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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

Acute myocardial infarction (AMI) in women during child-
bearing age is rare. Pregnancy, however, has been shown to
increase the risk of AMI 3- to 4-fold (1–5). With the
continuing trend of childbearing at older ages and advances
in reproductive technology enabling many older women to
conceive (6), it may be expected that its occurrence will
increase.

Our previous review more than a decade ago indicated
high maternal mortality and fetal loss associated with
pregnancy-related AMI (1). The last decade has witnessed
a major change in both the diagnostic and therapeutic
approaches to patients with AMI, which has led to im-
provement in outcome; these changes may have affected
pregnant patients as well. The purpose of this article is to
review new information on AMI related to pregnancy and
provide recommendations for the diagnosis and manage-
ment of this condition.

Methods

A literature search for AMI during or following pregnancy
and related topics was performed using MEDLINE. All
original articles were obtained from the Universities of Tel
Aviv or Southern California libraries, interlibrary commu-
nications, or authors of the articles. Medical translators were
used to translate all original articles written in languages
other than English. Only cases of AMI documented by
chest pain, standard electrocardiographic criteria, typical
enzymatic changes, or histologic changes in those who died
were selected for review. Ninety-five cases that appeared in
the literature from 1995 until December 2005 (7–93) and

were not included in our previous review (1) were analyzed.
In addition, 8 cases that were treated or consulted on by the
authors were included (A. Roth, U. Elkayam, unpublished
data).

Epidemiologic data were compared in patients who had
AMI in the antepartum (!24 h before labor), peripartum
(within 24 h before or after delivery), and post-partum (24
h to 3 months after delivery) periods. Fisher’s test was used
to compare selected demographic and outcome parameters
among patients diagnosed earlier and included in our
previous review (1) and the current review. Recommenda-
tions were made on the basis of available information, with
the understanding that the cases reviewed do not represent
all patients who have sustained an AMI associated with
pregnancy and that reporting may be biased.
Epidemiology. Our current review shows that AMI occurs
at all stages of pregnancy and more commonly in multigrav-
idas (66%). Patient ages ranged from 19 to 44 years, but the
majority of patients (72%) were older than 30 years. Myo-
cardial infarction (MI) location was mostly (78%) in the
anterior wall (Table 1).

INCIDENCE. Ladner et al. (2) reviewed hospital discharge
records for deliveries in California between 1991 and 2000
and reported an incidence of 1 AMI in 35,700 deliveries.
James et al. (3) queried a nationwide inpatient sample for all
pregnancy-related discharges in 2000 to 2002 and found a
total of 859 cases of AMI, giving an incidence of 1 in 16,129
deliveries. The higher incidence reported by James et al. (3)
may reflect improvements in diagnostic capability or a
recent increase in the number of cases. The latter assump-
tion is supported by the increase in the rate of AMI over the
10-year study period reported by Ladner et al. (2) (1 in
24,000 in the final year compared with 1 in 73,400 initially).

RISK FACTORS. Our review revealed a relatively high inci-
dence of known risk factors for AMI in the patients
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CORONARY ANATOMY. Coronary artery morphology was
studied (angiographically or at autopsy) in 96 (93%) of the
women included in this review (Table 1). Atherosclerosis
with or without intracoronary thrombus was found in 41
cases (40%), and definite or probable coronary thrombus
without evidence of atherosclerotic disease was present in
8%. Atherosclerotic disease was more prevalent in the
antepartum period (54%) than the peripartum (27%) or
post-partum (29%) period.

Coronary dissection, a rare cause of AMI in the nonpreg-
nant population, was reported in 28 patients (27%) who had
41 dissected coronary arteries. In 9 women, dissection was
limited to 1 vessel (3 to the left main artery, 4 to the left
anterior descending artery [LAD], 1 to the circumflex artery
[CX], and 1 to the right coronary artery [RCA]). When
more than 1 vessel was involved, the dissection included the
left main coronary artery in 3 patients, LAD in 17, and the
CX and RCA in 6 each. Coronary dissection was the
primary cause of infarction in the peripartum period (50%)
and was found more commonly in post-partum compared
with antepartum cases (34% vs. 11%) (Table 1).

Pregnancy-related spontaneous coronary dissection is
thought to be related to an excess of progesterone, leading
to biochemical and structural changes to the vessel wall
(e.g., loss of normal corrugation in elastic fibers, fragmen-
tation of reticular fibers, and decreases in the amount of acid

mucopolysaccharides) (94,95). Other hypotheses include an
association among eosinophils (probably lytic action of
proteases released from them) (96) and a lack of prostacyclin
synthesis–stimulating plasma factor and elevated lipopro-
tein(a) (22).

The physiologic increase in blood volume and cardiac
output may magnify shear forces of the blood column in
large vessels, resulting in a greater propensity for dissection.
The fact that coronary dissection frequently occurs in more
than 1 vessel points toward generalized rather than localized
disease.

