessment of left ventricular systolic function is mandatory to guide
medical and potentially device therapy.206,207

Computed tomography-peripheral angiography or mag-

netic resonance-angiography

In view of the association between SCAD, FMD and other underlying
EVAs, affecting multiple vascular beds (see fibromuscular dysplasia

Key Messages

• Coronary revascularization is associated with an increased risk
of complications and adverse outcomes compared with ath-
erosclerotic coronary disease.

• Conservatively (without revascularization) managed SCAD
usually heals completely over a few months.

• Where flow is maintained and in the absence of ongoing ischae-
mia or infarction, a conservative approach should be considered
followed by a period of inpatient observation.

• Further research is needed to clarify the optimal PCI strategy
in cases where revascularization is necessary.

Key Messages

• P-spontaneous coronary artery dissection should be managed
by a multidisciplinary team with individualized cardiovascular
and obstetric management.

• There is limited data on the risk of pregnancy in SCAD-sur-
vivors but at present pregnancy should be considered high risk
pending further research to better quantify this risk.

• The acute and convalescent medical strategy in SCAD may
have key differences from post atherosclerotic AMI and fur-
ther research is needed to establish the optimal treatment
approach.

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.

..

..

..

..

..

..

..

..

.

3366 D. Adlam et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article-abstract/39/36/3353/4885368 by Vanderbilt U
niversity Eskind Biom

edical Library user on 16 M
arch 2019



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
section) and the potential implications for patient management and
follow-up,106 imaging of extra-coronary vascular beds in patients with
SCAD is advised.101,103,106 Saw et al.1 have advocated non-selective
angiography of the corresponding arteries with a pigtail catheter on
the occasion of the index coronary angiography. However, this strat-
egy has the potential risks of additional vascular imaging, catheter ma-
nipulation and prolonged procedural times in unstable patients, with
possibly increased vascular fragility.106 Furthermore, this approach
requires separate non-invasive imaging of cerebral aneurysms, which
have been identified in 8 to 14% of cases despite a low screening rate,
sometimes in the absence of typical FMD lesions.4,104,107

Alternatively, Liang et al.106 have shown the feasibility of a dedicated
CTA protocol from the neck to the pelvis, with low-osmolar
contrast agents and radiation dose-limiting techniques. While the
sensitivity of CTA is lower than that of conventional angiography, it is
unlikely to miss clinically relevant FMD lesions. MR-angiography leads
to a further decrease in spatial resolution but remains a reasonable,
radiation-free alternative,105 and may be preferred in case of
diabetes, renal insufficiency or iodine-contrast intolerance. There is
currently no specific data on follow-up of EVAs identified in SCAD
patients and therefore currently this should follow best practice for
similar conditions in non-SCAD patients.

Coronary angiography or computed

tomography-coronary angiography

Whilst it is clear that the majority of conservatively managed SCAD
heals completely over time, some cases of persistent dissection are re-
ported (see conservative management section). The value of follow-up
coronary imaging to determine SCAD-healing and how this should be
used to guide subsequent management remains unclear. It may be rele-
vant, for decision-making about the duration of anti-platelet therapy
(see antiplatelet therapies section) or in symptomatic patients where
the diagnosis is not clear (see post-spontaneous coronary artery dis-
section chest pain and its management section). Non-invasive imaging
is attractive as invasive angiography in SCAD patients has been associ-
ated with an increased risk of iatrogenic dissections (see secondary iat-
rogenic dissection in spontaneous coronary artery dissection section).
Computed tomography coronary angiography has been proposed as
an alternative although current data are limited to single case discus-
sions and one small series. Although the issue of spatial resolution in
the smaller, more distal, SCAD coronary sites is still relevant (see com-
puted tomography coronary angiography section), CT may have
greater utility in assessing healing where the site of dissection has al-
ready been determined by angiography (Figure 9B).147,218 Roura et al.10

reported the largest series of patients with SCAD studied by multi-
slice CT (MSCT) at follow-up (24 cases). In 83% of cases, complete
resolution of SCAD was shown. Further data is required before
CTCA can be recommended for follow-up SCAD imaging. Where es-
sential, invasive angiography should be performed with meticulous at-
tention to minimize the risk of iatrogenic dissection.

