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Because of increase in the incidence of coronary artery disease (CAD) in younger

population with increasing maternal age of pregnancy, the topic of acute myocardial
infarction (AMI) during pregnancy has gained importance. Pathophysiologically AMI
during pregnancy occurs more frequently due to coronary dissection, which is differ-
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Introduction

Incidence and Prevalence

The incidence of acute myocardial infarction (AMI) during
pregnancy is rare,! which is approximately 3 to 100 per
100,000 deliveries.? However, pregnancy itself will increase
the risk by threefold for the development of AMI.? As this
event to pregnant women increases the maternal mortality
(11%) in young age group along with fetal mortality (9%),
it requires special attention.* Up to 4% of pregnancies may
have cardiovascular complications despite no known prior
disease. According to Smilowitz et al from National Inpatient
Sample database, there was an increased incidence of AMI
from 2014 when compared with 2002 (adjusted odds ratio
[OR]: 1.25 [for 2014 vs. 2002]; 95% confidence interval [CI]:
1.02-1.52) with the occurrence rate of 1 for every 12,400
hospitalizations.*

Period of Pregnancy

Acute myocardial infarction occurrence risk is not confined
only during the pregnancy period, but it extends 2 months
beyond delivery also. According to Smilowitz et al, AMI
most frequently occurred during the postpartum period
accounting for 53.5%, followed by during labor (23.7%) and
antepartum period (20.6%).* As per Elkayam'’s series also,
AMI occurred most frequently in omit either in the third
trimester or postpartum. AMI can occur in few cases during
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ent in detection and management when compared with the atherosclerotic CAD. Dual
antiplatelet drugs that are mandatory following AMI require modification before labor.
In this review article, authors discuss in detail about the detection and management of
AMI at different stages of pregnancy with the risk stratification and recommendations,
including 2018 European Society of Cardiology (ESC) guidelines on “heart diseases

the first and second trimesters. Usually, AMI due to normal
pregnancy predisposing factors causes myocardial infarction
(MI) during the third trimester or peripartum, whereas other
comorbidities either related to pregnancy or not contribute
to AMI development during the first or third trimester.

Type of Myocardial Infarction

As per the series by Ladner et al, ST-elevation myocardial
infarction (STEMI) occurred in 42.4% and rest were non-ST-
elevation myocardial infarction (NSTEMI).! A similar incidence
was reported by Elkayam et al.’> Cardiogenic shock occurred in
6.5% of women. Takotsubo’s cardiomyopathy was detected in
2.9% of patients. Anterior MI was the most common site (69%)
followed by inferior (27%) and lateral MI (4%).>

Predisposing Factors for Acute Myocardial Infarction
during Pregnancy
General Factors

* Age: Women who had AMI were older (mean age
33.1 vs. 28.0 years; p < 0.001).* Similarly in the series by
Elkayam et al, 75% of AMI patients were in > 30 years age
group.® With increase in maternal age every year, there is
a 20% increase in MI risk.

+ Associated cardiovascular comorbidities: AMI women
had more cardiovascular comorbidities such as hyperten-
sion, diabetes, thrombophilia, tobacco use, dyslipidemia,
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known heart failure, anemia, renal insufficiency malig-
nancy, strong family history of migraine headaches,
and cocaine usage.® With increasing maternal age and
increasing coronary artery disease (CAD) in young
patients, the number of preexisting CAD patients becom-
ing pregnant is also increasing. Pregnancy may be con-
sidered in patients with known CAD in the absence of
residual ischemia and clinical signs of left ventricular
(LV) dysfunction.

Specific to Pregnancy

There are the factors contributing to the development of AMI
during pregnancy—three to four times than nonpregnant
age-matched women.

» Hypercoagulable state.

* Hormonaland hemodynamic changesin the cardiovascular
system.

 Gestational diabetes and preeclampsia.

* Multiparty.

 Blood transfusion, postpartum infections, thrombophilia,
postpartum hemorrhage.?

