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a b s t r a c t

Acute myocardial infarction during pregnancy is a very uncommon condition; atherosclerotic coronary
artery disease is by far the most common cause of an acute coronary syndrome in the general population.
The causes of an acute coronary syndrome in the pregnant patient are wide and varied. This has
important implications with respect to the diagnosis of the etiology and the subsequent management of
the cause of the acute coronary syndrome. There are a number of diagnostic tools for the diagnosis of
coronary artery disease but it is important to understand their role in pregnant patients. Spontaneous
coronary artery dissection is one of the most common causes of acute coronary syndrome in pregnant
patients. Understanding its pathophysiology and knowing the natural history of this condition is para-
mount in the management of this condition. The article also lists the various therapeutic modalities
available to the clinician faced with an acute coronary syndrome in the pregnant patient. Finally, we
discuss the delivery of the baby and post partum care of these complex patients.
© 2019 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Epidemiology

Acute myocardial infarction (MI) during pregnancy is a rare
event and the estimated incidence is one acute myocardial infarc-
tion for every 16,000 deliveries.1 Up to one in four of these in-
farctions is caused by coronary arterial dissection.2 The causes of MI
during pregnancy are presented in Table 1.3 Spontaneous coronary
dissection (SCAD) is the most common cause, found in 43%;
atherosclerotic disease is the second most common cause and is
found in 27%, a thrombus without angiographic evidence for
atherosclerotic disease is found in 17%, no cause is found by angi-
ography in 11%.3 Although SCAD is rare in the general population
with an annual incidence is 0.26 per 100,000 persons or about 800
news cases per year in the United States (incidence in females and
males �0.33 and 0.18 per 100,000 persons respectively),4 it is not
uncommon in pregnant females presenting with an acute coronary
syndrome.3 Thus SCAD and atherosclerotic coronary artery disease
are the most common causes of MI in pregnancy.2,3

2. Risk factors and etiology

It is interesting to note that the risk factors for atherosclerotic
coronary artery disease are different from those of SCAD. From a
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clinical standpoint it is important to recognize this difference
because oftentimes it is impossible to distinguish among the
various causes of acute coronary syndrome in pregnant women
based on the presentation alone. However, a reasonable guess can
be made by paying attention to the underlying risk factors. An
analysis from the national inpatient sample (NIS) found 859 cases
of MI (rate of 6.2 (95% confidence interval [CI] 3.0e9.4) per 100,000
deliveries).1 In 73% of cases, MI occurred antepartum and in 27% the
MI occurred postpartum.1 Risk factors identified were age (33 vs. 27
years) and the risk was higher among black women compared to
Hispanics and white women (11.4 vs. 4.2 vs 7.6 per 100,000 de-
liveries, respectively).1 Independent predictors of MI included hy-
pertension (odds ratio [OR] 21.7), thrombophilia (OR 25.6), diabetes
mellitus (OR 3.6), smoking (OR 8.4), transfusion (OR 5.1), and
postpartum infection (OR 3.2).1

The risk factors for SCAD in pregnancy differ from the risk fac-
tors for all-cause MI in pregnancy and include a history of smoking
(23%), family history (16%), hypertension (9%), and lipid disorder
(7%); only 9% had more than one risk factor, whereas 61% reported
no known risk factors.5 This is similar to the findings of other
studies of SCAD in non-pregnant patients which found that the
most common risk factors associated with SCAD are smoking (31%),
hypertension (18%), and a family history of coronary artery disease
(25%).4 By contrast, the prevalence of other conventional risk fac-
tors such as diabetes (2.2%) and chronic kidney disease (1.7%) is
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Table 1
Causes of acute myocardial infarction during pregnancy.9

Cause Trimester Percentage of cases (%)

SCAD Third/post-partum 43
Atherosclerosis Any 27
Thrombosis Second and post-partum 17
Spasm Third/postpartum 2

Note: It is important to understand that any of the above causes of pregnancy
associated myocardial infarction can present during any time in pregnancy or the
post partum period.
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significantly lower when compared to atherosclerotic coronary
artery disease.3e6

SCAD, in general, predominantly affects young white females
(83%) and one study showed no significant difference in the base-
line characteristics between postpartum and non-postpartum pa-
tients with SCAD.7 SCAD affects multiparous women as opposed to
primipara and the average gravidity is 2.7, most cases present in the
peripartum period with a range of 3e90 days post-partum.5 When
the condition occurs antepartum it most commonly presents at
32 ± 4 weeks with a range of 23e36 weeks.5

3. Pathophysiology

A number of conditions listed below can cause an acute coro-
nary syndrome in the pregnant patient.

