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Abstract

Purpose of review Spontaneous coronary artery dissection (SCAD) is a disease which affects
a predominantly female and relatively young population, some of whom have not yet
completed their reproductive lives. SCAD has traditionally been considered a contraindi-
cation to future pregnancy due to concerns about the risk of recurrence and the high-risk
phenotype associated with pregnancy-associated SCAD (P-SCAD). This review summarizes
recent advancements in the understanding of pregnancy and reproductive health after
SCAD.
Recent findings Although traditionally under-recognized and underdiagnosed, the impor-
tance of SCAD as a unique clinical entity is now recognized in a growing number of expert
guidelines and consensus documents which provide advice on the management of preg-
nancy. Recent data, although insufficient to alter current management recommendations,
offers hope that the recurrence rate in subsequent pregnancies may be lower than
previously believed.
Summary Pregnancy and reproductive health for women after SCAD is a complex area with
relatively limited data to guide management decisions. At present, there is insufficient
data to challenge the traditional assumption that subsequent pregnancy should be
avoided. Where pregnancy is pursued, thoughtful multidisciplinary management in expert
women’s heart health centres is vital. Going forward, increased experience in the man-
agement of all aspects of reproductive health in these women will hopefully provide data
to allow more accurate understanding of risks and optimal management in this
population.
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Case-introduction
A 34-year-old woman presents for routine cardiology follow-up. Her history is
significant for a spontaneous coronary artery dissection at age 32 and episodic
migraines. The SCADoccurred 2weeks following a first trimestermiscarriage when
she presented to a local hospital emergency department with a 1-hour history of
retrosternal chest pain which radiated to the jaw and both arms. ECG showed
anterior T wave inversions and troponin-T peaked at 0.99 ng/mL (normal G
0.03 ng/mL). Subsequent coronary angiogram revealed multivessel SCAD involv-
ing the LAD, first diagonal and third obtuse marginal. She was managed conser-
vatively and ultimately discharged from hospital on medical therapy with a
preserved ejection fraction. Investigations did not reveal any evidence of underlying
rheumatological condition or vasculopathy. She has been stable since this time and
has returned to normal activity. Current medications are aspirin 81 mg and
metoprolol succinate 25 mg. She is now keen to pursue another pregnancy. What
are the risks of recurrent SCAD in this woman with previous pregnancy-associated
SCAD and how should she be counselled going forward.

Back to the clinical case
The patient is counselled that the risks of recurrence associated with further
pregnancy in women with a history of spontaneous coronary artery dissection is
not clearly understood but has been estimated at between 3 and 12.5%. In
addition, she is advised that there is evidence that pregnancy-associated SCAD
presents with a more severe phenotype than non-pregnancy-associated SCAD.
Although understanding of the reasons that pregnancy is generally advised against
for those with a history of SCAD, she decides to pursue further pregnancy.

Clinical case conclusions
The patient is referred for preconception review at a tertiary centre with access to
high-risk obstetrics and cardiology. She subsequently conceives a singleton preg-
nancy and undergoes close monitoring by both cardiology and obstetrics through-
out gestation. She underwent uncomplicated delivery of a healthy infant by cae-
sarean section (CS) at 39-week gestation. Her post-natal course was uncomplicated
and she has had no further SCAD events over 3 years of post-partum follow-
up.Introduction

Spontaneous coronary artery dissection (SCAD) is defined
as a non-atherosclerotic, non-traumatic andnon-iatrogenic
dissection of an epicardial coronary artery [1••]. Tradition-
al ly SCAD was both under recognized and
underdiagnosed; however, there is now increasing under-
standing of the importance of SCAD as an important
pathophysiological entity that affects a unique and other-
wise largely healthy population and has specific treatment
requirements which may differ from those of atheroscle-
rotic coronary artery disease. This increased appreciation
has culminated in the recent publication of the 2018 AHA

scientific statement on SCAD providing expert manage-
ment recommendations for these patients [1••].

