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Spontaneous coronary artery dissection (SCAD) accounts for 1.7%–4% of all acute
coronary syndrome presentations, particularly among young women with an
emerging awareness of its importance. The demarcation of acute SCAD from
coronary atherothrombosis and the proper therapeutic approach still represents
a major clinical challenge. Certain arteriopathies and triggers are related to
SCAD, with high variability in their prevalence, and often, the cause remains
unknown. The objective of this review is to provide contemporary knowledge of
the pathophysiology of SCAD and possible therapeutic solutions.
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1. Introduction

Spontaneous coronary artery dissection (SCAD) is an often-underrecognized clinical

condition primarily associated with acute coronary syndrome (ACS) in young or

middle-aged women, which can have fatal consequences. The utilization of

intracoronary imaging techniques and the introduction of an angiographic classification

by Saw J et al. in 2014 (1), as well as SCAD position papers published by the European

Society of Cardiology and American Heart Association in 2018 (2, 3), have contributed

to the increased recognition and prevalence of SCAD. In the USA, the estimated

prevalence of SCAD in ACS ranges from 1.7% to 4% (4), while it varies from 3.1% to

9.7% in patients with premature myocardial infarction (less than 45 years) (5–7), and

up to 43% in females experiencing ACS during the peripartum period (8). A meta-

analysis of 2,172 SCAD patients conducted by Franke KB et al. reported that 84% of the

cases involved females, with a mean age of 51 years, and significant heterogeneity across

studies regarding baseline characteristics and outcomes analyzed (9). While the majority

of patients typically present with characteristic chest pain (96%) and show elevated

cardiac biomarkers (10), a small subset (0.4%–4%) may exhibit normal cardiac troponin

levels (11). Additionally, SCAD has been identified as a potential cause of sudden

cardiac death (SCD) in 3%–11% of cases, which raises the possibility of an

underestimation of SCAD prevalence. This observation highlights the challenge in

accurately assessing SCAD’s true frequency, particularly given the limited data available
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from postmortem cases (4). Timely diagnosis of SCAD is crucial

due to its distinct pathophysiology and management compared to

atherosclerotic disease.
2. Anatomy and physiology of coronary
arteries

Coronary arteries arise from the aortic root, which is the

initial segment of the ascending aorta. The right coronary

artery (RCA) originates from the right sinus of Valsalva and

enters the atrioventricular groove, descending anteriorly and

inferiorly along the right border of the heart, giving rise to

several branches before passing posteriorly and inferiorly (12).

The left coronary artery, the main stem, originates from the

left sinus of Valsalva, travels anteriorly and to the left between

the left atrial appendage and the pulmonary trunk, dividing

shortly into the circumflex (Cx) and anterior interventricular

(or descending) (LAD) arteries (13, 14). Although coronary

vessels were traditionally considered branches of the aorta,

recent studies on mouse models have shown that coronary

arteries derive from cells originating from the sinus venosus,

the venous inflow tract of the primitive heart. These cells

migrate to the muscle layer and form a vascular plexus that

subsequently remodels into arteries (15). The vascular supply

of arteries larger than 0.5 mm is provided by vasa vasorum,

which traverse the adventitia but not the muscular layer of the

vessel wall due to luminal compressive forces. Vasa vasorum

can be classified into vasa vasorum interna, originating from

the luminal surface or media and penetrating the vessel wall

toward the adventitia, and vasa vasorum externa, primarily

located in the adventitia and originating from various

anatomical points (16).

The adventitia represents a vital component of the vessel wall,

regulating the inflammatory response and contributing to vessel

repair. However, its impaired ability to respond adequately to

injury is implicated in both spontaneous dissection and

atherosclerotic processes (17). In a study analyzing the

mechanical properties of coronary arteries in vitro, Claes E et al.

investigated five human donors. They found that the

responsiveness of coronary arteries to wall stress follows a typical

J-curve pattern, with the initial portion dependent on elastin and

the stiffer segment reliant on collagen. This relationship may

shift upward over time due to aging or distinct pathologies.

While coronary arteries are considered elastic, their

circumferential strength is significantly lower than that of the

aorta and declines progressively with age, with a more pronounced

decrease occurring around the ages of 30–40 years (18).

The pressure within the internal vasa vasorum is lower than

that in the coronary artery, supported by the firmness and

elasticity of the endothelium. However, when the endothelium

becomes infiltrated with inflammatory cells and cytokines, it

becomes compromised, leading to vessel wall disruption and the

transmission of pressure from the coronary artery lumen to the

subintimal layer (16).
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3. Definition and classification of SCAD

The first autopsy report on SCAD was published in 1931 (19).

Since then, there has been increasing recognition of SCAD,

leading to numerous publications in the past decade and

highlighting the need for a precise definition of this condition.

SCAD is currently defined as the spontaneous tearing of the

coronary artery wall, resulting in the formation of an intimal

hematoma that obstructs blood flow. It is important to note

that the term SCAD specifically excludes iatrogenic dissections

(those induced by medical procedures) and those associated

with trauma. Additionally, the contemporary definition of

SCAD excludes cases involving atherosclerotic coronary artery

disease.

Initially, SCAD was classified into four angiographic types (1)

(Figure 1). Type 1 is considered pathognomonic, characterized

by contrast staining of the coronary artery wall and the presence

of a false lumen. Type 2 SCAD is often misdiagnosed as it

presents as a diffusely narrowed segment, commonly involving

the medial or distal parts of the artery, with a subtle demarcation

line separating it from the true caliber of the coronary artery.

Type 2 SCAD is further divided into Type 2A, where normal

arterial segments can be observed proximal and distal to the

SCAD segment, and Type 2B, where the dissection extends to

the distal tip of the artery (20). Type 3 SCAD is challenging to

diagnose due to its focal appearance. More recently, Type 4

SCAD was added to the classification, characterized by total

occlusion of the vessel, which must be differentiated from a

thromboembolic event (21). Tanis et al. proposed an alternative

classification based on the etiology of SCAD, dividing it into four

subtypes: peripartum, atherosclerotic, idiopathic, and those

related to connective tissue disorders (22).
4. Proposed mechanisms of SCAD

The etiology and pathophysiology of SCAD still present many

unresolved questions. The existence of two types of SCAD—one

with an intimal tear and blood entering the vessel wall (“inside-

out”), and the other without an observed intimal tear,

hypothesized as a consequence of vasa vasorum rupture

(“outside-in”)—complicates our understanding of the underlying

cause of this condition (20) (Figure 2). In an observational study

of 65 SCAD patients, optical coherence tomography (OCT) was

utilized to investigate false lumen formation (23). The absence of

fenestration in the false lumen results in increased pressure,

leading to compression of the true lumen. The authors proposed

that the “outside-in” theory may unify the pathophysiology of

SCAD. However, the lack of studies supporting the hypothesis of

intramural bleeding with subsequent false lumen formation keeps

the “inside-out” theory alive. Furthermore, the theory that

intimal hemorrhage generates enough pressure to compromise

flow in the true lumen requires further investigation through

mechanical stress studies (24). An OCT study by Kwon et al.

reported a higher density of adventitial vasa vasorum in SCAD
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FIGURE 1

Four different angiographic types of SCAD.

FIGURE 2

Proposed mechanisms of SCAD occurrence.
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patients compared to those with non-obstructive atherosclerotic

coronary artery disease (CAD), suggesting that this anatomical

feature may contribute to the occurrence of SCAD (25).

The role of microvasculature in the pathophysiology of SCAD

remains unclear. It is reasonable to assume that microvascular

dysfunction, which has been implicated in various cardiovascular

diseases, plays a role in the pathophysiology of SCAD as well.
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However, specific studies addressing this aspect are currently

lacking.

Inflammation and abnormalities of connective tissue have been

proposed as important factors in the pathophysiology of SCAD

(26). Autopsy reports frequently describe infiltration of the

adventitia surrounding SCAD with inflammatory cells, although

the true relationship has not been proven or well understood
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(27). Based on autopsy study findings, segmental eosinophilic

infiltration has been identified as a pathognomonic feature of

non-atherosclerotic SCAD (28). A small retrospective study by

Canga et al. reported significantly higher levels of systemic

inflammation markers (white blood cell count, neutrophil-to-

lymphocyte ratio, C-reactive protein) in SCAD patients

compared to controls, similar to patients with CAD, but the

causal relationship between inflammation and SCAD remains

uncertain (29). The perivascular adipose tissue attenuation

around coronary arteries, as determined by coronary computed

tomography angiography (CCTA), represents a novel imaging

marker for assessing inflammation burden. In a recent study, it

was discovered that 48 SCAD patients exhibited higher

pericoronary adipose tissue attenuation when compared to

patients without SCAD, indicating an elevated perivascular

inflammatory activity within this patient population (30).