» Abnormal lipids—pregnancy itself causes dyslipidemia in
the form of increased total cholesterol, low-density lipo-
protein, and triglycerides, and decreases high-density
lipoproteins.’
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Pathophysiology of Acute Myocardial
Infarction during Pregnancy

Sudden Coronary Artery Dissection

Female sex is a risk factor for sudden coronary artery dis-
section (SCAD).® Previous studies on AMI during pregnancy
quoted SCAD in 43%,° but Smilowitz et al found it in 14.5%
of cases. This pathology was more frequent in STEMI than
NSTEMI (23.1% vs. 8.2%).* SCAD may have single or multives-
sel involvement. The decreasing order of vessel involvement
was the left anterior descending (LAD), left main coronary
artery (LMCA), left circumflex artery (LCX), and right coro-
nary artery (RCA).” The probable mechanism for SCAD during
pregnancy is mentioned in =Fig. 1.

Some of the pregnancy-related SCAD may have back-
ground connective tissue disorder or fibromuscular dysplasia.
According to the series by Elkayam et al,> SCAD occurred in >
40% of patients. SCAD was found as a cause of AMI when AMI
occurred during the peripartum period (which means late in
pregnancy and early postpartum period). Another interesting
finding in the series by Elkayam et al is preponderance of LAD
and left main (LM) involvement in CAD cases (~Fig. 2).

Atherosclerotic Disease: Seen in 27% of Cases
Thrombus: A clot without angiographic evidence for athero-
sclerotic disease was seen in 17% of cases.® In addition, during
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Pregnancy predisposes to sudden coronary artery dissection—likely mechanism.+-2¢
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Fig. 2 Probable cause for frequent left coronary artery involvement in sudden coronary artery dissection (SCAD).>?” LAD, Left anterior

descending.

pregnancy deep vein thrombosis (DVT) with paradoxical
embolization to coronaries should also be considered when
thrombus is seen angiocardiographically.

Normal Coronary Anatomy: Seen in 11% of Patients
Noniatrogenic coronary spasm was documented in two
patients (~Fig. 3).°

Kawasaki disease in the past was an increasingly recog-
nized cause for CAD in young population. It could be a cause
in some pregnant women with AMI.

Management of Acute Myocardial Infarction

The European Society of Cardiology (ESC) has published
guidelines on the management of cardiovascular disease
during pregnancy.’

 Diagnosis: AMI during pregnancy is similar to that in
nonpregnant women. Important differential diagnoses for
AMI in pregnancy include pulmonary embolism, aortic
dissection, and preeclampsia. These conditions are to be
ruled out before going for specific management of ACS in
pregnant women.

* Electrocardiogram: Even though new ST depressions,
T-wave inversions (in inferior and lateral leads, small Q
wave and inverted T wave in lead III, Q wave in lead aVF,
inverted T waves in V1, V2, and occasionally V3), and
left-axis deviation (15-20 degrees) may be normally seen
in pregnancy,®'® ST elevations are never seen in normal
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pregnancy. Therefore, new ST elevation in two consecutive
leads suggests AMI in the pregnant woman.

» Biomarkers: Increase in biomarkers during pregnancy
should be interpreted based on of two parameters: tim-
ing of the blood sample and associated pregnancy-related
complications. Normally creatine phosphokinase (CPK) is
released from the uterus and placenta during labor.” Rise
in CPK starts immediately after delivery to 24 hours (some-
times up to four times the normal value) and then starts
declining later." Therefore, during pregnancy depending
only on CPK levels is not wise to diagnose AMI. Similarly,
even troponin increase can occur in preeclampsia, gesta-
tional hypertension, and peripartum cardiomyopathy.!
In the absence of aforementioned conditions, an increase
in troponin levels may be taken as substantial evidence for
AMII diagnosis.

» Echocardiogram: New regional wall motion abnormal-
ities (RWMAs) on echocardiogram during pregnancy
suggest the coronary event. Increase or decrease in left
ventricular mass is not specific for CAD; the increase is
known to occur in preeclampsia and multiple gestations.'?

» Treatment: Treatment is also generally the same in
pregnancy with consideration of fetal effects.

