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Abstract
Spontaneous coronary artery dissection (SCAD) is a non-inflammatory, non-atherosclerotic cause of acute myocardial infarction
(AMI) that, by definition, is not iatrogenic or due to trauma. It is a condition that predominantly affects pre- or perimenopausal
women without the traditional risk factors for cardiovascular disease.

Purpose of Review
In this review, we will discuss the epidemiology, diagnosis, and management of this condition, with an emphasis on the ongoing
research needed to better understand how to care for patients with SCAD.

Recent Findings
There is a paucity of data related to this condition. However, an American Heart Association consensus statement has recently
been released that provides helpful insight. There has also been better characterization of pregnancy-associated SCAD.

Summary
We have learned much about SCAD over the last decade and greatly increased the identification of this condition by first
responders and physicians through research and patient advocacy. However, there is much we still do not know about this
condition, and further research, using larger numbers of patients, is greatly needed to better understand this condition.
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Introduction

Spontaneous coronary artery dissection (SCAD) is a non-in-
flammatory, non-atherosclerotic cause of acute myocardial in-
farction (AMI) that, by definition, is not iatrogenic or due to
trauma [1••]. Autopsies and, later, advanced intracoronary im-
aging with intravascular ultrasound (IVUS) and optical coher-
ence tomography (OCT) have provided insight into the poten-
tial pathophysiology of SCAD [2–4]. Observations through
these modalities suggest that separation of the coronary
intima/media and the development of intramural hematoma

(IMH) lead to compression of the true lumen. As a result,
the overwhelming majority of these patients present with
acute coronary syndrome, and in a minority of cases, sudden
cardiac death [5–7]. While there are notable associations with
other conditions, such as fibromuscular dysplasia (FMD), the
etiology of SCAD is currently unknown.

SCAD was first described in 1930 by Doctor Harold
Pretty in a case of a woman with sudden cardiac death
after “partaking in a good meal of fried fish and potato
chips” resulting in “severe retching and vomiting.”
Autopsy revealed “dissecting aneurysm” of the right cor-
onary artery [8]. After this case report, much of the early
descriptions of SCAD were in the peripartum population,
leading to initial speculation that this was predominantly a
diagnosis of pregnancy. However, more recent data sug-
gest that pregnancy-related SCAD accounts for only a
small proportion of SCAD cases [5, 9]. It does highlight
the female preponderance of this condition, which has
been further demonstrated in subsequent case series
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[1••]. While we have learned much about SCAD in the
last decade, there are still many unanswered questions.
This review will summarize what we currently know
about this condition and highlight areas in which further
research is necessary.

Epidemiology

The true epidemiology of SCAD is largely unknown as,
until more recently, it was a generally unrecognized and
underdiagnosed condition. This was and still is driven by
a low index of suspicion for a cardiac cause of presenting
symptoms as well as difficulties in diagnosis by angiogra-
phy given limitations of the technique itself and lack of
operator familiarity with the condition. Much of our pub-
lished knowledge of the epidemiology of SCAD comes
from several single-center registries, small by cardiology
standards but growing with improved awareness and, there-
by, diagnosis. We do know SCAD disproportionately af-
fects women, who account for > 90% [5, 10, 11, 12•] of
cases. The average age of female patients ranges from 45
to 53, but cases of patients in their 7th and 8th decades of life
have been described. Men appear to be younger at presen-
tation as compared with women (mean age of 48.6 ± 9.8 vs.
52.3 ± 9.2, p = 0.05) [13]. The majority of patients are clas-
sified as white, although this may reflect a component of
referral bias [5, 6].

While we know that pregnancy-associated SCAD
(PASCAD) accounts for a small proportion of cases overall
[14•, 15], SCAD is likely the most common cause of acute
coronary syndrome (ACS) in pregnancy, accounting for 56 of
132 (43%) cases of pregnancy-associated ACS in a recent
systematic review by Elkayam et al. [16••]. Emerging data
also suggest it may be a much more common cause of ACS
than previously believed, particularly in younger women. An
earlier single-center retrospective analysis of 11,605 angio-
grams revealed SCAD in 0.2% in the overall population but
a much higher prevalence in women under the age of 50 who
presented with ACS or, specifically, STEMI (8.7 and 10.8%,
respectively) [17]. Several more contemporary series suggest
an even higher prevalence of SCAD in younger, female pa-
tients. In one series, SCAD was diagnosed in 24.2% of angio-
grams of women under the age of 50 who presented with ACS
and was the most common cause of non-atherosclerotic coro-
nary artery disease in this group of women [18]. In a multi-
institutional Japanese study of 20,195 patients, the overall
prevalence of SCADwas 0.31%, but the prevalence in women
under the age of 50 was 35% (45 of 130 women) [19]. As we
continue to grow our current registries of SCAD patients, we
will be able to shed greater light on the true epidemiology of
this condition.

