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Acute Myocardial Infarction Associated With Pregnancy

Arie Roth, MD,* Uri Elkayam, MD†

Tel Aviv, Israel; and Los Angeles, California

Acute myocardial infarction (AMI) during pregnancy or the early post-partum period is rare but has been shown
to be associated with poor maternal as well as fetal outcome. Major changes in both diagnosis and treatment of
AMI in the nonpregnant patient have lead to improved outcome which may also affect pregnant patients.
The purpose of this paper is to review available information related to the pathophysiology and clinical profile
and provide recommendations for the diagnosis and management of AMI occuring during pregnancy and the
early post-partum period. (J Am Coll Cardiol 2008;52:171–80) © 2008 by the American College of Cardiology
Foundation

ublished by Elsevier Inc. doi:10.1016/j.jacc.2008.03.049
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cute myocardial infarction (AMI) in women during child-
earing age is rare. Pregnancy, however, has been shown to
ncrease the risk of AMI 3- to 4-fold (1–5). With the
ontinuing trend of childbearing at older ages and advances
n reproductive technology enabling many older women to
onceive (6), it may be expected that its occurrence will
ncrease.

Our previous review more than a decade ago indicated
igh maternal mortality and fetal loss associated with
regnancy-related AMI (1). The last decade has witnessed
major change in both the diagnostic and therapeutic

pproaches to patients with AMI, which has led to im-
rovement in outcome; these changes may have affected
regnant patients as well. The purpose of this article is to
eview new information on AMI related to pregnancy and
rovide recommendations for the diagnosis and manage-
ent of this condition.

ethods

literature search for AMI during or following pregnancy
nd related topics was performed using MEDLINE. All
riginal articles were obtained from the Universities of Tel
viv or Southern California libraries, interlibrary commu-
ications, or authors of the articles. Medical translators were
sed to translate all original articles written in languages
ther than English. Only cases of AMI documented by
hest pain, standard electrocardiographic criteria, typical
nzymatic changes, or histologic changes in those who died
ere selected for review. Ninety-five cases that appeared in

he literature from 1995 until December 2005 (7–93) and

rom the *Department of Cardiology Tel Aviv Sourasky Medical Center, Tel Aviv
niversity Sackler School of Medicine, Tel Aviv, Israel; and the †Division of
ardiovascular Medicine and Department of Obstetrics and Gynecology, University
f Southern California Keck School of Medicine, Los Angeles, California.
d
Manuscript received January 3, 2008; revised manuscript received March 11, 2008,

ccepted March 18, 2008.
ere not included in our previous review (1) were analyzed.
n addition, 8 cases that were treated or consulted on by the
uthors were included (A. Roth, U. Elkayam, unpublished
ata).
Epidemiologic data were compared in patients who had

MI in the antepartum (�24 h before labor), peripartum
within 24 h before or after delivery), and post-partum (24
to 3 months after delivery) periods. Fisher’s test was used

o compare selected demographic and outcome parameters
mong patients diagnosed earlier and included in our
revious review (1) and the current review. Recommenda-
ions were made on the basis of available information, with
he understanding that the cases reviewed do not represent
ll patients who have sustained an AMI associated with
regnancy and that reporting may be biased.
pidemiology. Our current review shows that AMI occurs

t all stages of pregnancy and more commonly in multigrav-
das (66%). Patient ages ranged from 19 to 44 years, but the

ajority of patients (72%) were older than 30 years. Myo-
ardial infarction (MI) location was mostly (78%) in the
nterior wall (Table 1).

NCIDENCE. Ladner et al. (2) reviewed hospital discharge
ecords for deliveries in California between 1991 and 2000
nd reported an incidence of 1 AMI in 35,700 deliveries.
ames et al. (3) queried a nationwide inpatient sample for all
regnancy-related discharges in 2000 to 2002 and found a
otal of 859 cases of AMI, giving an incidence of 1 in 16,129
eliveries. The higher incidence reported by James et al. (3)
ay reflect improvements in diagnostic capability or a

ecent increase in the number of cases. The latter assump-
ion is supported by the increase in the rate of AMI over the
0-year study period reported by Ladner et al. (2) (1 in
4,000 in the final year compared with 1 in 73,400 initially).

