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Abstract: Cardiovascular drugs are often used in pregnancy for the
treatment of maternal and fetal conditions. Mothers could also
require continued postpartum drug therapy. Most cardiovascular
drugs taken by pregnant women can cross the placenta and therefore
expose the developing embryo and fetus to their pharmacologic and
teratogenic effects. These effects are influenced by the intrinsic
pharmacokinetic properties of a given drug as well as by the
complex physiological changes occurring during pregnancy. Many
drugs are also transferred into human milk and therefore can poten-
tially have adverse effects on the nursing infant. This 2-part article
summarizes some of the available literature concerning the risks and
benefits of using various cardiovascular drugs and drug classes
during pregnancy and lactation. Included in the discussion are
cardiac glycosides, antiarrhythmic drugs, drugs used to treat both
acute and chronic hypertension, cholesterol-lowering agents, anti-
coagulants, thrombolytics, and antiplatelet drugs.
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CLINICAL PHARMACOLOGY

During pregnancy, certain physiological changes occur in
the cardiovascular, renal, gastrointestinal, and endocrine

systems that could influence the pharmacokinetics of drugs
(Table 1),1 thereby affecting drug transfer across the ma-
ternofetal unit.

Decreased motility in the gastrointestinal tract can in-
fluence drug absorption. Drug stagnation can occur as a result
of reduced gastric motility.2 Increased gastric pH resulting
from decreased acid secretion and increased production of
alkaline mucus can affect the degree of ionization and solu-
bility of drugs.3 Longer transit time through the gastrointes-
tinal tract could allow for increased metabolism of drugs in
the gut wall or, conversely, more complete drug absorption
leading to increased bioavailability.4,5

During pregnancy, increases in maternal intravascular
and extravascular fluid volumes by 5 to 8 L also could affect
drug distribution.6,7 Because of the greater physiological
volume, higher loading doses could be required to produce
expected serum drug concentrations. However, steady-state
concentrations resulting from chronic drug administration do
not differ from the nonpregnant state.4 The plasma volume is
increased progressively by 50% and is associated with a
progressive fall in the plasma protein concentration.6–8 Se-
rum albumin, the principal drug-binding protein, decreases
progressively throughout pregnancy.4 Together with the al-
tered binding of �1-acid glycoprotein,9,10 the increase in fatty
acids and lipids and hormonal changes leads to an increase of
the unbound drug fraction.4 This could partially explain the
increased clearance seen with some drugs and the resultant
decrease in total drug concentration. Tissue-to-plasma distri-
bution of drugs also is increased.11 Because the bound drug
concentration is decreased, the average total drug concentra-
tion at steady state will be less, although the mean steady-
state serum concentration of the unbound drug, which is
therapeutically active, remains unchanged. Therefore, the
serum concentration of total drug in pregnant women will
underestimate the concentration of free drug and could lead to
unnecessary increases in drug dosage.12 Although the mean
steady-state concentration does not change, a greater fluctu-
ation in the unbound drug concentration will occur within a
dosing interval, potentiating toxic effects at the beginning of
a dosing interval or loss of therapeutic effect at the end of an
interval. Consequently, more frequent dosing without a
change in daily dosage could be required.12
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The metabolism of many drugs is altered during preg-
nancy. The principal change in cardiovascular hemodynamics
is an increase of 30% to 50% in cardiac output.6,8,13 Conse-
quently, renal blood flow and glomerular filtration rate rise
rapidly, increasing by 50% by the fourth month of gesta-
tion.14 Therefore, certain drugs and their metabolites that
principally are excreted by the kidneys will be cleared more
rapidly during pregnancy, resulting in subtherapeutic concen-
trations with the usual nonpregnant dosage regimen. The liver
is another major organ of drug metabolism. Hepatic clearance
depends on hepatic blood flow, the binding affinity of drugs,
and the metabolizing enzyme system.4 Progesterone in-
creases maternal hepatic enzymatic activity, resulting in in-
creased drug clearance. The cytochrome P450 system could

also be activated in pregnancy, leading to increased drug
clearance.15 Also, some drug biotransformation could occur
in the placenta and the fetal liver.16 The placenta contains
several enzymatic systems that transform certain drugs into
toxic and nontoxic metabolites.4 The fetus also could partic-
ipate in drug metabolism after the eighth week of gestation.26