A study by Margarits M et al. compared the coronary and

myocardial histology and immunohistochemistry findings of 36

autopsy SCAD cases with 359 SCAD survivors (31). Autopsy

cases were predominantly characterized by single-vessel disease,

with a higher proportion involving the left main artery. Two-

thirds of autopsy cases did not develop myocardial infarction.

Inflammation was more pronounced in the dissected region,

suggested to be a reaction rather than the cause of SCAD, and

was more intensively present in SCAD survivors. Approximately

47% of autopsy cases exhibited limited intimal fibro-elastic

thickening without features of fibromuscular dysplasia (FMD) or

abnormalities in the endothelial or internal elastic lamina. There

were no differences in vasa vasorum density between SCAD cases

and controls.

The genetic predisposition for SCAD is not yet fully

understood. Genetic studies indicate that a small percentage of

SCAD patients carry distinct gene mutations (32). Additionally,

SCAD occurs frequently in patients with FMD and migraine, and

recent genetic studies have identified shared risk variants between

these conditions and SCAD (33). In a meta-analysis comprising

1,917 cases and 9,292 controls, Adlam et al. identified 16 risk

loci for SCAD, primarily associated with genes involved in

vascular muscle cells and fibroblasts (34). Based on a specific risk

locus for factors initiating coagulation, the authors concluded

that arterial integrity, along with tissue-mediated coagulation,

should be considered in the pathophysiology of SCAD, opening

up new possibilities for management and prevention. The shared

genetics found between hypertension and SCAD also suggest the

need for future studies on possible similar biological pathways in

SCAD and CAD.
4.1. Hormonal influences and SCAD

Appreciating the fact that the typical SCAD patient is a woman

aged between 44 and 53 years, it is reasonable to assume that sex

hormones play an important role in SCAD pathophysiology.

Data from the SWED-PREG registry, which includes women

diagnosed with SCAD between 1997 and 2019 and under 50 years

of age, revealed that 28% of cases were associated with pregnancy
Frontiers in Cardiovascular Medicine 04
(during pregnancy or within 14 weeks postpartum) (35).

Significant changes occurring during this period are thought to

contribute to the pathophysiology of SCAD. Hemodynamic,

respiratory, and metabolic changes lead to a substantial increase in

blood volume, placing high demands on the cardiovascular system

and causing cardiomyocytes to change their elasticity and

contractility (36). Additionally, vascular overload during pregnancy

can induce changes in the endothelium, increasing its permeability

and reducing coagulability (37). These changes occur early in

pregnancy, as the placenta begins producing various molecular

signals such as hormones and growth factors, which affect the

peripheral vasculature (38). Hormonal changes during pregnancy

weaken the media layer of the vessel wall due to decreased

collagen production and alterations in collagen metabolism. In the

past, it was speculated that higher levels of progesterone cause the

loss of elastic fibers, making blood vessels during pregnancy more

susceptible to dissection, particularly in response to high cardiac

output and smooth muscle cell hypertrophy (39). However, these

generalized vascular changes have not been conclusively proven in

postmortem studies (40). During labor and delivery, cardiac

output increases, and shear stress on the vessels rises significantly,

further increasing the risk of SCAD development (41). As a result,

SCAD is most commonly observed in the third trimester or

postpartum period among causes of acute myocardial infarction

(AMI) during pregnancy (42).

The potential for SCAD recurrence during subsequent

pregnancies, often with serious consequences, necessitates clear

guidance for peripartum SCAD survivors. In a cohort study

involving 54 females who experienced pregnancy-associated

SCAD, 15% encountered a recurrent SCAD event within a 5-year

follow-up period, with 50% of these recurrences happening

within 3 months after delivery (43). More recently, within a

cohort of 636 women of childbearing age, 23 chose to become

pregnant following a prior SCAD episode. Remarkably, most of

these women managed pregnancy and lactation without any

evidence of an increased risk of SCAD recurrence compared to

women with a history of SCAD who did not become pregnant

(44). Furthermore, in a meta-analysis involving 4,206 SCAD

patients, pregnancy did not exhibit a significant association with

recurrent SCAD (45).

While it might initially appear reasonable to advise peripartum

SCAD survivors to avoid future pregnancies due to the

unpredictable nature of SCAD (46), this recommendation is not

aligned with the current consensus among experts (3). This is

primarily because the majority of these patients proceed to have

uncomplicated pregnancies. Instead, the recommended approach

is to offer comprehensive pre-conception counseling, encouraging

close collaboration between gynecologists, obstetricians, and

cardiologists.

Data regarding the association between hormone replacement

therapy (HRT) and oral contraceptives with SCAD are scarce. In

a case report from 2011, Zehir et al. described a 36-year-old

woman with a history of 7 years of third-generation oral

contraceptive use who presented with AMI due to left anterior

descending artery dissection and proximal thrombotic occlusion

of the right coronary artery (47). Changes in the architecture of
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the coronary artery wall caused by estrogen have been previously

discussed as a possible explanation for the increased risk of

SCAD. Oral contraceptives could potentially contribute to SCAD

risk through their effects on coagulability, vasomotor control,

and oxidative stress. However, in a prospective study of non-

atherosclerotic SCAD patients by Saw et al., the prevalence of

oral hormonal therapy use was 10.7%, without a significant

causative effect (48). In the aforementioned study by Tweet et al.,

there was no significant difference in the prevalence of previous

hormonal therapy between pregnancy-related and non-

pregnancy-related SCAD patients, with rates of administration

being 28% and 16%, respectively (43).

Two cases of SCAD in young females were reported in 2003,

both occurring during the menstrual period (49). The authors

speculated that the drop in estrogen and progesterone levels,

similar to the peripartum period, triggers the loss of hormonal

vascular smooth muscle cell suppression and increases smooth

muscle activity, leading to coronary media frailty.

If we accept that estrogen and progesterone contribute to vessel

wall weakness and predispose individuals to SCAD, it would be

reasonable to assume that menopausal women without HRT are

at lower risk for SCAD. In a study comparing clinical features,

angiographic findings, management, and in-hospital outcomes of

245 women with SCAD based on their menopausal status, it was

found that premenopausal women with SCAD had a higher

clinical and angiographic risk profile, including a higher

prevalence of more proximal localization and larger infarct size,

leading to a higher prevalence of left ventricular systolic

dysfunction (50). In contrast, postmenopausal women had a

higher prevalence of standard atherosclerotic risk factors.

However, there were no significant differences in terms of in-

hospital major adverse cardiovascular events (MACE) between

the groups.

Finally, there is limited data on a possible association between

hypothyroidism and SCAD. Observations that individuals with

hypothyroidism tend to have a higher prevalence of spontaneous

dissections, primarily in the aortic, carotid, and vertebral arteries,

have led to speculation that it may be related to SCAD as well.

Patients with hypothyroidism are also more susceptible to

iatrogenic SCAD. In a recent observational multicenter study of

73 SCAD patients, a significantly higher rate of hypothyroidism

was observed compared to matched controls with atherosclerotic

acute coronary syndrome and no evidence of coronary artery

dissection (51). Possible pathways for the development of SCAD

in hypothyroidism involve interstitial fluid retention and

increased production of hyaluronic acid by fibroblasts, leading to

the repression of smooth muscle cells and resulting in a weaker

vessel wall. However, these speculations require further study and

clearer demonstration in future research.
4.2. Connective tissue disorders and SCAD

Genetic studies of SCAD survivors have reported the

identification of mutations associated with Marfan syndrome and

Ehlers-Danlos syndrome in previously undiagnosed cases (52). In
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a large prospective multicenter study of 750 SCAD patients, the

prevalence of connective tissue disorders (CTDs) was found to

be 3.6%, and they were identified as independent predictors of

30-day major adverse cardiovascular events (27). CTDs, such as

Ehlers-Danlos syndrome, Marfan syndrome (MFS), Autosomal

Dominant Polycystic Kidney Disease, Loeys-Dietz syndrome, and

Pseudoxanthoma elasticum, are rare hereditary conditions, and

SCAD might be the initial presentation of an underlying

connective tissue disorder (53). These disorders share a common

feature of inadequate structure and synthesis of the extracellular

matrix, as well as alterations in elastic fibers, contributing to

their multisystemic nature. In fact, there are thirty-six different

clinical entities, involving more than 40 different genes or gene

loci, that should be differentiated from the most well-known

condition, Marfan syndrome (MFS) (54).