ISK FACTORS. Our review revealed a relatively high inci-

ence of known risk factors for AMI in the patients
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reported despite their young
ages. Forty-five percent were
smokers, 24% had hyperlipid-
emia, 22% had family histories of
myocardial infarction (MI), 15%
had hypertension, and 11% had
diabetes. In comparison with our
early report (1), the incidence of
risk factors was higher in the
current group (Table 2), which
may reflect the increased inci-
dence of smoking among young
women as well as better report-
ing. In addition, 72% of the pa-
tients were older than 30 years
and 38% were older than 35
years. Lander et al. (2) identified
chronic hypertension, diabetes,
advanced maternal age, pre-
eclampsia, and eclampsia as in-
dependent risk factors for
pregnancy-related AMI, and
James et al. (3) also found

hrombophilia, transfusion, and post-partum infections to
e significant risk predictors for AMI.

ORTALITY. Our review identified 11 cases of maternal
atality for a mortality rate of 11%. With the exception of 1
atient who died following cardiac surgery (30) and another
ho died during cardiac catheterization (A. Roth, U.

elect Data in 103 Pregnancies Complicated by MIs

Table 1 Select Data in 103 Pregnancies Complicated by MIs

Variable
Antepartum

(n � 46

Mean age � SD, yrs 33 � 6

Age range, yrs 19–45

Anterior MI location, n/n (%) 30/41 (7

Multiparous, n/n (%) 27/37 (7

Hypertension, % 18

Diabetes mellitus, % 13

Smoking, % 62

Family history of MI, % 33

Hyperlipidemia, % 23

Pre-eclampsia, % 2

Congestive heart failure or cardiogenic shock after MI, n (%) 2 (4

Coronary anatomy available, n (%) 41 (8

Stenosis 25 (5

Dissection 5 (1

Thrombus 2 (4

Spasm 1 (2

Embolus 2 (4

Normal 6 (1

Deaths, n (%)

Mother 4 (9

Infant 5 (1

Abbreviations
and Acronyms

ACE � angiotensin-
converting enzyme

AMI � acute myocardial
infarction

ARB � angiotensin
receptor agonist

CABG � coronary artery
bypass graft

CCB � calcium-channel
blocker

LMWH � low-molecular-
weight heparin

MI � myocardial infarction

PCI � percutaneous
coronary intervention

RCA � right coronary
artery

TT � thrombolytic therapy

UFH � unfractionated
heparin
6 of 66 patients with acute MI either during the antepartum or peripartum period.
MI � myocardial infarction.
lkayam, unpublished data), maternal death occurred at the
ime of infarction. The incidence of mortality was twice as
igh in women diagnosed with AMI during the peripartum
eriod compared with the antepartum or post-partum
eriods (Table 1); similar findings were reported by Ladner
t al. (2). One case was associated with the administration of
erbutaline to stop early uterine contractions during preg-
ancy (49), 2 cases were associated with the administration
f bromocriptine to suppress post-partum lactation (52,62),
nd 1 case was associated with the administration of
rgotamine shortly after delivery (82). Coronary angiog-
aphy 2 days after an anteroseptal AMI at the end of the
econd trimester (A. Roth, U. Elkayam, unpublished
ata) resulted in extensive coronary dissection and led to
oth maternal and fetal death. The mortality rate was
igher in the peripartum period (18%) compared with the
ntepartum and post-partum periods (both 9%) (Table 1).

The maternal mortality rate of 11% found in the
resent review is considerably lower than the rate of 21%
eported in our previous review (1) and 38% reported by
thers (27), but it is supported by a mortality rate of 7.3%
ecently reported by Ladner et al. (2) and 5.1% reported
y James et al. (3) and probably indicates a significant
mprovement in the outcome of pregnancy-related AMI
n the last decade.

The incidence of fetal mortality was 9% (6 of 68), and
ost fetal deaths were associated with maternal mortality.

n 2 cases, pregnancy was terminated electively because of a
oncern regarding potential drug teratogenicity (59,87).

Peripartum Group
(n � 22)

Post-Partum Group
(n � 35)

All Groups
(n � 103)

32 � 5 34 � 5 33 � 5

24–44 22–43 19–44

16/22 (73) 27/31 (87) 73/94 (78)

6/13 (46) 19/29 (66) 53/80 (66)

15 11 15

10 11 11

15 43 45

5 18 22

15 32 24

7 9 6

3 (14) 4 (11) 9 (9)

21 (95) 34 (97) 96 (93)

6 (27) 10 (29) 41 (40)

11 (50) 12 (34) 28 (27)

1 (5) 5 (14) 8 (8)

0 1 (3) 2 (2)

0 0 2 (2)