Drug transfer across the placenta can occur by simple
diffusion for almost all drugs when taken in significant
amounts by the mother.4 The rate of diffusion obeys Fick’s
Law, which states that the diffusion rate is directly propor-
tional to the maternal–fetal concentration gradient and the
surface area of the placenta and is inversely proportional to
the thickness of the placental membrane. Drug properties
such as degree of lipid solubility, molecular weight, degree of

TABLE 1. Factors Affecting Drug Kinetics During Pregnancy

Process Mother Placental–Fetal Unit

Absorption Increased plasma progesterone level reduces
intestinal motility resulting in a 30–50% increase
in gastric and intestinal-emptying time

Gastric acid and mucus secretions are reduced
resulting in increased gastric pH

Only free (unbound) drug can cross the placental barrier

Nonionized, highly lipid-soluble molecules penetrate biologic
membranes more quickly than less lipid-soluble ionized
molecule

Maternal and fetal pH are important determinants of placental
transfer, especially for weakly acidic or basic drugs (weakly
basic drugs cross the placenta easily in the nonionized form
but will ionize in the relatively acidic fetal blood, resulting in
more drug transfer to the fetus (this is referred to as “ion
trapping”)

Increased cardiac output and tidal flow increase
pulmonary absorption of drugs

Distribution A 50% plasma volume expansion can result in
altered volume of distribution of some drugs

Half the fetal circulation (umbilical vein) directly reaches the
heart and brain, bypassing the liver

Mean total body water increases by 8l, of which
40% is to maternal tissue (remainder to placenta,
fetus, and amniotic fluid)

Protein
binding

Reduced number of available binding sites because
of occupancy by steroid and placental hormones

Drug affinity for fetal plasma proteins can be less (eg
ampicillin) or greater (eg salicylates) than affinity for
maternal proteins

Dilutional hypoalbuminemia occurs, decreasing
protein binding

Elimination Changes in levels of endogenous substance can
result in increases or decreases in hepatic
elimination of drugs (eg phenytoin metabolism is
increased, possibly as a result of the stimulation
of microsomal enzymes by progesterone; the
ophylline metabolism is decreased, possibly

Elimination of drugs from the fetus is primarily by diffusion of
the drug back to the maternal compartment (although there is
some evidence that both the placenta and fetus are capable of
metabolizing drugs)

As the fetal kidney matures, more drugs are excreted into the
amniotic fluid

as a result of competitive inhibition by progesterone
and estradiol)

A 25–50% increase in renal plasma flow and a 50%
increase in glomerular filtration rate can increase
renal elimination of drugs*

*The changes in renal drug elimination are usually clinically insufficient to require dosage alteration.
Reprinted with permission from Loebstein R, Lalkin A, Koren G. Pharmacokinetic changes during pregnancy and their clinical relevance. Clin

Pharmacokinet. 1997; 33: 328–343.
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ionization, and the pH difference between maternal and fetal
fluids also could influence the rate of passage. Therefore,
diffusion is facilitated by a drug’s high degree of lipid
solubility, low degree of ionization, and low molecular
weight. The transfer of weak acids and bases further depends
on their pKA and the pH of the maternal and fetal fluids. Fetal
plasma tends to be slightly more acidic than maternal plasma.
Weak bases will become ionized after crossing the placental
membrane and therefore become “trapped” in the more acidic
fetal circulation. Indeed, in fetal acidosis, such “drug trap-
ping” could lead to higher drug concentrations in the fetus
than the mother.

In the 2 weeks after conception, the embryo is rela-
tively resistant to exogenous toxicity. Abortion generally
results from any damage during this time.4 Congenital mal-
formations generally are caused by drug toxicity during the
first trimester and depend on the nature of the drug, the
duration of fetal exposure, the genetic susceptibility of the
fetus, and its accessibility to the fetus.4 Consequently, drug
administration in the first trimester should be avoided as
much as possible. In the second and third trimesters, inter-
ference with fetal growth and development is the major
potential hazard of drug exposure.17 Delayed teratogenic
effects could occur long after initial maternal drug inges-
tion.18 Therefore, long-term evaluation of any pharmacologic
agent given during pregnancy is necessary before its safety
can be accepted, and assessment of the benefit of drug
therapy in a pregnant patient in light of its known and
unknown potential risks to the fetus must be considered.

