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ABSTRACT

Despite marked advancements in the recognition and diagnosis of spontaneous coronary artery dissection (SCAD) over
the past decade, knowledge of the basic pathophysiologic mechanisms of disease, contributing factors, and treatment
continue to be poorly understood. We describe significant research gaps in our knowledge of SCAD and introduce
strategies including the role of patient advocacy, independent registries, and creation of diverse centers of excellence to
bridge the gap in clinical care, research, and outcomes. Lastly, we introduce an innovative patient-centered clinical
care and research framework established through the SCAD Alliance and International Spontaneous Coronary Artery
Dissection registry as a model for advancing knowledge of SCAD. (JACC Adv. 2024;3:101385) © 2024 The Authors.
Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

omen remain underrepresented in car-
diovascular research, limiting our under-

underrepresentation is perpetuated by low perceived
risk of disease among patients and clinicians, exclu-

standing of sex-specific differences

and contributing to inequities in care." This
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sion of pregnant and childbearing age people from
research, and disparities in referrals of women to
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Research Gaps and Initiatives in SCAD

ABBREVIATIONS
AND ACRONYMS

CABG = coronary artery bypass
grafting

CCTA = coronary computed
tomography angiography
FMD = fibromuscular dysplasia

PCI = percutaneous coronary
intervention

PSCAD = pregnancy-
associated spontaneous
coronary artery dissection

SCAD = spontaneous coronary
artery dissection

centers of excellence.' Spontaneous coronary
artery dissection (SCAD) more frequently
affects women and is associated with sex
and gender-specific factors. However, our
understanding of the disease’s genetic under-
pinnings, sex predisposition, and pathophysi-
ological mechanisms remains poorly
understood.” Previously an underrecognized
cause of acute myocardial infarction (MI)
among women, the increasing recognition
and diagnosis of SCAD has far exceeded the
pace of our understanding of the disease.?
This manuscript highlights knowledge gaps

in our understanding of SCAD and future di-
rections to tailor research initiatives to advance
knowledge.

While the work of several single-center and
multicenter registries throughout the world,
including large registries in the United States, Can-
ada, the United Kingdom, and Spain, among others,
has advanced our current knowledge of SCAD,**%° in
this manuscript, we highlight the unique features of
the iSCAD (International Spontaneous Coronary Ar-
tery Dissection) registry (NCT04496687). As a pro-
spective, multicenter, patient-centered research
model established to advance critical understanding
of a condition that disproportionately impacts
women, iSCAD provides a potential framework for the
study of rare cardiovascular diseases that may affect
specific subpopulations, particularly those who have
been underrepresented in clinical research. This
manuscript aims to highlight the unique approach to
changing the landscape of cardiovascular research to
include more women, and in particular, women of
color, as investigators and participants by including
sites with diversity in geography and patient
population.

The iSCAD Registry was borne out of the efforts of
the SCAD Alliance, a nonprofit advocacy organization
of SCAD survivors and their families that engaged
women’s cardiovascular disease experts in creating
an independent data repository to advance the sci-
ence of SCAD. Our panel of authors represents diverse
experts on SCAD from the lens of expertise in vascular
medicine (in particular, fibromuscular dysplasia
[FMD]), cardiovascular genetics, behavioral health,
exercise physiology, cardio-obstetrics, cardiac imag-
ing, and interventional cardiology. Authors are iSCAD
investigators who were invited to participate on the
basis of clinical expertise (often Directors of Women’s
Heart Centers with dedicated SCAD clinics), author-
ship on publications related to SCAD or arterio-
pathies, or national reputation as leaders in the field
of interventional cardiology, imaging, or sports
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HIGHLIGHTS

e Despite its increasing recognition, spon-
taneous coronary artery dissection re-
mains poorly understood.

¢ Significant knowledge gaps exist in our
understanding of pathophysiology, ge-
netics, treatment, and outcomes for
spontaneous coronary artery dissection.

Multicenter collaborations such as the
International Spontaneous Coronary Ar-
tery Dissection registry and patient in-
clusivity are critical to the advancement
of spontaneous coronary artery
dissection.

cardiology. The panel is also comprised of patients
and patient advocates who lead SCAD Alliance, which
has been instrumental to the creation of registries and
patient outreach programs.

RESEARCH GAPS IN CURRENT KNOWLEDGE
OF SCAD

Despite marked advancements in the recognition and
diagnosis of SCAD over the past decade, knowledge of
the basic pathophysiologic mechanisms of disease,
contributing factors, and treatment continue to be
poorly understood (Tables 1, 2). Significant heteroge-
neity in outcomes following SCAD is observed, but
risk-stratification methods and strategies to reduce
recurrence are lacking (Central Illustration).