Genetic studies, as well as cellular and molecular investigations

of SCAD, have revealed disruptions in tumor growth factor beta

(TGF-β) signaling, changes in the extracellular matrix,

cytoskeleton, and metabolism caused by specific gene mutations,

including LRP1, collagen genes, fibrillin, and TGF-β receptors.

These genetic mutations are shared between many connective

tissue disorders and SCAD (55).

Given that SCAD may be the initial manifestation of an

underlying connective tissue disorder, it is important to include

genetic testing for CTDs in the diagnostic algorithm for SCAD.

Furthermore, it can be speculated that all SCAD patients are

actually individuals with unrecognized connective tissue

disorders, with genetic mutations expressed in female patients,

who develop dissections in the presence of precipitating factors.
4.3. Fibromuscular dysplasia and SCAD

In addition to being a typical event in females, SCAD is often

considered a severe manifestation of underlying systemic

arteriopathy, with FMD emerging as a synonymous condition

for SCAD.

FMD, a non-inflammatory and non-atherosclerotic disease of

unknown etiology, was first described in 1958 by McCormack

et al. in patients with renovascular hypertension (56). Initially

considered hyperplasia, further studies reclassified it as dysplasia.

Typical angiographic findings of FMD include two types:

multifocal stenoses with “string of beads” appearance and focal

lesions, primarily observed in renal and cranial vessels.

Pathological classification of FMD into intimal, medial, and

perimedial disease is based on the location of irregularly

arranged mesenchymal cells within a loose matrix of

subendothelial connective tissue and a fragmented internal elastic

lamina (57). In modern practice, the diagnosis of FMD is

primarily achieved through imaging techniques, rendering the

pathological classification obsolete in routine clinical use. It’s

important to highlight that, in addition to dissection, typical

clinical FMD phenotypes encompass aneurysms and marked

tortuosity in the affected arteries.

One of the early studies on FMD of coronary arteries was a case

series by Pate et al. in 2005, reporting seven patients with
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previously documented renal FMD and typical angiographic

findings of diffuse obliterative changes in middle or distal

segments, predominantly in the LAD, with a clear demarcation

line from the apparently healthy proximal segment (58). Prior to

this study, coronary FMD was primarily diagnosed through

autopsies, making this report unique in its assumption of specific

angiographic findings for a condition that was considered a

histopathological diagnosis. Another case series by Saw et al. in

2012 was the first to study SCAD in coronary FMD, reporting

six females presenting with ACS (59). In the same year, a

retrospective single-center cohort study of 87 SCAD patients

reported the presence of FMD in iliac arteries in eight patients

and carotid FMD in two additional patients (60).

The high prevalence of FMD in SCAD patients clearly

establishes a connection between the two conditions, primarily

based on the understanding that the histopathological features of

FMD weaken vessel walls, making them prone to dissection in

the presence of precipitating factors. Indeed, the prevalence of

FMD in non-atherosclerotic SCAD patients has been found to be

over 70% (48).

The occurrence of extra-coronary vascular abnormalities in

SCAD patients with FMD ranges from 10% to 86%, raising

important questions regarding diagnostic algorithms following a

SCAD event (2). In a case series study involving 173 SCAD

patients, the research focused on analyzing the prevalence of

aneurysms, dissections, and tortuosity in extracoronary arteries

(61). The findings revealed that 32% of patients exhibited FMD,

8% had aneurysms, and 2% experienced dissections. Interestingly,

there was a comparable prevalence of arterial tortuosity between

the SCAD cases and the control group, and extracoronary

vascular events were rare over a median 5-year follow-up period.

Identifying such extra-coronary involvement and implementing

appropriate preventive measures, especially for women planning

pregnancy, is of utmost importance. Unfortunately, there is no

clear consensus on the design of such measures, leaving

clinicians to recommend the avoidance of known precipitating

factors for SCAD, such as intense exercise, emotional stress,

labor and delivery, intense Valsalva-type activities, drug abuse,

and intense hormonal therapy in SCAD survivors.
4.4. SCAD in systemic autoimmune diseases

Systemic autoimmune diseases, especially systemic lupus

erythematosus (SLE), have been suggested to potentially

contribute to the pathogenesis of SCAD. The connection between

inflammation and SCAD, as discussed in previous sections,

remains a subject of debate. It’s uncertain whether inflammation

acts as a causal factor or is simply an expected response to an

intimal tear or intramural hemorrhage. Randomized trials are

lacking to definitively establish the relationship and associated

risks between SCAD and systemic autoimmune diseases.

Saw et al. reported that within a cohort of 168 SCAD

patients, 8.9% had concomitant systemic inflammatory

conditions, including ulcerative colitis, Crohn’s disease,

rheumatoid arthritis, celiac disease, and Graves disease (48). A
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systematic literature review and meta-analysis by Ullah et al.

identified only 10 cases of SCAD related to systemic autoimmune

diseases, with 70% of these patients having SLE. These cases

predominantly presented as non-ST-elevation myocardial

infarctions (NSTEMI) and exhibited a higher-than-expected rate

of percutaneous coronary intervention (PCI) with overall

satisfactory outcomes (62). In a large Canadian cohort analysis of

750 SCAD patients, a 4.7% prevalence of systemic inflammatory

conditions was observed (27).

However, in a case-control study involving 114 SCAD cases,

systemic autoimmune diseases appeared to have a similar

prevalence in SCAD patients compared to controls. This study

did not reveal any significant relationship between systemic

autoimmune diseases and SCAD, suggesting that SCAD may not

have an inflammatory basis and that routine screening for

systemic autoimmune diseases may be unnecessary (63).

It’s important to note that the existing literature on the

relationship between SCAD and systemic autoimmune disorders

is limited and primarily comprises case reports and observational

studies, making it difficult to draw definitive conclusions. Future

prospective studies that investigate various systemic autoimmune

disorders and explore autoantibody interactions with vessel wall

structures as potential causes of SCAD will offer more insights

into this possible pathophysiological pathway. Notably, a recent

case-control study by Civieri et al. reported a significantly higher

prevalence of autoantibodies targeting angiotensin-II receptor

type 1 and endothelin-1 receptor type A in SCAD patients

compared to controls (including healthy individuals and those

with atherosclerotic CAD), emphasizing the potential role of

autoimmunity in SCAD pathophysiology (64).

The proposed pathophysiology of SCAD is summarized in

Figure 3.
5. Clinical presentation and diagnosis
of SCAD

SCAD remains an underdiagnosed condition, and many

patients may not present to medical services due to mild

symptoms or SCD as the first manifestation. Among those who

do present, a majority present with ACS, with 26%–55%

presenting as ST-elevation myocardial infarction (STEMI) (48,

65). Typical chest pain is reported in 60%–90% of cases (66).

However, some cases may be asymptomatic or have minimal

symptoms, leading to delayed diagnosis or misinterpretation of

angiographic findings (10).

Angiographic findings are crucial for the diagnosis of SCAD,

and the classification proposed by Saw et al. is often used (1).

However, there can be a misinterpretation of Type 3 SCAD as

atherosclerotic CAD. Simultaneous multivessel dissection may

occur in 10% of cases, emphasizing the need for careful

evaluation of all coronary arteries. SCAD patients also have a

higher prevalence of significant coronary artery tortuosity

compared to the general population, which may be related to the

presence of FMD and a higher risk of recurrence (67).
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FIGURE 3

Pathophysiology of SCAD.
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Intracoronary imaging techniques such as intravascular

ultrasound (IVUS) and OCT have expanded our understanding of

SCAD (68, 69). IVUS allows for the visualization of true and false

lumens and the extension of intramural hematoma, while OCT

provides high-resolution images of the vessel wall structure, location

of intimal tear, and intramural hematoma size (70–72). These

imaging modalities are particularly useful during percutaneous

coronary intervention (PCI) to guide wire placement and stent sizing.