Pathophysiology

Determination of the true pathophysiology of SCAD is diffi-
cult in an era where postmortem analyses are not routinely
requested. This is compounded by the difficulties of studying
this rare condition on a basic science level. We do know that
IMH is the likely cause of ACS in SCAD based on histopath-
ological results [20] and OCT/IVUS [21, 22]. There are two
hypotheses for pathophysiology that results in the IMH: (1) an
intimal dissection results in blood flow between in the intima
and media, causing a false lumen and (2) rupture of the vaso-
vasorum leads to accumulation of hematoma within the me-
dial space [23]. In a recent analysis of 240 patients by
Waterbury et al., only 123 (51%) had an identified intimal
tear, suggesting that both hypotheses may be in play. There
is also some question of whether the increased pressure in the
false lumen as a result of the IMH causes intimal disruption
into the true lumen, suggesting intimal tear is not the inciting
event. Given that the vast majority of SCAD patients are
women, attention has been turned to the potential role of fe-
male sex hormones in vessel fragility. There are data to sug-
gest multiparity as a risk factor for SCAD, which has led to a
hypothesis that progressive progesterone and estrogen medi-
ated weakening of the vessel wall over the course of multiple
pregnancies may, at least in part, explain this finding [24]. It is
proposed that this hormone-mediated weakening leads to cys-
tic medial necrosis and vaso-vasorum instability [16••, 25].
There is a similar proposed pathway for aortic dissection in
pregnancy [26]. To what extent these hormonal factors con-
tribute to both PASCAD and SCAD outside of pregnancy has
yet to be elucidated.

Associated Conditions

Fibromuscular Dysplasia

FMD is a non-atherosclerotic, non-inflammatory vascular
condition that most often results in a classic “string-of-beads”
pattern and can cause arterial stenosis, aneurysm, and/or dis-
section in any arterial bed, with the renal and carotid arteries
being the most common [27]. Like SCAD, the etiology and
pathophysiology of FMD are not well understood and, to date,
there has been no genetic mutation identified. The first case
series to describe an association between FMD and SCAD
was by Pate et al. in 2005. They described seven women with
ACS who also had angiographic features consistent with renal
FMD and suggested FMD may be the cause of the identified
coronary abnormalities seen on angiogram [28]. Since this
initial description, subsequent cohort studies have reported
SCAD and concomitant FMD in anywhere from 17 to 86%
of patients [1••]. It is unclear why there is such a substantial
variation in this association from cohort to cohort.
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Demographic differences, variation in imaging modalities,
rigor in identifying FMD, and other factors are likely contrib-
uting and deserve further investigation. Diagnosis and man-
agement of FMD are beyond the scope of this review, but
given the strong association with SCAD, a firm understanding
of this condition is crucial to the management of SCAD
patients.

Other Conditions

There have been numerous case reports of autoimmune and
inflammatory conditions, including rheumatoid arthritis, sys-
temic lupus erythematosus, and inflammatory bowel disease,
associated with SCAD. There are also good data to suggest
that these conditions increase the overall risk of myocardial
infarction from all causes [29]. There has been little utility in
screening all patients for these conditions. However, patients
should be screened for clinical signs and symptoms and con-
sideration should be made for further testing (and possible
rheumatology referral) if there is suspicion for an underlying
autoimmune disease. Similarly, a very small minority of pa-
tients have a previously diagnosed genetic connective tissue
disease, such as Marfan Syndrome, or suspicion for one of
these conditions. The utility of genetic testing for all SCAD
patients to identify one of these conditions is very low yield. It
should also be noted that there has been no causal gene iden-
tified for SCAD. However, if there is clinical suspicion for a
connective tissue disease, consideration should be made for
referral to a cardiovascular geneticist with expertise in these
conditions.