PATHOPHYSIOLOGY AND DISEASE MECHANISMS.
The primary mechanism of SCAD remains unresolved,
a fundamental knowledge gap central to uncertainty
surrounding SCAD treatment and prevention. The
prevailing hypotheses for the inciting pathophysio-
logical mechanism in SCAD are the “outside-in”
model, which involves a primary intramural bleeding
event leading to an intramural hematoma (IMH). It is
hypothesized that this is due to primary rupture of
the vasa vasorum, but there is no direct evidence to
support this theory. A proportion of these primary
IMH may rupture into the arterial lumen, creating an
intimal breech or tear.* Intracoronary imaging studies
support this model as there is no identifiable breech
in the arterial wall (ie, no intimal flap or tear) in
approximately two-thirds of SCAD cases, suggesting
that the inciting event arose within the vessel wall.'®
Alternatively, the competing “inside-out” model
proposes a primary tear of the arterial intima. While
limited data suggest the outside-in mechanism is
predominant, the totality of evidence suggests that


https://clinicaltrials.gov/ct2/show/NCT04496687
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TABLE 1 Current Knowledge, Gaps, and Research Priorities in SCAD

Current Knowledge

Knowledge Gaps

Research Priorities

Pathophysiology and
disease mechanisms

Fibromuscular dysplasia

Medical therapy

Angiography for diagnosis

Percutaneous coronary
intervention

Coronary artery bypass
surgery

Psychosocial Health

Reproductive health
considerations

Exercise

Female, various genetic associations and
different triggering events are now
linked to SCAD

Imaging studies have shown that a primary
intramural hematoma is likely the
predominant mechanism in SCAD

A high proportion of patients with SCAD
also have FMD, with possible shared
genetic mechanisms

Beta-blockers associated with reduction in
recurrent SCAD’

DAPT is associated with increased MACE
among conservatively managed SCAD*’

Yip Saw SCAD Angiographic Classification®”
Isolated intramural hematoma may have
higher risk of progression*

High rates of SCAD PCI complications®*

Higher than expected early short-term
mortality and poor graft patency long-
term>®

Acute emotional stress is a commonly
identified SCAD trigger, particularly
among women™**

SCAD events are potentially traumatic
experiences that can lead to
depression, anxiety, and PTSD
symptoms***°

~40% of pregnancy-associated Ml are due
to SCAD®

Pregnancy-associated SCAD is associated
with higher-risk presentations as
compared with nonpregnancy related
SCAD (left main or multivessel coronary
involvement, greater risk of left
ventricular systolic dysfunction,
cardiogenic shock)

Repetitive Valsalva can increase
intravascular pressure with theoretical
increased risk for vascular dissection

We do not yet understand how these
predisposing factors lead to SCAD and
what exactly happens at the levels of
the arterial wall (eg, why does an
intramural hematoma occur?)

What is the prevalence and relationship
between post-SCAD chest pain and
coronary microvascular dysfunction
(CMD)?

How do SCAD and FMD relate, and does
FMD alter the clinical trajectory of
SCAD?

Which FMD patients are at risk for SCAD?

Efficacy and optimal duration of SAPT vs
DAPT for conservatively managed SCAD

Beta-blockers use and optimal duration
post-SCAD

Novel, disease-specific therapies are
lacking

Optimal diagnostic technique (invasive vs
noninvasive) for initial diagnosis vs
follow-up

Optimal intervention techniques

Optimal bypass techniques; indications for
bypass

Mechanisms linking experiences of acute
emotional stress with SCAD onset are
unknown.

Whether and how pre-SCAD mental health
is relevant to SCAD onset is unclear.

How depression, anxiety, and PTSD
symptoms manifest over time after
SCAD and whether they predict course
of illness and event recurrence is
unknown.

Psychosocial treatments to address mental
health outcomes IN SCAD ARE lacking.

Clearer understanding of pathophysiology
of SCAD, to include role of estrogen,
progesterone, and prolactin in the
pathogenesis of SCAD

A clearer understanding of relative
contribution of predisposing factors,
including hypertensive disorders of
pregnancy, as they relate to better risk
personalization for patients desiring
pregnancy after SCAD

How and to what degree is high-intensity
exercise and/or repetitive Valsalva
causal in the pathogenesis of SCAD.

Deeper understanding of genetic
mechanisms, including how known
SCAD gene associations are causal

Develop animal and cell-based model
systems for SCAD and FMD

Continued human imaging and other
studies to delineate precise
pathobiological mechanisms

Further genetic study into the
mechanisms relating FMD and SCAD

Randomized controlled trials of differing
medical therapy strategies to assess
short- and long-term clinical
outcomes

Further basic and translational research
into pathophysiologic mechanisms of
disease to enable development of
disease-specific therapeutics

Optimal invasive strategies for
management of unstable patients
with high-risk anatomy

Comparative evaluation of suggested
techniques to limit PCl complications

Improved risk-prediction models to
identify patients at high risk for
failure of medical therapy

Comparative evaluation of PCl vs CABG
for certain lesions considered high
risk (LMCA)

Longitudinal studies of mental health
outcomes after SCAD and how they
relate to course of illness

Evaluating psychosocial interventions
specifically for addressing mental
health in patients with SCAD

Developing models for screening and
treating SCAD-related mental health
consequences in specialized
cardiology care clinics

Patient level data of dose/temporal
exposure of hormonal exposure as it
relates to SCAD presentation
including changes throughout the
reproductive lifespan (eg, onset of
premature menopause, diagnosis of
cervical incompetence, uterine
ablation, tubal ligation, and/or
caesarean section) and impact of
exogenous hormone use (including
contraception, hormone replacement
therapy, and hormone-based breast
cancer therapy).

Further risk stratification of patients
desiring future pregnancy

Evidence-based guidance to give
individual-level exercise
recommendations to patients
following SCAD to avoid overly
restrictive recommendations that
may have downstream negative
physical and mental health
consequences

coronary artery dissection.