While non-invasive diagnostic tools for SCAD have their

merits, their utility is somewhat limited. Echocardiography offers

the ability to assess regional wall kinetics and left ventricular

ejection fraction. On the other hand, cardiac magnetic resonance

(CMR) imaging serves as a valuable tool for confirming SCAD

or distinguishing it from other conditions, such as myocarditis or

Takotsubo cardiomyopathy in type 4 SCAD (73, 74). However,

it’s important to note that normal CMR findings do not

definitively rule out SCAD. CCTA, while less commonly

employed in SCAD diagnosis, may find a role in follow-up due

to its non-invasive nature and lower risk of catheter-induced

injury. Nevertheless, interpreting CCTA findings can pose

challenges, as intramural hematomas can sometimes be mistaken

for artifacts, and non-calcified atherosclerotic plaques might be

inaccurately interpreted as SCAD.

In summary, SCAD diagnosis relies on angiographic findings,

with IVUS and OCT providing additional information on the
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vessel wall structure and intramural hematoma. Non-invasive

imaging modalities such as echocardiography, CMR, and CCTA

can aid in the assessment and follow-up of SCAD patients, but

their diagnostic utility is limited compared to invasive techniques.
6. Management and outcomes of SCAD

The management of SCAD is primarily conservative, as natural

healing evolution is observed in many cases (75–77). The majority

of SCAD patients are treated conservatively, with no significant

difference in MACE between patients with or without

percutaneous coronary intervention (PCI) at the index

hospitalization (65). Prolonged monitoring in the acute phase is

recommended, as some studies have shown that not all

conservatively treated patients experience complete healing (2,

76, 77).

The paucity of randomized trials focusing on medical therapy

for SCAD has left treatment approaches primarily reliant on

empirical strategies. The use of dual antiplatelet therapy (DAPT)

in combination with anticoagulant therapy poses a potential risk

of hematoma propagation. However, certain studies have

documented the presence of intramural thrombus at the site of

SCAD (71), providing a rationale for considering DAPT,

preferably with a less potent P2Y12 inhibitor, for a duration of
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1260478
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Djokovic et al. 10.3389/fcvm.2023.1260478
12 months. Conversely, an analysis from the DISCO registry

observed a higher incidence rate of adverse cardiovascular

outcomes among 132 SCAD patients treated with DAPT (62.9%

on aspirin plus clopidogrel, 36.4% on aspirin plus ticagrelor)

compared to 67 SCAD patients managed with either aspirin

100 mg or a P2Y12 inhibitor (78). The authors of this study

concluded that DAPT might pose a greater risk compared to

single antiplatelet therapy for conservatively managed patients.

This observation supports the hypothesis that more potent

antiplatelet therapy could potentially induce intramural

hematoma propagation.

While the use of aspirin therapy lacks a robust foundation in

SCAD management, beta-blockers remain a cornerstone in

medical treatment to mitigate the potential adverse effects of

catecholamine surges. However, these therapeutic regimens are

largely empirical and continue to evolve based on individualized

approaches. The forthcoming results of the inaugural prospective,

randomized, open-label, blinded-endpoint clinical trial, the Beta-

blockers and Antiplatelet agents in patients with Spontaneous

Coronary Artery Dissection (BA-SCAD), aimed at evaluating the

efficacy of pharmacological therapy in SCAD patients, hold the

promise of shedding light on this matter (79).

Patients presenting with left ventricular systolic dysfunction

should receive treatment in accordance with the latest clinical

guidelines. The use of statins in the context of SCAD remains a

topic of debate, as some studies have indicated an elevated risk

of recurrence, while others have reported lower recurrence rates

among individuals using statins (60, 80).

The consideration of PCI in SCAD cases should be judicious,

primarily for those experiencing prolonged symptoms and

persistent ischemia. In a study conducted by Kotecha et al., a

comparative analysis involving 215 SCAD patients who

underwent PCI and a matched cohort of SCAD patients

managed conservatively was performed (81). The study findings

indicated that high-risk SCAD cases [excluding those presenting

with STEMI/cardiac arrest, thrombolysis in myocardial infarction

(TIMI) 0/1 flow, or proximal dissection] received stents of

greater length and exhibited a higher propensity for PCI-related

complications. However, it was notable that this subgroup

demonstrated more pronounced improvements in coronary flow

and exhibited favorable medium-term outcomes concerning

major adverse cardiovascular and cerebrovascular events. This

assertion is corroborated by the most recent recommendations

provided in the guidelines for the management of ACS by the

European Society of Cardiology. According to these guidelines,

PCI in SCAD is advised solely for patients exhibiting

symptomatic manifestations and indicators of ongoing ischemia,

coupled with a substantial extent of myocardium at risk and

diminished anterograde flow. This recommendation is

categorized as Class I, supported by Level of Evidence C (82)

Careful techniques, such as balloon angioplasty without stent

deployment or the use of specific stent techniques to avoid

hematoma propagation, may be employed (53, 83). Surgical

revascularization with coronary artery bypass grafting is

performed in specific cases, such as PCI failure, left main

involvement, or multivessel presentation.
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The main concern in the follow-up of SCAD patients is the risk

of recurrence. Close monitoring and avoidance of known

precipitating factors, such as intense exercise and emotional

stress, are recommended. In the case of pregnancy-related SCAD,

future pregnancies should be carefully monitored, and non-

hormonal contraception methods are recommended. Regular,

moderate exercise is proposed for the overall well-being of SCAD

patients, despite physical activity being identified as a risk factor

for SCAD development.

Overall, further research is needed to better understand the

healing process, identify underlying diseases such as

fibromuscular dysplasia and connective tissue disorders, and

establish optimal management and follow-up protocols for SCAD

patients.
7. Future directions and research needs

Future research on SCAD should focus on several key areas to

advance our understanding and improve patient outcomes:
1. Pathophysiology and Etiology: Further studies are needed to

elucidate the underlying mechanisms and causes of SCAD.

This includes investigating the role of hormonal factors,

inflammation, genetic predisposition, connective tissue

disorders, and autoimmune diseases in the development of

SCAD. Identifying specific genetic mutations and molecular

pathways associated with SCAD will help in early diagnosis,

risk stratification, and targeted therapies.

2. Diagnostic Tools and Algorithms: Developing clear diagnostic

algorithms and guidelines for the accurate and timely

diagnosis of SCAD is crucial. This involves refining the use

of angiography, intravascular imaging techniques (such as

IVUS and OCT), non-invasive imaging modalities (such as

CMR and CCTA), and genetic testing to differentiate SCAD

from other conditions and identify underlying diseases.

Standardized criteria for the interpretation of imaging

findings and histopathological features of SCAD are needed.

3. Medical Management: Conducting randomized controlled

trials to evaluate the efficacy and safety of different medical

treatments for SCAD is essential. This includes investigating

the optimal duration of DAPT, the role of anticoagulants, the

use of beta-blockers and other medications, and the potential

benefits of statins in preventing recurrence. Long-term

follow-up studies are necessary to assess the outcomes and

recurrence rates associated with different treatment strategies.

4. Risk Stratification and Prevention: Developing risk stratification

tools to identify patients at higher risk of SCAD recurrence,

adverse cardiovascular events, or complications is crucial for

personalized management. Understanding the role of lifestyle

factors, such as exercise intensity and emotional stress, in

triggering SCAD and implementing preventive measures to

avoid these triggers is important. Identifying modifiable risk

factors and implementing targeted preventive strategies can

help reduce the burden of SCAD.
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5. Pregnancy and Women’s Health: Further research is needed to

understand the specific risks and management strategies for

pregnancy-related SCAD. This includes investigating the

impact of hormonal changes, vascular adaptations during

pregnancy, and the use of hormonal therapies and

contraceptives on SCAD risk. Developing guidelines and

recommendations for family planning and pregnancy

management in women with a history of SCAD is necessary.

6. Patient Education and Support: Improving patient awareness,

education, and support systems for SCAD are crucial.

Providing information on symptoms, risk factors, and

preventive measures can help patients recognize early signs

and seek appropriate medical attention. Creating patient

support networks and resources can enhance patient well-

being and improve long-term outcomes.

7. Collaborative efforts between researchers, clinicians, and patient

advocacy groups are essential to address these research needs

and advance our understanding of SCAD. By conducting

high-quality studies and sharing data through registries and

international collaborations, we can make significant progress

in the diagnosis, management, and prevention of SCAD.
8. Conclusion

In conclusion, SCAD is a unique and complex condition that

predominantly affects women, often in their reproductive years.

It is characterized by the formation of intramural hematoma,

with or without intimal tear, and potential obstruction of blood

flow. The recognition and understanding of SCAD have

increased in recent years, but many aspects of its

pathophysiology, diagnosis, and management remain uncertain.