Furthermore, the issue of a mother who requires con-
tinuing drug therapy but wants to breastfeed her child poses
potential problems. Many drugs taken by the mother will
eventually appear in human milk.19 The drug level in milk
depends on the physiochemical properties of the drug, the
degree of plasma protein binding, and the maternal serum
concentration.20 Therefore, unionized drugs with minimal
protein binding and high lipid solubility are found more
readily in breast milk. Fortunately, because the amount of
drug excreted in milk is rarely more than 1% to 2% of the
dose administered to the mother, only a small number of
drugs are considered prohibited to the nursing mother.4 Like
with transplacental drug transfer, the lower pH in breast milk
compared with plasma acts as an “ion trap” for weak bases.
Those compounds can accumulate in relatively high concen-
trations in milk compared with plasma. Conversely, acidic
compounds tend to be inhibited from entering breast milk.20

The milk/plasma ratio is often used as a measure of drug
transfer into milk. However, the absence of a standard defi-
nition limits the usefulness of this value in clinical practice.
These values are often calculated based on milk and plasma
concentrations at different time points along a dosing inter-
val. Many investigators also report the ratio of areas under the
milk and plasma concentration curves.19,20 Consequently, the

best method for predicting potential drug effects on the
nursing infant is by estimating the total amount of drug
ingested in the breast milk.21

In this article, cardiac glycosides and various antiar-
rhythmic agents are discussed with regard to pregnancy and
lactation. In the second of this 2-part article, we will discuss
antihypertensives, antihyperlipidemics, and anticoagulants.

CARDIAC GLYCOSIDES
Numerous animal and human studies have shown that

both digoxin and digitoxin are transferred readily across the
placenta. Okita and colleagues22 observed low levels of
transplacental digitoxin present in the fetus after 3 to 5 hours
of an intravenous injection of digitoxin to the mother. In-
creasing transplacental passage of digoxin is observed as
pregnancy progresses, presumably as the maternofetal pla-
cental unit becomes more developed. Saarikoski23 injected a
single dose of radioactive digoxin into pregnant women
before legal abortion and observed low levels in fetal tissues.
He concluded that in the first half of gestation, digoxin uptake
by the fetus is limited. Rogers and colleagues24 found similar
serum concentrations of digoxin in the newborn at term and
the mother 6 hours after the last oral dose received by the
mother.

No teratogenicity has been associated with the use of
the cardiac glycosides. However, adverse effects on the fetus
have been found in mothers who developed digitalis toxicity.
Sherman and Locke25 reported a case of maternal digitalis
toxicity associated with electrocardiographic changes in the
newborn and subsequent death of the infant. Potondi reported
another case in which digitalis overdosing of the pregnant
mother led to an eventual miscarriage.26

Occasionally, mothers on chronic treatment with digi-
talis have been observed to give birth to infants with low birth
weights. Whitsett and Wallick27 postulated that digitalis
could alter the maternal–placental transfer of amino acids to
the fetus. Weaver and Pearson28 examined 22 digitalis-treated
women with cardiac disease and found that the mean gesta-
tional period and the mean duration of labor, compared with
64 women not on digitalis, were both shorter in length. The
investigators concluded that these findings were probably
related to the direct effects of chronic digitalis therapy on the
myometrium. Moreover, in observing similar results in the
percentile weights related to the gestational age of the infants
in both groups, they further concluded that the lower birth
weight of infants on digitalis was probably the result of
relative prematurity rather than growth retardation.

Digoxin has become a mainstay in the treatment of fetal
arrhythmias, providing a 80% success rate in cardioverting
supraventricular tachycardias.29,30 Its cardiotonic effects also
play a role in the treatment of fetal cardiac failure/hydrops
fetalis in the absence of tachyarrhythmias. Digoxin is con-
sidered by some as the routine drug of choice in treating fetal
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arrhythmias.31 However, studies have shown that the success
of digoxin is diminished in cases involving fetal hydrops.29

This could be the result of the reduced transplacental passage
of digoxin and lower fetal/cord blood levels. Therefore,
higher doses are required in these cases coupled with close
maternal toxicity monitoring. It is recommended that earlier
intervention be used in the treatment of fetal arrhythmias
complicated by hydrops or cardiac failure with the addition of
secondary agents and/or direct fetal administration.29 The
efficacy of digoxin alone is also diminished in the treatment
of fetal atrial flutter when compared with the success seen in
supraventricular tachycardia.32 This is particularly notewor-
thy in fetuses with heart failure. In addition, like with adults,
Wolff-Parkinson-White syndrome could worsen with in utero
digoxin exposure.33 Finally, intravenous digoxin treatment
causes a more rapid cardioversion of fetal tachycardia than
the oral form.29 If the arrhythmia recurs while on oral
digoxin, an intravenous regimen of digoxin should be tried
before starting other agents.