3 (14) 4 (11) 13 (13)

4 (18) 3 (9) 11 (11)

1 (5) — 6 (9)*
Group
)

3)

3)

)

9)

4)

1)

)

)

)

3)

)

1)
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ORONARY ANATOMY. Coronary artery morphology was
tudied (angiographically or at autopsy) in 96 (93%) of the
omen included in this review (Table 1). Atherosclerosis
ith or without intracoronary thrombus was found in 41

ases (40%), and definite or probable coronary thrombus
ithout evidence of atherosclerotic disease was present in
%. Atherosclerotic disease was more prevalent in the
ntepartum period (54%) than the peripartum (27%) or
ost-partum (29%) period.
Coronary dissection, a rare cause of AMI in the nonpreg-

ant population, was reported in 28 patients (27%) who had
1 dissected coronary arteries. In 9 women, dissection was
imited to 1 vessel (3 to the left main artery, 4 to the left
nterior descending artery [LAD], 1 to the circumflex artery
CX], and 1 to the right coronary artery [RCA]). When
ore than 1 vessel was involved, the dissection included the

eft main coronary artery in 3 patients, LAD in 17, and the
X and RCA in 6 each. Coronary dissection was the
rimary cause of infarction in the peripartum period (50%)
nd was found more commonly in post-partum compared
ith antepartum cases (34% vs. 11%) (Table 1).
Pregnancy-related spontaneous coronary dissection is

hought to be related to an excess of progesterone, leading
o biochemical and structural changes to the vessel wall
e.g., loss of normal corrugation in elastic fibers, fragmen-

omparison Between Select Data From 1922 to 1995 Versus 1995

Table 2 Comparison Between Select Data From 1922 to 1995

Variable

Mean age � SD, yrs

Age range, yrs

Anterior MI location, n/n (%)

Multiparous, n/n (%)

Hypertension, %

Diabetes mellitus, %

Smoking, %

Family history of MI, %

Hyperlipidemia, %

Preeclampsia, %

Cesarean section, %

Heart failure or cardiogenic shock after MI, n (%)

Coronary anatomy available, n (%)

Stenosis

Thrombus

Dissection

Spasm

Embolus

Normal

Intracoronary/systemic thrombolytic drug treatment for
coronary thrombosis, n (%)

Percutaneous coronary angioplasty � stenting, n/n (%)

Deaths, n (%)

Mother

Infant

Patients diagnosed in 1995 that were not included in the previous review.
MI � myocardial infarction.
ation of reticular fibers, and decreases in the amount of acid c
ucopolysaccharides) (94,95). Other hypotheses include an
ssociation among eosinophils (probably lytic action of
roteases released from them) (96) and a lack of prostacyclin
ynthesis–stimulating plasma factor and elevated lipopro-
ein(a) (22).

The physiologic increase in blood volume and cardiac
utput may magnify shear forces of the blood column in
arge vessels, resulting in a greater propensity for dissection.
he fact that coronary dissection frequently occurs in more

han 1 vessel points toward generalized rather than localized
isease.
Coronary arteries were described as normal in 13% of the

urrent cases with almost equal distribution throughout the
periods (Table 1). A transient coronary spasm is a possible

xplanation for this finding and may be caused by previously
escribed enhanced vascular reactivity to angiotensin II (97)
nd norepinephrine (98) and due to endothelial dysfunction
99). Other possible causes of coronary spasm include: 1)
enin release and angiotensin production due to decreased
terine perfusion in the supine position (100); and 2) ergot
erivatives that are used to control post-partum or post-
bortion hemorrhage or to suppress lactation (101).

Coronary thrombosis without evidence of atherosclerotic
isease in 8% of the cases may be explained by the
ypercoagulable state of pregnancy due to alterations in the

2005

us 1995* to 2005

1995
125)

1995–2005
(n � 103) p Value

6 33 � 5 1.0

45 19–44 —

2 (73) 73/94 (78) 0.75

1 (84) 53/80 (66) �0.01

9 15 0.35

5 11 0.93

6 45 �0.01

8 22 �0.01

2 24 �0.01

1 6 0.15

6 38 �0.005

5 (19) 9 (9) 0.02

8 (54) 96 (93) �0.01

9 (43) 41 (40) 1.0

4 (21) 8 (8) 0.38

1 (16) 28 (27) �0.001

1 (1) 2 (2) 0.45

2 (2) 0.47

0 (29) 13 (13) �0.001

1 (1) 10 (10) �0.001

8 (2) 38/90 (42) �0.05

6 (20) 11 (11) 0.08

6 (12) 6 (9)
* to

Vers

1922–
(n �

33 �

16–

89/12

93/11

1

2

1

2

2

6

2

1

1

—

2

1/5

2

1

oagulation and fibrinolytic systems, which include a de-
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reased releasable tissue plasminogen activator (tPA)
102,103), increased fast-acting tPA inhibitor (104,105),
hange in the level of coagulation factors (103,106), and
eduction in functional protein S levels (107–109). Cigarette
moking during pregnancy reported in 45% of the patients
ay further increase risk of thrombosis due to enhanced