SCAD is associated with various underlying conditions such as

FMD, CTDs, systemic autoimmune diseases, and hormonal

changes during pregnancy. Further research is needed to explore

the exact mechanisms by which these factors contribute to SCAD

development and to develop specific diagnostic algorithms for

early and accurate diagnosis.

Management of SCAD primarily involves conservative

measures, with a focus on close monitoring and supportive care.

While some cases may require invasive interventions such as PCI

or coronary artery bypass grafting, the majority of SCAD

patients can be managed conservatively. Research is needed to

determine the optimal medical therapies and preventive strategies

to reduce the risk of recurrence and improve long-term outcomes.

Collaborative efforts between researchers, clinicians, and

patient advocacy groups are essential to advance our

understanding of SCAD and namely elucidate the exact etiology.

Future studies should focus on clarifying the underlying

mechanisms, improving diagnostic tools, developing evidence-

based treatment approaches, and identifying effective strategies

for risk stratification and prevention. By addressing these

research needs, we can enhance the management and outcomes

of SCAD patients and provide them with appropriate support

and care.
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9. Limitations

The primary limitation of our review paper is that we did not

conduct a systematic review of the literature. Instead, our review

took a more focused approach, aiming to synthesize and discuss key

concepts and findings within a narrower scope. This might have led

to potential omissions of relevant studies that a systematic review

would have captured. Furthermore, the absence of a systematic

review methodology might impact the overall rigor and

comprehensiveness of our review. By not adhering to this

methodology, our review paper could be susceptible to selection bias

and may not provide a complete and unbiased overview of the

literature on the topic. In light of these limitations, we acknowledge

that the conclusions drawn in our review should be interpreted with

caution. While we aimed to provide valuable insights and

perspectives within the chosen scope, the absence of a systematic

approachmay limit the generalizability and robustness of our findings.
Author contributions

AD: Writing – original draft, Writing – review & editing,

Formal Analysis, Funding acquisition, Methodology, Software,

Validation. GK: Conceptualization, Formal Analysis, Validation,

Writing – review & editing. PM: Formal Analysis, Funding

acquisition, Investigation, Supervision, Writing – review &

editing. RZ: Data curation, Formal Analysis, Writing – review &

editing. VD: Data curation, Formal Analysis, Funding acquisition,

Supervision, Writing – review & editing. MM: Software, Writing

– review & editing. DP: Software, Writing – review & editing,

Data curation, Supervision. BF: Data curation, Supervision,

Writing – review & editing, Formal Analysis. SA: Formal

Analysis, Supervision, Writing – review & editing,

Conceptualization, Funding acquisition, Methodology.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1260478
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Djokovic et al. 10.3389/fcvm.2023.1260478
References
1. Saw J. Coronary angiogram classification of spontaneous coronary artery
dissection. Catheter Cardiovasc Interv. (2014) 84(7):1115–22. doi: 10.1002/ccd.25293

2. Adlam D, Alfonso F, Maas A, Vrints C, Writing Committee. European Society of
Cardiology, acute cardiovascular care association, SCAD study group: a position paper
on spontaneous coronary artery dissection. Eur Heart J. 2018;39(36):3353–68. doi: 10.
1093/eurheartj/ehy080

3. Hayes SN, Kim ESH, Saw J, Adlam D, Arslanian-Engoren C, Economy KE, et al.
American Heart Association Council on peripheral vascular disease; council on
clinical cardiology; council on cardiovascular and stroke nursing; council on
genomic and precision medicine; and stroke council. Spontaneous coronary artery
dissection: current state of the science: a scientific statement from the American
Heart Association. Circulation. (2018) 137(19):e523–57. doi: 10.1161/CIR.
0000000000000564

4. Saw J, Mancini GBJ, Humphries KH. Contemporary review on spontaneous
coronary artery dissection. J Am Coll Cardiol. (2016) 68(3):297–312. doi: 10.1016/j.
jacc.2016.05.034

5. Lim YT, Ling LH, Tambyah PA, Choo MH. Myocardial infarction in patients
aged 40 years and below: an angiographic review. Singapore Med J. (1996) 37
(4):352–5.

6. Vautrin E, Jean ABP, Fourny M, Marlière S, Vanzetto G, Bouvaist H, et al. Sex
differences in coronary artery lesions and in-hospital outcomes for patients with
ST-segment elevation myocardial infarction under the age of 45. Catheter
Cardiovasc Interv. (2020) 96(6):1222–30. doi: 10.1002/ccd.28627

7. Yang J, Biery DW, Singh A, Divakaran S, DeFilippis EM, Wu WY, et al. Risk
factors and outcomes of very young adults who experience myocardial infarction:
the partners YOUNG-MI registry. Am J Med. (2020) 133(5):605–612.e1. doi: 10.
1016/j.amjmed.2019.10.020

8. Elkayam U, Jalnapurkar S, Barakkat MN, Khatri N, Kealey AJ, Mehra A, et al.
Pregnancy-associated acute myocardial infarction: a review of contemporary
experience in 150 cases between 2006 and 2011. Circulation. (2014) 129
(16):1695–702. doi: 10.1161/CIRCULATIONAHA.113.002054

9. Franke KB, Nerlekar N, Marshall H, Psaltis PJ. Systematic review and meta-
analysis of the clinical characteristics and outcomes of spontanous coronary artery
dissection. Int J Cardiol. (2021) 322:34–9. doi: 10.1016/j.ijcard.2020.08.076

10. Luong C, Starovoytov A, Heydari M, Sedlak T, Aymong E, Saw J. Clinical
presentation of patients with spontaneous coronary artery dissection. Catheter
Cardiovasc Interv. (2017) 89(7):1149–54. doi: 10.1002/ccd.26977

11. Daoulah A, Al-Faifi SM, Madan M, Arafat AA, Hersi AS, Alasmari A, et al.
Clinical presentation and outcome of patients with spontaneous coronary artery
dissection versus atherosclerotic coronary plaque dissection. Crit Pathw Cardiol.
(2021) 20(1):36–43. doi: 10.1097/HPC.0000000000000233

12. Loukas M, Groat C, Khangura R, Owens DG, Anderson RH. The normal and
abnormal anatomy of the coronary arteries. Clin Anat. (2009) 22(1):114–28. doi: 10.
1002/ca.20761

13. Spicer DE, Henderson DJ, Chaudhry B, Mohun TJ, Anderson RH. The anatomy
and development of normal and abnormal coronary arteries. Cardiol Young. (2015) 25
(8):1493–503. doi: 10.1017/S1047951115001390

14. Loukas M, Sharma A, Blaak C, Sorenson E, Mian A. The clinical anatomy of the
coronary arteries. J Cardiovasc Transl Res. (2013) 6(2):197–207. doi: 10.1007/s12265-
013-9452-5

15. Red-Horse K, Ueno H, Weissman IL, Krasnow MA. Coronary arteries form by
developmental reprogramming of venous cells. Nature. (2010) 464(7288):549–53.
doi: 10.1038/nature08873

16. Mulligan-Kehoe MJ, Simons M. Vasa vasorum in normal and diseased arteries.
Circulation. (2014) 129(24):2557–66. doi: 10.1161/CIRCULATIONAHA.113.007189

17. Houck P. Pathophysiology of spontaneous coronary artery dissection determines
anticoagulation strategy. Cureus. (2021) 13(8):e17437. doi: 10.7759/cureus.17437

18. Claes E, Atienza JM, Guinea GV, Rojo FJ, Bernal JM, Revuelta JM, et al.
Mechanical properties of human coronary arteries. Annu Int Conf IEEE Eng Med
Biol Soc. (2010) 2010:3792–5. doi: 10.1109/IEMBS.2010.5627560

19. Pretty H. Dissecting aneurysm of coronary artery in a woman aged 42. Br Med J.
(1931) 1:667.

20. Saw J, Mancini GB, Humphries K, Fung A, Boone R, Starovoytov A, et al.
Angiographic appearance of spontaneous coronary artery dissection with intramural
hematoma proven on intracoronary imaging. Catheter Cardiovasc Interv. (2016) 87
(2):E54–61. doi: 10.1002/ccd.26022

21. Al-Hussaini A, Adlam D. Spontaneous coronary artery dissection. Heart. (2017)
103(13):1043–51. doi: 10.1136/heartjnl-2016-310320