Medical Management

» Thrombolytic management: Thrombolysis and thrombo-
lytic drugs, according to 2004 ACC/AHA (American College
of Cardiology/American Heart Association) guidelines,
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Fig. 3 Causes of normal coronary anatomy on coronary angiography (CAG) in acute myocardial infarction during pregnancy.*®

are relatively contraindicated during pregnancy as these
drugs can increase the risk of maternal hemorrhage.
Subsequently changed as a relative contraindication.
Pregnant women presenting with AMI may have coronary
artery dissection causes and hence thrombolysis in these
patients is contraindicated as dissection progression may
occur. Details are given in =Table 1. Thrombolysis may be
considered only in the centers that do not have percutane-
ous coronary intervention (PCI) access.

» Antiplatelet drugs: Low-dose aspirin (ASA) is safe in
pregnancy during the second and third trimesters. ASA
is secreted in breast milk in low concentrations without
any adverse effect. The side effects of high-dose aspirin
are mentioned in =Fig. 4. There are no randomized stud-
ies for dual antiplatelet therapy (DAPT) regimen or for the
safety of ticagrelor of prasugrel. Details are mentioned
with antiplatelet regimen after PCI (~Table 1).

Invasive Management

As per the series by Smilowitz et al, 25.1% of patients with
AMI during pregnancy underwent coronary revascularization
even though 53.1% underwent for invasive management.*

* Route of invasive procedure: Radial route is preferred as
this decreases the radiation dose to the abdomen. During
the learning stage, the radial route takes more time to do
the procedure, but once that learning curve period is passed,
radial route does not take longer time than a femoral route.

* Anticoagulation during PCI—unfractionated heparin
(UFH): Conventional heparin is preferred for both the
mother and fetus. If the patient has allergy to heparin,
bivalirudin can be used.’* During pregnancy, there are

increased levels of heparin-binding proteins, factor VIII,
and fibrinogen, which can alter the pharmacokinetics
of heparin." Therefore, monitoring with activated clot-
ting time'> is useful for the therapeutic effect of heparin.
Heparin does not cross the placenta, so it does not cause
fetal complications but can produce uteroplacental junc-
tional bleed. HIT (heparin-induced thrombocytopenia)
can happen in 3% of patients."”

* Low-molecular-weight heparins: There are limited data
on this molecule, even though case reports are available.
 Radiation precaution during PCI: Shielding the patient’s
back and abdomen with lead aprons and radial route of
PCI minimize fetal radiation exposure. Even though there
is much talk about the teratogenic effects of radiation for
the fetus during pregnancy, the amount of fetal exposure
during PCI (0.02 and 0.1 mSv) is well below the thresh-
old for teratogenicity for any period of pregnancy.'® A
disposable radiation protection sterile drape (Radpad;
Worldwide Innovations & Technologies, Inc.) is very
lightweight when compared with conventionally used
shields, which decreases radiation to an operator to be
studied during pregnancy. Other methods such as using
simple fluoroscopy, using lower magnification, using low
fluoroscopy frame rates, and careful collimation decrease

the radiation exposure.

* Primary percutaneous coronary angioplasty: -Fig. 5
shows the flowchart to follow during a case of AMI during
pregnancy.

Even though iodinated contrast agent is known to pro-
duce fetal congenital hypothyroidism, its incidence is very
less. The Contrast Media Safety Committee of the European
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Table 1 Following AMI the drugs and its effects during pregnancy and peripartum period

Indian Journal of Cardiovascular Disease in Women-WINCARS

Vol. 3 No. 2-3/2018

Drug name | Indicated (1) Contraindicated | Secretedin | Side effects | Cl period or Evidence (yes/no)
(cr breast milk effect

Low-dose Yes High dose Gastroschi- Yes
Aspirin sis, prema-

ture closure

- of patent -

ductus arte-

riosus
Clopidogrel To be stopped No—only cases;

a week prior clopidogrel remains
- - - - to any region- a widely used thieno-
al anesthesia pyridine in pregnancy
procedures (pregnancy category B)
Prasugrel No Its use in STEMI during
pregnancy is not rec-
N N - - ommended in favor of
clopidogrel
Ticagrelor Recommended Pregnancy category C
only for use dur-
ing pregnancy
when there are - - - -
no alternatives
and benefit
outweighs risk
Cangrelor No data on the safety
of cangrelor in human
pregnancy; there
have been reports of
increased incidence of
incomplete ossifica-

- B N - - tion and unossified
hind limb metatarsals,
abortion, intrauter-
ine losses, and fetal
growth retardation in
animal studies.