latelet aggregability (110).
Enhanced stroke volume and heart rate during pregnancy

111) can increase myocardial oxygen demand. At the same
ime, physiologic anemia and decreased diastolic blood
ressure may reduce myocardial oxygen supply and contrib-
te to the development of myocardial ischemia when coro-
ary blood supply is compromised. Anxiety, pain, and
terine contraction during labor and delivery may increase
xygen consumption up to 3-fold and can further aggravate
yocardial ischemia. In the puerperium, heightened hemo-

ynamic load may be further increased by augmented return
f venous blood to the heart, with relief of caval compres-
ion and shift of blood from the contracting emptied uterus
nto the systemic circulation.

iagnosis. Criteria for diagnosis of AMI in pregnant
omen are in general the same as in nonpregnant patients

nd consist primarily of symptoms, electrocardiographic
hanges, and cardiac markers. At the same time, however,
he diagnostic approach is also influenced by fetal safety and
ormal changes during pregnancy (112). ST-segment de-
ression mimicking myocardial ischemia has been observed
n healthy women after the induction of anesthesia for
esarean section, and this result can be misleading
1,113,114). A recent study (114) reported significant ST-
egment changes by Holter monitoring in 42% of 26
atients undergoing elective cesarean sections and in 38.5%
f patients postoperatively. Forty-two percent of the pa-
ients experienced chest pain requiring opioid analgesia; the
ajority of the patients had normal troponin levels.
Echocardiogram is safe during pregnancy and can be used

o evaluate the presence of wall-motion abnormalities.
nterpretation of biochemical markers is somewhat compli-
ated by changes that may occur during normal labor and
elivery (115). An increase in the concentration of creatine
inase and its MB fraction by nearly 2-fold within 30
inutes after delivery was reported by Shivvers et al. (115)

nd is probably related to the uterus and placenta, which
mbody substantial amounts of these enzymes. Mean crea-
ine kinase-MB levels continued to rise and reached a
aximum at 24 h after delivery. In contrast, troponin I

evels demonstrated only a small increase after delivery and
emain below the upper limit of normal (115–117), except
n women with preeclampsia and gestational hypertension,
n whom it may show a mild elevation (116,117).

Exercise testing can be performed during pregnancy for
he diagnosis of myocardial ischemia or risk stratification
ollowing AMI. Fetal bradycardia, reduction of fetal heart
ate variation, and absence of body movement have been
escribed during moderate to heavy maternal exercise

112,118,119). Because of these findings, the use of a t
ubmaximal protocol (�70% of maximal predicted heart
ate) with fetal monitoring, if possible, is preferred (112).
he use of stress echocardiography may increase the sensi-

ivity of the test for detection of myocardial ischemia and
iability (120).

The use of radiation during pregnancy should be kept to
minimum (121). The amount of fetal exposure to radia-

ion during chest radiography is extremely small and should
robably be considered safe for use when necessary. Radio-
uclide imaging using 99mtechnetium-labeled sestamibi or
01thallium is expected to yield �1 rad of radiation to the
onceptus. Cardiac catheterization and interventional pro-
edures may also result in fetal exposure of �1 rad. Difficult
rocedures requiring longer fluoroscopy time and several
ine views, however, could easily yield a fetal radiation
xposure of 5 to 10 rads. Although termination of preg-
ancy is not generally recommended for fetal doses of
adiation �5 rads, it may be considered when the dose
xceeds 10 rads (121).