SCAD is primarily a disease of relatively young wom-
en. Some registries report that up to 90%of those affected
are female with an average age of 45–53 [2]. SCAD causes
of up to 35% of myocardial infarction in women under
50 and 43% of infarction around the time of pregnancy
[1, 3]. Although the aetiology of SCAD is unknown, there
is a substantial associationwith arteriopathies particularly
fibromuscular dysplasia which is reported to co-exist in
up to 86% of patients [4]. The pathophysiology
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underlying the association between pregnancy and SCAD
is also incompletely understood; however, it is speculated
that exposure to excess estrogen and progesterone may
alter vascular wall structure in amanner that increases the
likelihood of SCAD and that these changes may accumu-
late across pregnancies [1, 3].

Because SCAD predominantly affects a young female
population, a not insignificant percentage of patients
impacted will be of reproductive age. Traditionally,
SCAD has been considered a contraindication to subse-
quent pregnancy and patients continue to be advised to

avoid future pregnancy regardless of whether their SCAD
event was pregnancy associated or not. This is clearly a
life-changing recommendation for women who may
not have started or completed their families. We review
the current literature in regard to the risks of pregnancy
following SCAD, how the phenotype of pregnancy-
associated SCAD (P-SCAD) influences recommenda-
tions in regards to future pregnancy, recommendations
of management of women who do become pregnant
post-SCAD and other reproductive health issues in this
population (Fig. 1).

Recommendations with regard to pregnancy after spontaneous
coronary artery disease

The overall risk of recurrent SCAD is as high as 30% during medium- to long-
term follow-up of 1 up to 10 years, although this estimate may be inflated by
referral bias seen in quaternary centre registries [1••]. There is limited data as to

Fig. 1. SCAD and pregnancy.
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whether subsequent pregnancy accelerates or has no influences on this risk of
recurrence (see below). However, due to the underlying association of SCAD
with pregnancy and the tendency of P-SCAD to associate with more severe
clinical presentation and outcome, women have generally been advised to
avoid pregnancy after SCAD regardless of whether the initial event was preg-
nancy associated or not.

Pregnancy-associated spontaneous coronary artery disease and
differences from non-pregnancy-associated SCAD

One of the major concerns with regard to recurrent events during subsequent
pregnancies relates to the seeming increase in severity of pregnancy-associated
SCAD events compared with those not associated with pregnancy. Pregnancy-
associated SCAD (P-SCAD) is not formally defined although it is generally
taken tomean a SCAD event that occurs during pregnancy or following delivery.
For research purposes, the post-partum period for P-SCAD has been limited to
12 weeks [5] although it has been suggested that cases up to a year may be
considered pregnancy-related in association with breastfeeding [1••]. While
SCAD was initially believed to be predominantly a condition of pregnancy,
more modern data suggests that only the minority of cases are pregnancy
associated [6]. Despite that this P-SCAD remains a dominant cause of
pregnancy-associated myocardial infraction, there appear to be some distinct
phenotypic differences between P-SCAD and non-pregnancy associated SCAD
events. These differences were examined in a series of 323 women participating
in a Mayo clinic registry, of whom 54 experienced pregnancy-associated SCAD.
The vast majority of these women experienced SCAD in the early post-partum
period or immediately following pregnancy loss and only 4 women (7.4%)
were pregnant at the time of their SCAD event. In this group, P-SCADwas more
likely to present with ST segment elevationMI, to affect multiple vessels or have
leftmain involvement. It was also associatedwith higher rates of coronary artery
bypass grafting and lower ejection fraction when compared with non-
pregnancy-associated SCAD events [5]. A prior, smaller study of 23 women
showed that patients with P-SCAD experienced larger, more commonly anterior
infarcts and lower left ventricular ejection fractions compared with those whose
events were not pregnancy related [7]. Overall, across the published P-SCAD
literature, there are high rates of LAD or anterior infarction, evidence of mod-
erate to severe LV impairment in as many as 44% of women and relatively high
rates of cardiogenic shock and/or need for mechanical circulatory support [8].
Together, these data suggest that pregnancy-associated SCAD, for unclear rea-
sons, tends to manifest a more severe phenotype than non-pregnancy-
associated SCAD. The fear that a recurrent SCAD event associated with a
subsequent pregnancy may be more serious in nature has contributed to the
belief that pregnancy should be avoided after SCAD.