SCAD: SCAD is defined as a non-iatrogenic and non-traumatic
separation of the coronary arterial walls, creating a false lumen.8

The pathognomonic feature of SCAD is the separation of the
layers within the arterial wall by an intramural hematoma (IMH).9

The hematoma can arise by an intimal rupture initiating medial
dissection or more commonly by a spontaneous intramedial hem-
orrhage due to a disruption of the vasa vasorum.9 The hematoma
can then secondarily lead to an intimal tear.10 Excess levels of
progesterone lead to a loss of normal corrugation of elastic fibers
and a decrease in acid mucopolysaccharide ground substance and
appear to play a major role in pathogenesis of the condition.10 Es-
trogen increases the release of matrix metalloproteinase which can
lead to cystic medial necrosis and lack of structural support for the
vasa vasorum and rupture leading to IMH.10

Spasm: A number of factors can contribute to the development
of coronary spasm in pregnant women. It is postulated that there is
endothelial dysfunction in pregnancy, an enhanced vascular reac-
tivity to angiotensin II and norepinephrine, and an increased renin
release and angiotensin production due to decreased uterine
perfusion in the supine position.10 Coronary spasm can also be
caused by ergot derivatives that are used to control post-partum
hemorrhage or to suppress lactation.11

Thrombosis: A number of alterations in the coagulation system
predispose to arterial thrombosis in pregnancy. These include a
decreased releasable tissue plasminogen activator (tPA), increased
fast-acting tPA inhibitor, change in the level of coagulation factors,
and reduction in functional protein S levels.12 Smoking further in-
creases platelet aggregability.12

4. Clinical presentation

The majority of patients present with STEMI (75%) and the
remaining present with non-STEMI (NSTEMI).3 The majority of MI
cases occur in the third trimester of pregnancy (STEMI, 25%;
NSTEMI, 32%) or the postpartum period (STEMI, 45%; NSTEMI,
55%).3 The anterior wall is most commonly involved in 69%e78% of
the patients, the inferior wall is involved in 27%, and the lateral wall
is involved in 4%.2,3 The high percentage of involvement of the
anterior wall is seen across a number of studies dealing with MI in
pregnant women irrespective of what the most common cause of
MI is in each study (Atherosclerotic or SCAD).1,3 This is an important
finding and explains the relatively higher frequency of catastrophic
presentation and complications of MI in pregnancy in general. The
left ventricular ejection fractionwas�40% in 54% of the cases,�30%
in 24% of cases, and �20% in 9% of cases.3 Heart failure or cardio-
genic shock occurred in 38% of the patients, ventricular arrhyth-
mias in 12%, and recurrent angina or AMI in 20%.3

In the largest case review compiled by Elkayam et al, SCAD-
associated MI in pregnancy involved the left main artery in 26%, left
anterior descending (LAD) in 34%, left circumflex (LCX) in 3%, right
coronary artery (RCA) in 14%, and multivessel involvement in 39%.3