Cardiac catheterization was reported in 386 patients by
ames et al. (3); no information, however, was provided
egarding the outcome of these procedures. Cardiac cathe-
erization was also performed in 92 (89%) of the patients
eviewed with equal distribution among patients presented
ntepartum, peripartum, or post-partum. The procedure
esulted in fatal coronary dissection in 1 patient, who was
tudied during the second gestational trimester, and coro-
ary dissection leading to bypass surgery in another patient,
ho was studied post-partum and had balloon angioplasty
ithout stenting. Because of the possible increased risk of

oronary dissection, noninvasive risk stratification may be
referred during pregnancy or the early post-partum period
n stable and low-risk patients.

reatment. The treatment of pregnant women with AMI
nd its complications should in general follow the usual
tandard of care (122,123), although both maternal and fetal
onsiderations should affect the choice of therapy. The
reatment plan should therefore be established by both the
ardiologist and obstetrician. If possible, the patient should
e treated in an intensive care unit that can also provide
aternal monitoring and comprehensive obstetric service. A

lan should be established for urgent delivery of a poten-
ially viable fetus in the case of clinical deterioration of the
other.
evascularization. PERCUTANEOUS CORONARY INTER-

ENTION (PCI). James et al. (3) reported PCI in 135 patients
ith stenting in 127 of them. No information, however, was
rovided on the timing of these procedures or their out-
ome. Coronary angiography was performed in 92 of 103
atients included in our review; 49 of these procedures were
one antepartum and 43 post-partum. PCI was performed
n 38 of 92 (41%) subjects (23 antepartum, 6 peripartum,
nd 9 post-partum) with stent placement in 55% of these
atients. Duration of pregnancy in 23 patients who under-
ent the procedure in the antepartum period (mostly in the
hird trimester) ranged from 6 to 38 weeks. One patient
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ho had a balloon angioplasty post-partum developed an
xtensive coronary dissection that resulted in coronary
ypass surgery (A. Roth, U. Elkayam, unpublished data).
ll reported stenting during the acute phase of MI during
regnancy were performed with bare metal stents; the safety
f drug-eluting stents in pregnant woman is therefore still
nknown. Because drug-eluting stents require prolonged
ntiplatelet therapy with clopidogrel and the incidence of
esarean section deliveries in patients with heart disease is
elatively high, the use of drug-eluting stent during
regnancy may be problematic and should be avoided if
ossible.

ORONARY ARTERY BYPASS GRAFT (CABG) SURGERY. The
imited available information precludes reaching definite
onclusions regarding the safety of CABG surgery during
regnancy. Surgical revascularization was reported in 61
omen with AMI during pregnancy by James et al. (3). No

nformation, however, was provided on the outcome of
hese surgeries. Ten women included in our review under-
ent CABG (13,14,26,29,30,32,33,54,65,67), 7 due to

oronary dissection. Surgery was completed in the antepar-
um period in 5 patients (usually after the second week of
regnancy), of whom 1 had Turner syndrome and under-
ent the operation for aortic dissection with occlusion of

he ostium of the RCA. The latter patient died 3 months
ost-surgery due to continuous deterioration and cardiac
ailure, but her fetus was delivered alive through a planned
lective cesarean section (30). One intrauterine fetal death
as reported in a patient undergoing CABG surgery due to
issection of the left main coronary artery subsequent to
CI (78).

HROMBOLYTIC THERAPY (TT). Thrombolytic therapy is
onsidered to be relatively contraindicated in pregnancy,
nd because pregnant patients have been traditionally ex-
luded from clinical trials, the information available is
necdotal (14,21,38,42,43,49,55). Recent clinical experience
ith the use of TT in pregnancy has been mostly with tPA

nd primarily in patients with stroke, prosthetic heart valve
hrombosis, pulmonary embolism, or deep vein thrombosis
124,125). Several studies have demonstrated that placental
ransfer of streptokinase (126) and tPA (127) is too low to
ause fibrinolytic effects in the fetus. Both urokinase and
tPA were not found to be teratogenic in rats or mice
125,128), and available reports do not support such an
ffect in humans. Although maternal and fetal outcomes
ere favorable in most cases (125), some reports have
ocumented complications such as maternal hemorrhage,
reterm delivery, fetal loss, spontaneous abortion, minor
aginal bleeding, massive subchorionic hematomas, abrup-
io placenta, uterine bleeding requiring emergency cesarean
ection, and post-partum hemorrhage requiring transfusion
124–129). Occasional fetal loss did not seem to be related
o this therapy, although such a relation could not always be

uled out (124,125). b
The safety and efficacy of TT in the treatment of AMI
econdary to coronary dissection have not been clearly
stablished, and such therapy may be a double-edged sword
4) and may increase the risk of hemorrhage and further
rogression of the dissection (27). For these reasons, TT
hould be considered a second choice to primary PCI in
atients with ST-segment elevation acute myocardial in-
arction (STEMI) during pregnancy and especially during
he peripartum and early post-partum periods when the
ncidence of coronary dissection is high.