CABG = coronary artery bypass grafting; DAPT = dual antiplatelet therapy; FMD = fibromuscular dysplasia; LMCA = left main coronary artery; PCl = percutaneous coronary intervention; SCAD = spontaneous
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TABLE 2 Summary o

First Author, Year

f Published Research in SCAD

Study Design

Outcome

Findings

Saw et al, 20177

Edwards et al, 2019°"

Johnson et al, 2020

Liang et al, 2014°>

Murphy et al, 2024%°

Sumner et al, 2024**

Saw et al, 2014%°
Tweet et al, 2014°°

Waterbury et al, 2018*

Wells et al, 2024°°

Prospective single-center
(Vancouver General
Hospital) longitudinal
cohort study

Cross-sectional pilot study

Cross-sectional study of
patients in the Mayo Clinic
“Virtual" Multicenter SCAD
Registry

Cross-sectional study

Cross-sectional study of
patients in the Victor
Change Cardiac Research
Institute genetics study

Cross-sectional study of
patients in the iSCAD
Registry

Review paper

Retrospective single-center
cohort of patients with
first SCAD

Retrospective registry study
of patients with SCAD
managed with an initial
conservative strategy

Cross-sectional study of
patients in the iSCAD
Registry

327 patients
Assess clinical predictors of recurrent
SCAD

14 female patients
Assessed psychosocial symptoms

512 patients
Assessed psychosocial symptoms

158 patients
Assessed psychosocial symptoms and
related treatment

310 patients
Assessed psychosocial symptoms and
lifestyle impacts of SCAD

859 patients

Assessed SCAD-induced PTSD
symptoms, related treatment
seeking, and associations with
functioning

189 patients
Assess outcomes of management
strategies (conservative, PCl)

240 patients
Evaluation of predictors of SCAD
progression

773 patients

Evaluation of migraine-related
disability using MIDAS (Migraine
Disability Assessment)

Multivariate analysis demonstrated reduction in recurrent
SCAD with use of beta blockers (HR: 0.36, P = 0.004)

93% of patients reported symptoms of stress, 57%
insomnia, 71% anxiety, 36% depression, and 43%
PTSD; majority linked these symptoms to SCAD

28% of patients reported at least mild symptoms of PTSD,
41% at least mild symptoms of anxiety, and 32% at
least mild symptoms of depression after SCAD

33%-37% of patients reported receiving medication or
counseling for depression or anxiety post-SCAD
Patients with (vs without) peripartum SCAD had higher

average depression and anxiety scores

21% of patients reported current anxiety and depression

60% of patients indicated at least 1 SCAD-related impact
on work, and 45% reported stopping doing a favorite
sport or exercise

Nearly 35% of patients reported symptoms consistent
with lifetime probable PTSD; 6.4% met criteria for
past-month probable PTSD

34.8% of patients reporting any symptoms of SCAD-
induced PTSD sought treatment, yet nearly half of
patients with probable PTSD never received treatment
for this distress

Greater past-month PTSD symptoms were associated with
worse past-week sleep disturbance and disease-
specific health status

Description of SCAD angiographic classification

PCI for SCAD has high risk of failure; initial conservative
therapy may be preferable

CABG for SCAD carries higher early risk and poor graft
patency

Revascularization for SCAD does not protect against target
vessel revascularization or repeat SCAD.

Isolated IMH may predict progression of SCAD after initial
conservative therapy

46% current or previous migraines, more common in
women and FMD
14.4% mild, 12.7% moderate, and 12.7% severe disability

CABG = coronary artery bypass grafting; FMD = fibromuscular dysplasia; IMH = intramural hematoma; iSCAD = International Spontaneous Coronary Artery Dissection; PCl = percutaneous coronary

intervention; PTSD = post-traumatic stress disorder; SCAD = spontaneous coronary artery dissection.

both mechanisms can occur, in which case SCAD may
represent 2 similar but distinct diseases with some-
what different causal factors and triggers.

It is widely assumed that sex hormones are causal
in SCAD, but it is not known if the female predispo-
sition to SCAD is secondary to differences in
hormones or other sex differences including
nonhormonal factors, psychological stress, and co-
morbid conditions including FMD. Recent studies
have demonstrated intrinsic differences in the arte-
rial wall between males and females, and it is possible
that sex-based differences in the arterial architecture
may be causal for SCAD." Unlike for large vessel
arteriopathies, there are no published animal models
for SCAD or FMD, further limiting our ability to

understand the pathophysiological underpinnings of
this disease. However, in vitro cell model systems are
currently being used to study key genes implicated in
SCAD. For example, Liu et al'* created smooth muscle
cells with knockout of the gene LRP1 (low-density
lipoprotein receptor-related protein 1), a gene that is
implicated in SCAD, FMD, and sporadic thoracic aortic
dissection. By studying these cells in vitro, they were
able to conclude that decreased LRP1 expression in
smooth muscle cells is involved in the remodeling of
extracellular matrix via the transforming growth
factor (TGF)-f pathway as a potential mechanism for
the involvement of LRP1 in these vascular disorders."”
An important caveat is that while these in vitro sys-
tems are already providing important insights, they