22. Tanis W, Stella PR, Kirkels JH, Pijlman AH, Peters RH, de Man FH.
Spontaneous coronary artery dissection: current insights and therapy. Neth Heart J.
(2008) 16(10):344–9. doi: 10.1007/BF03086176
Frontiers in Cardiovascular Medicine 10
23. Jackson R, Al-Hussaini A, Joseph S, van Soest G, Wood A, Macaya F, et al.
Spontaneous coronary artery dissection: pathophysiological insights from optical
coherence tomography. JACC Cardiovasc Imaging. (2019) 12(12):2475–88. doi: 10.
1016/j.jcmg.2019.01.015

24. Tanaka A. Shedding light on pathophysiology of spontaneous coronary artery
dissection. JACC Cardiovasc Imaging. (2019) 12(12):2489–91. doi: 10.1016/j.jcmg.
2019.02.003

25. Kwon TG, Gulati R, Matsuzawa Y, Aoki T, Guddeti RR, Herrmann J, et al.
Proliferation of coronary adventitial vasa vasorum in patients with spontaneous
coronary artery dissection. JACC Cardiovasc Imaging. (2016) 9(7):891–2. doi: 10.
1016/j.jcmg.2015.11.030

26. Mandal R, Brooks EG, Corliss RF. Eosinophilic coronary periarteritis with
arterial dissection: the mast cell hypothesis. J Forensic Sci. (2015) 60(4):1088–92.
doi: 10.1111/1556-4029.12752

27. Saw J, Starovoytov A, Humphries K, Sheth T, So D, Minhas K, et al. Canadian
Spontaneous coronary artery dissection cohort study: in-hospital and 30-day
outcomes. Eur Heart J. (2019) 40(15):1188–97. doi: 10.1093/eurheartj/ehz007

28. Robinowitz M, Virmani R, JrU MH. Spontaneous coronary artery dissection and
eosinophilic inflammation: a cause and effect relationship? Am J Med. (1982) 72
(6):923–8. doi: 10.1016/0002-9343(82)90853-1.)

29. Canga Y, Guvenc TS, Calik AN, Karatas MB, Bezgin T, Onuk T, et al. Systemic
inflammatory activation in patients with acute coronary syndrome secondary to
nonatherosclerotic spontaneous coronary artery dissection. North Clin Istanb.
(2018) 5(3):186–94. doi: 10.14744/nci.2017.59244.)

30. Wolny RR, Kwieciński J, Zalewska J, Michałowska I, Kruk M, Kepka C, et al.
Pericoronary adipose tissue density is increased in patients with recent spontaneous
coronary dissection. Heart. (2023) 109(19):1443–9. doi: 10.1136/heartjnl-2023-322482

31. Margaritis M, Saini F, Baranowska-Clarke AA, Parsons S, Vink A, Budgeon C,
et al. Vascular histopathology and connective tissue ultrastructure in spontaneous
coronary artery dissection: pathophysiological and clinical implications. Cardiovasc
Res. (2022) 118(7):1835–48. doi: 10.1093/cvr/cvab183

32. Carss KJ, Baranowska AA, Armisen J, Webb TR, Hamby SE, Premawardhana D,
et al. Spontaneous coronary artery dissection: insights on rare genetic variation from
genome sequencing. Circ Genom Precis Med. (2020) 13:e003030. doi: 10.1161/
CIRCGEN.120.003030

33. Adlam D, Olson TM, Combaret N, Kovacic JC, Iismaa SE, Al-Hussaini A, et al.
DISCO Consortium; CARDIoGRAMPlusC4D study group. Association of the
PHACTR1/EDN1 genetic locus with spontaneous coronary artery dissection. J Am
Coll Cardiol. (2019) 73:58–66. doi: 10.1016/j.jacc.2018.09.085

34. Adlam D, Berrandou TE, Georges A, Nelson CP, Giannoulatou E, Henry J, et al.
Genome-wide association meta-analysis of spontaneous coronary artery dissection
identifies risk variants and genes related to artery integrity and tissue-mediated
coagulation. Nat Genet. (2023) 55(6):964–72. doi: 10.1038/s41588-023-01410-1

35. Nebeski D, Basic C, Svanvik T, Schaufelberger M, Ostgard Thunstrom E, SWED-
PREG. Incidence of spontaneous coronary artery dissection during pregnancy in
Swedish women between 1997 and 2019, a retrospective observational cohort study
based on national Swedish health-registers. Eur. Heart J. 2022; 43 (2): ehac544-
1172. doi: 10.1093/eurheartj/ehac544.1172 ehac544-1172

36. Ghossein-Doha C, Khalil A, Lees CC. Maternal hemodynamics: a 2017 update.
Ultrasound Obstet Gynecol. (2017) 49(1):10–4. doi: 10.1002/uog.17377

37. Cano-Castellote M, Afanador-Restrepo DF, González-Santamaría J, Rodríguez-
López C, Castellote-Caballero Y, Hita-Contreras F, et al. Pathophysiology, diagnosis
and treatment of spontaneous coronary artery dissection in peripartum women.
J Clin Med. (2022) 11(22):6657. doi: 10.3390/jcm11226657

38. Osol G, Ko NL, Mandalà M. Plasticity of the maternal vasculature during
pregnancy. Annu Rev Physiol. (2019) 81:89–111. doi: 10.1146/annurev-physiol-
020518-114435

39. Almeda FQ, Barkatullah S, Kavinsky CJ. Spontaneous coronary artery dissection.
Clin Cardiol. (2004) 27(7):377–80. doi: 10.1002/clc.4960270702.

40. Kamineni R, Sadhu A, Alpert JS. Spontaneous coronary artery dissection: report
of two cases and a 50-year review of the literature. Cardiol Rev. (2002) 10(5):279–84.
doi: 10.1097/00045415-200209000-00004

41. European Society of Gynecology (ESG), Association for European Paediatric
Cardiology (AEPC), German Society for Gender Medicine (DGesGM), Regitz-
Zagrosek V, Blomstrom Lundqvist C, Borghi C, Cifkova R, Ferreira R, Foidart JM,
et al., ESC Committee for practice guidelines. ESC guidelines on the management
of cardiovascular diseases during pregnancy: the task force on the management of
cardiovascular diseases during pregnancy of the European society of cardiology
(ESC). Eur Heart J. 2011;32(24):3147–97. doi: 10.1093/eurheartj/ehr218

42. Vijayaraghavan R, Verma S, Gupta N, Saw J. Pregnancy-related spontaneous
coronary artery dissection. Circulation. (2014) 130(21):1915–20. doi: 10.1161/
CIRCULATIONAHA.114.011422
frontiersin.org

https://doi.org/10.1002/ccd.25293
https://doi.org/10.1093/eurheartj/ehy080
https://doi.org/10.1093/eurheartj/ehy080
https://doi.org/10.1161/CIR.0000000000000564
https://doi.org/10.1161/CIR.0000000000000564
https://doi.org/10.1016/j.jacc.2016.05.034
https://doi.org/10.1016/j.jacc.2016.05.034
https://doi.org/10.1002/ccd.28627
https://doi.org/10.1016/j.amjmed.2019.10.020
https://doi.org/10.1016/j.amjmed.2019.10.020
https://doi.org/10.1161/CIRCULATIONAHA.113.002054
https://doi.org/10.1016/j.ijcard.2020.08.076
https://doi.org/10.1002/ccd.26977
https://doi.org/10.1097/HPC.0000000000000233
https://doi.org/10.1002/ca.20761
https://doi.org/10.1002/ca.20761
https://doi.org/10.1017/S1047951115001390
https://doi.org/10.1007/s12265-013-9452-5
https://doi.org/10.1007/s12265-013-9452-5
https://doi.org/10.1038/nature08873
https://doi.org/10.1161/CIRCULATIONAHA.113.007189
https://doi.org/10.7759/cureus.17437
https://doi.org/10.1109/IEMBS.2010.5627560
https://doi.org/10.1002/ccd.26022
https://doi.org/10.1136/heartjnl-2016-310320
https://doi.org/10.1007/BF03086176
https://doi.org/10.1016/j.jcmg.2019.01.015
https://doi.org/10.1016/j.jcmg.2019.01.015
https://doi.org/10.1016/j.jcmg.2019.02.003
https://doi.org/10.1016/j.jcmg.2019.02.003
https://doi.org/10.1016/j.jcmg.2015.11.030
https://doi.org/10.1016/j.jcmg.2015.11.030
https://doi.org/10.1111/1556-4029.12752
https://doi.org/10.1093/eurheartj/ehz007
https://doi.org/10.1016/0002-9343(82)90853-1.)
https://doi.org/10.14744/nci.2017.59244.)
https://doi.org/10.1136/heartjnl-2023-322482
https://doi.org/10.1093/cvr/cvab183
https://doi.org/10.1161/CIRCGEN.120.003030
https://doi.org/10.1161/CIRCGEN.120.003030
https://doi.org/10.1016/j.jacc.2018.09.085
https://doi.org/10.1038/s41588-023-01410-1
https://doi.org/10.1093/eurheartj/ehac544.1172 ehac544-1172
https://doi.org/10.1002/uog.17377
https://doi.org/10.3390/jcm11226657
https://doi.org/10.1146/annurev-physiol-020518-114435
https://doi.org/10.1146/annurev-physiol-020518-114435
https://doi.org/10.1002/clc.4960270702.
https://doi.org/10.1097/00045415-200209000-00004
https://doi.org/10.1093/eurheartj/ehr218
https://doi.org/10.1161/CIRCULATIONAHA.114.011422
https://doi.org/10.1161/CIRCULATIONAHA.114.011422
https://doi.org/10.3389/fcvm.2023.1260478
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Djokovic et al. 10.3389/fcvm.2023.1260478
43. Tweet MS, Hayes SN, Codsi E, Gulati R, Rose CH, Best PJM. Spontaneous
coronary artery dissection associated with pregnancy. J Am Coll Cardiol. (2017) 70
(4):426–35. doi: 10.1016/j.jacc.2017.05.055