Low molec- | Significant Less well studied than
ular heparin | dose-response - - - - UFH

variability
GP 2a/3b Reserving its There are very limited
inhibitors use during PCI data regarding poten-

for patients at tial fetal effects (preg-

high ischemic nancy category B)

risk, including

those with - - - -

prior myocar-

dial infarction,

high thrombus

burden, and

complex PCI.
Direct DTl do not Using ar- There are limited data
thrombin bind plasma gatroban only on its safety during
inhibitors proteins, and in those with pregnancy (pregnancy

therefore have a HIT (Heparin category B)

more pre- - - - induced throm-

dictable dose bocytopenia)

response than

UFH

(continued)




Table 1 (continued)
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Drug name | Indicated (1) Contraindicated | Secretedin | Side effects | Cl period or Evidence (yes/no)
(Cr) breast milk effect
ACEls and Yes ACEl are Teratogenic Category C
ARBs excreted in effects—Clin all
breast milk trimesters
and thus
- breastfeed- -
ing should be
discontinued
during lacta-
tion period
Hydralazine | Yes—generally
with/with- | the vasodilator
out nitrates | of choice during B - N - -
pregnancy
Statins Yes Congenital
- B anomalies - N
Calcium Relative indica- Tocolytic; Recommended given
channel tion applica- its benefits outweigh
blockers tion and the risks
potential
synergism
with magne-
N - sium sulfate -
may induce
hypotension
(mother)
and fetal
hypoxia
B-Blockers | Relative indica- Bradycardia May be used with
tion and hypo- caution if benefits
N N glycemia, N outweigh the risks
IUGR
Sorbitrates | Yes - - Bradycardia - -

Abbreviations: ACEI, angiotensin—converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin receptor blockers;
DTI, direct thrombin inhibitor; IUGR, intrauterine growth restriction; PCl, percutaneous coronary intervention; STEMI, ST-elevation
myocardial infarction; UFH, unfractionated heparin.

Lead to
premature closure
of the ductus
arteriosus,
particularly if
administered after
32 weeks'
gestation

Increase in
perinatal
mortality

High-Dose
Aspirin

May inhibit
blastocyst
implantation
and lead to
subsequent
miscariage

Teratogenic
effects

Fig. 4 Side effects of high-dose aspirin. IGUR, intrauterine growth retardation.
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Society of Urogenital Radiology and the American College of
Radiology recommends only routine thyroid testing at the
time of birth."”

Stent type: Bare-metal stent (BMS) is preferred over
drug-eluting stent (DES) in patients undergoing primary PCI
for AMI during pregnancy, especially if an event occurs in the
third trimester. Four weeks of DAPT is safe with BMS PCI, to
interrupt the DAPT before delivery.!®

* Management drug regimen subsequently: =Table 1
gives the details of different drugs and its indications,
which are essential for post-PCI.

* DAPT interruption during delivery: ~Fig. 6 shows the
algorithm for interruption of DAPT during pregnancy.'®
Even in a case report,” the antiplatelet regimen was not
interrupted during labor and delivery.

Surgical Management
There are limited data on the surgical management of the
AMI during pregnancy in the literature.’ In the series by
Elkayam et al, coronary artery bypass grafting (CABG) was
done in 30 patients, out of whom 23 had SCAD. CABG has
done in 11 patients during pregnancy, rest of cases in the
postpartum period. There was no maternal mortality, and
only one fetal loss was reported.®

There is a suggestion that lower risk of fetal loss with con-
temporary surgery, which was substantiated by Immer et al.?!

