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ABSTRACT

ardiovascular disease (CVD) is the most com-

mon cause of indirect maternal mortality

during pregnancy, affecting 1% to 2% of
pregnancies and accounting for 15.5% of maternal
deaths in the United States (1,2). Increased age of first
pregnancy, rising numbers of women with cardiovas-
cular risk factors such as obesity, hypertension, and
diabetes, as well as a growing population of women
of reproductive age that have congenital heart dis-
ease, have led to an increased burden of CVD in preg-
nancy (3,4). According to the ROPAC registry (Registry
of Pregnancy and Cardiac Disease), up to one-third of
women with CVD use cardiac medications during
pregnancy, and this use was associated with increased
fetal risk such as intrauterine fetal growth restriction
(IUGR) (5). Beta-blockers were the most commonly
used CVD medications, followed by antiplatelet and
diuretic agents (5). Pharmacological therapy for CVD
during pregnancy is challenging because the pharma-
cokinetics of a drug may change throughout gestation.
The majority of data on the safety of medication use
during pregnancy relies on observational studies and
expert opinion. The purpose of this state-of-the-art
review is to provide an update on the current evi-
dence and recommendations for the use of medica-
tions in pregnancy in women with CVD.

HEMODYNAMIC CHANGES OF PREGNANCY

Complex and dynamic physiological changes occur
during pregnancy (Figure 1). These adaptations
continue as the fetus grows and develops, peaking at

Cardiovascular disease complicating pregnancy is rising in prevalence secondary to advanced maternal age, cardiovas-
cular risk factors, and the successful management of congenital heart disease conditions. The physiological changes of
pregnancy may alter drug properties affecting both mother and fetus. Familiarity with both physiological and pharma-
cological attributes is key for the successful management of pregnant women with cardiac disease. This review sum-
marizes the published data, available guidelines, and recommendations for use of cardiovascular medications during
pregnancy. Care of the pregnant woman with cardiovascular disease requires a multidisciplinary team approach

with members from cardiology, maternal fetal medicine, anesthesia, and nursing. (J Am Coll Cardiol 2019;73:457-76)
© 2019 by the American College of Cardiology Foundation.

the time of labor and delivery, and continuing through
the postpartum period. Healthy women can adapt
without significant consequences, whereas in women
with underlying cardiac conditions, these changes
may unmask a previously unknown condition or
exacerbate existing abnormal hemodynamics. In early
pregnancy, there is an increase in red blood cell mass.
Estrogen activates the renin-angiotensin-aldosterone
systems, increasing plasma volume (up to 40% of the
prepregnancy value) and promoting sodium and water
retention (6,7). The disproportionate increase in vol-
ume leads to hemodilution and results in the physio-
logical anemia of pregnancy. To accommodate the
increase in volume, vasodilatation and vascular
remodeling occur with a reduction in both the sys-
temic and pulmonary vascular resistance. By the sec-
ond trimester, the systemic vascular resistance falls by
30% to 50% from pre-pregnancy values, followed by a
slight increase at the end of the third trimester.
Relaxin, prostacyclin, and possibly nitric oxide also
contribute to a fall in blood pressure, beginning as
early as 6 to 8 weeks. Cardiac output initially increases
as a result of an increase in stroke volume. Later in
gestation, heart rate increases 10 to 20 beats/min,
reaching a maximum in the third trimester. The net
effect of these physiological changes is increased car-
diac output 30% to 50% above the prepregnancy level
in a singleton gestation and as much as an ~15%
further increase for twin pregnancies (8).

At the time of labor and delivery, heart rate and
circulating catecholamines increase, and there is 300
to 500 ml of blood delivered into the circulation with
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each uterine contraction. Immediately postpartum,
autotransfusion from the uteroplacental circulation
and increased venous return due to decompression of
the inferior vena cava further raise central venous
pressure. Cardiac output increases by up to 50% to
80% postpartum compared with prelabor values (8).
These changes begin to resolve within the first 48 h.
Most changes resolve within the first 2 weeks, how-
ever, it may take as long as 6 months to see a full
return to baseline (9). During labor and the early
postpartum period, patients are most vulnerable to
cardiovascular complications due to these profound
hemodynamic changes.

PHARMACOKINETICS DURING PREGNANCY

Pharmacokinetics in pregnancy are altered as a result
of physiological changes that take place throughout
gestation and the postpartum period. Delayed gastric
emptying and motility, increased plasma volume and
fat accumulation, increased volume of distribution
(Vd), decreased albumin and plasma binding pro-
teins, increased minute ventilation, and increased
hepatic and renal clearance, all may affect drug dis-
tribution and clearance (10) (Figure 1). The sum of
these changes commonly results in a reduced phar-
macological effect of the drug; however, there are
exceptions. Few studies have directly studied the
properties of cardiovascular drugs in pregnancy
compared with the nonpregnant state.
ABSORPTION. During pregnancy, increases in pro-
gesterone delay intestinal motility in the small bowel,
and nausea and vomiting may inhibit absorption of
medications (11,12). The use of antacids and iron
supplements may further decrease the bioavailability
of a drug due to chelation in the setting of increased
gastric pH (13). However, these changes are mainly
theoretical, because several studies of cardiac drugs,
including sotalol and propranolol, have shown no
difference in bioavailability compared with the
nonpregnant state (14-16).

VOLUME OF DISTRIBUTION. The 50% increase in
plasma volume and total body water increases the Vd
of hydrophilic and lipophilic substances (17). As Vd
rises throughout pregnancy, the initial and peak con-
centrations of a drug may decrease, requiring an in-
crease in dosage. The half-life of drugs is variable and
depends on both Vd and clearance by the different
organsystems (i.e., lungs, kidneys, and liver) (16). Vd is
also affected by the amount of drug bound to plasma
proteins (e.g., albumin). Therefore, the net exposure of
a drug during pregnancy depends on the interplay
between Vd, degree of binding to serum proteins,
extraction ratio, and clearance.
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HEPATIC CLEARANCE AND METABOLISM.
Hepatic extraction ratio (ER) refers to the
fraction of drug removed from the circula-
tion by the liver. High ER drugs such as
propranolol, verapamil, and nitroglycerin are
quickly taken up into hepatocytes, and their
clearance depends on the rate of blood flow
to the liver. In pregnancy, perfusion to the
liver stays stable or increases, causing high
ER drugs to be metabolized faster, which in
turn may require an increase in drug dosing
(18). Clearance of low ER drugs such as
warfarin does not depend on the hepatic
blood flow, but rather on intrinsic hepatic
activity, as well as on the unbound fraction
of the drug in plasma.

Within the liver, enzymes involved in both
phase I (oxidation, reduction, hydrolysis)
and phase II (conjugation) metabolism are
altered during pregnancy (18,19). The rea-
sons for changes in hepatic elimination are
closely related to both estrogen and proges-
terone activity. Progesterone stimulates he-
patic microsomal enzyme activity, whereas
estrogen’s cholestatic effects may interfere
with drug clearance, and both competitively
inhibit microsomal oxidase (12).

Cytochrome P450 enzymes involved in
phase I metabolism are mostly up-regulated
during pregnancy but may have variable ef-
fects. Genetic polymorphisms may affect
metabolism beyond the increased effect
conferred by pregnancy. Nifedipine and
metoprolol are catalyzed by CYP3A (20) and
CYP2D6 (21), respectively. Both enzymes are
induced in pregnancy, and therefore, drug
levels are reduced compared with the
nonpregnant state. CYP2C9 together with
vitamin K epoxide reductase activity levels
affect the dose of warfarin needed during
pregnancy. Labetalol is an example of a drug
that owing to up-regulated phase II meta-
bolism glucuronide conjugation, has a
shorter half-life during pregnancy (22).