Digoxin is extensively distributed in tissues and is
usually found in low plasma concentrations of 0.5 to 3.0
�g/mL. Although digoxin is also secreted in breast milk in
similar concentrations as that found in the maternal steady-
state serum concentration,34 the total daily mammary excre-
tion of digoxin in mothers with therapeutic serum concentra-
tions is a minute amount that bears no pharmacologic
significance to the infant. Indeed, Loughnan34 demonstrated
that the plasma of the nursing infant contained no detectable
drug concentrations (limit of sensitivity 0.1 ng/mL) after 10
days of breastfeeding from a chronically digoxin-treated
mother. Furthermore, assuming an infant milk intake of 150
mL per day, and based on the measured peak milk concen-
trations of digoxin, the investigator calculated that the aver-
age daily ingested amount is 1/100 of the maximum recom-
mended daily dose of 12.5 �g/kg per day.

Consequently, to date, digoxin is considered safe in
lactating mothers. Because experience with this drug in
pregnancy is extensive, the use of digoxin could be preferable
over other digitalis glycosides.

CLASS IA ANTIARRHYTHMICS

Quinidine
Quinidine is a class IA antiarrhythmic agent. Class I

agents act by blocking sodium channels. IA compounds reduce
Vmax and prolong the action potential duration. They are used
in the treatment of ventricular and supraventricular arrhythmias,
including those associated with Wolff-Parkinson-White syn-
drome.35 Quinidine is also used for termination of atrial fibril-
lation/flutter. Quinidine has been used to treat pregnant women
with ectopic rhythms from as early as the 1930s. Quinidine has
also been used successfully, alone or in combination with other
antiarrhythmics, for transplacental treatment of fetal supraven-

tricular tachycardia36 and fetal atrial flutter.37 Its relative safety
has been demonstrated repeatedly.38

Hill and Malkasian39 described a 24-year-old gravida
who was treated with 2400 g per day of quinidine throughout
her pregnancy for idiopathic ventricular tachycardia. Serum
quinidine levels averaged approximately 6 mg/L (therapeutic
range, 4–6 mg/L) during this period. She had an uneventful
pregnancy and delivered a full-term newborn in good condi-
tion by elective cesarean section. At the time of surgery,
maternal and neonatal quinidine levels were equivalent, at 3.4
mg/L and 2.8 mg/L, respectively, indicating the drug readily
crossed the placenta. Maternal serum and breast milk con-
centrations of quinidine measured 5 days postpartum were
9.0 mg/L and 6.4 mg/L, respectively, demonstrating that
quinidine diffused freely into breast milk. The investigators
also found high drug levels, within the toxic range, in the
amniotic fluid before delivery, which they postulated to be
secondary to spontaneous fetal voiding because 10% to 50%
of unmetabolized quinidine is excreted by the kidneys.

There have been reports of adverse reactions of quini-
dine in the fetus, including thrombocytopenia, eighth nerve
toxicity at much larger doses than those routinely used to treat
arrhythmias, and minimal oxytocic effects.40 Quinidine also
depresses pseudocholinesterase activity by 60% to 70%,
which could already be low secondary to gestation. This
could create potential toxicity with the use of epidural or
general anesthesia requiring ester-type anesthetics (procaine,
tetracaine, chloroprocaine). Side effects are rare however.
With respect to early fetal exposure, one surveillance study
looked at 17 newborns exposed to quinidine during the first
trimester.41 Only one major birth defect was observed. There
was no report of cardiovascular defects, oral clefts, spina
bifida, polydactyly, limb reduction defects, or hypospadias.