Anesthesia Considerations

Neuraxial (spinal, epidural, combined spinal-epidural) anal-
gesia is the preferred modality for cesarean delivery for these
patients with AMI complications. If required, epidural anal-
gesia can be converted to epidural anesthesia. The major
problem of neuroaxial anesthesia is hypotension, which can
be minimized with low-dose local anesthetic technique and
proper intravenous (IV) fluid management. Other important
concern with this anesthesia is the epidural hematoma in
patients who received DAPT. The algorithm for DAPT discon-
tinuation is discussed subsequently.

Management during Labor and Delivery

In these patients with AMI complications, the treating physi-
cian should be individualized the patient who is to undergo
vaginal or cesarean delivery (=Fig. 7).1322%

Complications

Maternal

All mechanical, electrical, and myocardial loss complications
occurring during AMI were known to occur in a pregnant
patient with AMI with increasing incidence and mortality. As
per the series by Elkayam et al, complications of heart failure
or cardiogenic shock occurred in 38% of patients, ventricu-
lar arrhythmias in 12%, recurrent angina or AMI in 20%, and
maternal mortality in 7%.> No complications were related to

[ AMI (STEMI or NSTEMI) ]

Fig. 5

Normal coronary anatomy

v L 2
Transient Normal
coronary looking

spasm coronaries
with suspected

L 2 coronary
Medical ) hematoma or

management dissection

Invasive management of acute myocardial infraction (AMI) during pregnancy and postpartum period. IVUS, intravascular ultrasound;

NSTEMI, non-ST-elevation myocardial infarction; OCT, optical coherence tomography; PCl, percutaneous coronary intervention; STEMI,

ST-elevation myocardial infarction.
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Following AMI
Management
Individualized, based ( z
L. Precautions to be taken
on clinical and 5.4 .
obstetric factors RN ContLoNS
epidural anesthesia
2. Tachycardia and
Delayed for at least Cesarean delivery ] hypertension should be
2-3 wk following Vaginal delivery minimized
AMI Preferred 3. For hypotension—
1. Obstetric factors 5 ephedrine helps
2. Patients on clopidogrel maintain placental
3. Patients with intractable oifusion
heart failure . . :
4, Avoid Ergot alkaloids
‘l, immediately after
& B ; :
Hemodynamic monitoring for 48 h postpartum in a delivery—risk of
coronary care unit coronary artery spasrry

Fig. 6 Management during labor and delivery of acute myocardial infarction (AMI) pregnant patient.

DAPT INTERRUPTION DURING
DELIVERY

v

! ) ! | |

y "\ 2
Ideal—at least 6 mo of STEMI in the STEMI near delivery If DAPT duration is < If DAP'I'.du:at:Jrll' is>6
uninterrupted DAPT « . . 6 mo prior to Mo prior to defivery

after implantation of third trimester period on DAPT déivary
DES (or BMS) prior to J
delivery l * /
| Discontinuing clopidogrel 5 Discontinue y
BMS days prior to planned clopidogrel and should Reinitiating clopidogrel
delivery and only bridging be resumed as soon as after delivery
A with tirofiban or it is deemed safe
eptifibatide in instances in (typically 24 h after
At least 1 mo of which the risk of stent delivery)
uninterrupted DAPT thrombosis is high
¢ v

If tirofiban or eptifibatide Complete at least 12

required then continue up mo of DAPT

to 4-6 h before delivery,

not after the delivery

Fig. 7 Management during labor and delivery of acute myocardial infarction pregnant patient.' BMS, bare-metal stent; DAPT, dual antiplate-
let therapy; DES, drug-eluting stent; STEMI, ST-elevation myocardial infarction.

the drugs even with thrombolytic or GP2b/3a inhibitors in Intra-aortic balloon pump (IABP) can also be used safely
this series.® The drugs that are safe and contraindicated from  during pregnancy if required for cardiogenic shock, but the
these conditions are mentioned in =Tables 1-3. patient should be in the left lateral position.!®
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Fetal

Most fetal deaths were associated with maternal mortality.
There is decreasing trend from 1996 (20%), 2008 (12%) to
2011 (7%).