Coronary arteries were described as normal in 13% of the
current cases with almost equal distribution throughout the
3 periods (Table 1). A transient coronary spasm is a possible
explanation for this finding and may be caused by previously
described enhanced vascular reactivity to angiotensin II (97)
and norepinephrine (98) and due to endothelial dysfunction
(99). Other possible causes of coronary spasm include: 1)
renin release and angiotensin production due to decreased
uterine perfusion in the supine position (100); and 2) ergot
derivatives that are used to control post-partum or post-
abortion hemorrhage or to suppress lactation (101).

Coronary thrombosis without evidence of atherosclerotic
disease in 8% of the cases may be explained by the
hypercoagulable state of pregnancy due to alterations in the
coagulation and fibrinolytic systems, which include a de-

Comparison Between Select Data From 1922 to 1995 Versus 1995* to 2005

Table 2 Comparison Between Select Data From 1922 to 1995 Versus 1995* to 2005

Variable
1922–1995
(n ! 125)

1995–2005
(n ! 103) p Value

Mean age ! SD, yrs 33 ! 6 33 ! 5 1.0

Age range, yrs 16–45 19–44 —

Anterior MI location, n/n (%) 89/122 (73) 73/94 (78) 0.75

Multiparous, n/n (%) 93/111 (84) 53/80 (66) "0.01

Hypertension, % 19 15 0.35

Diabetes mellitus, % 5 11 0.93

Smoking, % 26 45 "0.01

Family history of MI, % 8 22 "0.01

Hyperlipidemia, % 2 24 "0.01

Preeclampsia, % 11 6 0.15

Cesarean section, % 26 38 "0.005

Heart failure or cardiogenic shock after MI, n (%) 25 (19) 9 (9) 0.02

Coronary anatomy available, n (%) 68 (54) 96 (93) "0.01

Stenosis 29 (43) 41 (40) 1.0

Thrombus 14 (21) 8 (8) 0.38

Dissection 11 (16) 28 (27) "0.001

Spasm 1 (1) 2 (2) 0.45

Embolus — 2 (2) 0.47

Normal 20 (29) 13 (13) "0.001

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

1 (1) 10 (10) "0.001

Percutaneous coronary angioplasty ! stenting, n/n (%) 1/58 (2) 38/90 (42) "0.05

Deaths, n (%)

Mother 26 (20) 11 (11) 0.08

Infant 16 (12) 6 (9)

*Patients diagnosed in 1995 that were not included in the previous review.
MI # myocardial infarction.
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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

thrombophilia, transfusion, and post-partum infections to
be significant risk predictors for AMI.

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

Elkayam, unpublished data), maternal death occurred at the
time of infarction. The incidence of mortality was twice as
high in women diagnosed with AMI during the peripartum
period compared with the antepartum or post-partum
periods (Table 1); similar findings were reported by Ladner
et al. (2). One case was associated with the administration of
terbutaline to stop early uterine contractions during preg-
nancy (49), 2 cases were associated with the administration
of bromocriptine to suppress post-partum lactation (52,62),
and 1 case was associated with the administration of
ergotamine shortly after delivery (82). Coronary angiog-
raphy 2 days after an anteroseptal AMI at the end of the
second trimester (A. Roth, U. Elkayam, unpublished
data) resulted in extensive coronary dissection and led to
both maternal and fetal death. The mortality rate was
higher in the peripartum period (18%) compared with the
antepartum and post-partum periods (both 9%) (Table 1).

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

The incidence of fetal mortality was 9% (6 of 68), and
most fetal deaths were associated with maternal mortality.
In 2 cases, pregnancy was terminated electively because of a
concern regarding potential drug teratogenicity (59,87).

Select Data in 103 Pregnancies Complicated by MIs

Table 1 Select Data in 103 Pregnancies Complicated by MIs

Variable
Antepartum Group

(n ! 46)
Peripartum Group

(n ! 22)
Post-Partum Group

(n ! 35)
All Groups
(n ! 103)

Mean age ! SD, yrs 33 ! 6 32 ! 5 34 ! 5 33 ! 5

Age range, yrs 19–45 24–44 22–43 19–44

Anterior MI location, n/n (%) 30/41 (73) 16/22 (73) 27/31 (87) 73/94 (78)

Multiparous, n/n (%) 27/37 (73) 6/13 (46) 19/29 (66) 53/80 (66)

Hypertension, % 18 15 11 15

Diabetes mellitus, % 13 10 11 11

Smoking, % 62 15 43 45

Family history of MI, % 33 5 18 22

Hyperlipidemia, % 23 15 32 24

Pre-eclampsia, % 2 7 9 6

Congestive heart failure or cardiogenic shock after MI, n (%) 2 (4) 3 (14) 4 (11) 9 (9)

Coronary anatomy available, n (%) 41 (89) 21 (95) 34 (97) 96 (93)

Stenosis 25 (54) 6 (27) 10 (29) 41 (40)

Dissection 5 (11) 11 (50) 12 (34) 28 (27)

Thrombus 2 (4) 1 (5) 5 (14) 8 (8)

Spasm 1 (2) 0 1 (3) 2 (2)

Embolus 2 (4) 0 0 2 (2)

Normal 6 (13) 3 (14) 4 (11) 13 (13)

Deaths, n (%)

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

Infant 5 (11) 1 (5) — 6 (9)*

*6 of 66 patients with acute MI either during the antepartum or peripartum period.
MI " myocardial infarction.