At therapeutic concentrations, quinidine is approxi-
mately 60% protein-bound.42 Changes in protein binding that
occur during pregnancy will influence the free (unbound)
portion of quinidine. Therefore, careful monitoring of mater-
nal serum levels is necessary to avoid adverse effects. Quin-
idine is excreted in breast milk with a milk:plasma ratio of
0.31:0.71.39 However, the amount likely to be ingested by the
infant is considered to be far below the recommended pedi-
atric dose. There are no contraindications to the use of
quinidine in lactating mothers.42a

Procainamide
Procainamide is another class IA antiarrhythmic agent.

It is synthesized by substituting an amide for the ester of
procaine. Clinically, its action is similar to quinidine in that it
is used to prevent or terminate supraventricular and ventric-
ular arrhythmias. Procainamide can also be used to maintain
sinus rhythm after cardioversion of atrial fibrillation/flutter
that is unresponsive to quinidine or to prevent tachyarrhyth-
mias associated with Wolff-Parkinson-White syndrome.42
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There have been only a few reports documenting the
safety and efficacy of procainamide in pregnancy. Dumesic
and colleagues43 described a successful intrauterine cardio-
version of fetal supraventricular tachycardia by procainamide
in whom digoxin alone and in combination with propanolol
had failed to control. Maternal serum concentration at the
time of delivery and neonatal concentration of procainamide
were 15.6 mg/L and 4.3 mg/L, respectively.

In another report, the clinicians successfully cardio-
verted fetal supraventricular tachycardia resistant to digoxin
and propanolol with a combination of procainamide and
propanolol.44 However, unlike the results reported by Dume-
sic et al.,43 fetal levels of procainamide at delivery were
found to be 30% higher than the maternal serum levels. The
level of N-acetyl-procainamide (NAPA), the less active me-
tabolite, in cord blood was also higher than in maternal
serum, being 3.7 mg/L and 3.0 mg/L, respectively. Because
fetal blood pH is slightly more acidic than placental pH, it can
act to trap the weak base, procainamide, thereby limiting back
diffusion.44

Battiste and colleagues45 reported on a case of fetal
supraventricular tachycardia causing hydrops fetalis at 17
weeks gestation, in which they successfully cardioverted
using digoxin and procainamide with resolution of the hy-
drops. Sinus rhythm was maintained until term, and the
patient delivered a normal male in good condition. This
17-week gestation fetus represents the earliest case of suc-
cessful intrauterine cardioversion of fetal supraventricular
tachycardia. Unlike the results obtained in previous re-
ports,43,44 maternal and cord blood levels of procainamide
were equivalent, being 1.8 mg/L and 1.6 mg/L, respectively.
NAPA levels in maternal and cord sera were likewise equal,
at 2.4 mg/L and 2.2 mg/L, respectively.

Pittard and Glazier46 demonstrated the translactal pas-
sage of procainamide and NAPA into breast milk. They
found a mean milk:plasma ratio of 4.3 for procainamide and
3.8 for NAPA. Although the high ratio of milk:plasma sug-
gests that both procainamide and NAPA accumulate in milk,
the amount of drug transferred into milk is usually very
low,47 and the total daily amount ingested by an infant would
not be expected to yield significant plasma concentrations.
The Committee on Drugs of the American Academy of
Pediatrics has found it unnecessary to discontinue procain-
amide treatment during lactation.42a

To date, procainamide has no known teratogenic ef-
fects.40 It can be used with relative safety to treat a variety of
maternal and fetal arrhythmias. However, because of the high
incidence of the antinuclear antibodies and the lupus-like
syndrome observed with chronic therapy, its use in long-term
therapy should be reserved for patients who are refractory to
or who do not tolerate quinidine.

Disopyramide
Disopyramide, a newer class IA antiarrhythmic drug,

approved in 1977 for the treatment of ventricular arrhyth-
mias, is similar in its electrophysiological properties to quin-
idine, possessing anticholinergic activity. Its clinical indica-
tions are also similar to quinidine and procainamide. It is as
effective or better than the other 2 drugs in suppressing
premature ventricular contractions (PVCs) and can have
fewer gastrointestinal side effects.42 It could also be useful in
selected patients with ventricular tachycardia refractory to
other agents. In Europe, it has been found to be equal in
potency to quinidine in the prevention and termination of
supraventricular arrhythmias.48

Disopyramide readily crosses the placenta.40,49 Neona-
tal concentrations have been found to be approximately 40%
of maternal concentrations. Disopyramide has not been dem-
onstrated to be teratogenic in animal studies when given
orally in doses �150 mg/kg body weight. However, low fetal
weight was reported after higher dosing of the drug.40,49

Shaxted and Milton49 described a 27-year-old pregnant
woman with ventricular tachycardia who received 800 mg per
day of the drug for 14 weeks until week 40 of pregnancy. She
experienced no adverse effects and delivered a term infant
with normal weight.