ABBREVIATIONS
AND ACRONYMS

AAD = antiarrhythmic
medication

ACE = angiotensin-converting
enzyme

ACOG = American Congress of
Obstetricians and Gynecologists

AF = atrial fibrillation
AMD = alpha-methyldopa

ARB = angiotensin receptor
blocker

ARNiI = angiotensin receptor-
neprysilin inhibitor

BAV = bicuspid aortic valve
CCB = calcium channel blocker
CVD = cardiovascular disease
ER = extraction ratio

ESC = European Society of
Cardiology

FC = functional class

FDA = Food and Drug
Administration

HCTZ = hydrochlorothiazide

IUGR = intrauterine fetal
growth restriction

LMWH = low molecular weight
heparin

MFS = Marfan syndrome
PH = pulmonary hypertension

PLLR = Pregnancy and
Lactation Labeling Rule

PPCM = peripartum
cardiomyopathy

QTc = QT interval corrected for
heart rate

RV = right ventricular

SVT = supraventricular
tachycardia

Vd = volume of distribution
VKA = vitamin K antagonist
VT = ventricular tachycardia

WPW = Wolff-Parkinson-White

RENAL CLEARANCE. Effective renal plasma flow is
increased as much as 50% to 85% in pregnancy (23).
Glomerular filtration rate increases by 45% to 50% by
the end of the first trimester (24) and continues to rise
until term with a possible downtrend in the last few
weeks. Tubular function is variable with decrease in
uric acid and glucose absorption, and increase in
excretion of urinary protein and small amounts of
albumin (25). Although tubular functions may in-
crease to match renal blood flow, this accommodation



460

Halpern et al.
Cardiovascular Disease Medication During Pregnancy

JACC VOL. 73, NO. 4, 2019
FEBRUARY 5, 2019:457-76

FIGURE 1 Hemodynamic and Pharmacological Changes During Pregnancy
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may not be adequate in hypertension and pre-
eclampsia (26,27). In a group of pregnant women
treated for hypertension with atenolol, clearance
increased by 38% in the second trimester and 36% in
the third trimester, with an increase in creatinine
clearance as well (28). A limitation to the study was
the predominance of obese women in whom a higher
creatinine clearance is expected (29).

DRUG CLASSIFICATION IN PREGNANCY

In the 1960s, the teratogenic effect of thalidomide in
pregnancy resulted in heightened public concern
about the use of medications in pregnancy (30-32).
In 1966, the U.S. Food and Drug Administration
(FDA) issued a requirement for animal studies, and
in 1979, they introduced a 5-tier set of alphabet
categories (ABCDX) designed to designate the safety
of a drug for use during pregnancy (33). That system
was quickly adopted and was used to guide clini-
cians and patients on the safety of drugs during
pregnancy for over 35 years until the FDA replaced
those categories with a narrative labeling system in
2015 (Table 1). Category A drugs were generally safe
to use and Category X were contraindicated, which

were easily interpretable categories in clinical med-
icine. However, the ambiguous safety data and
misinterpretation surrounding categories B, C, and,
D made them particularly lacking in clinical utility
(34). In 2015, the FDA adopted the Pregnancy and
Lactation Labeling Rule (PLLR) for all new applica-
tions for prescription drugs and biologics after June
30, 2015, when they determined that the ABCDX
categories were often confusing and did not accu-
rately or consistently communicate differences in
degrees of fetal risk. The rule is being phased
in gradually for all prescription drugs approved
between June 2001 and June 2015. The new PLLR
risk summaries are meant to be written within the
context of current available epidemiological data
that suggest that major birth defects occur in 2% to
4% of the general population and that miscarriage
occurs in 10% of clinically recognized pregnancies
(35,36). One of the changes in the PLLR format is to
include pregnancy, labor, and delivery in the same
labeling and provide separate categories for lacta-
tion and male and female reproduction. According
to the new European Society of Cardiology (ESC)
guidelines, the ABCDX is no longer recommended
for decision-making (1).
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FETAL TERATOGENICITY

The use of medications during pregnancy requires a
thoughtful approach, balancing fetal and maternal
risk. Data regarding teratogenicity of drugs are pri-
marily based on animal models, retrospective ana-
lyses, advisory boards, or case reports and is overall
limited and insufficient. Only a minority of drugs
have ever been associated with significant human
fetal malformation or demise, yet the medicolegal
implications are so great, drug manufacturers will not
readily commit to drug safety during pregnancy (37).
It is also the timing of administration of the drug that
is critical to the development of teratogenicity, and
during the first
trimester, this is the most vulnerable period. How-

because organogenesis occurs

ever, some medications exert fetal effect later in
pregnancy such as angiotensin-converting enzyme
(ACE) inhibitors. Drugs with known teratogenic po-
tential (e.g., captopril or bosentan) should be avoided
in favor of safer alternatives, but the use of other
medications in pregnancy may be more nuanced.

GENERAL APPROACHTO
CARDIOVASCULAR MEDICATIONS IN
PREGNANCY AND BREASTFEEDING

The basic principles of medication use in pregnancy
and lactation are to determine the necessity, urgency,
timing during gestation, and fetal adverse effect of
the drug. Because the majority of drugs transfer to the
milk, the effects on neonates should be considered.
The lowest effective dose should be used. The woman
should be counseled on risks and benefits, and pro-
vided current data, acknowledging limitations.
Internet databases and manufacturers’ instructions
containing prescribing information are helpful in
acquiring the most current information. Maternal
fetal medicine specialists should be consulted to
assist in medication management during pregnancy,
and the pediatrician post-partum during lactation. In
the event of a cardiopulmonary arrest, standard ACLS
protocols should be followed including use of medi-
cations and defibrillation (38).

SPECIFIC MEDICATIONS

The Central Illustration and Table 2 summarize some of
the more common CVD medications used during preg-
nancy, potential adverse events, former FDA category,
and the compatibility of the drug with breastfeeding.

ANTIARRHYTHMIC MEDICATIONS

Maternal cardiac arrhythmias may increase in preg-
nancy, either arising de novo or due to physiological

Halpern et al.
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TABLE 1 FDA's Current Pregnancy, Lactation, and Reproductive Potential:
Labeling for Human Prescription Drug and Biological Products

Pregnancy
This subsection contains information on pregnancy, including labor and
delivery.

Narrative summaries of the risks of a drug during pregnancy and discussions of

the data supporting those summaries are required in labeling to provide more

meaningful information for clinicians under the following subheadings:

e Pregnancy exposure registry: to inform health care providers of the avail-
ability of a pregnancy exposure registry for a product with contact infor-
mation (e.g., a toll-free telephone number, web 178 site) needed to enroll in
or to obtain information about the registry.

e Risk summary: If information on birth defects and miscarriage is available
for the patient population for whom the drug is labeled, it must be included.
When use of a drug is contraindicated during pregnancy, this information
must be stated first.

e "“Structural abnormalities" describes dysmorphology, which includes
malformations, variations, deformations, and disruptions.

e "Embryo-fetal and/or infant mortality" describes developmental mor-
tality, which includes miscarriage, stillbirth, and infant death (including
neonatal death).

e "Functional impairment"” describes functional toxicity, which includes
such outcomes as deafness, endocrinopathy, neurodevelopmental ef-
fects, and impairment of reproduction.

e "Alterations to growth" describes such outcomes as growth restriction,
excessive growth, and delayed and early maturations.

e Clinical considerations

e Disease-associated maternal and/or embryo/fetal risk;

o Dose adjustments during pregnancy and the postpartum period;

e Maternal adverse reactions;

o Fetal/neonatal adverse reactions;

e Labor or delivery

Data

e Human data;

e Animal data

FDA = U.S. Food and Drug Administration.

changes of pregnancy. Increased dilation of the heart
chambers as well as the effects of progesterone are
considered the primary mechanisms promoting
arrhythmia (39). Atrial and ventricular premature
contractions and supraventricular tachycardia (SVT)
are the most common arrhythmias, whereas atrial
fibrillation (AF) is increasing in prevalence with age
and in patients with congenital heart disease. Ven-
tricular arrhythmias are much rarer (40). New onset
of arrhythmias in a pregnant woman with a struc-
turally normal heart should prompt a search for
underlying conditions, such as thyroid disease or
pulmonary embolus. Bradyarrhythmias are rare and
may be related to uterine compression, increased
vagal tone, or structural heart disease and rarely
need pacing (41). Because antiarrhythmic medica-
tions (AADs) are used in pregnancy for both
maternal and fetal conditions, their mechanisms and
adverse effect profiles must be tolerable to both
mother and fetus. AADs should be avoided if
possible during the first trimester, and initiation of
the drug should be attempted at the lowest dose
with involvement of an electrophysiologist skilled in
the management of arrhythmias in pregnancy. As
with the nonpregnant patient, hemodynamically
unstable arrhythmia should be treated with electric
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Arrhythmias

CENTRAL ILLUSTRATION Cardiovascular Medications in Pregnancy

Hypertension

Adenosine .@O
Metoprolol/propranolol .@O
Digoxin .@.@
Lidocaine QO
Verapamil O@O
Diltiazem O@.
Procainamide O@O
Sotalol O.@
Flecainide
Propafenone

Amiodarone »O©

©
@00
©

# may be used if other therapies fail

Labetalol

Nifedipine
Alpha-methyldopa (oral)
Hydralazine
Nitroglycerin
Nitroprusside
Isosorbide dinitrate
Amlodipine
Furosemide
Hydrochlorothiazide
Clonidine

0000000 00e
@000
000000000

@)
@
@

Heart Failure

Pulmonary Hypertension

Metoprolol
Carvedilol
Furosemide
Bumetanide
Dopamine
Dobutamine
Norepinephrine
Hydralazine
Nitroglycerin
Isosorbide dinitrate
Torsemide
Metolazone

000000000000
@EOOOEOEOOO
000000000000

Anticoagulants/Antiplatelets/

Thrombolytics

Anticoagulants

Warfarin O@ .
Unfractionated Heparin ~ @ (0@
Enoxaparin ol ]
Fondaparinux @010)
Argatroban @010
Bivalirudin @o]]
Antiplatelets

Aspirin (low dose) O@ O
Clopidogrel OO
Prasugrel O .
Ticagrelor O@.
Thrombolytics

Alteplase O@ .
Streptokinase O@ .

lloprost O@.
Epoprostenol O.
Sildenafil O®O
Treprostinil .@.