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
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In 2 cases, pregnancy was terminated electively because of a
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hyperlipidaemia, older age, diabetes mellitus, and a positive family
history. Other conditions that contribute to ACS risk are (pre)e-
clampsia, thrombophilia, post-partum infections, and severe post-
partum haemorrhage.161,163– 165 Pregnancy-related ACS can
occur during all stages of gestation. Spontaneous coronary artery
dissections are more prevalent among pregnant than non-pregnant
women, and are mostly reported around delivery or in the early
post-partum period.163 They may be related to high progesterone
levels with subsequent structural changes in the collagen of the
vessel wall. Ergometrine given for bleeding post-partum may lead
to coronary vasospasm and ischaemia. Thrombi and dissections
occur more frequently in the peripartum period than before
delivery.163

Maternal mortality after ACS is estimated at 5–10% and is
highest during the peripartum period. Survival has improved with
primary percutaneous coronary intervention (PCI).162 – 164 Long-
term maternal prognosis mainly depends on infarct size and the
cardiovascular risk profile. Before delivery, ACS may result in
fetal mortality and prematurity, the risk of which is mainly
related to the severity of maternal heart disease.

6.2 Management
The first step in ST-elevation ACS is to refer the patient immedi-
ately to a skilled intervention centre for a diagnostic angiogram and
a primary PCI.

Interventions during pregnancy. Coronary angiography with the
possibility of coronary intervention (PCI) is preferred to throm-
bolysis as it will also diagnose coronary artery dissection. The
risk of potential damage to the fetus should be kept in mind,
especially in the first trimester. All reported stenting during
the acute phase of ST-elevation myocardial infarction during
pregnancy utilized bare metal stents; the safety of drug-eluting
stents in pregnant woman is therefore still unknown. As
drug-eluting stents also require prolonged dual antiplatelet
therapy they should be avoided. Although recombinant tissue
plasminogen activator does not cross the placenta it may
induce bleeding complications (subplacental bleeding); therefore,
thrombolytic therapy should be reserved for life-threatening
ACS when there is no access to PCI.166 In women with
non-ST elevation ACS with intermediate or high risk criteria,
an invasive approach to assess coronary anatomy is indicated,
while in stable conditions with exertional symptoms, watchful
waiting and medical therapy is the treatment of choice.167 In
all patients, if there is a deterioration in clinical status, an invasive
strategy is indicated. In the case of recurrent coronary dissec-
tions, pre-term delivery can be considered according to fetal via-
bility. Data on emergency coronary artery bypass graft surgery
during pregnancy are rare, with a potentially high mortality
rate.163,164

Medical therapy. The use of ACE inhibitors, angiotensin receptor
blockers (ARBs), and renin inhibitors is contraindicated during
pregnancy (see Section 11). b-Blockers and low dose acetylsa-
licylic acid are considered to be relatively safe, while this is
unknown for thienopyridines. Clopidogrel should therefore only
be used during pregnancy when strictly needed (e.g. after stent-
ing) and for the shortest duration possible. In the absence of

safety data regarding glycoprotein IIb/IIIa inhibitors, bivalirudin,
prasugrel, and ticagrelor, the use of these dugs is not rec-
ommended during pregnancy.

Delivery. In most cases, vaginal delivery will be appropriate. Delivery
is discussed in Section 2.9.

6.3 Recommendations for the
management of coronary artery disease

7. Cardiomyopathies and heart
failure
The current incidence rate of cardiomyopathies associated with
pregnancy in Europe is not known. The aetiology of cardiomyo-
pathies occurring in association with pregnancy is diverse, with
acquired and inherited [peripartum cardiomyopathy (PPCM),
toxic cardiomyopathy, hypertrophic cardiomyopathy (HCM),
dilated cardiomyopathy (DCM), storage disease, etc.] forms of
cardiomyopathy. Cardiomyopathies are rare diseases but may
cause severe complications in pregnancy.168

7.1 Peripartum cardiomyopathy
PPCM has recently been reviewed.168 The most important
aspects are briefly described here. The incidence varies from
1:300 to 1:4000 pregnancies, emphasizing the involvement of
genetic and/or cultural factors.168,169 Predisposing factors seem
to be multiparity and multiple childbirths, family history, ethni-
city, smoking, diabetes, hypertension, pre-eclampsia,

Table 13 Recommendations for the management of
coronary artery disease

Recommendations Classa Levelb

ECG and troponin levels should be performed 
in the case of chest pain in a pregnant woman. I C

Coronary angioplasty is the preferred 
reperfusion therapy for STEMI during 
pregnancy.