JACC: ADVANCES, VOL. 3, NO. 12, 2024

DECEMBER 2024:101385

Crousillat et al

Research Gaps and Initiatives in SCAD

CENTRAL ILLUSTRATION Current Knowledge, Gaps, and Research Priorities in SCAD
: BRIDGING
KNOWLEDGE 4 models of disease S,
10ase Teg, THE
GAPS ' Mog,.. " ng,
o S p e, GAP
& oty s,
& % Sy, e
» '005& 6Os%ol
S 4,
%
) Precipitant o b, &
& Prevailin for Role of Q;L‘Q’& ‘%
S 9 ; ; IR
& patho- dissection mental health 2 % 5
i physiologic in disease 2.2 %
g disease trajectory % 3%
S mechanism and event 22
> i recurrence  Causal role S «
3 Association S oaEe
S between SCAD pre- and post-
(7]
= and FMD SCAD
&
TG'; Relationship
2 Causative of angiographic 3
= factors phenotype to Ny
g optimal treatment Ep
5 strategy ==
= 5.8
Determinants Disease-specific EE
of clinical treatment s
) trajectory strategies s 5
8 Association & S
2. Role of between &S
> noninvasive Safety SCAD & ©
- %, imaging of and sex
2 o% pregnancy hormones
%S
%. O
% T
% %, N
“o,,)e‘ref p o®
s e, A°
© of et X
Patient-level dat® %" S
association®
Crousillat D, et al. JACC Adv. 2024;3(12):101385.
Significant knowledge gaps in our understanding of spontaneous coronary artery dissection (SCAD) and suggested future research initiatives
to bridge the gaps.
extracellular matrix.’*"” While extra coronary aneu-

cannot recapitulate the complex in vivo milieu
involved in SCAD and other vascular disorders.
Future basic and translational research should aim to
understand the primary precipitant of intramural
bleeding and/or dissection, disease mechanisms and
potential variations based on causal factors, and the
physiological and hormonal milieu associated with
arterial wall vulnerability and dissection.
FIBROMUSCULAR DYSPLASIA/ARTERIOPATHY. In-
dividuals with SCAD have several clinical, pheno-
typic, and genetic similarities to those with FMD,
including typical age of onset, female predominance,
and frequent presence of extra-coronary vascular
abnormalities including aneurysms, dissections,
pseudoaneurysms, and vessel tortuosity.”> FMD and
SCAD share many histopathologic processes that pri-
marily involve the vascular smooth muscle cells and

rysms and dissections may warrant repair, it is not
clear beyond this whether and how concomitant FMD

alters the clinical trajectory of SCAD patients."

FMD is reported among a high proportion of SCAD

patients (50%). Interestingly, however, among pa-

tients enrolled in the United States FMD registry,
SCAD is present in only 2.7% of patients, though
prevalence may be higher with longer follow-up and
increased awareness and detection of SCAD.'>'®
There are insufficient data to help predict which pa-
tients with FMD may ultimately suffer SCAD,
although it is possible that tools such as polygenic
risk scores may help risk stratify patients in the

future.'®*?

GENETICS. Evidence suggests a mild familial pre-
disposition to SCAD, with a higher incidence of the
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condition and other associated arteriopathies
observed among first-degree relatives of affected in-
dividuals. However, familial clustering is rare (~1%
of cases), and large pedigrees with multigeneration
inheritance of SCAD have not been described,
implying that SCAD risk is largely polygenic.’° Pa-
tients with a family history of aneurysm or dissection,
thoracic aortic aneurysm (TAA), and extra coronary
dissections on imaging should be considered for ge-
netic evaluation, which typically consists of a gene
panel for associated TAA as no genetic panel is
commercially available for SCAD.

Although no SCAD-specific genetic testing exists,
SCAD has been associated with multiple Mendelian
disorders, most frequently in the context of collage
3 deficiency (COL3A1). Cases of SCAD have been
described in patients with Marfan syndrome (FBN1)
and Loeys-Dietz syndrome (TGFBR1, TGFBR2,
SMAD2, SMAD3, TGFB2, and TGFB3), usually with
advanced vascular disease.”’»*” Rare pathogenic vari-
ants in the TAA-associated genes, LOX and FLNA, and
23monogenic polycystic kidney (PKD1) disease have
also been associated with SCAD.”

Research studies to identify novel rare variants
using whole genome sequencing identified patho-
genic or likely pathogenic mutations in 7 genes,
including PKD1, COL3A1, SMAD3, TGFB2, LOX, MYLK,
and YY1APi, although no gene reached genome-wide
significance, illustrating the significant genetic het-
erogeneity of the disorder.”> Using exome
sequencing, enrichment of rare variants in fibrillar
collagen genes including COL3A1, COL4A1, and
COL5A1, were discovered in SCAD cases vs MI-free
controls.”* Additionally, both TSR1 and TLN1 have
been associated with SCAD, although the clinical im-
plications of these genes are unclear.?>2°

Genetic research into SCAD is in its infancy; how-
ever, genotyping of patients without monogenic dis-
ease has revealed interesting and meaningful
associations. An initial report localized a single
nucleotide polymorphism near the PHACTRI1 locus
associated with SCAD." This association has been
replicated with additional identification of loci near
LRP1, ADAMTSL4, and on chromosome 21q22.11 near
LINC00310.'®'7 These studies highlighted the pri-
macy of genetic loci related to extracoronary vascular
function, consistent with the clinical association with
FMD. Interestingly, a polygenic risk score constructed
from these loci was significantly related to athero-
sclerotic coronary artery disease in the UK Biobank,
but the risk was in the opposite direction from SCAD
risk.’® One locus, AFAPI, has been implicated to
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specifically be associated with pregnancy-associated
SCAD (PSCAD), although it has also been previously
identified in aortic disease.?”>>® Most recently, a meta-
analysis of 1917 cases of SCAD with 9,292 controls
uncovered 16 novel loci associated with the pheno-
type adjacent to many known extracoronary vascular
targets including FBN1, PHACTR1, LRP1, COL4A1/
COL4A2, THSD4, and AFAP1.5