In summary, available information is limited and not
ufficient to drive conclusive recommendations for the use of
T in pregnant patients with AMI. At the same time,
owever, a favorable outcome in most cases does not
upport withholding this form of therapy from pregnant
atients if an alternative effective therapy is not available.
onsidering the limited information related to the efficacy

nd safety of TT during pregnancy and the relatively high
ncidence of normal coronary anatomy and coronary dissec-
ion found in these patients, an invasive strategy may be
referred in women presenting with STEMI during preg-
ancy or the puerperium.
rug therapy. Recent recommendations for drug therapy

n the nonpregnant patient with AMI include the potential
se of several drugs, including morphine sulfate; beta-
lockers; nitroglycerin; calcium channel blockers; heparin;
nd antiplatelet therapy including aspirin, clopidogrel, and
lycoprotein IIb/IIIa receptor inhibitors (122,123). Only
imited information is available regarding the safety of many
f these drugs when used in pregnancy. Drugs are catego-
ized based on the level of risk to the fetus as follows (130):
ategory A: Controlled studies in women fail to demon-

trate a risk to the fetus, and the possibility of fetal harm
ppears remote; Category B: Either animal reproduction
tudies have not demonstrated a fetal risk and there are no
ontrolled studies in pregnant women or animal reproduc-
ion studies have shown an adverse effect (other than a
ecrease in fertility) that was not confirmed in controlled
tudies in women in the first trimester (and there is no
vidence of a risk in later trimesters); Category C: Either
tudies in animals have revealed adverse effects on the fetus
teratogenic, embryocidal, or other) and there are no con-
rolled studies in women or studies in women and animals
re not available; drugs should be given only if the potential
enefit justifies the potential risk to the fetus; Category D:
here is positive evidence of a human fetal risk, but the
enefits from use in pregnant women may be acceptable
espite the risk (e.g., if the drug is needed in a life-
hreatening situation or for a serious disease for which safer
rugs cannot be used or are ineffective); and Category X:
tudies in animals or human beings have demonstrated fetal
bnormalities or there is evidence of fetal risk based on
uman experience or both, and the risk of the use of the
rug in pregnant women clearly outweighs any possible

enefit.
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ORPHINE SULFATE (RISK CATEGORY C). One report of
48 exposures during pregnancy showed no evidence of
eratogenic effects. Placental transfer of morphine is very
apid and may cause neonatal respiratory depression when it
s given shortly before delivery. Morphine enters breast milk
nly in trace amounts unless it is given in high and repeated
oses, and the drug is considered compatible with breast-
eeding (131).

RGANIC NITRATES (RISK CATEGORY B: NITROGLYCERIN;

ISK CATEGORY C: ISOSORBIDE DINITRATE). In addition to
heir use in MI and ischemia, intravenous or oral nitrates
ave been used during pregnancy to treat hypertension
132), to treat acute tocolysis (133), and for relaxation of the
terus in post-partum patients with retained placenta (134).
se of transdermal nitroglycerin for the treatment of pre-

erm labor was not associated with any affect on fetal or
terine perfusion (135). Careful titration however, is rec-
mmended to avoid maternal hypotension and reduced
terine perfusion (136). No data are available on breastfeed-
ng in women treated with these drugs.

ETA-ADRENERGIC BLOCKING AGENTS (RISK CATEGORY B:

ETOPROLOL; RISK CATEGORY C: ATENOLOL). Beta-
locking agents have been extensively used in pregnancy for
he management of hypertension, arrhythmias, mitral ste-
osis, Marfan syndrome, and myocardial ischemia (137).
here have been no reports of teratogenic effects, but side

ffects such as bradycardia, hypoglycemia, hyperbiliru-
inemia, and apnea at birth have been anecdotally re-
orted. In addition, a possible increase in the rate of fetal
rowth retardation was linked to the use of atenolol
138), especially when it is used in the first trimester
139). Because nonselective beta-blockers may facilitate
ncreases in uterine activity, use of beta-1 selective agents

ay be preferred (137). Nursing infants should be mon-
tored for adverse effects because all beta-blockers accu-

ulate in greater concentrations in breast milk than in
lasma.