44. Tweet MS, Young KA, Best PJM, Hyun M, Gulati R, Rose CH, et al. Association
of pregnancy with recurrence of spontaneous coronary artery dissection among
women with prior coronary artery dissection. JAMA Netw Open. (2020) 3(9):
e2018170. doi: 10.1001/jamanetworkopen.2020.18170

45. Chi G, Najafi H, Montazerin SM, Lee JJ. Factors associated with recurrent
spontaneous coronary artery dissection: a systematic review and meta-analysis.
Coron Artery Dis. (2022) 33(7):566–73. doi: 10.1097/MCA.0000000000001168

46. Edupuganti MM, Ganga V. Acute myocardial infarction in pregnancy: current
diagnosis and management approaches. Indian Heart J. (2019) 71(5):367–74.
doi: 10.1016/j.ihj.2019.12.003

47. Zehir R, Karabay CY, Kocabay G. Myocardial infarction and spontaneous
dissection of coronary artery due to oral contraceptive. J Cardiovasc Med
(Hagerstown). (2011) 12(6):448–50. doi: 10.2459/JCM.0b013e3283467fc9

48. Saw J, Aymong E, Sedlak T, Buller CE, Starovoytov A, Ricci D, et al.
Spontaneous coronary artery dissection: association with predisposing arteriopathies
and precipitating stressors and cardiovascular outcomes. Circ Cardiovasc Interv.
(2014) 7(5):645–55. doi: 10.1161/CIRCINTERVENTIONS.114.001760

49. Slight R, Behranwala AA, Nzewi O, Sivaprakasam R, Brackenbury E, Mankad P.
Spontaneous coronary artery dissection: a report of two cases occurring during
menstruation. N Z Med J. (2003) 116(1181):U585.

50. Díez-Villanueva P, García-Guimaraes MM, Macaya F, Masotti M, Nogales JM,
Jimenez-Kockar M, et al. Spontaneous coronary artery dissection and menopause.
Am J Cardiol. (2021) 148:53–9. doi: 10.1016/j.amjcard.2021.02.007

51. Camacho Freire SJ, Díaz Fernández JF, Gheorghe LL, Gómez Menchero AE,
León Jiménez J, Roa Garrido J, et al. Spontaneous coronary artery dissection and
hypothyroidism. Rev Esp Cardiol (Engl Ed). (2019) 72(8):625–33. doi: 10.1016/j.rec.
2018.06.031

52. Henkin S, Negrotto SM, Tweet MS, Kirmani S, Deyle DR, Gulati R, et al.
Spontaneous coronary artery dissection and its association with heritable connective
tissue disorders. Heart. (2016) 102(11):876–81. doi: 10.1136/heartjnl-2015-308645

53. Lewey J, El Hajj SC, Hayes SN. Spontaneous coronary artery dissection: new
insights into this not-so-rare condition. Annu Rev Med. (2022) 73:339–54. doi: 10.
1146/annurev-med-052819-023826

54. Murphy-Ryan M, Psychogios A, Lindor NM. Hereditary disorders of connective
tissue: a guide to the emerging differential diagnosis. Genet Med. (2010) 12(6):344–54.
doi: 10.1097/GIM.0b013e3181e074f0

55. Bax M, Romanov V, Junday K, Giannoulatou E, Martinac B, Kovacic JC, et al.
Arterial dissections: common features and new perspectives. Front Cardiovasc Med.
(2022) 9:1055862. doi: 10.3389/fcvm.2022.1055862

56. Boutari C, Georgianou E, Sachinidis A, Katsimardou A, Christou K, Piperidou
A, et al. Renovascular hypertension: novel insights. Curr Hypertens Rev. (2020) 16
(1):24–9. doi: 10.2174/1573402115666190416153321

57. Plouin PF, Perdu J, La Batide-Alanore A, Boutouyrie P, Gimenez-Roqueplo AP,
Jeunemaitre X. Fibromuscular dysplasia. Orphanet J Rare Dis. (2007) 2:28. doi: 10.
1186/1750-1172-2-28

58. Pate GE, Lowe R, Buller CE. Fibromuscular dysplasia of the coronary and renal
arteries? Catheter Cardiovasc Interv. (2005) 64(2):138–45. doi: 10.1002/ccd.20246

59. Saw J, Poulter R, Fung A, Wood D, Hamburger J, Buller CE. Spontaneous
coronary artery dissection in patients with fibromuscular dysplasia: a case series.
Circ Cardiovasc Interv. (2012) 5(1):134–7. doi: 10.1161/CIRCINTERVENTIONS

60. Tweet MS, Hayes SN, Pitta SR, Simari RD, Lerman A, Lennon RJ, et al.
Clinical features, management, and prognosis of spontaneous coronary artery
dissection. Circulation. (2012) 126(5):579–88. doi: 10.1161/CIRCULATIONAHA.
112.105718

61. Persu A, Lopez-Sublet M, Al-Hussaini A, Pappaccogli M, Radhouani I, Van der
Niepen P, et al. Prevalence and disease spectrum of extracoronary arterial
abnormalities in spontaneous coronary artery dissection. JAMA Cardiol. (2022) 7
(2):159–66. doi: 10.1001/jamacardio.2021.4690

62. Ullah W, Ali Z, Khanal S, Khan M, Gajanan G, Sattar Y, et al. Spontaneous
coronary artery dissection secondary to rheumatological diseases: a comprehensive
review. Cureus. (2019) 11(7):e5231. doi: 10.7759/cureus.5231

63. Kronzer VL, Tarabochia AD, Lobo Romero AS, Tan NY, O’Byrne TJ, Crowson CS,
et al. Lack of association of spontaneous coronary artery dissection with autoimmune
disease. J Am Coll Cardiol. (2020) 76(19):2226–34. doi: 10.1016/j.jacc.2020.09.533

64. Civieri G, Vadori M, Masiero G, Iop L, Tansella D, Pergola V, et al. Spontaneous
coronary artery dissection in women with acute myocardial infarction: is there a new
Frontiers in Cardiovascular Medicine 11
role for autoimmunity? Eur Heart J Acute Cardiovasc Care. (2023):zuad070. doi: 10.
1093/ehjacc/zuad070. [Epub ahead of print]

65. Tweet MS, Eleid MF, Best PJ, Lennon RJ, Lerman A, Rihal CS, et al. Spontaneous
coronary artery dissection: revascularization versus conservative therapy. Circ
Cardiovasc Interv. (2014) 7(6):777–86. doi: 10.1161/CIRCINTERVENTIONS.114.
001659

66. Lettieri C, Zavalloni D, Rossini R, Morici N, Ettori F, Leonzi O, et al.
Management and long-term prognosis of spontaneous coronary artery dissection.
Am J Cardiol. (2015) 116(1):66–73. doi: 10.1016/j.amjcard.2015.03.039

67. Eleid MF, Guddeti RR, Tweet MS, Lerman A, Singh M, Best PJ, et al. Coronary
artery tortuosity in spontaneous coronary artery dissection: angiographic
characteristics and clinical implications. Circ Cardiovasc Interv. (2014) 7(5):656–62.
doi: 10.1161/CIRCINTERVENTIONS.114.001676