Risk of recurrent SCAD during subsequent pregnancy

Very little data exists to guide us in understanding the risk of recurrent SCAD
events for women who have a subsequent pregnancy. In 2015, the Mayo clinic
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published a case series detailing eight women who experienced post-SCAD
pregnancies followed up for a median of 26 months. In this group, four of
the initial SCAD events occurred in the peripartum period. In this cohort, one
woman had recurrent SCAD 9 weeks after delivery ultimately requiring surgical
revascularization. Interestingly, this individual’s initial SCAD event had not
been associated with pregnancy [9]. This presumptive 12.5% recurrence rate
formed part of the basis on which subsequent pregnancy was advised against.

More recently, this case series was expanded to include 22 women with a
combined total of 31 post-SCAD pregnancies and median follow-up of
4.6 years. In this expanded cohort, there was only one additional patient who
experienced recurrent SCAD; however, this was not associated with the subse-
quent pregnancy and occurredmore than 10 years after delivery [10••]. There is
an additional reported case of an uncomplicated subsequent pregnancy in a 37-
year old who had experienced a pregnancy-associated SCAD 9 weeks after the
delivery of her first child [11]. In its most optimistic light, these data suggest a
risk of recurrent SCAD as low as 3%. It is, however, important to note that the
majority of pregnancy-associated SCAD events occur in the third trimester or
early post-partum period [1••]. Published data includes a substantial number
of patients with first trimester pregnancy loss (29%) and it is possible that the
risk is higher in women whose pregnancies continue to term. The authors
themselves noted that this data was insufficient to change current advice to
avoid pregnancy [10••].

The only data available on the characteristics and pregnancy outcomes of
women after SCAD are also derived from this group. These women had an
average age a subsequent pregnancy of 37 years, and similar to many SCAD
registries, the participants were majority white (86%). A total of 41% (n = 9) of
women had experienced P-SCAD previously while the others had experienced a
non-pregnancy-associated SCAD event. A total of 61% of the pregnancies
resulted in live births of which all but one were at term [10••]. As larger SCAD
registries are prospectively formed, it can be expected that case series will
become available to allow a more complete understanding of the natural
history of pregnancy following SCAD and what if any factors are associated
with recurrence.

Risk stratification for subsequent pregnancy

Beyond traditional markers of risk for pregnancy in pregnancy with cardiovas-
cular disease such as reduced ventricular function and the presence of connec-
tive tissue disease at this time, there is no data to guide risk stratification of
pregnancy in women with a history of SCAD [12, 13].

Management of subsequent pregnancy in women with a history
of spontaneous coronary artery dissection

Although women are generally advised to avoid pregnancy after SCAD, expert
management is important for women who choose to pursue further pregnan-
cies. Care of these women is based on expert consensus and general guidelines
for the management of pregnancy in women with cardiovascular disease.
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Optimally, these women should be managed in a tertiary centre with capacity
for multidisciplinary input by high-risk obstetrics, cardiology and obstetric
anaesthesia with referral prior to pregnancy to allow for timely pre-
conception counselling. From a cardiac perspective, such counselling should
include discussion of the risk of recurrence during pregnancy, review of baseline
cardiac function with echocardiography and review of cardiac medications with
particular reference to those that are contraindicated in pregnancy [1••]. It may
also be necessary to consider genetic counselling in women in whom an
underlying connective tissue disorder has been diagnosed [14]. Women who
have persistently depressed ventricular function require particularly careful
consideration. Although there is no data suggesting a higher rate of SCAD
recurrence in such women, depressed ejection fraction is a risk factor for poor
maternal outcomes and the risk of pregnancy in such women must be carefully
and individually considered and patients counselled appropriately [12, 13, 15–
19]. It has been recommended that if a women does decide to pursue pregnan-
cy, it should be delayed at least 1 year following the SCAD event and that there
may be benefit in pre-pregnancy CT coronary angiogram to confirm vessel
healing [20].

