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Abstract

Purpose of review Spontaneous coronary artery dissection (SCAD) is a non-iatrogenic and
non-traumatic separation of the coronary arterial wall. While SCAD represents an impor-
tant cause of myocardial infarction, optimal diagnostic and therapeutic options remain
challenging. We sought to review recent studies and provide an update on diagnosis and
management of SCAD.
Recent findings Coronary angiography is the first-line diagnostic modality for SCAD,
with three angiographic features commonly observed in SCAD: type 1 (pathogno-
monic angiographic appearance with contrast staining of the arterial wall), type 2
(long coronary stenosis), and type 3 (focal tubular stenosis). In addition, adjunc-
tive intracoronary imaging can aid in identifying coronary dissections. Conservative
management with beta-blockers and aspirin remains the mainstay of therapy.
However, patients with high-risk features and recurrent symptoms may require
revascularization. Several techniques have been reported, such as long stents to
seal the entire length of the dissection, stepwise stenting starting at the distal
edge followed by proximal edge stenting, use of bioabsorbable stents, and cutting
balloon angioplasty. Furthermore, cardiac rehabilitation appears to be safe and
offers significant benefits for patients with SCAD.
Summary Coronary angiographic classification contributed to the increased recog-
nition of SCAD in recent years. Selecting the most suitable and appropriate therapy
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based on accurate diagnosis is the cornerstone of management in SCAD. Further
studies are needed to establish optimal treatment of SCAD depending on anatom-
ical and/or clinical features.

Introduction

Spontaneous coronary artery dissection (SCAD) is
defined as a non-iatrogenic and non-traumatic sepa-
ration of the coronary arterial wall. Once thought to
be a rare condition, SCAD is garnering more attention
as an important cause of acute coronary syndromes
(ACS). Specifically, SCAD is the most common cause
of myocardial infarction (MI) during pregnancy or in
the postpartum period [1]. The precise mechanism of
SCAD is yet to be fully understood, but two proposed
hypotheses suggest intimal tear or medial hemor-
rhage that leads to the intramural hematoma (IMH),
which then creates a false lumen with subsequent true
lumen compression and myocardial ischemia [2].

Fibromuscular dysplasia (FMD) is one of the most
common predisposing conditions, and it has been
observed in 52 to 86% of patients who present with
SCAD [3–5]. There is frequently an underlying
arteriopathy with fragile arterial wall architecture in
FMD and connective tissue disorders, which plays a
role in the propagation of the dissection that has been
seen during diagnostic or therapeutic procedures. The
majority of patients with SCAD present with ACS and
the awareness and recognition of SCAD continue to
grow [6, 7]. In this review, we will discuss recent data
regarding the diagnosis and management of SCAD.

Diagnosis

High clinical index of suspicion is important to accurately and promptly
diagnose SCAD. SCAD should be considered in young women, especially
during pregnancy or postpartum periods, presenting with ACS. We will
discuss some of the conventional diagnostic tools, which can help to make
an accurate diagnosis of SCAD.

Coronary anatomy in SCAD

SCAD can affect any coronary artery and may involve multiple coronary
arteries. In a retrospective study of 189 patients, left anterior descending
(LAD) artery was the most frequently affected vessel (32.3%), followed
by left circumflex artery (13.2%) and right coronary artery (13.2%) [8].
Left main artery is rarely involved (2.1%), but dissections can occur in
multiple arteries (7.9% of patients who present with SCAD) [8]. Ma-
jority of dissections occur in mid to distal segments of coronary arteries
[4, 8]. However, in pregnancy-associated SCAD, left main artery is more
frequently involved (24–36%) with a greater proportion of multivessel
dissections (33–40%). Pregnancy-associated SCAD patients present more
commonly with high-risk clinical features (e.g., ST-segment elevation MI
[STEMI] and lower left ventricular ejection fraction) than non-pregnancy-
associated SCAD [9•, 10]. In addition, ostial or proximal segments of
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the coronary arteries are more frequently involved (62.5 vs. 10.1%) in
pregnancy-associated SCAD [8, 10].