ALCIUM-CHANNEL BLOCKERS (CCBs): (RISK CATEGORY C:

IFEDIPINE, DILTIAZEM, VERAPAMIL). Currently only ni-
edipine, a dihydropyridine CCB, which has been com-
only used for the treatment of hypertension, preeclampsia,

nd tocolysis, has been shown to be safe during gestation
140). Information regarding the use of verapamil and
iltiazem during pregnancy is limited, and a surveillance
tudy has suggested that diltiazem may have teratogenic
ffects (130). Concurrent use of CCB and magnesium
ulfate should be done cautiously because of the potential for
ynergistic effects (141).

Nifedipine, verapamil, and diltiazem are all excreted in
uman milk; therefore, breastfeeding has not been recom-
ended by some for women taking these drugs (126). The
merican Academy of Pediatrics considers the use of these

rugs to be compatible with breastfeeding (125). p
NGIOTENSIN-CONVERTING ENZYME (ACE) INHIBITORS

ND ANGIOTENSIN-RECEPTOR ANTAGONISTS (ARBs) (RISK

ATEGORY C). The use of ACE inhibitors is contraindicated
n pregnant patients (136) due to fetotoxic effect predominately
ffecting the developing fetal kidneys. Other adverse events
nclude oligohydramnio, intrauterine growth retardation, pre-

aturity, bony malformations, limb contractures, patent duc-
us arteriosus, pulmonary hypoplasia, respiratory distress syn-
rome, hypotension, anuria, and neonatal death (142).
In 1992 the U.S. Food and Drug Administration warned

gainst the use of ACE inhibitors in the second and third
rimesters of pregnancy. Shotan et al. (142) in 1994 reported
vidence for teratogenic effects and recommended avoiding
hese drugs during the first trimester as well. A recent
ublication by Cooper et al. (143) confirmed these findings.
he effect of ARBs is similar to that of ACE inhibitors, and

he use of both groups of drugs should be avoided in all
atients who develop AMI during pregnancy (144,145).
ACE inhibitors are detected in breast milk (1% with

aptopril); the use of the drug, however, is considered
ompatible with breastfeeding (130). It is not known if
RBs are excreted in human milk, but significant levels of

osartan and its active metabolite were shown to be present
n rat milk.

PLERENONE (RISK CATEGORY B). Eplerenone is an aldo-
terone blocker indicated to improve survival in patients
ith AMI and left ventricular systolic dysfunction (left
entricular ejection fraction �40%) with clinical evidence of
ongestive heart failure or diabetes (146). Because of the
ack of safety information in humans, eplerenone should be
sed in pregnancy only if potential benefit justifies potential
isks (146). No information is available regarding the
oncentration in human breast milk. Breastfeeding is there-
ore not recommended in women taking eplerenone (146).

MG-CoA REDUCTASE INHIBITORS (STATINS) (RISK CATE-

ORY X). Available information on the use of these drugs
uring pregnancy in humans is very limited. Animal studies
ave demonstrated increased incidence of skeletal abnor-
alities with lovastatin as well as maternal, fetal, and

eonatal mortality with fluvastatin (135,147). Information
btained from a worldwide post-marketing surveillance
ased on 137 reports to the manufacturer of inadvertent
xposure to simvastatin or lovastatin during pregnancy did
ot show an adverse pregnancy outcome (148). However,
ecause these drugs inhibit the synthesis of mevalonic acid,
hich plays an important role in DNA replication and is

ssential for the synthesis of steroids and cell membranes in
etal development, and because information on the use of
hese drugs in pregnancy is limited, the use of HMG-CoA
nhibitors is not recommended in pregnancy.

NFRACTIONATED (UFH) AND LOW MOLECULAR WEIGHT

EPARIN (LMWH) (RISK CATEGORY B: LMWH; RISK CATE-

ORY C: UFH). Both UFH and LMWH do not cross the

lacenta, and several reports have indicated a lack of fetal



a
b
d
t
h
l
D
h
d
d

A

s
q
f
d
v
d
s
a
u
d
l
m
e
a
m
r
g
T
o
l
(
6
r
c
r
(
a
o

d
k
b
t
G
t
p
a
U
c
d
d
a
L
M

t
s
c
a
t
c
p
s
l
d
o
g

r
t
(
b
p
c
m
m
t
o
p
a
d
a
s
m
n
u
a
l

R
L
f

R

177JACC Vol. 52, No. 3, 2008 Roth and Elkayam
July 15, 2008:171–80 Pregnancy-Associated Myocardial Infarction
dverse effects (149). LMWH has advantages over UFH
ecause it has a longer half-life, greater bioavailability,
ecreased affinity for heparin-binding proteins (150), and
hus more predictable therapeutic effect. Numerous studies
ave shown its safety during pregnancy (151); its use for

ong-term management is therefore convenient and feasible.
iscontinuation of treatment with either form of heparin (6
with UFH and 24 h with LMWH) is desirable before

elivery. If indicated, treatment can be resumed after
elivery as soon as hemostasis appears to be adequate.