This is similar to the vascular distribution seen in non-pregnant
individuals where the most common vessels involved were
LAD (61%), LCX (25%), RCA (25%), and LM (4%).13 Multivessel coro-
nary involvement is seen in a significant number of patients
(15e20%).13e15 Studies in non-pregnant individuals show that the
middle segments are the most common site of involvement (54%
mid, 27% distal, 19% proximal) and the number of vessels with TIMI
0e1 and 2e3 flow are almost equal at presentation (50e60% and
60e80%, respectively).13e15 The pathophysiological basis for the
reason why the left coronary system, in particular the LAD artery is
the most commonly affected artery is not clear. It is hypothesized
that this is because of hemodynamic and anatomic differences
between the right and left coronary arterial system (the higher
number of branches in the left system subject it to a higher
torsional force and the flow in the left system is mainly diastolic as
opposed to a more uniform systolic and diastolic flow in the right
system (RCA).16 SCAD presents in similar ways in pregnant and
non-pregnant females. According to one study involving pregnant
females, 81% presented with STEMI, 25% were hemodynamically
unstable at the time of presentation. A total of 14% received
advanced cardiac life support interventions and 26% required
emergent intra-aortic balloon pump support.5 This is similar to the
presentation in non-pregnant females where 80e90% present with
an acute coronary syndrome, about 40% present with STEMI, and
40% present with NSTEMI. A total of 10e13% of episodes are
complicated by cardiac arrest and cardiogenic shock occurs in
2e4%.13e15

It is helpful to classify the causes of acute coronary syndrome
based on the trimester of presentation. It is important to under-
stand this is not a strict iron clad classification and every cause can
occur during any trimester, however, it provides a useful frame-
work. The causes of MI in the first trimester are usually athero-
sclerotic MI, particularly in the presence of vascular risk factors.2,3

The most common causes of MI in the second trimester include
atherosclerotic MI and thrombosis.2,3 SCAD is the most common
cause of pregnancy-related MI in the third trimester, a small pro-
portion of ACS in this period are caused by coronary spasm.2,3 In the
post-partum period SCAD is once again the most common cause; a
few cases are caused by spasm and thrombosis.3 Although
atherosclerotic coronary artery disease can present during any
trimester it is more common during the antepartum period
whereas SCAD most commonly occurs peripartum (responsible for
50% of all MI in this time period) or postpartum.2

A number of hemodynamic changes that occur during preg-
nancy can serve as precipitating factors for SCAD in the presence of
an underlying predisposition; these include an increase in plasma
volume by 40% and cardiac output by 50%.17 Heart rate is a major
ischemic determinant and therefore significantly increases
myocardial oxygen requirements.17 During labor and delivery,
several additional factors increase the cardiac oxygen re-
quirements. Indeed, cardiac output is known to increase by 15% in
early labor, 25% during stage 1, and by 50% during expulsive
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efforts.17 The maximal increase in output is seen in early post-
partum period due to auto transfusion.17 This is possibly the reason
whymost pregnancy-related SCADS's present in the third trimester
e early postpartum period.

5. Electrocardiographic changes and their significance

The majority of women without preexisting cardiovascular
disease have completely normal electrocardiograms. Common
variations that can be encountered include the following. Due to a
rotation of the heart there can be a 15e20� left axis deviation.
Transient ST segment and Twave changes can occur. T waves can be
inverted in leads V1,2 and sometimes in lead V3. Q waves and
inverted T waves can be detected in lead III. Changes mimicking left
ventricular hypertrophy can occur.17 Furthermore, ST-segment
depression mimicking myocardial ischemia has been observed in
healthy women after the induction of anesthesia for cesarean
section.18

6. Non-invasive modalities to diagnose coronary artery
disease in pregnancy

The European committee recommends against the use of
dobutamine stress testing.17 Nuclear stress test is contraindicated.17

There are several limitations to CT coronary angiography such as a
need to decrease the heart rate for accurate ECG gating and lack of
resolution for smaller arterial branches that may be involved by
SCAD. These limitations (which are beyond the scope of this re-
view) make this modality unattractive in pregnant women.19 The
ESC guidelines state that intervention is targeted primarily at pa-
tients who demonstrate evidence of high-risk features; in all other
situations conservative management is recommended. Therefore,
in the absence of such high-risk features, demonstration of
ischemia by stress testing or defining the coronary anatomy by CT
coronary angiography does not alter the management.