Coronary angiography

Coronary angiography remains the first-line diagnostic modality for SCAD.
There are three distinct types of angiographic descriptions of SCAD, proposed
by Saw et al. (Fig. 1) [11]. Type 1 is characterized by the pathognomonic
angiographic appearance: contrast dye staining of the arterial wall and multiple
radiolucent lumens, with or without the presence of contrast hang-up or
delayed clearing. Type 2 represents long (typically 9 20mm in length) coronary
stenosis with severity varying between mild stenosis and complete occlusion.
This diffuse angiographic narrowing of coronary lumen commonly affects mid
to distal segments of coronary arteries and corresponds to the extent of IMH.
Proximally, a transition point where the normal caliber of coronary artery
abruptly narrows can commonly be appreciated. Distally, the narrowing can
either be bordered by normal artery segments (type 2A) or extend to the tip of
the artery (type 2B). Intracoronary nitroglycerin should be administered to
exclude potential coronary vasospasm. If the narrowing persists after nitroglyc-

Fig. 1. Coronary angiographic types of spontaneous coronary artery dissection. Type 1 has the pathognomonic appearance with
contrast media staining of arterial wall. Type 2A shows long coronary stenosis bordered by normal artery segments. Type 2B has long
coronary stenosis that extends to the tip of the artery. Type 3 shows focal or tubular stenosis that is challenging to distinguish from
atherosclerosis.
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erin and the diagnosis remains uncertain, intracoronary imaging (optical co-
herence tomography [OCT] or intravascular ultrasound [IVUS]) can be pursued
to confirm the diagnosis. If there is a concern that adjunctive imaging will cause
propagation of the dissection and further compromise of coronary blood flow,
then repeat coronary angiography with/without intracoronary imaging can be
considered in 4 to 6 weeks. Although type 2 SCAD is often missed,
interventionalists need to gain familiarity with its unique features. Type 3 SCAD
is characterized by a focal tubular stenosis, which can be challenging to distin-
guish from an atherosclerotic disease by angiography. If there is a high suspi-
cion for SCAD, operators should utilize intracoronary imaging modalities to
confirm the diagnosis, particularly given the challenges with type 3 SCAD. Lack
of atherosclerotic changes in other coronary arteries should also raise the
suspicion of SCAD. In addition, a case-control study demonstrated an associa-
tion between SCAD and coronary tortuosity, defined by the presence of ≥ 3
consecutive curvatures of 90° to 180° measured at end-diastole in a major
epicardial coronary artery ≥ 2 mm in diameter [12]. Tortuosity was prevalent in
SCAD (78 vs. 17% in controls; p G 0.0001). Based on the described coronary
angiographic classification of SCAD, type 2 was the most common (67.5–
69.8%), followed by type 1 (25.6–29.1%) and type 3 (3.4–4.7%) in retro-
spective studies [4, 13••]. Angiographic classification of SCAD has greatly
increased recognition of SCAD in recent years as operators gained familiarity
with the various angiographic appearances of SCAD [14].

It is noteworthy that corresponding ventricular regional wall motion abnor-
mality on ventriculography can be another clue for the diagnosis of SCAD. A
case series of 22 patients with SCAD involving 25 coronary arteries demon-
strated wall motion abnormalities (hypokinesis or akinesis) corresponding to
the dissected arteries in all but one case [15]. This finding is particularly
instrumental in distinguishing angiographic type 2B SCAD from “normal vessel
tapering.”

Intracoronary imaging

While coronary angiography is excellent in diagnosing luminal narrowing, its
two-dimensional luminal imaging has limitations in assessing the pathological
process affecting the coronary arterial wall. IVUS and OCT can aid with confir-
mation of SCAD features by providing visualization of vessel wall tear, espe-
cially when the diagnosis is uncertain by angiography.