The genetic heterogeneity of SCAD and the relative
rarity of the condition pose obstacles to large-scale
genetic studies. Another challenge relates to the
inability to access vascular tissue associated with
SCAD, as there is no surgical resection associated with
these events. Future research endeavors will focus on
both increasing the number of samples for analysis
and, importantly, broadening and diversifying the
ethnic makeup of collections. Genetic variants asso-
ciated with SCAD will require interpreting these sig-
nals in the light of accessible biologic readouts such
as circulating biomarkers, cellular assays, and animal
models of arterial dysfunction.
DIAGNOSTIC CORONARY ANGIOGRAPHY AND
PERCUTANEOUS AND SURGICAL MANAGEMENT.
Invasive coronary angiography remains the gold
standard for the appropriate identification and diag-
nosis of suspected SCAD. The Yip-Saw angiographic
classification® is used for the phenotypic recognition
of angiographic SCAD patterns with the use of addi-
tional intracoronary imaging only in the context of
angiographic uncertainty given the increased risk of
iatrogenic extension of the IMH and dissection
propagation. However, angiographic classification
has neither been shown to assist in decision-making
nor to be predictive of outcomes.” The high rates of
procedural complications associated with percuta-
neous coronary interventions (PCIs) in SCAD, such as
extension of dissection, technical failure, and long-
term risk of stent restenosis and thrombosis, have
led to low rates of revascularization among patients
with identified SCAD.®3%3' Additionally, given the
high rates of short-term spontaneous angiographic
healing and no association between PCI and reduc-
tion in the risk of recurrent SCAD, the majority of
SCAD lesions are primarily medically managed.>°
Limited data exist to guide appropriate risk stratifi-
cation to predict which patients will demonstrate
SCAD progression and/or failure of medical manage-
ment upfront.>*32:33

Surgical management using coronary artery bypass
grafting (CABG) has been described in case series,
observational studies, and case reports. Data support
initial technical success but a high rate of graft failure
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due to the natural history of SCAD lesion healing.
Given that CABG has usually been reserved for un-
stable patients with left main lesions, PCI complica-
tions, or failures, there is mneither prospective
comparison of PCI to CABG nor of CABG conduit type
in the setting of SCAD.” Use of venous bypass grafts
and preservation of arterial conduits for future
revascularization should be considered and further
investigated.

Optimal strategies for invasive management of
high-risk anatomy for which neither PCI nor surgical
strategies have been optimized for SCAD are currently
unknown. Prospective studies should focus on inno-
vation in invasive options, role of temporary me-
chanical circulatory  support devices, and
understanding mechanisms of stent restenosis and
thrombosis in SCAD PCI.

NONINVASIVE DIAGNOSTIC IMAGING. Coronary
computed tomography angiography (CCTA) offers a
noninvasive option for coronary imaging that avoids
the risks of iatrogenic dissection. However, SCAD
findings can be subtle, particularly in smaller, distal
arteries, and may be obscured by patient motion or
complex cardiac dynamics. The spatial resolution of
most current generation computed tomography (CT)
scanners is approximately 0.5 mm. In comparison,
invasive coronary angiography has a resolution of 0.1
to 0.2 mm, with higher levels of resolution afforded
by intravascular ultrasound and optimal coherence
tomography. Given these limitations, a negative
CCTA or invasive coronary angiography does not
exclude the diagnosis of SCAD.** However, since
most patients with SCAD demonstrate vessel healing,
follow-up imaging with CCTA offers an opportunity to
demonstrate restoration of vessel wall and lumen
integrity to support a diagnosis of SCAD or assist in
clinical monitoring. The recent addition of photon-
counting CT technology represents a significant
advancement for noninvasive coronary imaging.
photon-counting CT, with its superior resolution,
material differentiation, and potentially lower radia-
tion exposure versus conventional CT>> may improve
the detection of subtle vascular changes character-
istic of SCAD.

Post-SCAD chest pain occurs in a third of patients
and can be due to recurrent SCAD, coronary micro-
vascular and endothelial dysfunction, and non-
ischemic mechanisms.?® When chest pain persists in
the absence of recurrent SCAD, quantitative perfusion
cardiac magnetic resonance imaging and positron
emission tomography can be helpful noninvasive
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strategies for detecting coronary microvascular dis-
ease following SCAD. Research is required to under-
stand the relationship and prevalence of coronary
microvascular disease following SCAD, as well as po-
tential nonischemic mechanisms underlying the high
burden of post-SCAD chest pain.