The management of labour and delivery must be individualized and care-
fully considered. The AHA scientific statement notes that most specialists rec-
ommend vaginal delivery with passive descent and delayed Valsalva effort [1,
14]. In women with underlying connective tissue diseases, disease-specific
advice is normally followed, notably for patients with an aortic root diameter
of 9 45 mm or vascular Ehlers-Danlos, caesarean delivery is recommended [12,
13, 16]. Post-partum management for women who experience an uncompli-
cated pregnancy is generally by standard guidelines. Women who experience
recurrent SCAD in pregnancy or the post-partum period are managed in the
samemanner as women who experience a primary pregnancy-associated SCAD
event as detailed below.

Management of recurrent SCAD during subsequent pregnancy

For women who experience recurrent SCAD during a subsequent pregnancy,
management is by standard recommendations for P-SCAD. Management
must be undertaken by a multidisciplinary team including high-risk obste-
tricians who can assist in advising on how to maximize fetal well-being
while caring for the mother [1••]. Concerns about missed diagnosis due to
the failure to consider SCAD in pregnant women are unlikely to be relevant
in a population of women who have a history of the condition. Diagnosis
and treatment generally follow the same pathway as in non-pregnancy-
associated SCAD with cardiac catheterization with or without intracoronary
imaging being standard and conservative management being preferred
where possible. Both angiography and percutaneous coronary intervention
where needed can be performed during pregnancy with relatively low foetal
radiation dose [1, 14]. When percutaneous coronary intervention is per-
formed in pregnancy, the necessitated dual antiplatelet therapy is associated
with increased bleeding at delivery and prohibits the use of epidural anaes-
thesia [21]. This represents a challenge in the context of the desire to reduce
Valsalva manoeuvres and maternal hemodynamic fluctuations that could
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increase cardiac demand during delivery. Cardiac surgery requiring cardio-
pulmonary bypass during pregnancy is associated with significant maternal
(7.3%) and fetal (25.9%) mortality and is therefore avoided where possible
[22]. In a literature review of primary P-SCAD cases, CABG was undertaken
immediately after emergency CS in six women and during pregnancy in four
women. On those undertaken during pregnancy, there were two cases of
foetal loss, one emergency CS and one case of premature delivery [8].

Medical management of P-SCAD requires particular attention tomedication
recommendations for pregnancy and lactation.

– Aspirin (81 mg or 100 mg): Aspirin is considered safe during pregnancy
and lactation and does not need to be stopped prior to delivery including
where epidural anaesthesia is planned [23, 24]

– Clopidogrel 75 mg: The usefulness of a second antiplatelet agent in SCAD
is questioned due to the risk of extension of dissection, bleeding risk and
lack of evidence of benefit [1••]. Case reports exist of successful use of
clopidogrel in pregnancy; however, data is generally lacking. Should gen-
erally only be used in patients who have undergone PCI. Recommended
to be discontinued 7 days before delivery based on the risk of anaesthesia
complications and increased maternal bleeding risk extrapolated from
major surgical data. Transition to eptifibatide infusion has been suggested
as a possible approachwhere dual antiplatelet therapy is needed; however,
data is lacking to support the safety of this approach [21, 25, 26]. No data
exists on the safety of clopidogrel during lactation and it is generally
avoided.

– Beta-blockers: Are associated with fetal growth restriction, however are
widely used for the treatment of hypertension in pregnancy. The greatest
experience in pregnancy is with labetalol and is the preferred agent.
Atenolol is generally avoided during pregnancy and lactation due to
greater associations with growth restriction and fetal bradycardia [1, 12,
13].