IVUS produces images by utilizing backscattering of emitted ultrasonic
waves, which are then converted to electrical signals. Maehara et al. first de-
scribed five patients with SCAD who were diagnosed with IVUS without char-
acteristic angiographic features, emphasizing the role of IVUS in the diagnosis
of SCAD [2]. IVUS can confirm SCAD by demonstrating the presence of IMH
and/or false lumen. With greater vessel wall penetration, IVUS allows deeper
vessel visualization and potentially better evaluation of the extent of IMH than
OCT [16, 17]. However, the utility of IVUS is limited by its inferior resolution
compared to OCT and its ability to accurately locate the intimal rupture site.
Paulo et al. compared IVUS andOCT in patients who presentedwith SCAD. The
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OCT technology was found to be superior to IVUS in demonstrating intimal
rupture sites [16].

OCT provides high-resolution images by using near-infrared light and
optical scattering. The spatial resolution of OCT (10–20 μm) is tenfold
greater than that of IVUS (150 μm) and enables better characterizations
of intimal tear site, false lumens, and IMH in the diagnosis of SCAD [16,
18]. Alfonso et al. reported 11 cases of OCT-confirmed SCAD. Intimal
tear was identified in seven patients, IMH was visualized in eight patients,
and false lumen was easily recognized in the majority of cases [19].
Furthermore, OCT allows detailed assessment of various features of SCAD
including the length of the affected vessel dissection, a thickness of the
flap, associated thrombus formation, extent of luminal compromise, and
side-branch involvement, all of which can guide with the planning of
coronary intervention [20]. However, OCT has several limitations: its
poor depth of penetration (2–3 mm) limits the diameter of vessel that
can be assessed with OCT and left main coronary artery SCAD is often
poorly visualized [21]. In addition, residual blood from suboptimal
flushing can cause signal attenuation, especially when the lumen is col-
lapsed, and blood clearance can be difficult [22]. Nonetheless, OCT offers
valuable information to confirm the diagnosis of SCAD particularly for
type 2 and type 3 SCAD lesions. If needed, a combination of OCT and
IVUS could minimize the inherent limitations of each modality in the
diagnosis of SCAD [16, 17].

A number of arteriopathies, such as FMD, are associated with fragile
arterial wall structure and susceptibility to iatrogenic trauma [3]. An
observational study from the Vancouver General Hospital SCAD registries
demonstrated a higher incidence of iatrogenic coronary artery dissection
during diagnostic angiography or percutaneous coronary intervention
(PCI) in patients with SCAD than in general population (3.4 vs. 0.2%)
[23]. Therefore, the use of intracoronary imaging modalities should be
limited to when the benefit of additional data clearly outweighs the risks
of the procedure given the possibility of iatrogenic dissection of coronary
artery by guide catheter, and possible propagation of dissection by coro-
nary wire, imaging catheter or hydraulic pressure from forceful OCT
contrast media injection.

Cardiac computed tomography angiography

Cardiac computed tomography angiography (CCTA) is a potential, novel
modality in diagnosing SCAD [24, 25]. CT offers a noninvasive way to
assess for the presence of SCAD without the risk of iatrogenic complica-
tions and propagation of dissection flap. However, a negative CCTA
results should not exclude a diagnosis of SCAD [26]. Most cases of SCAD
involve mid to distal segments of coronary arteries, and limited spatial
resolution of CCTA may not allow proper evaluation of lumen and walls
of small coronary arteries in these distal segments. Therefore, CCTA is not
recommended as a first-line diagnostic modality for SCAD. However,
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CCTA can be an effective noninvasive modality to evaluate and follow
the resolution of SCAD. Roura et al. analyzed 34 SCAD patients and
reported complete healing of the coronary dissection in 83% of cases
visualized by CCTA [27].

Management of SCAD

The current management strategy is largely based on observational studies
given the lack of evidence from randomized controlled trials to guide the
treatment of this complex disease. However, most of the studies suggest that
treatment of SCAD differs from the traditional approach to atherosclerotic
lesions.