Invasive evaluation and coronary angiography: Invasive cor-
onary angiography remains the standard diagnostic procedure for
conclusive evaluation of the cause of MI. The incidence of iatrogenic
coronary dissection is increased during pregnancy and according to
one study catheter-induced dissection complicated 2%e4% of
pregnancies.3

The role of intravascular ultrasound (IVUS) and optical
coherence tomography (OCT) in SCAD: IVUS with its ability to
visualize the entire thickness of the wall albeit with limited spatial
resolution and OCT with a superior spatial resolution but with a
limited depth of penetration are both adjunctive to diagnostic
angiography in SCAD.8 Although both can visualize IMH equally
well OCT has the added advantage of detecting intimal tears.8 IVUS
can provide visualization, even in patients without anterograde
coronary flow and in those with occlusive intracoronary
thrombus.8 It can also fully visualize large hematomas and also
penetrates across red thrombi that can cause major shadowing on
OCT.8 OCT requires a lumen free of blood and thus is not able to
obtain good images in patients with severe lesions that impede
adequate blood clearance.8 It is important to recognize that the risk
benefit ratio of any complimentary intracoronary diagnostic or
therapeutic strategy be carefully considered in these patients given
the extremely high risk of propagating or causing an iatrogenic
dissection.

Radiation and pregnancy: It is important to understand the
radiation tolerance of pregnant women and the amount of expo-
sure associated with each modality to assuage fears. The effects of
radiation on the fetus depend on the radiation dose and the
gestational age.17 Procedures should be delayed (if possible) until at
least the completion of major organogenesis (12 weeks after
menses). There is no risk of congenital malformations, intellectual
disability, growth restriction, or pregnancy loss at of 50 mGy doses
of radiation to the pregnant woman; however, doses more than
100 mGy are definitely harmful. The effect of exposures to doses
between 50 and 100 mGy may be associated with harm.20 During
the first 14 days after fertilization, intact survival without fetal
abnormality or death are the most likely outcomes.20 After the first
14 days, there may be an increased risk of congenital malforma-
tions, growth restriction, and intellectual disability.20 The fetal dose
from a chest radiograph is 0.01 mGy.21 CT Chest delivers about
0.3 mGy, coronary CT delivers between 1 and 3 mGy, a diagnostic
coronary angiogram exposes the fetus to 1.5 mGy, and the fetal
exposure with a percutaneous coronary intervention is about
3 mGy.17

7. Medical management of acute coronary syndrome and
safety of medications

Medical management of the pregnant MI patient does not differ
from guideline-directed management of acute coronary syndrome
using aspirin (ASA), beta blockers, and anticoagulation.3 There is
very little human data for the use of most thrombolytics but all of
them appear to be compatible with use during pregnancy and
lactation.22 Similarly, it is safe to use all anticoagulants in preg-
nancy and lactation if they are truly indicated.22 Among glycopro-
tein receptor blockers the use of abciximab is safer than eptifibatide
and tirofiban, particularly during lactation (Table 2).22

With respect to antiplatelet agents, the use of low dose (as
opposed to full-dose aspirin) appears to be safe in pregnancy but
has been linked to one case report of salicylate intoxication in a
breast feeding new born.22 Both clopidogrel and prasugrel can be
used in pregnancy and lactation if required.22 Ticagrelor has been
associated with risk in pregnant animals and is probably unsafe in
lactation.22 If truly indicated its use should be evaluated in a case-
by-case basis.22

8. The roles and merits of PCI, CABG, and thrombolysis

In the largest series on this subject, 45% of patients who un-
dergoing angiography for an MI during pregnancy were treated
with PCI.3 The exact frequencywithwhich BMS or DES is used is not
known but it appears that the majority of pregnant patients are
treated with a BMS.3 Approximately 6% of PCI procedures were
complicated by iatrogenic dissection in pregnant women.3 On an
average, PCI exposes the fetus to 3 mGy.17 The fetus should be
shielded and a radial approach should be used whenever possible.
PCI is preferable to thrombolysis.23 The safety of drug eluting stent
(DES), clopidogrel, and newer antiplatelet medications is not
established and in our opinion it is preferable to use bare metal
stents (BMS) until further data are available because the benefit of a
DES in the absence of traditional risk factors for restenosis in
younger patients is unclear.