I C

A conservative management should be 
considered for non ST-elevation ACS without 
risk criteria.

IIa C

An invasive management should be considered 
for non ST-elevation ACS with risk criteria 
(including NSTEMI).

IIa C

aClass of recommendation.
bLevel of evidence.
ACS ¼ acute coronary syndrome; ECG ¼ electrocardiogram; NSTEMI ¼ non
ST-elevation myocardial infarction; STEMI ¼ ST-elevation myocardial infarction.
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of hypertension or pre-eclampsia. Oximetry should be per-
formed in patients with congenital heart disease.

Electrocardiography
The great majority of pregnant patients have a normal electrocar-
diogram (ECG). The heart is rotated towards the left and on the
surface ECG there is a 15–20 left axis deviation. Common findings
include transient ST segment and T wave changes, the presence of
a Q wave and inverted T waves in lead III, an attenuated Q wave in
lead AVF, and inverted T waves in leads V1, V2, and, occasionally,
V3. ECG changes can be related to a gradual change in the position
of the heart and may mimic left ventricular (LV) hypertrophy and
other structural heart diseases.

Holter monitoring should be performed in patients with known
previous paroxysmal or persistent documented arrhythmia [VT,
atrial fibrillation (AF), or atrial flutter] or those reporting symp-
toms of palpitations.

Echocardiography
Because echocardiography does not involve exposure to radiation,
is easy to perform, and can be repeated as often as needed, it has
become an important tool during pregnancy and is the preferred
screening method to assess cardiac function.

Transoesophageal echocardiography
Multiplane transducers have made transoesophageal echocardio-
graphy a very useful echocardiographic method in the assessment
of adults with, for example, complex congenital heart disease.
Transoesophageal echocardiography, although rarely required, is
relatively safe during pregnancy. The presence of stomach con-
tents, risk of vomiting and aspiration, and sudden increases in
intra-abdominal pressure should be taken into account, and fetal
monitoring performed if sedation is used.

Exercise testing
Exercise testing is useful to assess objectively the functional
capacity, chronotropic and BP response, as well as
exercise-induced arrhythmias. It has become an integral part of
the follow-up of grown up congenital heart disease patients as
well as patients with asymptomatic valvular heart disease.19,20 It
should be performed in patients with known heart disease, prefer-
ably prior to pregnancy to assist in risk assessment.

This Committee recommends performing submaximal exercise
tests to reach 80% of predicted maximal heart rate in asympto-
matic pregnant patients with suspected CVD. There is no evidence
that it increases the risk of spontaneous abortion.21 Semi-
recumbent cycle ergometry appears to be the most comfortable
modality, but treadmill walking or upright cycle ergometry may
also be used. Dobutamine stress should be avoided. If respiratory
gas analysis is used, the limit is a respiratory exchange ratio of 1.0.
Stress echocardiography using bicycle ergometry may add to the
diagnostic specificity in detecting the presence and extent of
ischaemia in high risk patients with possible coronary artery
disease. This can also be useful prior to conception to assess myo-
cardial reserve in patients with prior PPCM and recovered LV func-
tion [left ventricular ejection fraction (LVEF)], and also in patients
with other cardiomyopathies, with valvular or congenital heart

disease with borderline or mildly reduced LVEF. Nuclear scintigra-
phy should be avoided during pregnancy because of radiation
exposure.

Radiation exposure
The effects of radiation on the fetus depend on the radiation dose
and the gestational age at which exposure occurs. If possible, pro-
cedures should be delayed until at least the completion of the
period of major organogenesis (.12 weeks after menses). There
is no evidence of an increased fetal risk of congenital malformations,
intellectual disability, growth restriction, or pregnancy loss at doses
of radiation to the pregnant woman of ,50 mGy22,23 (www.bt.cdc.
gov/radiation/prenatalphysician.asp; accessed 31 October 2007).
There may be a small increase in risk (1:2000 vs. 1:3000) of childhood
cancer. The threshold at which an increased risk of congenital mal-
formations occurs has not been definitely determined. Some evi-
dence suggests that risk of malformations is increased at doses
.100 mGy, whereas the risk between 50 and 100 mGy is less
clear. During the first 14 days after fertilization, intact survival
without fetal abnormality or death are the most likely outcomes of
radiation exposure .50 mGy. After the first 14 days, radiation
exposure .50 mGy may be associated with an increased risk of con-
genital malformations, growth restriction, and intellectual disability.