Medical management
Beta-blockers

Beta-blockers reduce heart rate, blood pressure, and myocardial oxygen
consumption, which then lead to decreased local arterial shear stress [28,
29]. Moreover, beta-blockers have been shown to decrease the infarct size
and risk of ventricular fibrillation in patients with acute myocardial
infarction (AMI) [30, 31]. Accordingly, beta-blockers remain a mainstay
of acute medical management of SCAD. Importantly, SCAD patients are
at risk of developing ventricular fibrillation/tachycardia, particularly in
those with pregnancy-associated SCAD being at the highest risk (occurred
in ~ 16% of patients) [4, 10, 13••]. Thus, beta-blockers may play an
important role in reducing the risk of such lethal arrhythmias. Of note,
Saw et al. recently reported 10.4% recurrence rate of de novo SCAD
observed during median follow-up of 3.1 years [13••]. Importantly,
chronic beta-blocker use was independently associated with 64% reduc-
tion of risk of recurrence (hazard ratio 0.36, p = 0.004), which is striking
considering the frequent recurrence of SCAD [13••]. This evidence sup-
ports the importance of acute and chronic utilization of beta-blockers in
the management of SCAD.

Antiplatelet therapy
Most experts recommend using aspirin for acute and chronic management
of SCAD based on evidence from ACS literature [32]. In SCAD, antiplatelet
therapy theoretically prevents thrombus formation in the true lumen and
keeps luminal patency to prevent ischemia of the affected vessel. The role of
dual antiplatelet therapy (DAPT) in SCAD patients not treated with stents
remains uncertain. However, DAPT may further reduce the thrombotic
burden in the false lumen and subsequently alleviate true luminal com-
pression. There are anecdotal reports showing the safety of DAPT in SCAD:
Rogowski et al. demonstrated effective use of DAPT in 92% of SCAD
patients (clopidogrel in 69%, prasugrel in 14%, ticagrelor in 9%). Healing
of dissection was confirmed on 6-month follow-up angiogram in the ma-
jority of patients [33]. In another large observational study of 134 patients
with SCAD, 82% of medically treated patients (n = 78) empirically received
DAPT for a mean duration of 11 months and experienced low recurrence
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rate of 4.7%, suggesting safety of DAPT [34]. Therefore, individualized use
of DAPT based on careful assessment of risks and benefits would be prudent
in SCAD. In general, DAPT with clopidogrel is often empirically used until
the resolution of SCAD is confirmed on follow-up evaluation or for 1 year
after the onset of SCAD in the setting of ACS.

Angiotensin converting enzyme inhibitor/angiotensin receptor blocker
Based on the evidence and recommendation for AMI patients with left
ventricular dysfunction, angiotensin converting enzyme inhibitor (ACEI)/
angiotensin receptor blockers (ARBs) are used in patients with SCAD who
have significantly reduced left ventricular ejection fraction (LVEF) [32,
35]. LVEF is frequently reduced in patients with pregnancy-associated
SCAD. Tweet et al. reported the rate of LVEF ≤ 35% was significantly
higher in pregnancy-associated than non-pregnancy-associated SCAD (26
vs. 10%, p = 0.007) [9]. Although ACEI and ARB should not be used
during pregnancy, patients with pregnancy-associated SCAD and reduced
LVEF who are not lactating may benefit from ACEI/ARB during the
postpartum period.

Anticoagulation, thrombolytic therapy, and statins
The role of anticoagulation in SCAD is not well studied. The potential
benefit of preventing thrombus formation is likely to be offset by risks of
increasing intramural bleeding and extending the dissection. Therefore,
anticoagulation should be discontinued once the diagnosis of SCAD has
been made in the absence of another indication for anticoagulation.