Prognosis: mortality, recurrence risk,
and major adverse cardiac events
Outcomes following SCAD are summarized in Supplementary ma-
terial online, Table S3.3,5,7,8,19, In patients surviving SCAD, long-term
mortality is low. In the US Mayo Clinic series 10-year survival from

Kaplan-Meier estimates is reported at 92%.44 Similarly an Italian series
reported 94.4% 6-year survival,5 whilst a Swiss series reported no
deaths after the index event in 63 patients followed-up to a median
4.5 years,7 a Japanese series reported one death from 63 patients fol-
lowed up for a median 34 months8 and a prospective Canadian series
report 1.2% mortality at median follow-up 3.1 years.19 However this
masks significant morbidity. The overall major adverse cardiac events
(MACE) rate in SCAD patients is significant but with considerable
variation between published series (47.4% MACE over 10-years from
Kaplan–Meier estimates in the US series;44 MACE in the prospective
Canadian series was 19.9% over median 3.1 years follow-up;19 5-year
MACE in the Japanese series was 37%;8 in the Italian series 6-year
MACE was 14.6%).5 This is primarily driven by recurrent dissections
and a high rate of target vessel failure in patients undergoing PCI (see
percutaneous coronary intervention section).3 Recurrence in SCAD
has been widely reported.1,3–5,7,8,44 The US series reported SCAD
recurrence in 17% of patients across a median follow-up period of
47 months with a 10-year recurrence rate of 29.4% [the median time
to a second event was 2.8 years (ranging from 3 days to 12 years)]44;
the Canadian prospective series report recurrent de novo SCAD in
10.4% of 327 patients followed up for a median 3.1 years and a recur-
rent MI rate of 16.8% in the same cohort19; the Japanese series re-
ported seven recurrent SCAD after the first 30-days from the index
event from 63 patients followed up for a median 34 months8; the
Swiss series report 3/63 recurrent SCAD followed-up for a median
4.5 years7; the Italian series report 4.7% recurrence over a median
22 month follow-up].5 Recurrence often appears to affect new terri-
tories (e.g. in 12/15 patients in the US series)44 and stenting at the
time of the first event does not appear to be protective. Although re-
ported rates may represent a slight overestimation of true recur-
rence rates due to the selection bias inherent to self-referral based
cohort studies and prospective data is needed, recurrences are cer-
tainly a justified concern in SCAD patients. One study has reported a
borderline association between recurrence and increased coronary
tortuosity, although it is unclear if tortuosity is a marker of an under-
lying vasculopathy or provides a mechanism for arterial injury.47

Apart from the potential benefit of betablockers and control of
hypertension previously described, no current treatment strategy
has, to date, been shown to reduce rates of recurrence.

Post spontaneous coronary artery
dissection chest pain and its
management
Recurrent chest pain, often with associated hospital admission, is
common after SCAD. In some patients symptoms occur cyclically,
usually pre-menstrually.219 Given the SCAD recurrence risk, patients
presenting with recurrent chest pain require careful assessment with
serial electrocardiography (ECG) and high sensitivity troponin meas-
urement. However, given the reported increased risk of secondary
iatrogenic dissection in SCAD patients (see secondary iatrogenic dis-
section in spontaneous coronary artery dissection section), invasive
angiography should be reserved for patients with hard evidence of
ischaemia or myocardial necrosis. A role for CTCA to rule out recur-
rent SCAD, when evaluating post SCAD chest pain, although poten-
tially attractive, remains to be clearly elucidated (see coronary
angiography or computed tomography-coronary angiography
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section). Anecdotally, where recurrent SCAD has been excluded,
symptoms may respond to a treatment strategy aimed at reducing
vasospasm with vasodilator therapies (where left ventricular function
is normal reducing blood pressure lowering medications may be nec-
essary to allow the initiation of vasodilators).145 Likewise it has been
reported that cyclical symptoms may respond to low dose contra-
ception (e.g. the progesterone hormonal coil).145

Cardiac rehabilitation and exercise
For details, see Supplementary material online.220,221

Post-traumatic stress disorder and
the emotional and psychological
consequences of spontaneous
coronary artery dissection
For details, see Supplementary material online.220,222

Management considerations

Whilst there are several areas in the management of patients with
SCAD where the optimal approach remains uncertain and research
is needed to provide evidence to justify firm recommendations (see
research priorities section), the following considerations may be use-
ful for clinicians:

• Early coronary angiography should be considered to exclude the
diagnosis of SCAD in patients presenting with clinical features of
ACS but at low risk of atherosclerotic AMI, in particular young to
middle aged women

• Where angiographic diagnosis of SCAD is uncertain, intracoronary
imaging with OCT should be considered

• In clinically stable patients with maintained coronary flow, a con-
servative management strategy is preferred because of the
increased risk of adverse outcomes with revascularization

• In patients with confirmed SCAD imaging for extra-coronary arte-
riopathies is advised

• A diagnosis of SCAD should be actively sought at post mortem in
unexplained cases of sudden cardiac death by careful assessment
of the full length of the coronary tree

Research priorities

Despite huge progress in the clinical characterization of SCAD from
an international effort to register, assess and follow-up patients, this

remains a condition for which the pathophysiology is poorly under-
stood and for which, despite a significant recurrence risk, there is no
specific disease-modifying therapy. Current international efforts are
focused on building large prospectively recruited multicentre co-
horts, phenotyped by state-of-the-art imaging for pathophysiological
(including genetic) and clinical studies. For example, the European
Observational Research Platform (EORP) SCAD study will open for
recruitment in the summer of 2018. Prospective studies (including ul-
timately randomized studies) assessing the best medical therapies
(e.g. role and duration of antiplatelet therapy, use of beta-blockers
and other secondary prevention drugs) as well as the optimal coron-
ary intervention strategy are urgently needed. It is hoped these on-
going collaborative research efforts will shed new light and expand
knowledge on this relatively rare, elusive and challenging clinical
entity.