– Statins: Not generally indicated for SCAD patients due to a potential
although not universally reported increased risk of recurrence [5, 27].
Statins are contraindicated during pregnancy and lactation [12, 13].

– ACE/ ARBs: Used in SCAD patients with decreased ejection fraction as part
of routine heart failure therapy, however contraindicated in pregnancy due
to fetotoxic effects. Captopril and enalapril have been used in lactation
[12, 13].

– Anticoagulation: Heparin anticoagulation is generally stopped in SCAD
patients due to risk of propagation of intramural haematoma. Where
required, heparin products are safe during pregnancy and lactation [1, 12,
13].

– Anti-anginal therapy: can be indicated in post-SCAD chest pain syndrome.
Non-dihydropyridine calcium channel blockers are generally avoided in
pregnancy but are compatible with breastfeeding. There is limited experi-
ence with nitrates in pregnancy or lactation. [12, 13]
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Timing of delivery following a SCAD event during pregnancy is controversial
with some experts recommending where feasible delaying delivery for 2–
3 weeks [14], which clearly will not be possible in all circumstances. Delivery
decisions need to be individualized, particularly in regards to anaesthesia
planning for women who have undergone coronary intervention and consid-
eration of cardiac reserve. Beyond this, general recommendations are similar to
those women with a history of SCAD who have not experienced recurrence.

Contraception after spontaneous coronary artery dissection

Although there is not at this time sufficient data to provide a clear understand-
ing of the relationship between SCAD and female sex hormones, there is a
generally held belief that such a relationship exists based on the increased
prevalence in young female populations and around the time of pregnancy.
Authors have speculated that exposure to excess estrogen and progesteronemay
alter vascular wall structure in a manner that increases the likelihood of SCAD
[3]. This relationshipmeans that while there is limited evidence to guide advice,
the 2018 AHA scientific statement on SCAD recommended the avoidance of
exposure to systemically absorbed hormones where possible [1••]. This pre-
sents a challenge in a subgroup of SCAD patients who desire to avoid the
potential risks of future pregnancy but are advised away from hormonal con-
traceptives. The US CDC recommendations for medical eligibility for contra-
ceptive use do not make specific recommendations for SCAD patients but does
advise against the use of combined hormonal contraceptives and depot
medroxyprogesterone acetate in women with a history of ischemic heart dis-
ease. Recommendations for progesterone-only contraceptives and
levonorgestrel-releasing intrauterine device are less clear in this populationwith
the recommendation that the benefits of initiation likely out-weigh the risks;
however, there are theoretical disadvantages in continuation for women who
have an event while on therapy [28]. The 2018 AHA scientific statement on
SCAD recommends vasectomy for male partners, tubal ligation, and
levonorgestrel-releasing intrauterine device as preferred forms of contraception
[1••]. At our institution, levonorgestrel-releasing intrauterine device is used as
the contraceptive of choice in women with a history of SCAD due to its efficacy
and positive effects in reduction of menorrhagia in women who may require
antiplatelet therapy.

Conclusions

Spontaneous coronary artery dissection is predominately a disease of young
women a portion of whom will not have finished their reproductive life. The
management of reproductive health after a SCAD event is complex and limited
data exists to guide decision. Although SCAD events are generally considered a
contra-indication to further pregnancy, recent small case series suggest that the
risk of recurrence may be lower than previously believed [10••]. Despite this,
there is at present insufficient evidence to challenge current recommendations
against pregnancy after SCAD. Where women with a history of SCAD do
conceive multidisciplinary expert management of pregnancy, delivery, and
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cardiac health is paramount. Further experience in the care of these womenwho
do choose to pursue pregnancy will provide a better understanding of the
natural history of pregnancy after SCAD and may in time allow better risk
stratification of these women.
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