MEDICAL THERAPY. Limited observational data exist
to guide the medical management to promote coro-
nary artery healing and reduce dissection recurrence.
Expert consensus guidelines recommend the empiric
use of single antiplatelet therapy (SAPT) with
consideration of short duration dual antiplatelet
therapy (DAPT) strategy in conservatively managed
patients with SCAD based on presumed pathophysi-
ological benefits.” In particular, antiplatelet agents
are currently utilized based on concerns regarding
shear-mediated platelet activation in the context of
endothelial exposure in dissected vessels.>” However,
data from conservatively managed SCAD patients in
the multicenter, retrospective DISCO (DIssezioni
Spontanee COronariche) registry found an increased
risk of major adverse cardiovascular events at
12 months among the patients treated with DAPT
compared with SAPT driven primarily by nonfatal MI
and unplanned revascularization, though these data
should be considered within the limitations of a small
registry-based cohort.?” Single-center retrospective
registry data have shown the use of beta-blockers
post-SCAD to be associated with a decreased risk of
recurrent SCAD. Beyond this, targeted medical ther-
apy to reduce SCAD recurrence is unknown.” The
reliance of current treatment strategies on purely
observational, retrospective registry data are limiting,
and future prospective and randomized studies
should be designed to disaggregate the medical
treatment of SCAD based on presenting clinical
phenotype, presence of underlying genetic vascul-
opathy, and initial treatment strategy, given the
unified angiographic findings but marked heteroge-
neity in clinical context and patient substrate. The
BA-SCAD (Beta-blockers and Antiplatelet agents in
patients with Spontaneous Coronary Artery Dissec-
tion) randomized clinical trial (NCT04850417) led by
the Spanish Society of Cardiology is designed to
evaluate the potential benefit and duration of SAPT vs
DAPT among SCAD patients without coronary revas-
cularization and the use of beta blockers post-SCAD in
the absence of left ventricular dysfunction.?® Future
studies should aim to incorporate insights from ge-
netic and mechanistic studies of pathophysiological
mechanisms of SCAD to tailor treatment strategies.


https://clinicaltrials.gov/study/NCT04850417
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EXERCISE. A proposed pathophysiological mecha-
nism of SCAD suggests that hemodynamic effects of
that surpass the dissection
threshold of susceptible coronary arteries may lead to
dissection. The increased arterial tortuosity often
seen in SCAD patients may increase this risk due to
increased shear stress. Observational data has indi-

extreme exercise

cated that extreme or unconventional physical ac-
tivity triggers SCAD in 15% to 29% of cases.”>°
However, such data may be limited by recall bias
and lack of control populations. Post-SCAD, patients
are generally counseled to avoid high-intensity in-
terval training, competitive sports, extreme head
positions, and heavy isometric exercise involving
repeated Valsalva to avoid shear stress. However, the
data to support these recommendations is limited. A
SCAD-specific cardiac rehabilitation program has
demonstrated the safety of exercise and its benefits,
including an impact on psychosocial well-being and a
reduction in recurrent chest pain and adverse car-
diovascular events.*®*' This program, however, was
not intended to serve as long-term guidance for
physical activity, and overly restrictive recommen-
dations are likely a disservice to patients given the
myriad of benefits that moderate-intensity exer-
cise affords.*?

Although sex-specific weight restrictions for SCAD
patients have previously been proposed, in general,
resistance training limitations should be individual-
ized to avoid unnecessary restrictions, but rigorous
methods to provide such individualization are
lacking.**

Further investigation is necessary to precisely
determine the optimal frequency, intensity, dura-
tion, and type of exercise to mitigate risk while
enhancing outcomes post-SCAD, both in the acute
post-SCAD period and also longer term. Overly
restrictive recommendations that are not grounded
in firm data run the risk of discouraging patients
from exercise, with significant adverse effects
regarding physical (eg, risk of cardiometabolic dis-
ease) and mental health, particularly for previously
highly active individuals.** Utilizing hemodynamic
information from cardiopulmonary exercise testing
holds promise for crafting personalized, structured
exercise plans postrehabilitation.

PSYCHOSOCIAL HEALTH. Growing evidence sug-
gests that psychosocial stress and mental health are
relevant before and after SCAD. Intense emotional
stressors are commonly identified as triggering SCAD
events—particularly in women.”>** However, underly-
ing processes are unknown. Stressor-related
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catecholamine increases leading to coronary artery
shear stress have been postulated, but this and other
biopsychosocial pathways have not been tested in pa-
tients with SCAD.? Although 20% to 30% of SCAD pa-
tients report prior mental health conditions, research
is also needed to understand how this history may
impact SCAD onset.** Additionally, SCAD events can
be potentially traumatic experiences. Cross-sectional
research has increasingly documented elevated prev-
alence of depression, anxiety, and post-traumatic
stress disorder symptoms after SCAD—highlighting
important psychosocial consequences of these
events.***> However, longitudinal research is needed
to: 1) delineate mental health trajectories post-SCAD;
2) identify predictors of symptom change; and 3)
examine how mental health post-SCAD relates to
illness course and event recurrence.

Despite evidence-based treatments for depression,
anxiety, and post-traumatic stress disorder, little
research has examined psychosocial interventions for
patients with SCAD.*®*” Key questions to address
include what interventions and modalities work best
for these patients, if adaptations are needed for this
unique patient population, and if successful treat-
ment improves illness course. Additionally, antide-
pressants are commonly prescribed for these mental
health conditions, and they can have off-target car-
diovascular effects that merit consideration in the
context of SCAD.*®*° As many patients with SCAD are
ultimately seen in specialized cardiology clinics,
delivering psychosocial interventions through inte-
grated care models within these settings may be a
promising avenue, including potential integration
into SCAD-specific cardiac rehabilitation programs.
Roadmaps for such integration are available and can
guide future efforts.>°