Most medical procedures do not expose the fetus to such high
levels of radiation (Table 3). For the majority of diagnostic medical
procedures, involving doses to the fetus of up to !1 mGy, the
associated risks of childhood cancer are very low. (Documents
of the Health Protection Agency. Radiation, Chemical and Environ-
mental Hazards March 2009. RSE-9 Protection of pregnant patients
during diagnostic medical exposures to ionising radiation. Advice
from the Health Protection Agency, The Royal College of Radiol-
ogists, and the College of Radiographers.)

Table 3 Estimated fetal and maternal effective doses
for various diagnostic and interventional radiology
procedures

Procedure Fetal exposure
Maternal 
exposure

Chest radiograph
(PA and lateral)

<0.01 mGy <0.01 mSv 0.1 mGy 0.1 mSv

CT chest 0.3 mGy 0.3 mSv 7 mGy 7 mSv

Coronary 
angiographya 1.5 mGy 1.5 mSv 7 mGy 7 mSv

PCI or 
radiofrequency 
catheter ablationa

3 mGy 3 mSv 15 mGy 15 mSv

aExposure depends on the number of projections or views.
CT ¼ computed tomography; PA ¼ postero-anterior; PCI ¼ percutaneous
coronary intervention.
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of hypertension or pre-eclampsia. Oximetry should be per-
formed in patients with congenital heart disease.

Electrocardiography
The great majority of pregnant patients have a normal electrocar-
diogram (ECG). The heart is rotated towards the left and on the
surface ECG there is a 15–20 left axis deviation. Common findings
include transient ST segment and T wave changes, the presence of
a Q wave and inverted T waves in lead III, an attenuated Q wave in
lead AVF, and inverted T waves in leads V1, V2, and, occasionally,
V3. ECG changes can be related to a gradual change in the position
of the heart and may mimic left ventricular (LV) hypertrophy and
other structural heart diseases.
Holter monitoring should be performed in patients with known

previous paroxysmal or persistent documented arrhythmia [VT,
atrial fibrillation (AF), or atrial flutter] or those reporting symp-
toms of palpitations.

Echocardiography
Because echocardiography does not involve exposure to radiation,
is easy to perform, and can be repeated as often as needed, it has
become an important tool during pregnancy and is the preferred
screening method to assess cardiac function.

Transoesophageal echocardiography
Multiplane transducers have made transoesophageal echocardio-
graphy a very useful echocardiographic method in the assessment
of adults with, for example, complex congenital heart disease.
Transoesophageal echocardiography, although rarely required, is
relatively safe during pregnancy. The presence of stomach con-
tents, risk of vomiting and aspiration, and sudden increases in
intra-abdominal pressure should be taken into account, and fetal
monitoring performed if sedation is used.

Exercise testing
Exercise testing is useful to assess objectively the functional
capacity, chronotropic and BP response, as well as
exercise-induced arrhythmias. It has become an integral part of
the follow-up of grown up congenital heart disease patients as
well as patients with asymptomatic valvular heart disease.19,20 It
should be performed in patients with known heart disease, prefer-
ably prior to pregnancy to assist in risk assessment.
This Committee recommends performing submaximal exercise

tests to reach 80% of predicted maximal heart rate in asympto-
matic pregnant patients with suspected CVD. There is no evidence
that it increases the risk of spontaneous abortion.21 Semi-
recumbent cycle ergometry appears to be the most comfortable
modality, but treadmill walking or upright cycle ergometry may
also be used. Dobutamine stress should be avoided. If respiratory
gas analysis is used, the limit is a respiratory exchange ratio of 1.0.
Stress echocardiography using bicycle ergometry may add to the
diagnostic specificity in detecting the presence and extent of
ischaemia in high risk patients with possible coronary artery
disease. This can also be useful prior to conception to assess myo-
cardial reserve in patients with prior PPCM and recovered LV func-
tion [left ventricular ejection fraction (LVEF)], and also in patients
with other cardiomyopathies, with valvular or congenital heart

disease with borderline or mildly reduced LVEF. Nuclear scintigra-
phy should be avoided during pregnancy because of radiation
exposure.

Radiation exposure
The effects of radiation on the fetus depend on the radiation dose
and the gestational age at which exposure occurs. If possible, pro-
cedures should be delayed until at least the completion of the
period of major organogenesis (.12 weeks after menses). There
is no evidence of an increased fetal risk of congenital malformations,
intellectual disability, growth restriction, or pregnancy loss at doses
of radiation to the pregnant woman of ,50 mGy22,23 (www.bt.cdc.
gov/radiation/prenatalphysician.asp; accessed 31 October 2007).
Theremay be a small increase in risk (1:2000 vs. 1:3000) of childhood
cancer. The threshold at which an increased risk of congenital mal-
formations occurs has not been definitely determined. Some evi-
dence suggests that risk of malformations is increased at doses
.100 mGy, whereas the risk between 50 and 100 mGy is less
clear. During the first 14 days after fertilization, intact survival
without fetal abnormality or death are the most likely outcomes of
radiation exposure .50 mGy. After the first 14 days, radiation
exposure.50mGymay be associatedwith an increased risk of con-
genital malformations, growth restriction, and intellectual disability.