Contraindicated in Pregnancy

Atenolol

ACE-I class

ARB class

Aldosterone antagonists
Statin class

DOACs

ERAs (e.g. bosentan)

000000
EEEEEE
000000

@
O
@

## captopril, benazepril and enalapril are considered
safe during lactation.

*Variable designation according to specific drug.

O O O ©®

Safety in FDA Safetyin  Used also
pregnancy category lactation for fetal
treatment

. Considered safe

O Limited data/to be used with caution
. Contraindicated

. Conflicting data/unknown

Halpern, D.G. et al. J Am Coll Cardiol. 2019;73(4):457-76.

Former Food and Drug Administration ABCDX categories: A) no demonstrated risk to the fetus based on well-controlled human studies; B) no
demonstrated risk to the fetus based on animal studies; C) animal studies have demonstrated fetal adverse effects, no human studies, potential
benefits may warrant use of the drug; D) demonstrated human fetal risk, potential benefits may warrant use of the drug; and X) demonstrated high risk
for human fetal abnormalities outweighing potential benefit; N) nonclassified. ACE = angiotensin-converting enzyme; ARB = angiotensin receptor
blocker; DOACs = direct oral anticoagulants; ERA = endothelin-receptor antagonists; INH = inhaled; IV = intravenous; PO = by mouth.
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cardioversion or defibrillation, which are commonly
safe for the fetus. The wuse of implantable
cardioverter-defibrillators is not associated with a
significant increase in adverse fetal outcomes or
maternal complications (42).

ATRIAL ARRHYTHMIAS. Symptomatic atrial
ventricular premature contractions rarely require
treatment, although B-blockers may be used. SVT is

and

the most common sustained arrhythmia in pregnancy
with atrioventricular node re-entry tachycardia being
the most common mechanism in a structurally
normal heart (43). Treatment of SVT includes vagal
maneuvers, followed by adenosine, B-blockers (pref-
erably a p1-selective blocker such as metoprolol), and
verapamil as third-line therapy. Suppressive therapy
for SVT in the absence of pre-excitation may include
B-blockers alone or in combination with digoxin, or
oral verapamil. Sotalol or flecainide can be considered
in women without structural heart abnormalities.
Flecainide or propafenone are recommended for the
prevention of SVT in patients with Wolff-Parkinson-
White (WPW) syndrome (1). Amiodarone is almost
never used due its high risk of fetal thyroid and
neurodevelopmental complications (see later in the
text). Low-dose radiation catheter ablation is a rare
last resort for the significantly symptomatic patient.

AF or atrial flutter is observed in women with
structural heart disease (e.g., congenital, valvular,
cardiomyopathy) with high recurrences during preg-
nancy. For rate control, B-blockers, verapamil, and
digoxin are first-line therapy, and for rhythm control,
sotalol, flecainide, or propafenone may be consid-
ered. AF in the setting of pre-excitation manifests as a
wide-complex tachycardia and is treated with intra-
venous procainamide. Verapamil and digoxin can
promote conduction through accessory pathways
and should be avoided in women with pre-
excitation. Anticoagulation should be considered in
pregnant women with AF/atrial flutter especially
with structural abnormalities (e.g., rheumatic mitral
valve stenosis); however, risk stratification during
pregnancy is controversial, and some sources
recommend using the same risk stratification as
nonpregnant patients (1).

Adenosine is a nucleoside with a half-life of sec-
onds that has been safely used in treatment of
maternal SVT, atrial tachycardia, and orthodromic
atrioventricular re-entrant tachycardia in WPW.
Rarely, it has been used to differentiate between SVT
and VT. Adenosine is generally considered safe in
pregnancy although fetal bradycardia has been
described (44,45). Adverse effects include bradyar-
rhythmia, dyspnea, chest pain, and flushing.

Cardiovascular Disease Medication During Pregnancy

B-Blockers are the most widely used medications in
pregnancy and have been studied more extensively
than other AADs because of their role in treating hy-
pertension, valvular disease, heart failure, atrial and
ventricular arrhythmias, and long QT syndrome
(1,39). A number of large, retrospective studies have
addressed the question of adverse fetal events and
abnormalities resulting from exposure to p-blockers.
In a retrospective study of 379,238 pregnancies in
which 1.3% of patients were exposed to B-blockers,
there was no significant increase in congenital cardiac
abnormalities after adjusting for maternal factors
(46). A European registry of congenital abnormalities
found that there was an increased risk of neonatal
multicystic renal dysplasia with B-blockers compared
with controls, but they did not find increased hypo-
spadias, neural tube defects, heart defects, or oral
clefts (47), which were identified in prior studies
(48,49). Compared with controls, neonates exposed
to B-blockers had significantly more bradycardia
(odds ratio: 1.29; 95% confidence interval: 1.07 to 1.55)
and hypoglycemia (odds ratio: 1.68; 95% confidence
interval: 1.50 to 1.89), even after multivariate
adjustment in a Medicaid database of 2,292,116 preg-
nancies. Labetalol, rather than metoprolol or ateno-
lol, was most associated with these effects (50). There
are also studies demonstrating that infants were
small for gestational age if exposed to B-blockers
(51,52). Additionally, increased risk of preterm birth
was observed, with similar results for all B-blockers
studied (51).

Atenolol is a hydrophilic drug with renal elimina-
tion and carries an FDA category D classification. The
ESC guidelines recommend against its use in preg-
nancy for arrhythmia (1) due to the risk of fetal
growth restriction (53,54). There is also a case report
connecting antenatal atenolol exposure to retroperi-
toneal fibromatosis in an infant (55).

Propranolol is generally considered safe in preg-
nancy, however, in a small study of 12 pregnancies,
one-half of the neonates had intrauterine growth
retardation. There were also single cases of hypogly-
cemia, polycythemia, and hyperbilirubinemia (56).

Metoprolol is well-tolerated and used for maternal
SVT and ventricular arrhythmias. Clearance during
middle and late pregnancy is higher (57); however, in
a study with 8 women in the third trimester, the au-
thors found that there was 4 times the heart rate ef-
fect and double the systolic blood pressure effect for a
given plasma concentration during pregnancy
compared with postpartum, suggesting increased
sensitivity to metoprolol during pregnancy (58).
Labetalol is discussed later in the text.
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TABLE 2 Medications Used in Pregnancy for CVD

Former FDA Adverse Effects and Placental Transfer to
Drug Name Category* Other Comments Transfer Breast Milk
Adenosine C Dyspnea, bradycardia. No. Unknown, endogenous to breast
Endogenous substance with short half-life; may require milk.
increased dosages in pregnancy.

Amiodarone D Congenital goiter, thyroid disorders (hypothyroidism), Yes. Yes. Due to prolonged half-life,

QT prolongation, neurodevelopmental abnormalities and manufacturer recommends

premature birth. discontinuation of nursing if drug
Use only after other antiarrhythmics have failed, prolonged use is needed.

half-life, fetal effects unrelated to duration of use or dose.

Angiotensin-converting enzyme X Oligohydramnios, IUGR, decreased fetal renal function, lung Yes. Yes. Captopril, benazepril, and
inhibitors, angiotensin receptor hypoplasia and skeletal malformations. enalapril may be considered in
blockers, angiotensin receptor- Contraindicated in pregnancy. the postpartum period with close
neprysilin inhibitor, direct renin follow-up of the child's weight
inhibitors initially. Manufacturers

recommend against use of other
agents during lactation.