Leonard and coworkers,50 however, described the ini-
tiation of premature labor associated with the use of disopyr-
amide in a pregnant woman with cardiac arrhythmias second-
ary to mitral valve prolapse. The patient began to experience
premature uterine contractions approximately 60 minutes
after the initial oral dose. Uterine contractions recurred after
each successive redosing, gradually subsiding after the drug
was withdrawn. The mechanism of this oxytocic-like action
of disopyramide is unknown.

Furthermore, Tadmor and colleagues51 conducted a
randomized, placebo-controlled, double-blind study in which
150 mg disopyramide was given every 6 hours for 48 hours
for induction of labor in 10 pregnant women. Placebo was
given to the other 10 women with the same indications in the
control group. During the 48-hour study period, regular
uterine contractions occurred in all 10 women in the study
group, compared with none in the control group. Eight
women delivered within 48 hours, compared with none in the
control group. At delivery, the mean maternal:cord blood
ratio of disopyramide was 0.36, compatible with the findings
of Shaxted and Milton.49 The authors suggest that perhaps the
induction of uterine contractions could be related to a direct
blockade of uterine �-receptors or to an increase in the
plasma levels of labor-inducing agents such as oxytocin and
PGE2.

Abbi et al. reported on a case report of preterm labor
and abruptio placentae after the administration of disopyr-
amide.52 A 26-year-old woman with Wolff-Parkinson-White
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syndrome had recurrent episodes of supraventricular tachy-
cardia refractory to medical therapy during the third trimes-
ter. She required repeated direct current cardioversion. The
administration of disopyramide initiated painful uterine con-
tractions and hemorrhage.

During the third trimester, Echizen and coworkers
showed that the protein binding of disopyramide is decreased
significantly.53 As a consequence, there is an increase in the
antiarrhythmic activity at the same therapeutic plasma con-
centration. With a therapeutic disopyramide maternal plasma
concentration of 2.0 to 5.0 �g/mL, the mean fetal:maternal
plasma ratio at term was 0.78. However, Ellsworth et al.
treated a 27-year-old woman throughout pregnancy for ven-
tricular fibrillation with an uneventful course and the fetal:
maternal disopyramide plasma concentration ratio at delivery
was 0.26.54

Disopyramide is excreted in breast milk. Barnett and
colleagues55 determined the plasma and breast milk concen-
trations in a nursing woman on 200 mg disopyramide 3 times
daily. The mean milk:plasma ratio on days 5 through 8 was
0.9. This finding demonstrated the almost complete transfer
of the drug from maternal blood into breast milk and is
consistent with its physicochemical properties as a freely
water-soluble compound with a low molecular weight and
low binding to plasma proteins, thus facilitating its transfer
from plasma to milk. The milk:plasma ratio for the N-
monodesalkyl metabolite of disopyramide was 5.6. The infant
showed no adverse effects and had undetectable serum levels
of both disopyramide and active metabolite by the end of 4
weeks. The Committee on Drugs of the American Academy
of Pediatrics considers the use of disopyramide compatible
with breast feeding.42a

Because of limited experience regarding its use, and
compelling evidence of its oxytocic properties, disopyramide
should be used with caution during pregnancy because it
could induce premature uterine contractions. It should be
reserved for use in selected patients who do not respond to
other antiarrhythmic agents.