Most medical procedures do not expose the fetus to such high
levels of radiation (Table 3). For the majority of diagnostic medical
procedures, involving doses to the fetus of up to !1 mGy, the
associated risks of childhood cancer are very low. (Documents
of the Health Protection Agency. Radiation, Chemical and Environ-
mental Hazards March 2009. RSE-9 Protection of pregnant patients
during diagnostic medical exposures to ionising radiation. Advice
from the Health Protection Agency, The Royal College of Radiol-
ogists, and the College of Radiographers.)

Table 3 Estimated fetal and maternal effective doses
for various diagnostic and interventional radiology
procedures

Procedure Fetal exposure
Maternal 
exposure

Chest radiograph
(PA and lateral)

<0.01 mGy <0.01 mSv 0.1 mGy 0.1 mSv

CT chest 0.3 mGy 0.3 mSv 7 mGy 7 mSv

Coronary 
angiographya 1.5 mGy 1.5 mSv 7 mGy 7 mSv

PCI or 
radiofrequency 
catheter ablationa

3 mGy 3 mSv 15 mGy 15 mSv

aExposure depends on the number of projections or views.
CT ¼ computed tomography; PA ¼ postero-anterior; PCI ¼ percutaneous
coronary intervention.
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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

thrombophilia, transfusion, and post-partum infections to
be significant risk predictors for AMI.

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

Elkayam, unpublished data), maternal death occurred at the
time of infarction. The incidence of mortality was twice as
high in women diagnosed with AMI during the peripartum
period compared with the antepartum or post-partum
periods (Table 1); similar findings were reported by Ladner
et al. (2). One case was associated with the administration of
terbutaline to stop early uterine contractions during preg-
nancy (49), 2 cases were associated with the administration
of bromocriptine to suppress post-partum lactation (52,62),
and 1 case was associated with the administration of
ergotamine shortly after delivery (82). Coronary angiog-
raphy 2 days after an anteroseptal AMI at the end of the
second trimester (A. Roth, U. Elkayam, unpublished
data) resulted in extensive coronary dissection and led to
both maternal and fetal death. The mortality rate was
higher in the peripartum period (18%) compared with the
antepartum and post-partum periods (both 9%) (Table 1).

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

The incidence of fetal mortality was 9% (6 of 68), and
most fetal deaths were associated with maternal mortality.
In 2 cases, pregnancy was terminated electively because of a
concern regarding potential drug teratogenicity (59,87).

Select Data in 103 Pregnancies Complicated by MIs

Table 1 Select Data in 103 Pregnancies Complicated by MIs

Variable
Antepartum Group

(n ! 46)
Peripartum Group

(n ! 22)
Post-Partum Group

(n ! 35)
All Groups
(n ! 103)

Mean age ! SD, yrs 33 ! 6 32 ! 5 34 ! 5 33 ! 5

Age range, yrs 19–45 24–44 22–43 19–44

Anterior MI location, n/n (%) 30/41 (73) 16/22 (73) 27/31 (87) 73/94 (78)

Multiparous, n/n (%) 27/37 (73) 6/13 (46) 19/29 (66) 53/80 (66)

Hypertension, % 18 15 11 15

Diabetes mellitus, % 13 10 11 11

Smoking, % 62 15 43 45

Family history of MI, % 33 5 18 22

Hyperlipidemia, % 23 15 32 24

Pre-eclampsia, % 2 7 9 6

Congestive heart failure or cardiogenic shock after MI, n (%) 2 (4) 3 (14) 4 (11) 9 (9)

Coronary anatomy available, n (%) 41 (89) 21 (95) 34 (97) 96 (93)

Stenosis 25 (54) 6 (27) 10 (29) 41 (40)

Dissection 5 (11) 11 (50) 12 (34) 28 (27)

Thrombus 2 (4) 1 (5) 5 (14) 8 (8)

Spasm 1 (2) 0 1 (3) 2 (2)

Embolus 2 (4) 0 0 2 (2)

Normal 6 (13) 3 (14) 4 (11) 13 (13)

Deaths, n (%)

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

Infant 5 (11) 1 (5) — 6 (9)*

*6 of 66 patients with acute MI either during the antepartum or peripartum period.
MI " myocardial infarction.

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
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CORONARY ANATOMY. Coronary artery morphology was
studied (angiographically or at autopsy) in 96 (93%) of the
women included in this review (Table 1). Atherosclerosis
with or without intracoronary thrombus was found in 41
cases (40%), and definite or probable coronary thrombus
without evidence of atherosclerotic disease was present in
8%. Atherosclerotic disease was more prevalent in the
antepartum period (54%) than the peripartum (27%) or
post-partum (29%) period.