Revascularization by PCI is suboptimal in the setting of SCAD.13

The PCI success rate is about 65e70%, the rate of complicated PCI
requiring multiple additional stents is about 4%, the restenosis rate
is about 15%, and the rate of CABG bailout is 11%.13e15 Dissections
frequently extend (25e60%) and a high number of new dissections
involve previously unaffected vessels, this decreases the long-term
durability of PCI which is only 30%.13,24 There is a high rate of iat-
rogenic dissection and according to one study 11 out of 87 pro-
cedures were complicated by such dissections in the general
population.13

It is important to understand the reasons for the suboptimal PCI
results in this group of patients. It can be difficult to determine the
true lumen, technically challenging to wire the artery without



Table 2
Cardiac medications and safety profile in pregnancy.

Drugs in pregnancy and lactation30:

Drug Pregnancy (human vs animal
studies)

Lactation (human vs animal studies) Recommendations

Thrombolytics
Alteplase (10

case
reports)

High molecular weight precludes
transfer to the embryo

It is unknown if the drug crosses into placental milk. Compatible with pregnancy and lactation

Reteplase (one
case report)

Given the nature of the indication of use and short half-life it is
unlikely that drug use during lactation will pose a significant
problem. Reteplase is unlikely to cross into breast milk.

Urokinase
(six case

reports)

Unsure if it crosses into the
placenta.
Proteinase inhibitors in placental
tissue can inactivate urokinase

Given the nature of the indication of use and short half-life it is
unlikely that drug use during lactation will pose a significant
problem

Low risk in pregnancy and probably compatible in
lactation

Tenecteplase
(no human
data
available)

Antiplatelet medications
Prasugrel There is no human data available No human data There is no human data, animal data suggests low

risk. Can be used in pregnancy if the benefits
outweigh risks.
Probably compatible with lactation.

Ticagrelor There is no human data but
animal
data suggests risk to the fetus

No human data available Animal data suggests risk, there is no human data
available. If indicated in the mother the risks have to
evaluated on a case-by-case basis
Breastfeeding may be associated with potential
toxicity

Clopidogrel There is limited human
data available, it is not
teratogenic in animals.

No human data is available in breastfeeding. There is limited human data, it is probably
compatible with pregnancy, it is probably
compatible with lactation.

Aspirin With full dose aspirin human
data
suggests risk in the 1st and 3rd
trimesters.
Can be associated with IUGR,
hemorrhage, teratogenic effects.
Can prolong labor, premature
closure of the ductus can occur in
the premature infant.

Limited human data available.
Potential for salicylate toxicity

Low-dose aspirin is compatible with pregnancy.
Limited human data suggests potential toxicity in
the breast feeding infant.

Anticoagulants
Heparin Does not cross the placenta Not excreted into breast milk Compatible with pregnancy and lactation
Bivalirudin No human data, animal data

suggests low risk
No human data Can be used in pregnancy if the benefits outweigh

risks.
Probably compatible with lactation

Fondaparinux Limited human data No human data Can be used if indicated in pregnancy.
Probably compatible with lactation

Enoxaparin Safe in pregnancy No human data Compatible with pregnancy and lactation
Glycoprotein receptor blockers
Abciximab Does not reach the fetus in

clinically significant amounts
Unlikely to be excreted in breast milk Compatible with pregnancy and lactation

Eptifibatide,
Tirofiban

Limited human data,
animal data suggests low risk or
is reassuring

The drug will likely be digested by the baby
when ingested or no data available

Limited human data e animal data suggest low risk
or compatible with pregnancy.
Preferable to hold breastfeeding
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risking an extension of the intimal tear, and there is a risk of under
sizing the stent leading to malapposition and associated problems
such as stent thrombosis.13e15 Furthermore, multiple stents may be
required in an overlapping fashion to cover the entire length of the
intimal tear.13e15

CABG: CABG is reserved for patients with multivessel involve-
ment, LM dissection, failed PCI (as bailout strategy).9 The surgeon
faces a number of technical challenges.9 Data on the safety of CABG
in pregnancy is rare with a potential for high mortality rate.1

9. Thrombolysis

Several studies have demonstrated that placental transfer of
streptokinase and tPA is too low to cause fibrinolytic effects in the
fetus.23 However, they are associated with a number of adverse
maternofetal outcomes and hence relatively contraindicated in
pregnancy.17 Thrombolysis is a double-edged sword with the ca-
pacity to increase the degree of IMH and propagation of dissec-
tion.2,3 Caution is warranted in pregnant patients with acute MI as
majority of these cases are related to SCAD.