B-blockers C (atenolol D) Bradycardia, hypoglycemia, reduced birth weight. Yes. Yes. Labetalol—safe (reported
Labetalol Labetalol used for HTN (first line), requires dose changes asymptomatic bradycardia and
Atenolol with GA and lean-weight. Raynaud phenomenon).
Metoprolol Atenolol associated with significant IUGR. Metoprolol—acceptable, no
Carvedilol adverse effects reported in a

small trial. Carvedilol—unknown.

Calcium channel blockers C Pre-maturity, IUGR, fetal bradycardia in some CCB, suspected  Yes (no for Yes. Minimal exposure. Nifedipine is
Nifedipine neonatal seizures if used in third trimester. diltiazem). considered safe, but there is
Verapamil Nifedipine used as HTN (first line) and tocolysis (may create little data about verapamil and
Diltiazem maternal hypotension and fetal hypoxemia when used with diltiazem.

Amlodipine magnesium). Verapamil, along with B-blockers, is preferred

for paroxysmal SVT compared to diltiazem. Diltiazem is
associated with adverse fetal effect in animal studies.
Amlodipine is probably safe for HTN.

Cholestyramine resin/colestipol @ May lower fat-soluble vitamins. Unknown. No. May be used during lactation but
may interfere with maternal
vitamin levels.

Clonidine C May require shortening dosage intervals; may be used in a Yes. Yes.
transdermal preparation for patients who cannot tolerate
oral medications.

Digoxin C Low birth weight. Yes. Yes. Minimal exposure.
Used as first line for symptomatic SVT using the lowest effective
dose; serum levels are unreliable throughout pregnancy.
Used as fetal AAD.

Disopyramide @ Uterine contraction, placental abruption, prolonged QT. Yes. Yes.
Diuretic agents C (eplerenone Oligohydramnios, fetal electrolyte abnormalities. Yes. Yes. Diuretics can suppress lactation.
Loop diuretic agents (e.g., furosemide) B) Furosemide commonly used for edema and HF, might be Both furosemide and HCTZ are
Thiazides (e.g., HCTZ, metolazone) associated with increased birth weight. Limited data acceptable, yet require infant
Spironolactone/eplerenone about torsemide and bumetanide. follow-up. Limited data on other
HCTZ used for HTN if used before pregnancy, not recommended diuretics.
for routine diuretic purposes. May be associated with fetal/ Spironolactone and eplerenone are
neonatal jaundice, thrombocytopenia, and maternal bleeding not recommended for lactation.

diathesis and hyponatremia.

Spironolactone has anti-androgenic (feminization) effect during
first trimester.

Eplerenone had adverse effects in animal reproduction studies.

Dopamine C Cardiac resuscitation drugs are used similarly to Unknown. Unknown.
nonpregnancy state.
May have vasoactive effect on fetus, animal reproduction
studies had shown adverse effects.

Dobutamine B Cardiac resuscitation drugs are used similarly to Unknown. Unknown.
nonpregnancy state.
Not to be used in stress testing during pregnancy.

Endothelin-receptor antagonists X Associated with birth defects including mandibular Unknown. Limited data.
(bosentan, ambrisentan, malformations and cardiac defects.
macitentan)

Epinephrine @ Cardiac resuscitation drugs are used similarly to Yes. Unknown.
nonpregnancy state.
May cause uterine vasoconstriction and fetal hypoxia.
Also used for anaphylaxis and severe asthma.

Ezetemibe Associated with adverse fetal effect in animal studies. Not Unknown. Unknown.
recommended.
Fenofibrate C Limited data. Not recommended. Yes. Unknown.

Continued on the next page
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TABLE 2 Continued

Aspirin
Clopidogrel
Prasugrel
Ticagrelor

Procainamide
Propafenone
Quinidine
Sotalol

Statins

Thrombolytics
Alteplase
Streptokinase

Treprostinil
Warfarin

B—clopidogrel
C—ticagrelor
—prasugrel

@ O 00

>

acidosis. High dose aspirin is associated with premature
closure of PDA. Other antiplatelets are not well studied.

Lupus-like syndrome, prolonged QT.
Limited data. Probably safe
Fetal thrombocytopenia, prolonged QT.

Higher risk for TdP (prolonged QT), fetal bradycardia,

Unknown—
clopidogrel,

ticagrelor,
prasugrel.

Yes.
Yes.
Yes.
Yes.

hypoglycemia, reduced birth-weight. Increasingly used for

fetal atrial flutter.
Limited data, congenital anomalies.

Yes.

Relative contraindication in pregnancy and peripartum. Should Minimal.
not be withheld in a life-threatening event. Adverse effects
in animal studies with alteplase. Increased risk of bleeding
(primarily genital), fetal loss (6%), preterm birth (6%).

Limited data, adverse effects shown in animal studies.

Unknown.

Crosses placenta, risk of embryopathy in first trimester (nasal ~ Yes.
and limb hypoplasia, stippled epiphyses), CNS abnormalities,
and hemorrhage remains throughout pregnancy. Risk of
embryopathy is decreased with daily dose <5 mg. Primary

indication is mechanical valves.

Former FDA Adverse Effects and Placental Transfer to
Drug Name Category* Other Comments Transfer Breast Milk
Flecainide C Maternal visual disturbances, acute interstitial nephritis, Yes. Yes.
obstetric cholestasis, fetal bradycardia.
Used for maternal and fetal AAD.
Fondaparinux B Used in allergies to heparin and heparin-induced Yes. Unknown.
thrombocytopenia.
Gemfibrozil C Associated with adverse fetal effect in animal studies. Yes. Unknown.
Not recommended.
Heparins C—UFH Meticulous monitoring needed for anticoagulation in No. Unknown.
UFH B—enoxaparin women with mechanical valves.
LMWH—enoxaparin Heparin-induced thrombocytopenia (heparin >LMWH),
osteoporosis.
Hydralazine C Lupus-Llike syndrome, reflex tachycardia, fetal thrombocytopenia. Yes. Yes.
Used for HTN and HF.
Ibutilide — Limited data. Unknown. Unknown.
Iloprost C Limited data. Unknown. Unknown.
Isosorbide dinitrate B Animal reproduction studies have shown adverse effects. Unknown. Unknown.
Ivabradine - Animal reproduction studies have shown adverse effects. Yes (in rats).  Unknown.
Levosimendan - Vasodilator for the management of HF (especially in Unknown. Unknown.
the setting of PPCM), not available in the United States.
Lidocaine B CNS depression, cardiac and vascular tone effects. Yes. Yes.
Limited data for use in ventricular arrhythmias,
but can be considered.
Methyldopa B/C (injectable) Used for HTN (first line). 1% liver toxicity. Yes. Yes.
Mexiletine C Used for ventricular arrhythmia. Limited data, but probably safe. Yes. Yes.
Milrinone C Cardiac resuscitation drugs are used similarly to nonpregnancy Unknown. Unknown.
state. Increased resorption during pregnancy reported.
Nitroglycerin C Used for HF, HTN, and uterine relaxation. Unknown. Unknown.
Nitroprusside C Fetal cyanide and thiocyanate toxicity. Yes. Yes (metabolites).
Norepinephrine C Cardiac resuscitation drugs are used similarly to nonpregnancy Yes. Unknown.
state.
PDE-5i (sildenafil, tadalafil) B Limited data. Unknown. Yes.
Platelet aggregation inhibitors N—aspirin Aspirin is associated with IUGR, fetal bleeding, and neonatal Yes (aspirin).  Aspirin: transfers but might be safe

at low dose (manufacturer
recommends against use).
Clopidogrel: unknown. Prasugrel
and ticagrelor: transferred in rat
studies.

Yes.

Yes.
Yes.

Unknown.
Unknown.

Unknown.

Minimal transfer, if any. Monitor for
infant bruising.

*Categories: A) no demonstrated risk to the fetus based on well-controlled human studies; B) no demonstrated risk to the fetus based on animal studies; C) animal studies have demonstrated fetal adverse
effects, no human studies, potential benefits may warrant use of the drug; D) demonstrated human fetal risk, potential benefits may warrant use of the drug; and X) demonstrated high risk for human fetal
abnormalities outweighing potential benefit; N) nonclassified.