Coronary dissection, a rare cause of AMI in the nonpreg-
nant population, was reported in 28 patients (27%) who had
41 dissected coronary arteries. In 9 women, dissection was
limited to 1 vessel (3 to the left main artery, 4 to the left
anterior descending artery [LAD], 1 to the circumflex artery
[CX], and 1 to the right coronary artery [RCA]). When
more than 1 vessel was involved, the dissection included the
left main coronary artery in 3 patients, LAD in 17, and the
CX and RCA in 6 each. Coronary dissection was the
primary cause of infarction in the peripartum period (50%)
and was found more commonly in post-partum compared
with antepartum cases (34% vs. 11%) (Table 1).

Pregnancy-related spontaneous coronary dissection is
thought to be related to an excess of progesterone, leading
to biochemical and structural changes to the vessel wall
(e.g., loss of normal corrugation in elastic fibers, fragmen-
tation of reticular fibers, and decreases in the amount of acid

mucopolysaccharides) (94,95). Other hypotheses include an
association among eosinophils (probably lytic action of
proteases released from them) (96) and a lack of prostacyclin
synthesis–stimulating plasma factor and elevated lipopro-
tein(a) (22).

The physiologic increase in blood volume and cardiac
output may magnify shear forces of the blood column in
large vessels, resulting in a greater propensity for dissection.
The fact that coronary dissection frequently occurs in more
than 1 vessel points toward generalized rather than localized
disease.

Coronary arteries were described as normal in 13% of the
current cases with almost equal distribution throughout the
3 periods (Table 1). A transient coronary spasm is a possible
explanation for this finding and may be caused by previously
described enhanced vascular reactivity to angiotensin II (97)
and norepinephrine (98) and due to endothelial dysfunction
(99). Other possible causes of coronary spasm include: 1)
renin release and angiotensin production due to decreased
uterine perfusion in the supine position (100); and 2) ergot
derivatives that are used to control post-partum or post-
abortion hemorrhage or to suppress lactation (101).

Coronary thrombosis without evidence of atherosclerotic
disease in 8% of the cases may be explained by the
hypercoagulable state of pregnancy due to alterations in the
coagulation and fibrinolytic systems, which include a de-

Comparison Between Select Data From 1922 to 1995 Versus 1995* to 2005

Table 2 Comparison Between Select Data From 1922 to 1995 Versus 1995* to 2005

Variable
1922–1995
(n ! 125)

1995–2005
(n ! 103) p Value

Mean age ! SD, yrs 33 ! 6 33 ! 5 1.0

Age range, yrs 16–45 19–44 —

Anterior MI location, n/n (%) 89/122 (73) 73/94 (78) 0.75

Multiparous, n/n (%) 93/111 (84) 53/80 (66) "0.01

Hypertension, % 19 15 0.35

Diabetes mellitus, % 5 11 0.93

Smoking, % 26 45 "0.01

Family history of MI, % 8 22 "0.01

Hyperlipidemia, % 2 24 "0.01

Preeclampsia, % 11 6 0.15

Cesarean section, % 26 38 "0.005

Heart failure or cardiogenic shock after MI, n (%) 25 (19) 9 (9) 0.02

Coronary anatomy available, n (%) 68 (54) 96 (93) "0.01

Stenosis 29 (43) 41 (40) 1.0

Thrombus 14 (21) 8 (8) 0.38

Dissection 11 (16) 28 (27) "0.001

Spasm 1 (1) 2 (2) 0.45

Embolus — 2 (2) 0.47

Normal 20 (29) 13 (13) "0.001

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

1 (1) 10 (10) "0.001

Percutaneous coronary angioplasty ! stenting, n/n (%) 1/58 (2) 38/90 (42) "0.05

Deaths, n (%)

Mother 26 (20) 11 (11) 0.08

Infant 16 (12) 6 (9)

*Patients diagnosed in 1995 that were not included in the previous review.
MI # myocardial infarction.
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ages. Forty-five percent were
smokers, 24% had hyperlipid-
emia, 22% had family histories of
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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
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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

thrombophilia, transfusion, and post-partum infections to
be significant risk predictors for AMI.

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

Elkayam, unpublished data), maternal death occurred at the
time of infarction. The incidence of mortality was twice as
high in women diagnosed with AMI during the peripartum
period compared with the antepartum or post-partum
periods (Table 1); similar findings were reported by Ladner
et al. (2). One case was associated with the administration of
terbutaline to stop early uterine contractions during preg-
nancy (49), 2 cases were associated with the administration
of bromocriptine to suppress post-partum lactation (52,62),
and 1 case was associated with the administration of
ergotamine shortly after delivery (82). Coronary angiog-
raphy 2 days after an anteroseptal AMI at the end of the
second trimester (A. Roth, U. Elkayam, unpublished
data) resulted in extensive coronary dissection and led to
both maternal and fetal death. The mortality rate was
higher in the peripartum period (18%) compared with the
antepartum and post-partum periods (both 9%) (Table 1).