Follow-up and Prognosis

As per the series by Smilowitz et al, the in-hospital mortality
was 40-fold higher in patients with AMI than those without
AMI during pregnancy (adjusted OR: 39.9; 95% Cl: 23.3-68.4;
p <0.001), occurring at a rate of 4.5%. Even though there is a
substantial improvement in the management of AMI patients
in general, it is not translated into the pregnant female
population.

» Exercise test—for risk stratification of post-MI: At
maximal maternal exercise, there may be fetal distress.
Therefore, the submaximal protocol for fetal monitoring
is advisable.

» Risk of subsequent pregnancies—SCAD: It recurred in
17% of patients in a median follow-up of 47 months.?
Therefore, subsequent pregnancy may not advisable.

Changing Pattern of Acute Myocardial Infarction
during Pregnancy over a Century

Roth3®® compared the different studies from 1922 to 2011.
which is divided into three periods: 1922 to 1995 (period 1),

1995 to 2005 (period 2), and 2006 to 2011 (period 3). The mean
age was > 30 years with multiparous status, hypertension, and
diabetes as risk factors in all these periods except that family
history of AMI is increased in periods 2 and 3. Comparing the
coronary anatomy after AMI during pregnancy, stenosis was
greater in period 1 (43% vs. 27%) than in period 3, and coro-
nary dissection was reported to be higher in period 3 (16% vs.
43%) than in period 1. Normal coronary anatomy was more
frequent in period 1 (29% vs. 11%) than period 3.

There is decreasing tendency in maternal (20, 11, and 7%)
and fetal (12, 9, and 5%) mortality in study periods 1, 2, and 3,
respectively.

Smilowitz et al reported similar changes in the 2002
to 2012 period of AMI complicated pregnancy in the U.S.
population.*

Conclusion

Acute myocardial infarction during pregnancy is different
from that in the age-matched nonpregnant woman, as both
maternal and fetal mortalities are high. ESC 2018 guidelines
on heart disease in pregnancy covered a few components
of AMI during pregnancy; for example, testing tropin
measurement in a pregnant patient with chest pain and pri-
mary PCI for STEMI during pregnancy are class 1 indications
and invasive strategy for high-risk NSTEMI and conserva-
tive strategy for low-risk NSTEMI are class Ila indications.

Table 2 Acute myocardial infarction (AMI) complicated with heart failure—effect of drugs during pregnancy and peripartum

period
Drug name Indicated (I) Contraindicated (Cl) | Secreted in | Cl period or effect Evidence (yes/no)
breast milk
Furosemide Selective patients | Relative Cl Category C
only

Hydrochlorothiazide | Yes Category B

Spironolactone Yes—associated Especially to avoid Category C
with antiandrogenic during antepartum
effects, oral clefts period
(first trimester)

Morphine Yes Risk of fetal respira- | Category C

tory compromise

Table 3 Acute myocardial infarction (AMI) complicated with ventricular tachycardia—effect of drugs during pregnancy and

peripartum period

tachycardias; its use is
recommended only in
life—threatening cases
in which other thera-
pies have failed

Drug name Indicated (l) Contraindicated | Secreted in Cl period or effect Evidence
(c) breast milk (yes/no)
Lidocaine Yes
Amiodarone Is effective in virtually | Yes Yes—during Cl—thought the pregnan-
all maternal and fetal lactation is cy—fetal hypothyroidism

discouraged (9% of newborns of moth-
ers on chronic amiodarone
therapy), hyperthyroidism,

and goiter.

Emergency Yes
and elective

cardioversion
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Newer guidelines for other components of management to
these subgroups of patients with AMI during pregnancy are
required. Coronary artery dissection is the frequent cause in
AMI of pregnant women versus coronary stenosis in nonpreg-
nant women. Treatment strategies also vary. For the selection
of treatment strategy, we have to consider both maternal and
fetal safety. DAPT regimen has to alter during delivery. At the
same time, however, women should be informed about the
paucity of information available on the safety of these drugs
for their fetus.® This topic requires special attention in gesta-
tional cardiology.
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