AAD = antiarrhythmic drug; ACLS = advanced cardiac life support; CNS = central nervous system; FDA = Food and Drug Administration; GA = gestation age; HCM = hypertrophic cardiomyopathy;
HCTZ = hydrochlorothiazide; HF = heart failure; HTN = hypertension; IUGR = intrauterine growth restriction; LMWH = low molecular weight heparin; PDE-5i = phosphodiesterase 5 inhibitor;
SVT = supraventricular tachycardia; TdP = torsades de pointes; UFH = unfractionated heparin.
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FIGURE 2 Anticoagulation of Pregnant Patients With Mechanical Valves

Pregnant Patient With
Mechanical Valve

Therapeutic anticoagulation

with frequent monitoring

:

Baseline warfarin
dose <5 mg/day

First trimester

Continue warfarin with
close INR monitoring
((B)]

Dose-adjusted LMWH 22x/day (target
anti-Xa level 0.8 U/mL to 1.2 U/mL
4 to 6 h post dose)

(llb)

Dose-adjusted continuous
infusion of UFH (with an aPTT at
least 2x control)

(lib)

Second and third
trimesters

Warfarin to goal INR plus
ASA 75 mg QD to 100 mg QD
0}

Before planned
vaginal delivery

Discontinue warfarin and initiate
dose-adjusted continuous infusion of UFH

(with an aPTT at least 2x control)

:

Baseline warfarin
dose >5 mg/day

First trimester

Dose-adjusted LMWH 22x/day (target|
anti-Xa level 0.8 U/mL to 1.2 U/mL
4 to 6 h post dose)

(l1a)

Dose-adjusted continuous
infusion of UFH (with an aPTT at
least 2x control)

((B)

aPTT = activated partial thromboplastin time; ASA = aspirin; INR = international normalized ratio; LMWH = low molecular weight heparin;
QD = once daily; UFH = unfractionated heparin. Adapted from Nishimura et al. (143).

CALCIUM CHANNEL BLOCKERS. In 2011, a study by
Davis et al. (59) found an increased risk of neonatal
seizures in infants exposed to calcium channel
blockers (CCB) compared with unexposed infants,
primarily in the third trimester, suspected to be
related to hypocalcemia. However, later largescale
studies did not reproduce the finding (60,61).

Verapamil can be used for short- and long-term
treatment of maternal SVT as well as fascicular VT
(1,62). Verapamil has not been associated with adverse
effects to the fetus, yet has been associated with
maternal hypotension (63,64). Verapamil undergoes
extensive first-pass metabolism with only 22% reach-
ing circulation unaltered in normal subjects (65,66).



JACC VOL. 73, NO. 4, 2019
FEBRUARY 5, 2019:457-76

There is a single case report of congenital hypertro-
phic cardiomyopathy occurring with verapamil expo-
sure, which has also been shown in rats (67).

Diltiazem is used both for maternal arrhythmias
and as an agent to promote tocolysis in preterm labor
(68), and may decrease proteinuria (69). In animal
studies, diltiazem can result in decreased fetal weight
and skeletal abnormalities (70). Diltiazem levels in
breastmilk closely follow the maternal serum con-
centration, and can reach approximately the same
peak level as in the serum (65,71). Nifedipine is dis-
cussed later in the text.

Digoxin has a long record of well-tolerated use for
maternal and fetal SVT. The pharmacokinetics are
complex, with pregnancy physiology resulting in
changes to normal bioavailability and clearance (72).
In a study of 10 pregnant women given metildigoxin,
there was a significant increase in drug clearance in
pregnant women compared with nonpregnant
women (183 ml/min vs. 140 ml/min; p < 0.001) (73).
In a group where digoxin was used as a model sub-
strate to study P-glycoprotein transport activity, 14
pregnant subjects at approximately 30 weeks were
used as their own controls in the postpartum period.
The authors found that women in the third trimester
had an increased unbound fraction of digoxin and
increased renal clearance (61%) of digoxin compared
with the postpartum period (74). The common net
effect of these 2 opposing processes is reduced drug
effect of digoxin during pregnancy.

The assay for measuring digoxin may be compro-
mised in pregnant women, who have circulating
digoxin-like fragments that can falsely elevate levels
(75). Higher digoxin levels in pregnant women should
not, however, exclude toxicity when the level is
normal. Clinicians should look for clinical signs of
digoxin toxicity at any level, such as arrhythmia (76)
and vomiting. Though there is a report of intrauterine
digoxin toxicity after maternal overdose, the neonate
actually tolerates higher digoxin doses well when their
exposure dose is adjusted for body surface area (77).

Flecainide is mainly used in pregnancy for maternal
and fetal SVT, maternal idiopathic sustained VT, and
long-term management of SVT (1). Flecainide has also
been used in severe arrhythmogenic right ventricular
(RV) cardiomyopathy and sustained polymorphic VT
cases, both with good neonatal outcomes (78,79).
Flecainide is increasingly being recognized as an
effective option for the treatment of fetal SVT (80,81).
Flecainide for fetal SVT was first described in 1988 by
Wren et al. (82) when a hydropic fetus was converted
with intravenous flecainide after digoxin had failed.
Subsequent early cases used oral flecainide either af-
ter digoxin failure or as initial therapy (83). Multiple
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studies show improved fetal outcomes with flecainide
compared with digoxin or in combination therapy
with digoxin for fetal SVT, especially in hydrops fetalis
with 3 days as the median time to normal sinus rhythm
and a trend toward reduced mortality (84,85). Adverse
events noted in flecainide trials and reports include
maternal visual disturbance, prolongation of maternal
QT interval corrected for heart rate (QTc), prolonged
neonatal QT intervals and heart failure at toxic levels,
cholestasis of pregnancy, and decreased fetal heart
rate variability.

Little is known about propafenone’s safety in
pregnant women, and it has not been studied during
organogenesis (86). Propafenone was used without
harmful effects in the fetus in cases of arrhythmo-
genic RV dysplasia (87), WPW (88), and structural-
related premature ventricular contractions (89).
VENTRICULAR ARRHYTHMIAS IN PREGNANCY. VT
or fibrillation arising during pregnancy suggests un-
derlying cardiac structural abnormalities. The devel-
opment of new VT late in pregnancy in an otherwise
normal heart should prompt an investigation
for peripartum cardiomyopathy (PPCM). Unstable
patients should undergo electric cardioversion.
Hemodynamically stable women can be treated with
electric cardioversion or with lidocaine or -blockers.
ESC guidelines also recommend procainamide,
flecainide, and sotalol (1). Amiodarone is to be used if
all other measures fail. B-Blockers are the mainstay
treatment for suppressive therapy for VT.

Lidocaine has been better studied as an anesthetic
than as an antiarrhythmic agent, and the available
pharmacokinetic data coming from studies of its use as
an anesthetic suggest the agent is safe. Sixty-to-
seventy percent of lidocaine is protein-bound, and it
rapidly enters maternal circulation and crosses the
placenta even after epidural administration (65). There
have been 2 published cases of lidocaine being used for
ventricular arrhythmia during labor and delivery, even
through the epidural catheter (90,91). CNS depression
may be an adverse effect at high doses.

Mexiletine is a lipid-soluble oral and has limited
data in pregnancy, but appears safe (92).

Quinidine, historically used for malaria treatment,
has been used to treat both maternal atrial and ven-
tricular tachyarrhythmias since the early twentieth
century. It has also been used along with isoproter-
enol to treat a pregnant woman with Brugada syn-
drome and recurrent VT (93). Adverse effects include
increased possible fetal cranial nerve VIII damage,
uterine contractions, neonatal thrombocytopenia,
and QT prolongation (1).

Procainamide is more commonly used in the mod-
ern era than quinidine for long-term management of
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SVT or for short-term conversion of hemodynamically
stable monomorphic VT and occasionally for fetal SVT
(94). It is associated with maternal lupus-like syn-
drome and QT prolongation.

Amiodarone should only be used for maternal SVT
as a last-line agent if other agents have failed (1).
Amiodarone is a highly lipophilic drug that accumu-
lates in skeletal smooth muscle and adipose tissue
(95). Its half-life lasts for weeks to months. Amio-
darone, its metabolite desethylamiodarone, and
iodine are all capable of transplacental transfer. Great
caution should be exercised in the use of amiodarone,
whose adverse effects on the fetus appear unrelated
to duration or total dose of treatment (96). The most
worrisome side effects are thyroid dysfunction,
especially neonatal hypothyroidism, and neuro-
developmental abnormalities. It is unknown whether
the toxic effects are directly from the drug itself or
from induction of thyroid dysfunction. Neonatal
thyroid tissue may be unable to escape the Wolff-
Chaikoff effect (where increased iodine suppresses
thyroid hormone production) in the same way that
adult tissue can, and therefore fetuses may be more
susceptible to adverse effects of amiodarone’s iodine
load (97). Neonatal hypothyroidism is usually tran-
sient with incidence reported at 17% to 25% in
mothers who received amiodarone (96-99). Hyper-
thyroidism is less common but also recorded in the
fetus, and thyrotoxicosis may be more pronounced in
iodine-deficient countries (97).