REPRODUCTIVE HEALTH CONSIDERATIONS. Approxi-
mately 40% of pregnancy-associated MI (PSCAD) is
due to SCAD.® Registry data highlight that PSCAD is
associated with higher-risk presentations as
compared with nonpregnancy-related SCAD (NP-
SCAD) including left main or multivessel coronary
involvement, and greater risk of left ventricular sys-
tolic dysfunction and cardiogenic shock. There are
currently insufficient data to guide PSCAD-specific
management including strategies for medical ther-
apy, revascularization, associated cardiogenic shock,
and mode of delivery.”* Expert recommendations for
management therefore stem from experience with
related cardiovascular diseases.’” In the context of
these data, expert consensus currently recommends
against pregnancy after SCAD.>>*>°* However,
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registries have reported that pregnancy can occur
safely after SCAD, though data have been limited by
small numbers, heterogeneity in index presentation,
and the selection bias inherent to these retrospective
cohorts, which limits generalizability.>*>> With con-
cerns regarding the higher-risk presentation of
PSCAD, there are limitations to real-world investiga-
tion, and registry-based data are likely to remain
limited, with a bias potentially toward those with
lower-risk index presentations. As such, development
of animal models of SCAD may enable advancements
in our understanding of both PSCAD and pregnancy
following SCAD. In addition, genome-wide associa-
tion studies hold promise to advance our under-
standing of SCAD risk in general, as well as
differences between PSCAD and NP-SCAD.?”

Beyond pregnancy, our nascent understanding of
the association of SCAD and female sex hormones
limits our understanding of the potential impact of
exogenous hormone use, particularly in the context
of contraception, assisted reproductive technologies,
breast cancer therapies, pregnancy termination, and
perimenopausal hormone replacement therapy. It
remains unknown whether absolute hormone levels
or their fluctuations affect risk. PSCAD occurs most
commonly postpartum, when hormone levels are
rapidly declining. In the context of expert consensus
opinion to avoid (yet, to personalize) oral exogenous
hormone use, alternative strategies are typically rec-
ommended, but this significantly limits treatment
options for patients. Further mechanistic study into
the pathophysiology of SCAD should include an un-
derstanding of the role of estrogen, progesterone, and
prolactin in the pathogenesis of SCAD. This may help
inform future clinical studies of exogenous use
among SCAD survivors seeking hormone-based
treatments.

iSCAD: INNOVATIVE PATIENT-CENTERED
RESEARCH FRAMEWORK

THE PATIENT VOICE. A unique feature of SCAD
research to date has been the driving force of patients
as intellectual partners. Patients have been central to
the creation of registries upon which most of the
current data regarding SCAD are based. SCAD Alli-
ance, a pioneer in the patient-initiated research
movement,>® is a 501(c)(3) nonprofit founded by pa-
tients to provide an integrated, collaborative
approach to patient and caregiver support, expand
general and professional awareness, and enhance the
diversity and quality of data. The Board of SCAD
Alliance consists of SCAD patients, family, and allies
who ensure that research prioritizes a comprehensive
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understanding of the SCAD experience and focuses
on the questions that are most pressing for the pa-
tients. SCAD Alliance has aimed to increase patient
access to vetted and reliable medical information
regarding SCAD and created supportive patient com-
munities both virtually and through in-person pa-
tient symposiums.

iSCAD REGISTRY. The iSCAD Registry (NCT04496687)
is sponsored by SCAD Alliance, with a mission to
develop and maintain an independent, multicenter
data repository to accelerate international SCAD
research (Figure 1).°” Data are decentralized and
owned by SCAD Alliance. Because the data are not
owned by a single academic institution but stewarded
at a nonenrolling coordinating center, all enrolling
investigators have the opportunity to lead resulting
research investigations. This democratization of
study data has fostered meaningful collaboration
among investigators and has encouraged rapid
enrollment of patients. Since the first patient was
enrolled in March 2019, more than 1,700 patients from
26 sites across the United States and from Sydney,
Australia, have been enrolled. Since 2022, the data
from the registry have been presented in multiple
abstracts and in published manuscripts.**->®

SCAD CENTERS OF EXCELLENCE. The iSCAD study
design arose out of the need for increased diversity
both among patients and investigators. Historically,
SCAD registries have included populations that are
less diverse than reference populations with regard to
racial, ethnic, and socioeconomic variables.?? iSCAD
represents a collaboration of 27 centers, including
academic, hybrid, and community sites, with prin-
cipal investigators expert in the key areas of vascular
medicine, women’s cardiovascular health, cardiac
imaging, and interventional cardiology. By including
sites outside of traditional academic medical centers,
which have not previously been represented within
SCAD registries, we aim to increase the diversity of
the included population as well as our understanding
of SCAD outcomes among the diversity of care set-
tings represented.>>5%-6°

Given the sex and gender disparities in cardiovas-
cular research, a particularly powerful aspect of this
registry is the focus on a disease process that
disproportionately impacts females. The study also
highlights a rare finding in cardiovascular research,
with 19 site principal investigators being women. In
addition to serving as a research network, iSCAD has
created a diverse network of SCAD “Centers of
Excellence” with the goal that patients of all socio-
economic groups have access to SCAD expertise. This
would not only prove to be a model for patient access


https://clinicaltrials.gov/study/NCT04496687
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FIGURE 1 Founding Principles of the iSCAD Registry
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iSCAD = International Spontaneous Coronary Artery Dissection.

but will also allow us to better study an inclusive
population of patients with SCAD.