Management of spontaneous coronary artery dissection in
pregnancy: A conservative strategy seems to be associated with
very favorable outcomes, in general, for patients with
SCAD.6,13e15,24 Most studies have compared conservative treatment
in patients with isolated distal lesions with TIMI 2e3 flow with
revascularization using PCI and or CABG in patients with proximal
lesions with TIMI 1e2 flow presenting as STEMI with or without
shock.13e15 Thus there are marked differences in the baseline



M.M. Edupuganti, V. Ganga / Indian Heart Journal 71 (2019) 367e374 371
characteristics of the patients with the patients in the revascular-
ization arm being far sicker than their conservative counter-
parts.6,13e15 In spite of these important differences there were no
significant differences in short or long-term MACE (death, pro-
gression during treatment, recurrent SCAD, heart failure) and event
free survival between the groups.13 The only finding that reached
significance was increased revascularization (TVR P ¼ 0.06) and
increased utilization of CABG (P ¼ 0.01) in the revascularization
arm.13 According to a European registry of non-pregnant SCAD
patients, the overall in-hospital MACE (death, MI, cardiogenic
shock, stent thrombosis, TIA/stroke) was higher in the revascular-
ization group (16% vs 4% p ¼ 0.028) and the difference was driven
by increased rate of repeated revascularization (9.4 vs. 1.3%,
p ¼ 0.03) in the revascularization group.6

In our opinion, conservative management is a reasonable option
for management of SCAD-relatedMI in pregnancy due to the lack of
suitable revascularization techniques, high rate of recurrence, and
favorable outcomes with spontaneous healing in the majority of
patients, particularly in relatively stable patients with a small
myocardial area at risk. Most studies have documented the safety of
this strategy in SCAD's presenting with distal lesions involving
small branches with TIMI2-3 flow and/or no ongoing
ischemia.6,13e15,24 Revascularization should be considered in the
presence of proximal lesions with TIMI 0e1 flow, presenting with
ongoing ischemia and or in STEMI/shock/cardiac arrest
settings.6,9,13e15,24

Mode of delivery and its timing: Older data reported a
maternal mortality rate of 14% following vaginal deliveries and 23%
for caesarean sections after a MI; hence vaginal route was
emphasized. However, in more recent reviews, no convincing
support for one method of delivery over the other has been
found.25,26 Vaginal delivery is associated with less blood loss and
infection risk, cesarean delivery may be associated with an
increased risk of venous thrombosis and thromboembolism.17

Although vaginal delivery is still preferred, caesarian section un-
der regional anesthesia is preferred in the presence of severe car-
diac illness including severe aortic stenosis, pulmonary arterial
hypertension, and aortic dissection to avoid the prolonged hemo-
dynamic stresses associated with vaginal delivery.27 Furthermore,
the guidelines add that preterm delivery can be induced in cases of
recurrent SCAD if the fetus is viable.17 If vaginal delivery is sought,
induction with pharmacological agents such as misoprostol and
dinoprostone should be avoided, particularly in SCAD as they can
increase the risk of coronary spasm.17 It is safe to continue beta
blockers which do not interfere with uterine contractions.28

Timing is individualized according to the gravida's cardiac sta-
tus, Bishop Score, fetal well-being, and lung maturity.17 Due to a
lack of prospective data and the influence of individual patient
characteristics, standard guidelines do not exist, and the timing
should therefore be individualized.17 Most maternal deaths occur at
the time of infarction or within 2 weeks of infarction, usually in
associationwith labor and delivery; for this reason it is safe to delay
delivery for at least 2 weeks following a MI.17 However, in cases of
MI, particularly reinfarction if the fetal is viable, it is best to proceed
with delivery in our opinion.