Although neonatal hypothyroidism is frequently
transient and does not usually result in goiter, there
may still be lasting neurodevelopmental adverse ef-
fects. There are cases of fetal hypothyroidism but
normal neurodevelopmental outcomes (99,100),
normal thyroid with abnormal neurodevelopment
(97,101), and cases where both exist (96). The effects
are not linked to trimester when administered, and
there are several cases of normal neonatal outcomes
even when amiodarone was started before pregnancy
(102,103). Other adverse effects to look for include
bradycardia and QT prolongation in infants.

Sotalol is an AAD with one of the greatest risks of
torsades de pointes due to QT interval prolongation.
Its use in pregnancy is mainly in management of fetal
arrhythmias, recommended primarily for atrial flutter
and VT (104). Maternal QTc should be monitored
closely when sotalol is used.

MEDICATIONS USED FOR TREATMENT OF
HYPERTENSION AND HEART FAILURE

HYPERTENSION. Hypertension complicates 5% to
10% of pregnancies and is associated with obstetric
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and fetal complications as well as increased future
risk of cardiovascular disease (1,105). The major
hypertensive disorders of pregnancy include
pre-existing or chronic hypertension (hypertension
diagnosed before 20 weeks of gestation), gestational
hypertension (diagnosed after 20 weeks of gestation),
pre-existing hypertension with superimposed gesta-
tional hypertension with proteinuria, and pre-
eclampsia. Hypertension during pregnancy is defined
as blood pressure =140/90 mm Hg on 2 separate
readings; severe hypertension is defined as =160/110.
Guidelines vary with respect to target blood pressure
goals for each treatment group. The ESC recommends
drug treatment in all pregnant women with values
above 150/90 mm Hg, and =140/90 in women with
gestational hypertension, pre-existing hypertension
with superimposed gestation hypertension, or hyper-
tension with subclinical organ damage or symptoms.
The American Congress of Obstetricians and Gyne-
cologists (ACOG) recommends therapy for gestational
hypertension and preeclampsia without end-organ
damage for values exceeding 160/105 mm Hg. For
pregnant women with chronic hypertension on ther-
apy, ACOG recommends a goal range of 120 to
160 mm Hg systolic and 80 to 105 mm Hg diastolic with
stricter control in the setting of end-organ damage
(106,107). Unfortunately, the use of antihypertensive
agents in pregnancy has not been shown to reduce the
risk of preeclampsia (108), nor tighter control (dia-
stolic pressure <85 mm Hg) to reduce obstetric or fetal
complications (109,110). Of note, the placenta does not
autoregulate blood flow, and therefore, acute
maternal hypotension secondary to antihypertensive
treatment may cause fetal distress manifesting
initially with fetal heart rate decelerations (111).

First-line antihypertensive agents for chronic and
gestational hypertension include oral Ilabetalol,
nifedipine, and methyldopa (1). Second line may
include other B-blockers (excluding atenolol) and
other CCB (112). Therapies may need a dose reduction
in the second trimester due to a 5 to 10 mm Hg
physiological decrease in the mean blood pressure
values. ACE inhibitors, angiotensin receptor blockers
(ARBs), direct renin-inhibitors, angiotensin receptor-
neprysilin inhibitor (ARNi), spironolactone, and
eplerenone are contraindicated in pregnancy and are
discussed later in the text. Women with chronic hy-
pertension can continue their pre-pregnancy drugs
unless contraindicated. Caution is advised with long-
term use of diuretic agents in pregnancy due to con-
cerns for a decrease in placental perfusion, especially
in the setting of preeclampsia.

Therapy for hypertensive emergencies (>160 to
180/110 mm Hg) includes intravenous therapies such
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as labetolol or hydralazine and oral nifedipine or
alpha-methyldopa (AMD) (1,110). In the updated ESC
guidelines, hydralazine is no longer the drug of
choice due to its adverse effect profile (see later in the
text). Nitroglycerin is recommended for hypertension
with pulmonary congestion and preeclampsia. So-
dium nitroprusside should only be used in refractory
cases of hypertension due to the potential for cyanide
toxicity.

Labetalol is a nonselective o, f-1, and B-2 receptor
blocker that is used as first line for both acute and
chronic hypertension in pregnancy. Dose adjustment
along the course of the pregnancy may be required
due to increasing clearance leading to a shorter half-
life (110). In a study of 57 pregnant women who
received oral labetalol for hypertension, subjects at
week 12 had 1.4 times the clearance of postpartum
subjects, and at week 40 had 1.6 times the clearance
of postpartum subjects (113). Documented fetal ef-
fects include hypoglycemia, bradycardia, hypoten-
sion, and respiratory depression, as well as IUGR.
However, labetalol is considered safe with no fetal
malformations profile and has similar outcome data
to nifedipine and AMD (106).

Nifedipine is another safe first-line drug used for
both blood pressure control and tocolysis (114). It may
require shorter dosing intervals or higher dosages due
to accelerated liver metabolism during pregnancy
through CYP3A4. No increase in teratogenicity has
been observed with nifedipine. However, in the
APOSTEL III (Assessment of Perinatal Outcome after
Specific Tocolysis in Early Labour) trial, which
compared nifedipine to atosiban, an oxytocin inhibi-
tor used for tocolysis, both agents exhibited similar
perinatal events as the primary outcome, yet nifedi-
pine had a nonsignificant increase in neonatal mor-
tality (5% vs. 2%) (115). Hypotension may develop
with concomitant use of magnesium. Concerns for
neonatal seizures or postpartum hemorrhage have
been dismissed by large cohort studies (59,60,116).

Alpha methyl dopa (AMD) is an «-2 adrenergic re-
ceptor agonist that decreases brain sympathetic ac-
tivity. It is considered a first-line agent for
hypertension in pregnancy, although infrequently
used nowadays and probably less effective compared
with B-blockers or CCB. AMD does not require any
dose adjustment in pregnancy. No obvious terato-
genic effects have been observed in animal studies;
however, in a study following 92 patients for 7.5 years
after delivery, head circumference in male children
was smaller (117). Hepatotoxicity is an important
adverse effect that has been observed in 1% of preg-
nant patients using AMD. It is dose related and may
progress to fulminant hepatitis (118).
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Hydralazine, an arterial vasodilator, is used for the
treatment of acute-onset and severe hypertension as
well as heart failure during pregnancy and may be used
orally or intravenously (119). Oral hydralazine in pa-
tients with preeclampsia was shown to have no effect
on placental perfusion (120). Hydralazine is associated
with reflex tachycardia, maternal lupus-like symp-
toms, and fetal thrombocytopenia. Compared with
labetalol and nifedipine, there may be increased
maternal and fetal complications, and therefore itisno
longer considered first-line therapy (1,121).

Clonidine is an a-2 agonist which has similar hy-

potensive effects in pregnancy as AMD (122). The
pharmacokinetics show higher nonrenal clearance
during gestation that may require shorter dosing in-
tervals (123). Abrupt cessation of the drug may result
in rebound hypertension. Clonidine crosses the
placenta, and animal studies did show adverse ef-
fects. Its formulation as a transdermal patch may be
advantageous for patients who cannot tolerate oral
medications.
DIURETIC AGENTS. Indications for diuretic therapy
during pregnancy include hypertension, hyper-
volemia, or heart failure management. The major
concerns of diuretic agents are related to reduction in
plasma volume, cardiac output, and decrease in ute-
rofetal perfusion.

Furosemide, the most commonly used diuretic
agent in pregnancy, has been associated with
neonatal jaundice, thrombocytopenia, maternal
pancreatitis, and hyponatremia. However, in a large
meta-analysis, there was no significant difference in
adverse effects compared with pregnant patients not
using diuretics. Furosemide was also associated with
higher birth weight infants (mean increase of 104.7 g
compared with the nondiuretic group), although the
authors argued that the finding may have been
related to referral bias and not a diabetogenic effect
caused by the drug (124).