Supplementary material

Supplementary material is available at European Heart Journal online.
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Gonzalo N, Escaned J, Ba~nuelos C, Pérez-Vizcayno MJ, Hernández R, Macaya C.
Spontaneous coronary artery dissection: long-term follow-up of a large series
of patients prospectively managed with a “conservative” therapeutic strategy.
JACC Cardiovasc Interv 2012;5:1062–1070.

12. Ito H, Taylor L, Bowman M, Fry ET, Hermiller JB, Van Tassel JW. Presentation
and therapy of spontaneous coronary artery dissection and comparisons of
postpartum versus nonpostpartum cases. Am J Cardiol 2011;107:1590–1596.

13. Motreff P, Malcles G, Combaret N, Barber-Chamoux N, Bouajila S, Pereira B,
Amonchot A, Citron B, Lusson JR, Eschalier R, Souteyrand G. How and when
to suspect spontaneous coronary artery dissection: novel insights from a single-
centre series on prevalence and angiographic appearance. EuroIntervention 2017;
12:e2236–e2243.

14. Vanzetto G, Berger-Coz E, Barone-Rochette G, Chavanon O, Bouvaist H,
Hacini R, Blin D, Machecourt J. Prevalence, therapeutic management
and medium-term prognosis of spontaneous coronary artery dissection: re-
sults from a database of 11, 605 patients. Eur J Cardiothorac Surg 2009;35:
250–254.

15. Mortensen KH, Thuesen L, Kristensen IB, Christiansen EH. Spontaneous coron-
ary artery dissection: a Western Denmark Heart Registry Study. Catheter
Cardiovasc Intervent 2009;74:710–717.

16. Rashid HN, Wong DT, Wijesekera H, Gutman SJ, Shanmugam VB, Gulati R,
Malaipan Y, Meredith IT, Psaltis PJ. Incidence and characterisation of spontan-
eous coronary artery dissection as a cause of acute coronary syndrome—a
single-centre Australian experience. Int J Cardiol 2016;202:336–338.

17. Barber-Chamoux N, Souteyrand G, Combaret N, Ouedraogo E, Lusson JR,
Motreff P. Contribution of optical coherence tomography imaging in manage-
ment of iatrogenic coronary dissection. Cardiovasc Revasc Med 2016;17:
138–142.

18. Elkayam U, Jalnapurkar S, Barakkat MN, Khatri N, Kealey AJ, Mehra A, Roth A.
Pregnancy-associated acute myocardial infarction: a review of contemporary ex-
perience in 150 cases between 2006 and 2011. Circulation 2014;129:1695–1702.

19. Saw J, Humphries K, Aymong E, Sedlak T, Prakash R, Starovoytov A, Mancini
GBJ. Spontaneous coronary artery dissection: clinical outcomes and risk of re-
currence. J Am Coll Cardiol 2017;70:1148–1158.

20. Basso C, Aguilera B, Banner J, Cohle S, d’Amati G, de Gouveia RH, di Gioia C,
Fabre A, Gallagher PJ, Leone O, Lucena J, Mitrofanova L, Molina P, Parsons S,
Rizzo S, Sheppard MN, Mier MPS, Kim Suvarna S, Thiene G, van der Wal A,
Vink A, Michaud K. Association for European Cardiovascular P. Guidelines for
autopsy investigation of sudden cardiac death: 2017 update from the
Association for European Cardiovascular Pathology. Virchows Arch 2017;471:
691–705.

21. Desai S, Sheppard MN. Sudden cardiac death: look closely at the coronaries for
spontaneous dissection which can be missed. A study of 9 cases. Am J Forensic
Med Pathol 2012;33:26–29.

22. Hill SF, Sheppard MN. Non-atherosclerotic coronary artery disease associated
with sudden cardiac death. Heart 2010;96:1119–1125.

23. Mandal R, Brooks EG, Corliss RF. Eosinophilic coronary periarteritis with arter-
ial dissection: the mast cell hypothesis. J Forensic Sci 2015;60:1088–1092.

24. Melez _IE, Arslan MN, Melez DO, Akçay A, Büyük Y, Avşar A, Kumral B, Şirin G,
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