Postpartum care: While a slow infusion of oxytocin to prevent
hemorrhage is reasonable to enhance uterine involution, prosta-
glandin F analogues should be reserved for PPH and methyl ergo-
novine analogues are contraindicated.11 Close hemodynamic
monitoring is recommended for a minimum of 24 h.10

Implication for future pregnancies: Following an MI due to
atherosclerotic coronary artery disease it is advisable for patients
with previous revascularization or infarction to delay pregnancy
until the risks of recurrent ischemia and restenosis have reduced
significantly, this is generally a period of one year after the event.29
The estimation of the risk should take into consideration factors
such as residual left ventricular function, degree of residual
ischemia, the cause of MI, and the time between MI and previous
pregnancy.

10. SCAD and future pregnancies

Limited information is available on the rate of recurrence in
future pregnancies. One small series studied the rate of recurrence
with subsequent pregnancies and demonstrated that one of seven
SCAD survivors suffered recurrent SCAD at 9 weeks postpartum.30

Given the catastrophic presentation in pregnant women, it is our
opinion that subsequent pregnancies should be avoided with non-
hormonal contraceptive methods.

10.1. Putting it all together (Approach to acute myocardial
infarction during pregnancy)

In conclusion, pregnancy-associated MI carries a grave prog-
nosis with a mortality rate significantly higher than that in the
general population.8 Unfortunately, the use of invasive strategies
continues to be dismally low.31 The management approaches of an
acute coronary syndrome are similar to the general populationwith
a few important differences understanding which will likely
improve outcomes for the mother and the child.

11. New-generation troponin assays and other biomarkers
can be elevated in other pregnancy-associated conditions

New-generation assays offer the advantage of diagnosing an
acute coronary syndrome faster than conventional assays. How-
ever, one has to be mindful of the fact that these assays can be
elevated in the presence of pregnancy-induced hypertension and
preeclampsia.32 Creatine kinase myocardial band is present in the
uterus and placenta. It can be elevated up to four times the upper
limit of normal after deliverymaking it less reliable in this setting.33

12. Thrombolytics for acute ST segment elevation myocardial
infarction are relatively contraindicated

A significant number of acute coronary syndromes in pregnancy
are a result of spontaneous coronary artery dissections and
administering thrombolytics carries a risk worsening the IMH.8

Thrombolytics are also associated with placental abruption and
post-partum hemorrhage.34 Their association with fetal bleeding
merits caution.34 Therefore, every effort needs to be made to
transport the patient to the nearest cardiac catheterization labo-
ratory in a timely fashion failing which thrombolytics should be
considered as a last resort.

13. Heparin is the safest anticoagulant

The anticoagulant of choice is intravenous unfractionated hep-
arin as it is protein bound and crosses the placenta minimally
reducing the risk of fetal bleeding.35 The pharmacokinetics of low
molecular weight heparin are too unpredictable in pregnancy and
monitoring factor Xa levels is recommended which is not always
feasible.36 Although bivalirudin is traditionally associated with the
least risk of bleeding, it is not well-studied and is a category B drug,
hence, its administration is not recommended.35 Glycoprotein IIb/
IIIa (category B with no reported adverse events in pregnancy so
far) inhibitor use is associated with a higher risk of bleeding com-
plications which is particularly concerning in the pregnant woman;
therefore abundant caution should be exercised before utilizing
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these agents which should be considered nevertheless in the
presence of complex PCI with a high thrombus burden.35

14. Aspirin and clopidogrel are the preferred antiplatelet
agents

NSAIDS have been linked to a variety of adverse effects in
pregnancy but there are no case reports linked to use of aspirin at
doses of 80e150mg per day.37 In our opinion, the potential benefits
of aspirin usage far outweigh the risks. Although case reports have
demonstrated an association between the use of clopidogrel and
maternal thrombocytopenia, maternal hemorrhage and fetal
demise, it is still the most widely used thienopyridine.35 Ticagrelor
(category c) and Prasugrel (category b) are both more potent than
clopidogrel but are associated with a higher bleeding risk and
therefore are not preferred.35