Pregnancy Associated SCAD

As previously mentioned, PASCAD is the most common
mechanism of myocardial infarction in this population. The
majority of these patients present in the postpartum period or
the third trimester [16••]. We have also observed cases several
months to a year or more postpartum, particularly in women
who are still breastfeeding [14•]. The etiology of PASCAD is
largely unknown. Clearly, SCAD is not an occurrence in all
pregnancies, so there is some predisposition to dissection that
has yet to be elucidated. It is likely that an underlying abnor-
mality of the vessel wall or superimposed inflammation in
combination with the hormonal and hemodynamic changes
of pregnancy may predispose these women to SCAD, but
we certainly need further research in this area.

In the largest series to date of PASCAD by Havakuk et al.,
the mean age was 34 years, with 40% of women over the age
of 35 [30]. The vast majority of cases presented in the 3rd
trimester or postpartum period (17 and 72.5% respectively),
which is consistent with the general finding that cardiovascu-
lar conditions of pregnancy occur largely in the peripartum
and postpartum period. PASCAD patients appear to have a

higher rate of pre-eclampsia as compared with pregnancy pa-
tients overall, but like SCAD patients as a whole, a small
percentage of these patients have conventional cardiovascular
risk factors [31]. PASCAD patients generally present with
higher risk features than SCAD patients overall, with a lower
ejection fraction and a higher percentage of left main and LAD
artery dissections [31]. As with all SCAD, a conservative ap-
proach, when possible, is recommended in these patients.

Triggers

While the underlying pathophysiology of SCAD is not fully
understood, a number of precipitants or triggers for the event
have been observed and are outlined below. These events are
thought to increase cardiocirculatory stress and may provoke a
dissection, particularly in the presence of pre-existing arterial
fragility from underlying disorders.

Emotional Stressors

An early observation in the management of SCAD patients
was that the acute event was often preceded by an extreme
emotional stressor. In one single-center series of 168 cases,
40% of patients reported an emotional stressor prior to their
event [5]. These stressors ranged from death in the family, to
marriage issues, to job stress. Emotional stressors were report-
ed to be much more common precipitants of SCAD in women
than in men [32]. It is postulated that stress catecholamine
surge during these events leads to coronary artery shear stress
that at least in part contributes to the pathophysiology of
SCAD in these cases. While this hypothesis has not been
specifically tested in SCAD patients, a similar mechanism
has been proposed in other stress-induced cardiovascular con-
ditions such as stress-induced cardiomyopathy (Takotsubo
syndrome) [33]. Interestingly, there is evidence from a small
retrospective series that SCAD may be misdiagnosed as
Takotsubo syndrome, indicating there may be some overlap
between the two conditions [34, 35].

Physical Stressors

Physical stressors are also considered important potential pre-
cipitants of SCAD. In the same 168-patient series, 24% re-
ported intense physical activity prior to their SCAD event,
with about 12% reporting intense isometric exercises or
weight lifting [5]. In another series, it was observed that pa-
tients were typically fit and engaged in activities beyond light
cardiovascular exercises (e.g., skiing, triathlons, cycling, mar-
athons, etc.) [36]. Although the pathophysiology of SCAD
associated with physical activity is poorly understood, it is
presumed that exposure to increased shear stress as a result
of high-intensity exercise may predispose to dissection,
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especially in those with underlying arteriopathy [37]. An anal-
ysis of predisposing factors for men vs. women found that
isometric exercise and heavy lifting were more common pre-
cipitants of SCAD in men compared with women [32]. Less-
frequent precipitants involving valsalva-like maneuvers such
as retching/vomiting, severe coughing, and intense bearing
down have also been cited [4, 38, 39]. With such activities,
the sudden increase in intrathoracic pressure and, thereby, sys-
temic blood pressure may play a role, although this is extrap-
olated from aortic dissection data [40].

Hormonal Triggers

Unlike hormonal triggers related to pregnancy, other potential
hormone-mediated SCAD triggers such as the perimenopaus-
al state, use of oral contraceptives or hormone replacement
therapy, and infertility treatments have less supportive data,
although these associations have been reported. There have
been case reports of SCAD as a result of beta HCG therapy
[41, 42], the use of oral contraceptive therapy, and during
menstruation [43]. There have also been observations that
breastfeeding/lactation may be associated a precipitant [5, 14•].
SCAD related to high-dose steroid administration has also been
noted [44]. More research is needed to elucidate if these
hormonal influences have causal associations with SCAD.