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

The incidence of fetal mortality was 9% (6 of 68), and
most fetal deaths were associated with maternal mortality.
In 2 cases, pregnancy was terminated electively because of a
concern regarding potential drug teratogenicity (59,87).

Select Data in 103 Pregnancies Complicated by MIs
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appears valuable to predict maternal risk, although overestimation
can occur.57,73 The CARPREG risk score is described in Table 4. In
women with congenital heart disease, the CARPREG score12 may
also be associated with a higher risk of late cardiovascular events post-
pregnancy.74 The predictors from the ZAHARA study57 (Table 5)
have not yet been validated in other studies. It should be noted that
predictors and risk scores from the CARPREG and ZAHARA
studies are highly population dependent. Important risk factors
including pulmonary arterial hypertension (PAH) and dilated aorta
were not identified because they were under-represented in these
studies. The CARPREG study included acquired and congenital
heart disease, while the ZAHARA study investigated a population
with congenital heart disease only.

The Task Force recommends that maternal risk assessment is
carried out according to the modified World Health Organization
(WHO) risk classification.72 This risk classification integrates all
known maternal cardiovascular risk factors including the underlying
heart disease and any other co-morbidity. It includes contraindica-
tions for pregnancy that are not incorporated in the CARPREG
and ZAHARA risk scores/predictors. The general principles of
this classification are depicted in Table 6. A practical application
is given in Table 7. In women in WHO class I, risk is very low,
and cardiology follow-up during pregnancy may be limited to
one or two visits. Those in WHO II are at low or moderate risk,
and follow-up every trimester is recommended. For women in
WHO class III, there is a high risk of complications, and frequent
(monthly or bimonthly) cardiology and obstetric review during
pregnancy is recommended. Women in WHO class IV should be
advised against pregnancy but, if they become pregnant and will
not consider termination, monthly or bimonthly review is needed.

Neonatal complications occur in 20–28% of patients with heart
disease12,56,57,75,76 with a neonatal mortality between 1% and
4%.12,56,57 Maternal and neonatal events are highly correlated.57

Predictors of neonatal complications are listed in Table 8.

Table 7 Modified WHO classification of maternal
cardiovascular risk: application

Conditions in which pregnancy risk is WHO I

• Uncomplicated, small or mild 
 - pulmonary stenosis
 - patent ductus arteriosus
 - mitral valve prolapse

• Successfully repaired simple lesions (atrial or ventricular septal 
 defect, patent ductus arteriosus, anomalous pulmonary venous 
 drainage).

• Atrial or ventricular ectopic beats, isolated

Conditions in which pregnancy risk is WHO II or III

WHO II (if otherwise well and uncomplicated) 

• Unoperated atrial or ventricular septal defect 

• Repaired tetralogy of Fallot

• Most arrhythmias

WHO II–III (depending on individual)

• Mild left ventricular impairment

• Hypertrophic cardiomyopathy

• Native or tissue valvular heart disease not considered WHO I or IV

• Marfan syndrome without aortic dilatation
• Aorta <45 mm in aortic disease associated with bicuspid aortic valve

• Repaired coarctation

WHO III 

• Mechanical valve

• Systemic right ventricle 

• Fontan circulation

• Cyanotic heart disease (unrepaired)

• Other complex congenital heart disease 

• Aortic dilatation 40–45 mm in Marfan syndrome
• Aortic dilatation 45–50 mm in aortic disease associated with bicuspid 
 aortic valve

Conditions in which pregnancy risk is WHO IV 
(pregnancy contraindicated)

• Pulmonary arterial hypertension of any cause

• Severe systemic ventricular dysfunction (LVEF <30%, NYHA III–IV)

• Previous peripartum cardiomyopathy with any residual impairment of 
 left ventricular function

• Severe mitral stenosis, severe symptomatic aortic stenosis

• Marfan syndrome with aorta dilated >45 mm
• Aortic dilatation >50 mm in aortic disease associated with bicuspid 
 aortic valve

• Native severe coarctation 

Adapted from Thorne et al.73

LVEF ¼ left ventricular ejection fraction; NYHA ¼ New York Heart Association;
WHO ¼World Health Organization.

Table 6 Modified WHO classification of maternal
cardiovascular risk: principles

Risk class Risk of pregnancy by medical condition

I
No detectable increased risk of maternal mortality and 
no/mild increase in morbidity.

II
Small increased risk of maternal mortality or moderate 
increase in morbidity.

III

Significantly increased risk of maternal mortality 
or severe morbidity. Expert counselling required. 
If pregnancy is decided upon, intensive specialist 
cardiac and obstetric monitoring needed throughout 
pregnancy, childbirth, and the puerperium.

IV

Extremely high risk of maternal mortality or severe 
morbidity; pregnancy contraindicated. If pregnancy 
occurs termination should be discussed. If pregnancy 
continues, care as for class III.

Modified from Thorne et al.72

WHO ¼World Health Organization
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