CLASS IB ANTIARRHYTHMICS

Lidocaine
Lidocaine has been used primarily for epidural or local

anesthesia during pregnancy. Investigators have shown that
lidocaine rapidly crosses the placenta after intravenous or
epidural administration.56–58 After maternal administration, it
can be detected in the umbilical cord in 2 minutes, and the
maternofetal plasma concentration ratio is 0.5:0.7.58 Snider
and Way59 were able to detect concentrations in the umbilical
vein 6 minutes after maternal intravenous injection that were
55% of maternal levels. Other investigators have confirmed
that fetal plasma concentrations at delivery are approximately
50% to 60% those of maternal levels.60 A possible explana-

tion that could account for the lower lidocaine concentration
is that lidocaine is a weak base predominantly bound to
�1-acid glycoprotein whose fetal concentrations are approx-
imately one third of maternal concentrations. This hypothesis
is supported by Tucker et al.58 who found lower binding
capacity of lidocaine in fetal plasma. However, Snider and Way,
in a second experiment,61 demonstrated equal binding capacity
in both maternal and fetal plasma. Brown and coworkers60

showed that the elimination half-life of lidocaine in a neonate
acquiring the drug in utero during maternal epidural anesthesia
is approximately 180 minutes compared with 100 minutes in
adults. There is evidence that the metabolism of lidocaine in the
fetus and neonate is also hepatic.62

Snider and Way59 studied 57 pregnant women who had
levels of 3 mg/L. There was no gross evidence of central
nervous system (CNS) toxicity when the fetal level was �2.5
mg/L. The therapeutic range in the nonpregnant state is 1 to
5 mg/L. If the maternofetal plasma ratio is approximately 0.5
to 0.6, maternal levels �4 mg/L are probably safe to avoid
CNS toxicity. Data from the Collaborative Perinatal Project,
which surveyed 293 of 50,282 mothers with lidocaine expo-
sure during the first trimester, suggest that lidocaine admin-
istration during early pregnancy does not pose an increased
risk of teratogenicity to the fetus.40 Lidocaine toxicity after
local lidocaine anesthesia has been reported in a small num-
ber of patients.63,64 Kim and colleagues63 described a case of
accidental lidocaine injection into the fetal scalp during
episiotomy. At delivery, the newborn demonstrated signs of
severe toxicity, including apnea, hypotonia, fixed dilated
pupils, and seizures. The fetal lidocaine level was 14 mg/L.
The infant eventually recovered with completely normal
follow up at 7 months.

Because lidocaine is a weak base, it could be trapped in
the slightly more acidic fetal plasma compared with maternal
plasma. Several studies have shown that in the presence of fetal
acidosis, fetal drug concentrations of ionized weak bases such as
lidocaine can be expected to be high, partly as a result of ion
trapping and the increased transfer of lidocaine across the pla-
centa.56,65 Furthermore, acidosis can increase the unbound por-
tion of lidocaine, facilitating further fetal trapping.66

Lidocaine transfer into breast milk during intravenous
drug administration has been reported.40 However, the total
daily drug amount reaching the newborn is low and should be
clinically insignificant. The Committee on Drugs of the
American Academy of Pediatrics considers the use of lido-
caine compatible with breastfeeding.42a

There are conflicting reports regarding whether lido-
caine imposes deleterious neurobehavioral effects on the
newborns. Some studies showed that it does not have adverse
neurobehavioral consequences,67 whereas others demon-
strated that it does alter neurobehavioral responses at least in
the neonatal period.68
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There were 293 women identified in the Collaborative
Perinatal Project that were exposed to lidocaine during the
first trimester.40 Although no teratogenicity was observed,
there was a greater-than-expected incidence of respiratory
tract anomalies (3 cases), tumors (2 cases), and inguinal
hernias (8 cases). It is not known whether these findings were
the result of lidocaine, maternal comorbidity, or are just
incidental findings.

Despite the small amount of information of the actual
use of lidocaine as an antiarrhythmic agent during pregnancy,
data gathered from its clinical application as a local and
epidural anesthetic agent indicate that it is relatively safe to
use in pregnancy with careful blood monitoring. To avoid any
possible side effects, fetal acid-base status should be within
the normal range and maternal lidocaine blood levels should
be kept within the mid to low therapeutic range. Because it is
metabolized mainly by the liver, pregnant women with de-
creased hepatic flow should have their dosing regimen re-
duced accordingly.