There are contradicting reports regarding thrombolytic therapy in
SCAD. Leclercq et al. described a patient with SCAD involving left main
coronary artery with proximal LAD occlusion, who was successfully
treated with thrombolytic therapy. A proposed mechanism is thrombol-
ysis of false lumen thrombus with resultant decompression of true lumen
and reperfusion of the vessel [36]. However, a larger body of reports
raises safety concerns with regard to thrombolytic therapy extending
dissection and IMH in SCAD [37, 38]. In a review of SCAD cases,
Shamloo et al. reported 87 SCAD patients who were treated with
thrombolysis before the diagnosis of SCAD was made and subsequently
whose condition deteriorated requiring rescue PCI or coronary artery
bypass graft (CABG). Accordingly, the experts’ consensus is that the use of
thrombolytic therapy should be avoided when SCAD is suspected/
diagnosed; however, its use should not be discouraged in STEMI when
appropriate prior to angiography.

There is a paucity of data on the clinical utility of statins in SCAD.
Unlike patients with coronary artery disease, SCAD patients generally do
not have significant atherosclerosis and hence, the role of statins in SCAD
is less clear. Of note, a retrospective cohort study of 87 SCAD patients
showed a potential association between statin use and recurrence of
SCAD, whereas another cohort study of 64 SCAD patients (89% received
statins) demonstrated three recurrent SCAD cases among 56 medically
treated patients during the follow-up of ~ 8 years without observing such
association [6, 33]. Because of the uncertainty of statins’ benefit in SCAD,
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we would recommend statin therapy to suspected SCAD patients with
concomitant dyslipidemia or coronary artery disease.

Conservative medical management versus revascularization

Conservative medical management is the initial therapy in SCAD due to high
rates of spontaneous healing of dissections and excellent long-term clinical
outcomes. In a retrospective study of 189 patients with 2.3 years of median
follow-up, spontaneous angiographic healing of dissection was observed in
73% of conservatively managed patients who had repeat angiography [8]. In a
cohort of 168 patients and very early follow-up angiography in conservatively
managed patients (G 20 days after SCAD) angiography demonstrated no evi-
dence of dissection healing, suggesting that follow-up angiography should be
scheduled at least ~ 30 days after the onset of SCAD [4].

Generally, conservative management is thought to lead to excellent clinical
outcomes. In a recently updated series of 327 SCAD patients from Vancouver,
only 9 out of 272 conservatively managed patients (3.3%) had evidence of
extension of dissection requiring subsequent in-hospital revascularization
(2.2% PCI and 1.1% CABG) with no in-hospital mortality [13••]. In a series of
189 patients from Mayo Clinic, 9 out of 94 (10%) conservatively managed
patients experienced early SCAD progression, and 8 of these patients required
subsequent revascularizations (6 PCI and 2 CABG) [8].

In contrast, revascularization therapy was associated with relatively high
failure rate [8, 13••]. In the Vancouver cohort, 31% of PCIs were deemed
unsuccessful as a result of residual dissection, stenosis 9 50% of luminal
diameter, worse TIMI (Thrombolysis in Myocardial Infarction trial) flow
than baseline, or extension of dissection requiring bail-out CABG [13••].
Mayo Clinic series also demonstrated PCI failure rate of 53% [8]. Therefore,
it is recommended that the revascularization therapy be limited to patients
with certain high-risk features: ongoing or recurrent ischemia, left main
dissection, cardiogenic shock, or ventricular arrhythmias [13••]. A failure of
conservative management of SCAD was also observed in the presence of
predominantly false lumen [39]; this anatomic feature may warrant pre-
emptive revascularization. When revascularization is necessary, PCI rather
than CABG should be performed if the anatomy is feasible.