Hydrochlorothiazide (HCTZ) is primarily continued
during pregnancy, rather than initiated. It has been
associated with lower birth weights (125), neonatal
jaundice, thrombocytopenia, and bleeding diathesis.
No teratogenic effects have been reported (106).

ACE INHIBITORS, ARBs, DIRECT RENIN-INHIBITORS,
ARNi, AND ALDOSTERONE ANTAGONISTS. ACE in-
hibitors, ARBs, direct renin-inhibitors are category X,
are contraindicated in pregnancy, and should be
withheld in the pre-conception period. These medi-
cations were shown to cause renal dysgenesis, oligo-
hydramnios as a result of fetal oliguria, calvarial and
pulmonary hypoplasia, [UGR, and neonatal anuric
renal failure, resulting in fetal death particularly if
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used in the second and third trimester (126). How-
ever, during lactation, benazepril, captopril, and
enalapril may be safely considered. There are no data
on ARB and ARNi during lactation, and therefore,
they should not be used. Aldosterone antagonists,
spironolactone and eplerenone, are contraindicated
in pregnancy due to their antiandrogen effects on the
male fetus in the first trimester and evidence of
teratogenesis in a rat model. They are also contra-
indicated during lactation.

CARDIOMYOPATHIES AND HEART FAILURE. Car-
diomyopathies during pregnancy may be inherited
(e.g., dilated) or acquired (e.g., PPCM, viral, stress-
induced, or toxic). Pregnancy portends a high rate
of maternal and fetal complications and is contra-
indicated in women with systolic dysfunction
beyond the mild range (left ventricular ejection
fraction <40%). ACE inhibitors, ARBs, direct renin-
inhibitors, aldosterone antagonists, and ivabradine
are contraindicated and should be stopped before
pregnancy or in cases where the woman was found to
be pregnant (1,127). B-1 selective blockers, such as
metoprolol succinate, are favored as to avoid inter-
fering with B-2-mediated uterine relaxation and pe-
ripheral vasodilation. Carvedilol, an «/B-adrenergic
blocker, has not been shown not to be associated with
growth restriction (128). Before pregnancy, it is
advisable to attempt a trial period of several months
without the contraindicated agents, with close
observation of symptoms and imaging of systolic
function to ensure no clinical deterioration.

Management of acute heart failure and cardiogenic
shock in pregnancy is based on current heart failure
guidelines (1). Urgent delivery is recommended in
severe cases and cardiogenic shock. Diuretics such as
furosemide, bumetanide, and HCTZ are used for
symptomatic pulmonary edema and, as mentioned
before, hold the risk of decreasing placental perfusion
and causing an electrolyte imbalance in the fetus. For
afterload reduction, hydralazine plus nitrates are
used in place of ACE inhibitors and ARBs. After initial
stabilization, B-blockers should be initiated and
digoxin can be considered. Postpartum, neurohor-
monal blockade can be restarted (1).

Paucity of data and lack of guidelines exist in regard
to inotrope and vasopressor use for the critically ill
pregnant patient. For inotrope support, dopamine and
dobutamine have been safely used in pregnancy (119).
Levosimendan, a calcium sensitizer, is recommended
in the setting of PPCM as dobutamine may
be associated with heart failure progression in these
patients (129). Vasopressors carry the risk of reducing
uterine blood flow, although norepinephrine,
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commonly used as the first-line vasoactive agent, has
not been shown to affect the fetus (130).

Bromocriptine increases cleavage of prolactin to a
16-kDa prolactin subfragment isoform thereby pro-
moting apoptosis and inflammation while suppress-
ing angiogenesis. It has demonstrated positive results
with improvement of ventricular function in women
with PPCM; however, larger randomized-controlled
trials are needed for validation (131). Anti-
coagulation should be administered in patients with
PPCM receiving bromocriptine (1).

Heart transplantation recipients may undergo
pregnancy after comprehensive pre-gestational
counseling and stratification of their risk of rejec-
tion, infection, graft failure, and teratogenicity of the
immunosuppressive therapy. The most common
complications encountered during pregnancy are
hypertension, thromboembolic disease, and hyper-
emesis. The altered hemodynamics and volume
changes during pregnancy also affect the levels of
the immunosuppressive medications and require
close monitoring. Corticosteroids and calcineurin in-
hibitors (e.g., cyclosporine, tacrolimus) and azathio-
prine can be continued during pregnancy, whereas
mycophenolate mofetil should be discontinued (132).
Breastfeeding is contraindicated.

VALVULAR HEART DISEASE

The specific management of valvular disease during
pregnancy is beyond the scope of this paper. Stenotic
lesions such as mitral or aortic stenosis are far less
tolerated during pregnancy as compared with regur-
gitant lesions. Particular attention should be paid to
the hemodynamic effects of stenotic lesions in the
early postpartum period. Medical therapy primarily
consists of diuretic therapy for congestive states and,
in the case of mitral stenosis, beta-blockade to allow
more ventricular filling and anticoagulation in the
setting of AF, left atrial thrombus, or prior embolism
(1). Catheter-based interventions or surgery are needed
in severe hemodynamic decompensation. Mechanical
prosthetic valves are discussed later in the text.

ISCHEMIC HEART DISEASE

Coronary artery dissection is the most common cause
of ischemic heart disease in pregnancy (133). Other
mechanisms of ischemia include spasm, prior Kawa-
saki disease, atherosclerotic disease with increased
maternal age and CVD risk factors, and toxins such as
cocaine. Presentation is more common in the third
trimester or postpartum period, and the majority of
cases are coronary dissection, thrombus or embolic



JACC VOL. 73, NO. 4, 2019
FEBRUARY 5, 2019:457-76

event (134,135). Initial treatment of acute myocardial
infarction in pregnancy is identical to the nonpreg-
nant state. Percutaneous coronary intervention is
preferable to fibrinolysis. Unstable angina therapy
includes antiplatelet therapies (see later in the text),
B-blockers or CCB, heparin or low molecular weight
heparin (LMWH), and nitrates. Bivalirudin and
glycoprotein IIb/IIIa inhibitors are not recommended
due to lack of data (1).

STATINS AND OTHER LIPID-LOWERING
THERAPIES DURING PREGNANCY

The data on use of statins, hydroxymethyl glutaryl
coenzyme A reductase inhibitors, is mixed. Although
case reports and retrospective reviews previously
suggested a link to teratogenic effects, in a multi-
center, observational prospective trial with pregnant
women exposed to statins in the first trimester, there
was no significant increase in the rate of major birth
defects. However, premature birth was more
frequent (136). In a more recent systemic review,
there was no clear relationship with statin use in
pregnancy and congenital anomalies. The authors
concluded that statins are probably not teratogenic;
however, given the limited data and quality of the
information, statins are to be avoided during preg-
nancy (137). Statins remain contraindicated for use in
pregnancy and should be discontinued before
conception (138,139).

Bile acid sequestrants (i.e., cholestyramine and
colestipol) inhibit absorption of lipids at the gut level
and are considered safer than other lipid-lowering
agents, and are the treatment of choice for hyperlipid-
emia. However, they also lower absorption of fat-
soluble vitamins, which may affect the fetus (140).
Other lipid-lowering agents with potential teratogenic
effects include gemfibrozil, fenofibrate, and ezetimibe.