68. Saw J. Spontaneous coronary artery dissection. Can J Cardiol. (2013) 29
(9):1027–33. doi: 10.1016/j.cjca.2012.12.018

69. Alfonso F, Bastante T, García-Guimaraes M, Pozo E, Cuesta J, Rivero F, et al.
Spontaneous coronary artery dissection: new insights into diagnosis and treatment.
Coron Artery Dis. (2016) 27(8):696–706. doi: 10.1097/MCA.0000000000000412

70. Maehara A, Mintz GS, Castagna MT, Pichard AD, Satler LF, Waksman R, et al.
Intravascular ultrasound assessment of spontaneous coronary artery dissection. Am
J Cardiol. (2002) 89(4):466–8. doi: 10.1016/s0002-9149(01)02272-x

71. Alfonso F, Paulo M, Gonzalo N, Dutary J, Jimenez-Quevedo P, Lennie V, et al.
Diagnosis of spontaneous coronary artery dissection by optical coherence
tomography. J Am Coll Cardiol. (2012) 59(12):1073–9. doi: 10.1016/j.jacc.2011.08.082

72. Barbieri L, D’Errico A, Avallone C, Gentile D, Provenzale G, Guagliumi G,
et al. Optical coherence tomography and coronary dissection: precious tool or
useless surplus? Front Cardiovasc Med. (2022) 9:822998. doi: 10.3389/fcvm.2022.
822998

73. Tan NY, Hayes SN, Young PM, Gulati R, Tweet MS. Usefulness of
cardiac magnetic resonance imaging in patients with acute spontaneous coronary
artery dissection. Am J Cardiol. (2018) 122(10):1624–9. doi: 10.1016/j.amjcard.
2018.07.043

74. Marrazzo G, Palermi S, Pastore F, Ragni M, De Luca M, Gambardella M, et al.
Multimodality imaging approach to spontaneous coronary artery dissection. J Clin
Med. (2022) 12(1):154. doi: 10.3390/jcm12010154

75. Saw J, Starovoytov A, Aymong E, Inohara T, Alfadhel M, McAlister C, et al.
Canadian spontaneous coronary artery dissection cohort study: 3-year outcomes.
J Am Coll Cardiol. (2022) 80(17):1585–97. doi: 10.1016/j.jacc.2022.08.759

76. Nakashima T, Noguchi T, Haruta S, Yamamoto Y, Oshima S, Nakao K, et al.
Prognostic impact of spontaneous coronary artery dissection in young female
patients with acute myocardial infarction: a report from the angina pectoris-
myocardial infarction multicenter investigators in Japan. Int J Cardiol. (2016)
207:341–8. doi: 10.1016/j.ijcard.2016.01.188

77. McGrath-Cadell L, McKenzie P, Emmanuel S, Muller DW, Graham RM,
Holloway CJ. Outcomes of patients with spontaneous coronary artery dissection.
Open Heart. (2016) 3(2):e000491. doi: 10.1136/openhrt-2016-000491

78. Cerrato E, Giacobbe F, Quadri G, Macaya F, Bianco M, Mori R, et al.; DISCO
collaborators. Antiplatelet therapy in patients with conservatively managed
spontaneous coronary artery dissection from the multicentre DISCO registry. Eur
Heart J. (2021) 42(33):3161–71. doi: 10.1093/eurheartj/ehab372

79. Alfonso F, de la Torre Hernández JM, Ibáñez B, Sabaté M, Pan M, Gulati R, et al.
Rationale and design of the BA-SCAD (Beta-blockers and antiplatelet agents in
patients with spontaneous coronary artery dissection) randomized clinical trial. Rev
Esp Cardiol (Engl Ed). 2022;75(6):515–22. English, Spanish. doi: 10.1016/j.rec.2021.
08.003

80. Feldbaum E, Thompson EW, Cook TS, Sanghavi M, Wilensky RL, Fiorilli PN,
et al. Management of spontaneous coronary artery dissection: trends over time.
Vasc Med. (2023) 28(2):131–8. doi: 10.1177/1358863X231155305

81. Kotecha D, Garcia-Guimaraes M, Premawardhana D, Pellegrini D, Oliver-
Williams C, Bountziouka V, et al. Risks and benefits of percutaneous coronary
intervention in spontaneous coronary artery dissection. Heart. (2021) 107
(17):1398–406. doi: 10.1136/heartjnl-2020-318914

82. Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, et al. ESC
Scientific document group. 2023 ESC guidelines for the management of acute coronary
syndromes. Eur Heart J. (2023) 44(38):3720–826. doi: 10.1093/eurheartj/ehad191

83. Motreff P, Barber-Chamoux N, Combaret N, Souteyrand G. Coronary artery
fenestration guided by optical coherence tomography before stenting: new
interventional option in rescue management of compressive spontaneous intramural
hematoma. Circ Cardiovasc Interv. (2015) 8(4):e002266. doi: 10.1161/
CIRCINTERVENTIONS.114.002266
frontiersin.org

https://doi.org/10.1016/j.jacc.2017.05.055
https://doi.org/10.1001/jamanetworkopen.2020.18170
https://doi.org/10.1097/MCA.0000000000001168
https://doi.org/10.1016/j.ihj.2019.12.003
https://doi.org/10.2459/JCM.0b013e3283467fc9
https://doi.org/10.1161/CIRCINTERVENTIONS.114.001760
https://doi.org/10.1016/j.amjcard.2021.02.007
https://doi.org/10.1016/j.rec.2018.06.031
https://doi.org/10.1016/j.rec.2018.06.031
https://doi.org/10.1136/heartjnl-2015-308645
https://doi.org/10.1146/annurev-med-052819-023826
https://doi.org/10.1146/annurev-med-052819-023826
https://doi.org/10.1097/GIM.0b013e3181e074f0
https://doi.org/10.3389/fcvm.2022.1055862
https://doi.org/10.2174/1573402115666190416153321
https://doi.org/10.1186/1750-1172-2-28
https://doi.org/10.1186/1750-1172-2-28
https://doi.org/10.1002/ccd.20246
https://doi.org/10.1161/CIRCINTERVENTIONS
https://doi.org/10.1161/CIRCULATIONAHA.112.105718
https://doi.org/10.1161/CIRCULATIONAHA.112.105718
https://doi.org/10.1001/jamacardio.2021.4690
https://doi.org/10.7759/cureus.5231
https://doi.org/10.1016/j.jacc.2020.09.533
https://doi.org/10.1093/ehjacc/zuad070
https://doi.org/10.1093/ehjacc/zuad070
https://doi.org/10.1161/CIRCINTERVENTIONS.114.001659
https://doi.org/10.1161/CIRCINTERVENTIONS.114.001659
https://doi.org/10.1016/j.amjcard.2015.03.039
https://doi.org/10.1161/CIRCINTERVENTIONS.114.001676
https://doi.org/10.1016/j.cjca.2012.12.018
https://doi.org/10.1097/MCA.0000000000000412
https://doi.org/10.1016/s0002-9149(01)02272-x
https://doi.org/10.1016/j.jacc.2011.08.082
https://doi.org/10.3389/fcvm.2022.822998
https://doi.org/10.3389/fcvm.2022.822998
https://doi.org/10.1016/j.amjcard.2018.07.043
https://doi.org/10.1016/j.amjcard.2018.07.043
https://doi.org/10.3390/jcm12010154
https://doi.org/10.1016/j.jacc.2022.08.759
https://doi.org/10.1016/j.ijcard.2016.01.188
https://doi.org/10.1136/openhrt-2016-000491
https://doi.org/10.1093/eurheartj/ehab372
https://doi.org/10.1016/j.rec.2021.08.003
https://doi.org/10.1016/j.rec.2021.08.003
https://doi.org/10.1177/1358863X231155305
https://doi.org/10.1136/heartjnl-2020-318914
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1161/CIRCINTERVENTIONS.114.002266
https://doi.org/10.1161/CIRCINTERVENTIONS.114.002266
https://doi.org/10.3389/fcvm.2023.1260478
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Pathophysiology of spontaneous coronary artery dissection: hematoma, not thrombus
	Introduction
	Anatomy and physiology of coronary arteries
	Definition and classification of SCAD
	Proposed mechanisms of SCAD
	Hormonal influences and SCAD
	Connective tissue disorders and SCAD
	Fibromuscular dysplasia and SCAD
	SCAD in systemic autoimmune diseases

	Clinical presentation and diagnosis of SCAD
	Management and outcomes of SCAD
	Future directions and research needs
	Conclusion
	Limitations
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