Illicit Drug Use

There are reports of SCAD related to recreational drug use,
such as cocaine and amphetamines. The use of recreational
drugs in men presenting with SCAD was reported to be more
common than women, although the patient sample size was
small [32]. Cocaine prevents reuptake of norepinephrine and
other catecholamines, which can lead to vasoconstriction, hy-
pertension, tachycardia, and thrombogenesis. These changes
can provide a milieu that predisposes patients to vascular dam-
age, including SCAD [45, 46].

Clinical Presentation and Diagnosis

We know that the overwhelming majority of SCAD patients
present either with ST elevation myocardial infarction or non-
ST elevation myocardial infarction (26–87 and 13–69%, re-
spectively, depending on the series) [1••]. Ventricular arrhyth-
mias or sudden cardiac death have been reported in 3–11% of
patients and cardiogenic shock in 2–5% of patients [1••].
While we often cite evidence that women with ACS present
differently from men, the vast majority of SCAD patients
(greater than 95%) present with chest pain [47]. Nausea/
vomiting, diaphoresis, and dyspnea have also been commonly
reported, both with and without chest pain [47]. Given that
SCAD often occurs in younger women who appear otherwise

healthy, it is not uncommon to find the diagnosis was initially
missed by first responders and physicians alike. Since, as not-
ed above, the vast majority of patients present with an
NSTEMI or STEMI, an EKG and a troponin are vital tools
for ruling out ACS and potential SCAD.

The gold standard for diagnosis of SCAD is coronary an-
giogram. Saw et al. [48] have developed a SCAD angiograph-
ic classification consisting of three types: type 1 represents the
classic appearance with contrast staining of the arterial wall
and multiple lumens; type 2 represents a diffuse narrowing,
varying in severity and length, with type 2A being a
narrowing bordered by a normal proximal and distal lumen
and type 2B being narrowing that extends to the distal tip of
the artery; type 3 represents a focal or tubular stenosis that is
difficult to distinguish from atherosclerosis. In general, type 1
and, in most cases, type 2 SCAD are diagnosed without the
need for intracoronary imaging. For type 3 lesions, optical
coherence tomography (OCT) and intravascular ultrasound
(IVUS) can be considered given it is often difficult to distin-
guish from an atherosclerotic lesion [1••]. However, these im-
aging modalities require technical and interpretive expertise
that may not be available in all cases. Furthermore, there is
reluctance to further instrument an artery that may be prone to
dissection propagation and other complications. There are
pros and cons to both IVUS and OCT that are beyond the
scope of this review. It should also be noted that coronary
computed tomography angiography (CCTA) can be consid-
ered useful in some cases. It has become a tool used to triage
intermediate risk patients with acute coronary syndrome at
many institutions. In the case of SCAD, it is not an ideal initial
imaging modality for a number of reasons including: lower
spatial and temporal resolution as compared with angiogra-
phy, difficulty of identifying IMH (particularly of smaller cal-
iber mid to distal vessels), and variable availability of properly
gated and protocolled imaging [1••]. However, CCTA can be
used to confirm IMH of proximal lesions after angiography or
for evaluation of SCAD patients with symptoms or question
of recurrence their initial presentation.

Management

As a general rule, a conservative approach is advocated for
those patients who are hemodynamically stable, not having
refractory angina, and free of critical left main or proximal
coronary SCAD. This is largely due to technical difficulties
in the treatment of these lesions with percutaneous interven-
tion (PCI) or coronary artery bypass grafting (CABG).
Attempts at PCI can lead to extension of the dissection or
IMH, which can result in placement of long/multiple stents
or further disruption of the vessel making PCI difficult or
not possible. We also know that the vast majority of vessels,
when studied in the weeks to months after the initial
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angiographic diagnosis, have healed on subsequent angiog-
raphy [15]. IMH resorption can result in stent malapposition
that increases the risk of stent thrombosis. When PCI is
necessary, there are means by which to optimize the success
of the procedure [1••]. In terms of CABG, there is sugges-
tion that both venous and arterial conduits can fail once the
native vessel has healed [15]. Therefore, CABG is reserved
for extreme cases in which multivessel dissection and he-
modynamically instability are present. Even in this scenar-
io, the evidence for CABG is extremely limited. There has
also been discussion of the use of temporary ventricular
support devices, such as the Impella, extracorporeal mem-
brane oxygena t ion , o r in t r ao r t i c ba l loon pump
counterpulsation in cases of SCAD with cardiogenic shock,
but this has not been systematically investigated in substan-
tial numbers. There have been case reports using the Impella
CP device in a limited number of cases of peripartum SCAD
that warrants further review.