ANTIPLATELET AND
ANTICOAGULATION THERAPY

Pregnancy is associated with a hypercoagulable state
due to enhanced production of certain clotting fac-
tors, decrease in protein S activity, and inhibition of
fibrinolysis (141). Thrombotic complications are a
major cause of maternal morbidity and mortality
(142). The risk of thromboembolic complications is
increased throughout pregnancy, peaks at the first
week postpartum, and remains elevated for the first
6 weeks postpartum. Anticoagulation therapy during
pregnancy is indicated for prevention or treatment of
venous thromboembolism, inherited thrombophilia,
anti-phospholipid antibody syndrome, IUGR, and
mechanical heart valves.
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ANTICOAGULANTS. Warfarin is a vitamin K antago-
nist (VKA) that crosses the placenta. The American
Heart Association/American College of Cardiology
guideline recommendations for use of VKAs during
pregnancy were revised in 2014 in recognition of the
dose-dependent relationship with increased adverse
outcomes (143). The rates of embryopathy, miscar-
riage, and stillbirth occur with increased frequency
with daily doses >5 mg (144). Women with mechan-
ical heart valves are at risk during pregnancy for valve
thrombosis and hemorrhagic complications, and
anticoagulation must be meticulously monitored.
Guidelines recommend that women taking >5 mg of
VKA during the first trimester should be switched to
LMWH or unfractionated heparin by the end of the
sixth week of gestation to decrease the risk of
embryopathy. The American Heart Association/
American College of Cardiology guidelines include an
anticoagulation management algorithm of women
with mechanical heart valves during pregnancy
(Figure 2) (143). Fetal warfarin syndrome or “Di Sala
syndrome” primarily affects the fetus in the first
trimester because warfarin crosses the placenta. It is
associated with facial dysmorphism such as nasal
hypoplasia, skeletal abnormalities (limb hypoplasia
and stippled epiphyses), central nervous system ab-
normalities (ventral and dorsal midline dysplasia),
and cardiac defects (145-147). Second and third
trimester effects include a ~1% incidence of ocular
and central nervous system abnormalities as well as
intracranial hemorrhage (1). Women who receive VKA
throughout pregnancy should be changed to either
LMWH or unfractionated heparin at 36 weeks’ gesta-
tion in order to reduce the risk of fetal hemorrhage at
the time of vaginal delivery and delivery-associated
maternal bleeding (148). Women who are using
LMWH are not candidates for regional anesthesia
within 24 h of their last dose, so a timed delivery is
helpful to prevent complications of bleeding from
long-acting injectable anticoagulants. Reversal of
VKA in the mother does not ensure reversal in the
fetus, thus if a patient presents in labor while on a
VKA, a cesarean delivery should be performed to
prevent fetal intraventricular hemorrhage during
passage through the birth canal.

LMWH does not cross the placenta, and peak and
trough anti-Xa levels must be followed meticulously
during pregnancy. Women are often at greatest risk of
mechanical heart valve complications during the time
of transition from VKA to heparin (149). Mechanical
valve thrombosis has been reported in 4.7% of preg-
nant women with mechanical valves (149). In a recent
meta-analysis of maternal and fetal outcomes in over
800 women with mechanical heart valves on different
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anticoagulant strategies, Steinberg et al. (150)
confirmed that VKA were associated with the lowest
risk of adverse maternal outcomes, whereas the use
of LMWH was associated with the lowest risk of
adverse fetal outcomes.

Alternative anticoagulant strategies may be uti-
lized in select cases. Fondaparinux is an indirect
Factor Xa inhibitor and is recommended by the ACOG
in the setting of heparin-induced thrombocytopenia
or heparin allergy (151). At this time, there is insuffi-
cient data to recommend bivalirudin or the direct oral
anticoagulants for women in pregnancy.
ANTIPLATELET AGENTS. Low-dose aspirin (75 to
100 mg) is commonly used in the prevention of pre-
eclampsia. It is also recommended in the second and
third trimesters for women with mechanical or bio-
prosthetic valve prostheses (143). However, given
increased risk of bleeding when used in combination
with other anticoagulants, new ESC guidelines do not
recommend use of low-dose aspirin for mechanical
valves, in contrast to the AHA/ACC guidelines (1,143).
There is no evidence that low-dose aspirin increases
maternal or fetal bleeding risks, risk of placental
abruption, congenital anomalies, or complications at
the time of neuraxial anesthesia during delivery
(152,153). High-dose aspirin should be avoided in
pregnant women, due to the risk of premature closure
of the ductus arteriosus.

Clopidogrel inhibits platelet aggregation and acti-
vation by preventing binding of fibrinogen to the
adenosine diphosphate receptor. Animal studies
demonstrate no adverse pregnancy effects with
limited human data (154). It may be used in pregnancy
for the shortest duration possible (1). Before neuro-
axial anesthesia, it must be discontinued for 7 days to
decrease the risk of epidural hematoma (155). There
are little data in regard to prasugrel, ticagrelor, abcix-
imab, or eptifibatide, and their use is not recom-
mended (156).

ADVANCED THERAPIES FOR
PULMONARY HYPERTENSION

The dramatic hemodynamic changes of pregnancy
may exacerbate right heart failure, increase right-to-
left shunting in cyanotic patients, and have fatal
consequences for women with pulmonary hyperten-
sion (PH). Multiple guideline and consensus docu-
ments advise that women with PH, particularly type 1
pulmonary arterial hypertension, should be coun-
seled against pregnancy (1,157). Historical reports of
pregnant women with PH report very poor survival,
with fatality rates often exceeding 50% in small case
series (158). However, as the medical therapies for PH
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have developed, there has been some progress made
in the management of women with PH during preg-
nancy, resulting in improved, yet still guarded, out-
comes. A recent publication from the ROPAC registry
reported improved outcomes in a group of 151 women
with PH. No deaths occurred during pregnancy, 3.3%
of women died in the first week postpartum, and an
additional 2.6% died within 6 months of delivery
(159). However, this registry includes women diag-
nosed with milder forms of PH, and >50% of the
women included were based on echocardiographic
data alone. In fact, 3 of the 7 women (43%) with
idiopathic PH died. Only 9 women in this registry
were on advanced PH medications, emphasizing that
these registry data may reflect women with less
advanced forms of PH.

In 2015, the Pulmonary Vascular Research Institute
published a statement on pregnancy and PH with
consensus-based recommendations for management
(160). These recommendations include the use of
parenteral prostaglandins (intravenous epoprostenol,
treprostinil) in women with World Health Organiza-
tion (WHO) functional class (FC) IV or significant RV
dysfunction. Epoprostenol (161) has been the most
extensively studied. The drugs may affect platelet
aggregation and promote bleeding.

Inhaled prostaglandins, such as iloprost (162,163),
may be considered in select women with more pre-
served RV function that are in WHO FC III. In woman
with normal RV function, who are in FC I or II, oral
phosphodiesterase 5 inhibitors (sildenafil or tadalafil)
may be considered (164). Additionally, there have
been reports of successful pregnancies using a com-
bination therapy of epoprostenol and sildenafil (165).

For women who have vasodilator-responsive pul-
monary artery hypertension and who have preserved
RV function, it may be reasonable to continue CCB
therapy during pregnancy. Patients on anti-
coagulation may also continue therapy throughout
pregnancy. Lastly, endothelin receptor blockers (e.g.,
bosentan, ambrisentan, macitentan) should not be
used in pregnancy due to the teratogenic potential
(e.g., mandibular malformation, cardiac defects).

CONNECTIVE TISSUE DISEASES

Some women with Marfan syndrome (MFS) experi-
ence further aortic root dilatation with a higher risk of
dissection during pregnancy (166). Other high-risk
aortic syndromes include Loeys-Dietz, Ehlers-Danlos
type IV (vascular type), and osteoaneurysm syn-
drome. Turner syndrome women who commonly
have bicuspid aortic valves (BAV), coarctation of the
aorta, hypertension, and other cardiovascular risk
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factors, are now able to become pregnant through
means of assisted reproduction, which places them at
particularly higher risk of aortic events (167). Non-
syndromic BAV is a risk factor for dissection during
pregnancy, but reportedly less than MFS (168). MFS
and other high-risk patients should have a compre-
hensive pre-conception workup, and women who are
taking B-blockers for the prevention of aortic root
dilatation are advised to continue throughout preg-
nancy, particularly in the third trimester and peri-
partum period. Strict blood pressure control is
mandatory in all aortopathies during pregnancy.
Women with MFS with dilated aortic root 4.0 to
4.5 cm, BAV above 5.0 cm, and Turner syndrome with
an indexed aorta >25 mm/m? should receive careful
counseling from cardiology, cardiac surgery, and
maternal fetal medicine, and strongly consider root
replacement before pregnancy (1).

RESUSCITATION MEDICATIONS
DURING PREGNANCY

Maternal life-saving medications should not be
withheld during emergency situations such as
cardiogenic shock or cardiac arrest. Post-arrest
considerations are similar to those of nonpregnant
patients. f-blockers are used as first line for
arrhythmia suppression and long QT syndrome (38).
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CONCLUSIONS

CVD is the leading cause of nonobstetric maternal
death in pregnancy. The use of CVD medications
during pregnancy requires knowledge of the physio-
logical changes of pregnancy, which may alter the
drug’s properties, as well as the fetal effects of these
medications. A multidisciplinary team should provide
thoughtful and complete counseling to the pregnant
woman with CVD disease regarding the risks and
benefits of medication use. As our understanding of
pregnancy physiology, pharmacology, and the fetal
and placental interactions continues to evolve, we
will have an improved ability to treat maternal CVD
conditions during pregnancy.
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