NTIPLATELET THERAPY. Aspirin (Risk Category C). The
afety of aspirin during the first trimester of pregnancy is
uestionable because animal studies have shown birth de-
ects, including fissure of the spine and skull; fascial and eye
efects; and malformations of the central nervous system,
iscera, and skeleton (135). The safety of high-dose aspirin
uring pregnancy is also debatable, and its chronic use
hould be avoided because it may lead to increased maternal
nd fetal hemorrhage, increased perinatal mortality, intra-
terine growth retardation, and premature closure of the
uctus arteriosus (130,152). On the other hand, the safety of

ow-dose aspirin (�150 mg/day) has been suggested by a
eta-analysis (152) and a large randomized trial (153) that

nrolled more than 9,000 patients during both the second
nd third trimesters. Although aspirin is secreted in breast
ilk in low concentrations, no adverse effects have been

eported (130). The American Academy of Pediatrics sug-
ests cautious use of aspirin during lactation (131).
hienopyridine derivatives (Risk Category B). Information
n the use of clopidogrel or ticlopidine in pregnancy is very
imited. Clopidogrel was administered in 6 patients
54,78,154–157) for a period of several weeks during weeks
to 37 of pregnancy. One case of intrauterine mortality was

eported (78); this patient’s clinical condition was compli-
ated by CABG, and thus no conclusion could be reached
egarding the effects of the drug on the fetus. One report
155) described a patient with essential thrombocytopenia
nd a past history of AMI treated with clopidogrel through-
ut pregnancy without complications.
At least 1 week is needed for the elimination of clopi-

ogrel for safe application of regional anesthesia. It is not
nown whether these drugs are excreted in human milk, and
reastfeeding is therefore not recommended in women
aking ticlopidine or clopidogrel (136).
lycoprotein IIb/IIIa inhibitors (Risk Category B: eptifibatide,

irofiban; Risk Category C: abciximab). Because pregnant
atients have been excluded from randomized trials, avail-
ble information is limited to 3 isolated reports (20,70,157).
ntil more information on fetal safety becomes available, a

esarean section should be considered as the method of
elivery to avoid the risk of fetal intracranial hemorrhage if
elivery occurs while the antiplatelet effects of these agents
re present.
abor. The mode of delivery in a patient with gestational

I should be determined by obstetric considerations and
he clinical status of the mother. An elective cesarean
ection avoids a long or stressful labor and allows better
ontrol of the time of delivery and allows the presence of an
ppropriate medical team including an experienced obste-
rician, obstetric anesthesiologist, cardiologist, and pediatri-
ian. Vaginal delivery, on the other hand, eliminates the
otential risks associated with anesthesia and a major
urgical procedure that includes hemodynamic fluctuations,
arger blood loss, pain, infection, respiratory complications,
amage to pelvic organs, and potential unfavorable effects
n future reproductive health (risks of miscarriage, ectopic
estation, placenta previa, and placenta accreta [158]).

Only 10 of the 103 reviewed patients with pregnancy-
elated AMI delivered by cesarean section, a rate lower than
he contemporary rate of 30% in the general population
159). These data therefore suggest that vaginal delivery can
e accomplished relatively safely in the stable patient with
regnancy-associated AMI when measures aimed to reduce
ardiac workload and oxygen demands are taken. Instru-
ental vaginal delivery is recommended to avoid excessive
aternal efforts and prolonged labor. Positioning the pa-

ient in the left lateral position can help to improve cardiac
utput during labor and delivery. In addition, the patient’s
ain, fear, and apprehension, which may lead to tachycardia
nd hypertension and thus to increase in myocardial oxygen
emand, should be prevented and treated. Vital signs as well
s oxygen saturation, electrocardiogram, and fetal heart rate
hould be monitored continuously. For prevention or treat-
ent of myocardial ischemia during labor, intravenous

itroglycerin, beta-blockers, and calcium antagonists can be
sed. It should be noted that nitroglycerin and calcium
ntagonists have some tocolytic effects and may prolong
abor.
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