While in-hospital mortality for SCAD is low, up to 14% of
patients require in-hospital revascularization, largely due to
propagation of dissection. Furthermore, although not quanti-
fied, there is a risk of sudden cardiac death in this setting.
Therefore, we generally recommend a more prolonged period
of monitoring (48 to 72 h, with some experts advocating a
longer duration of observation) after SCAD is diagnosed.
There is a paucity of data for medical management of SCAD
but suggestions, based on my personal practice, are outlined
below:

1. Antiplatelet therapy: I often recommend lifelong aspirin
81 mg, but there is variation in this practice. In theory, a
degree of thrombus burden at the site of the dissection flap
can develop, and aspirin may provide some protection in
this scenario should there be a recurrence. Certainly, the
patient’s bleeding risk (including in those patients with
menorrhagia) should be taken into account. In the case
of PCI, the recommendations for dual antiplatelet therapy
(DAPT) would be the same as for atherosclerotic lesions.
In the case of conservatively managed SCAD, consider-
ation can be made for 1–3 months of DAPT. Again, the
patient’s bleeding risk should be taken into account. In
theory, there is concern for propagation of intramural he-
matoma, so some experts advise aspirin alone or no
DAPT altogether.

2. Beta blockers: There is evidence to suggest that beta
blockers may reduce the risk of recurrence. In a review
of 327 SCAD patients by Saw et al., the risk of recurrence
was reduced in those patients on a beta blocker (HR, 0.36;
95% CI, 0.18–0.73) [49]. While many patients express an
intolerance to beta blockers, it is important, if at all pos-
sible, to remain on some dose of beta blocker. Often, a
change in the type of beta blocker can improve patient
symptoms.

3. Calcium channel blockers: For those with ongoing chest
pain, calcium channel blockers can be a very useful (and
well tolerated) drug in this patient population.

4. Anticoagulation: As a general rule, heparin and other
anticoagulation therapy is stopped at the time of diagnosis
of SCAD given concern for propagation of intramural
hematoma.

5. Nitrates: Nitrates can be used as an anti-anginal in select
patients with ongoing pain. However, anecdotally, there are
SCAD patients that appear to have increased angina with
nitrates. Side effects, including hypotension and headaches,
can prohibit its use, particularly in this patient population.

6. Statins: Statins are not generally recommended in SCAD
given some evidence of increased recurrence in those
using statins [6]. However, if the patient meets criteria
for initiation for primary prevention, then a statin should
be initiated.

7. Cardiac rehabilitation: There is evidence that the rate of
referral and participation to cardiac rehabilitation is low in
this patient population. A study by the Vancouver General
Hospital SCAD program showed that an initially conser-
vative exercise regimen is safe in these patients. They gen-
erally recommended a blood pressure no higher than 130/
80 mmHg; heart rate of 50–70% of maximal predicated;
light weights of 2–12 lb as an initial starting point [50]. We
will generally increase the exercise regimen as tolerated
beyond this initial conservative approach based on patient
symptoms and level of endurance. In general, an eventual
return to or gradual build to moderate intensity exercise is
ultimately encouraged, as there is no evidence of harm
related to this level of exercise. For patients with ongoing
angina after SCAD, a deferment of an exercise regimen
until symptoms are under control should be considered.

Prognosis and Recurrence

The long-term prognosis and recurrence risk of SCAD is
largely unknown at this time. Within the first 10 years after
SCAD, the risk of major adverse cardiovascular events
(MACE), predominantly due to recurrent SCAD, is felt to be
somewhere around 30%. At this point, there are no clear
markers available to predict recurrence.

Conclusion

While our understanding of SCAD, from pathophysiology to
management, has greatly increased over time, there is still
little evidence to support much of how we manage these pa-
tients. As recognition of this condition has increased, so has
our ability to develop larger cohorts of SCAD patients. This
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will hopefully allow us to better understand SCAD and allow
more tailored management of this condition.
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