15. Radial access is better than femoral access

Radial access is preferred for ease of use and comfort to the
patient given the presence of a gravid uterus and positioning dif-
ficulties; furthermore, it allows the patient to lie in a left lateral
decubitus position to relieve the uterine compression of the inferior
vena cava after 20 weeks gestation.35 Although radial access is
associated with a slightly higher radiation dose to the operator this
can be mitigated by the careful use of collimation, lower frame
rates, and lower magnifications.35

16. Contrast media is safe to use

The risk of fetal congenital hypothyroidism related to the use of
contrast media is mainly theoretical and there are no other re-
ported teratogenic effects.38

17. The choice of the stent depends on the gestational age

The main determinant of the choice of stent in pregnancy is the
temporal proximity of the procedure to the birth of the child. Drug
eluting stents can be used when delivery is at least 3e6 months
away and BMS are safer closer to due date given that they afford the
option of discontinuing dual antiplatelet therapy after 4 weeks.35

Furthermore, given the young age of patients and the low athero-
sclerotic burden, the chance of restenosis with BMS may not be a
problem but this aspect has never been evaluated systematically.

18. The goal of a successful coronary intervention in the
setting of spontaneous coronary artery dissection is
improvement in flow

Spontaneous coronary artery dissection makes percutaneous
coronary intervention challenging due to a number of reasons. The
aims of intervention in this setting are to achieve TIMI 3 flow with
electric and hemodynamic stability.35 Stenting may not always be
suitable or feasible in the presence of SCAD, and non-flow limiting
dissections, particularly in non-left main or major proximal vessel
locations may be left alone for spontaneous healing to occur.35 The
conventional definition of successful percutaneous coronary
intervention includes <30% residual stenosis after stent placement,
including non-stented segment of dissection or <50% residual
stenosis for angioplasty.10 The SCAD-specific definition of success
must include improvement in baseline thrombolysis in myocardial
infarction (TIMI) grade 0 to 1 flow (�1 grade improvement) or
maintenance/improvement of TIMI grade 2 to 3 flow.10

19. Management of unanticipated interruption of dual
antiplatelets after stent implantation is unclear

A number of events around delivery may require temporary
suspension of dual antiplatelet agents. Performance of caesarian
section and administration of neuraxial anesthesia are two such
examples. Administration of neuraxial anesthesia during labor re-
quires discontinuation of clopidogrel 5e7 days and LMWH at least
24 h before the procedure.35 One approach would be to continue
aspirin and discontinue clopidogrel temporarily with the addition
of either heparin anticoagulation or glycoprotein IIB/IIIA inhibitor
or using intravenous cangrelor.35 Unfortunately heparin use in this
situation has not been found to prevent stent thrombosis, no major
trials have demonstrated the efficacy of IIB/IIIA inhibitors to
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prevent stent thrombosis and they increase the risk of bleeding,
finally cangrelor is a category C drug that is associated with intra-
uterine growth retardation, fetal loss, and incomplete ossification
in animal studies.35,39,40 It is recommended that clopidogrel be
discontinued 5 days prior to planned delivery and bridging with
tirofiban or eptifibatide in suggested in instances in which the risk
of stent thrombosis is high.35 Tirofiban and eptifibatide should be
continued up to 4e6 h before delivery.35 GP IIb/IIIa inhibitors can be
resumed after delivery on a case-by-case basis and clopidogrel can
be usually resumed within 24 h after consultation with the obste-
tricians and the anesthetists.35

19.1. Takatsubo cardiomyopathy

The major features include left ventricular apical hypokinesis to
akinesis, with sparing of the basal segments, causing ballooning of
the left ventricle in systole and was described in the late 1980s.41

Common triggers include psychosocial stressors with greater
occurrence in those with premorbid psychiatric illness.42 Man-
agement is similar to management of acute coronary syndrome,
including use of beta blockers, aspirin, afterload reduction, di-
uretics, and anticoagulation to prevent thrombus formation with
severe apical dilation.41
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