Patients affected by SCAD are clinically complex
and require access to multiple specialists familiar
with SCAD and access to appropriate diagnostic
testing and procedures. Understanding that partici-
pation in the iSCAD Registry would lead to height-
ened recognition of sites as centers with experience
in treating patients with SCAD, the leadership of the

Excellence.” The key component for a SCAD “Center
of Excellence” is the presence of at least 1 clinician
champion who has, or is willing to, develop and grow
referral pathways to ensure standardized care of pa-
tients with SCAD at their institution. Other core
criteria include the access to a multidisciplinary team
of specialists including those with expertise in
vascular disease, headache and vascular neurology,
interventional cardiology, maternal fetal medicine,

study developed criteria for SCAD <“Centers of behavioral health, cardiac rehabilitation, and medical

TABLE 3 Suggested Components of a SCAD “Center of Excellence”

Clinician champion Serves as a central source of local expertise in SCAD

Develops pathways to promote standardized care for the patient with SCAD in both the inpatient and outpatient settings
Responsible for the education of local colleagues in the care of patients with SCAD

Identifies local noncardiology specialists with interest and knowledge in SCAD to whom patients may be referred
Provides opportunities for patients to connect with patient advocacy groups and educational opportunities

Provides opportunities for patients to participate in research

Dissemination of education to broader audience of clinicians, eg, at highly attended medical conferences

Specialist care

Adequate clinical volumes to maintain proficiency in the care of patients with SCAD

o Ability to refer patients to specialists with interest and knowledge of SCAD, which may include vascular medicine
o Vascular surgery

Interventional radiology

Interventional cardiology

Cardiothoracic surgery

Stroke neurology

Headache neurology

Sports cardiology

Psychiatry/psychology

Medical genetics

Maternal fetal medicine/high-risk obstetrics

Cardiac rehabilitation

0O 000 O0OOGO OGO O

Diagnostic imaging e Availability of accessible cardiac imaging including coronary angiography, coronary computed tomography angiography, cardiac magnetic
resonance, vascular ultrasound, and vascular angiography (magnetic resonance angiography or computed tomography angiography).
o Imaging protocols that have been optimized for women of childbearing age (eg, low contrast load, low radiation exposure)

o Imaging protocols with specific considerations for pregnant and lactating individuals

Research o Ability to participate in multicenter research including registries
o Biorepositories

o Clinical trials
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TABLE 4 Strategies to Bridge Gaps in Clinical Care, Research, and Outcomes in SCAD
Clinical care Encourage the development of expert consensus statements to continually update current practice in the absence of randomized-
controlled trial data.
Collaborate with patient advocacy groups to disseminate the newest research and recommendations.
Longitudinal and continued clinician education through SCAD presentations at national meetings and SCAD-specific meetings
Development of SCAD Centers of Excellence (COEs)

Research Enable regular meetings of experts representing multiple specialties to identify ongoing gaps in clinical care, research, and outcomes
and spur research collaborations.

Multicenter registries (eg, iSCAD) are the current mainstay of data. Multicenter randomized trials are needed.

Collaborative efforts between diverse specialties (eg, translational scientists, genetic experts, interventionalists, imaging specialists,
vascular medicine specialists, sports cardiology specialists, and women's health specialists)

Outcomes Dissemination of vetted patient information and resources through online and in-person patient educational conferences

Advocacy is required to increase awareness of SCAD among clinicians and assist in connecting SCAD patients with clinicians who have
SCAD expertise and/or SCAD COE.

Diversification of geographic location and practice setting of SCAD Centers of Excellence to maximize accessibility to specialty care
Recruitment and diversification of SCAD clinical providers and investigators
Inclusivity and retention of women and underrepresented racial and ethnic minority groups in research initiatives

iSCAD = International Spontaneous Coronary Artery Dissection; SCAD = spontaneous coronary artery dissection.

genetics, among others. SCAD “Centers of Excel-
lence” are also capable of committing needed time
and resources to support participation in multicenter
research and have a commitment to connecting pa-
tients to patient advocacy groups and encouraging,
participating in, and/or organizing patient-centered
educational events (Table 3). Through the iSCAD
registry, there is an annual conference for clinician
education as well as an in-person patient educational
conference, led by SCAD Alliance. In addition, as
knowledge of SCAD management advances through
research, it is a priority to disseminate this to all
cardiovascular clinicians who care for patients both
within and outside of specific SCAD “Centers of
Excellence” through publications in high-impact
journals and presentations at highly attended medi-
cal conferences.

CALL TO ACTION THROUGH THE LENS OF iSCAD.
While significant advances have been made in the
accurate diagnosis of SCAD, evidence-based strate-
gies for treatment and risk stratification of patients
are lacking. Multipronged strategies are essential to
address the current gaps in knowledge and further
the clinical care and outcomes of individuals with
SCAD (Table 4). A central knowledge gap remains that
the precise pathophysiology of the disease remains
unknown; therefore, targeted therapies are not
available. As such, supporting the rapid advancement
of knowledge is critical to improving clinical care.
Multicenter collaborations like the iSCAD registry are
critical to the advancement of rarer diseases, partic-
ularly those that disproportionately affect patient

groups traditionally underrepresented in cardiovas-
cular studies. In addition, collaborative research
networks inclusive of investigators from a variety of
practice settings and areas of expertise and the pa-
tients themselves enable more rapid research inquiry
into the questions that are most relevant to the pa-
tients affected by the disease.
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