Revascularization
PCI

PCI in the setting of SCAD is challenging for several reasons. First of all,
fragile arterial walls with underlying arteriopathy are vulnerable to iatro-
genic dissection during the procedure [4, 23]. It may also be difficult to
wire the true lumen, particularly in type 1 SCAD with the presence of
intimal rupture [33]. In addition, the dissection can extend during the
procedure, particularly when stenting does not adequately cover the distal
edge of IMH. The use of long stents or multiple stents may also increase
the risk of stent thrombosis and restenosis. Furthermore, involvement of
distal small coronary segments may be challenging for angioplasty and
stent placement.
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To address some of these challenges during PCI, several strategies have been
utilized. Intracoronary imaging can guide the access to true lumen and confirm
stent expansion/apposition. When the extent of IMH is relatively confined,
longer stents are suggested to adequately cover and compress both proximal
and distal edges of IMH in order to prevent propagation of the IMH. If a longer
lesion is determined to require multiple stents, it may be helpful to stent the
distal edge first followed by stenting of the proximal edge in order to prevent
the propagation of dissection. Bioabsorbable stents have been shown to be a
potential option in SCAD to avoid permanent implants and potential late stent
malapposition following resorption of IMH, which may be associated with
stent thrombosis [40]. Successful treatment of SCAD using bioabsorbable
stents has been reported in a series of 18 patients with no adverse events at a
median follow-up of 18 months [41–43]. However, an increase in MI and
scaffold thrombosis for Absorb stent has been observed in ABSORB II [44] and
ABSORB III trials [45], which led to removal of Absorb stent from the US
market [46]. SCAD patients have been successfully treated with other
bioabsorbable stents as well, including magnesium-based bioabsorbable stents
[47, 48]. In addition, investigators have reported successful cutting balloon
angioplasty in SCAD, which creates micro communications between the true
and false lumens and achieves decompression of IMH with or without subse-
quent stenting [49–52]. This novel strategy to fenestrate IMH can be considered
when the dissection and IMH extend to the distal small segments where
stenting would be challenging. After successful PCI, a subsequent extension of
dissection can still occur; thus, close inpatient monitoring and follow-up of
SCAD patients is recommended [8]. Intracoronary imaging should be consid-
ered for patients who undergo stent placement in order to assess the com-
pleteness of the dissection coverage.

CABG
CABG should be reserved for patients with left main dissection, extensive
multivessel dissections, those with PCI failure, or in those with anatomy
not suitable for PCI. In Mayo Clinic series, a total of 20 patients
underwent CABG during the initial hospitalization [8]. There was one in-
hospital death after bail-out CABG following PCI failure, but no deaths at
5-year follow-up. Among those who underwent CABG, 11 patients
underwent repeat angiography at a median follow-up of 3.5 years. Only 5
of 16 grafts were patent, which can be explained by the competitive filling
in healed native artery, resulting in graft occlusion. Despite the high rate
of late bypass graft failure, excellent short- and long-term clinical out-
comes post-CABG indicate that CABG can be an important revasculari-
zation option for selected patients with SCAD.

Cardiac rehabilitation after SCAD

A survey study of 354 patients with SCAD showed a participation rate of
76% in cardiac rehabilitation [53]. Among the nonparticipants, 67% did
not receive the referral from their health care providers; lack of referral was
the primary reason of nonparticipation. Of the participants, 82% perceived
physical health benefits and 75% reported emotional health benefits.
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Another cohort study of 70 SCAD patients demonstrated safety of cardiac
rehabilitation in SCAD patients as well as beneficial effects of rehabilitation
on patients’ physical and psychosocial well-being [54]. As cardiac rehabil-
itation for patients with SCAD appears safe and beneficial, we would
encourage the utilization of such programs.

Conclusion

Patients with SCAD represent a unique population with a high prevalence of
underlying arteriopathy and few atherosclerotic risk factors. Clinicians need
to increase the awareness of this disorder in order to properly diagnose and
treat patients with SCAD. Familiarity with angiographic characteristics of
SCAD along with utilization of complementary intracoronary imaging in-
creases the diagnostic yield of SCAD. While the optimal management for
SCAD remains controversial, conservative management should be consid-
ered as the first-line strategy for patients without high-risk features or re-
current symptoms.
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