Mexiletine
Structurally similar to lidocaine, mexiletine is a newer,

oral class IB antiarrhythmic agent. It is well absorbed from
the gastrointestinal tract. In fact, because it is absorbed almost
completely from the proximal bowel, the delayed gastric-
emptying that occurs in pregnancy could retard its absorption.
Unlike lidocaine, mexiletine undergoes less than 10% first-
pass hepatic metabolism, and bioavailability after oral admin-
istration is approximately 90%. It has a large and variable
volume of distribution. Approximately 75% of the drug is
protein-bound. Once in the circulation, it undergoes extensive
metabolism in the liver, with approximately 10% to 20%
excreted unchanged in the urine.69

There are little data regarding the safety of mexiletine
in pregnancy. Animal studies in rats, mice, and rabbits re-
ceiving doses up to 4 times the maximum daily dose in
humans found an increase in absorption in the fetus but no
teratogenic effects. Timmis and coworker70 described a 32-
week pregnant woman who received 200 mg oral mexiletine
3 times daily and 40 mg propanolol 3 times daily for control
of recurrent ventricular tachycardia. The patient underwent
spontaneous vaginal delivery at 39 weeks and delivered a
normal infant whose only problem was fetal bradycardia at 90
beats per minute. The infant’s heart rate rose to 120 beats per
minute 6 hours after birth and remained stable throughout the
puerperium. The maternofetal ratio of mexiletine was 1.0,
indicating complete placental transfer of the drug. Mexiletine
was also secreted in breast milk. Timmis et al.70 found
milk:plasma ratios in the second postpartum day and 6 weeks
postpartum to be 2.0 and 1.14, respectively. Although drug
accumulation in breast milk is suggested by these data, the
total daily amount ingested by the infant was minimal and

therefore was not detectable in plasma. The Committee on
Drugs of the American Academy of Pediatrics considers the
use of mexiletine compatible with breast feeding.42a

Lownes and Ives71 reported a 26-year-old woman who
received 250 mg mexiletine 3 times daily and 50 mg atenolol
per day throughout her conception, pregnancy, and postnatal
course for ventricular tachycardia with multiple ectopic beats,
which had been refractory to other drugs. She experienced
premature rupture of membranes at 39 weeks and underwent
induced labor followed by vaginal delivery of a small-for-
gestational-age but otherwise normal and healthy male infant.

Mexiletine administration during pregnancy with no
consequent adverse effects has been documented.72 However,
isolated reports of fetal bradycardia, a small size for gesta-
tional age, low Apgar scores, and neonatal hypoglycemia
have been associated with its use.71,72 Nevertheless, no tera-
togenic or long-term adverse effects have been observed in
these or other reported cases.

Tocainide
There is little information regarding the adverse effects

of tocainide during pregnancy. Common adverse effects oc-
curring in approximately 30% of nonpregnant patients are
gastrointestinal and neurologic in nature, including nausea,
vomiting, dizziness, tremor, and paresthesia. Mental changes
ranging from confusion to frank psychosis induced by tocain-
ide have been reported.73 Other less common adverse effects
include elevated liver enzymes, hepatitis, acute pulmonary
edema, and a rise in antinuclear antibodies with and without
lupus. Agranulocytosis, rash and fever, interstitial pneumo-
nitis, and cardiodynamic effects such as exacerbation of
preexisting heart failure also have been reported.74,75

Studies in rats have demonstrated that tocainide admin-
istered in doses up to 300 mg/kg had no specific adverse
effects on fertility, perinatal and postnatal development. No
dysmorphogenic effects in the developing fetus were ob-
served.74 However, fetal abnormalities were reported in all
test groups in a rabbit teratogenicity study. The incidence of
toxicity differed significantly from control values at the
highest dose level. Although maternal toxicity was ob-
served, a drug effect on the fetus cannot be excluded.75 In
other animal experiments with rabbits given doses up to 4
times that for humans, and rats given 8 to 12 times the
human dose, there is an increased incidence of abortions,
stillbirths, fetal resorptions, and decreased neonatal sur-
vival.76 To date, it is not known if tocainide is transferred
into breast milk.

Because there is relatively little information regarding
the use of tocainide in pregnancy, no recommendation for its
use can be made at this time until there is more evidence
documenting its safety.
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CLASS IC ANTIARRHYTHMICS

Flecainide
Flecainide has been used with clinical effectiveness and

safety to treat several cases of maternal tachyarrhythmias77,78

and fetal tachycardias.79–81 Flecainide readily crosses the
placenta78 with approximately 70% to 80% of the drug being
transferred to the fetus.78,80,81

Wren and Hunter79 first reported on a case of fetal
tachycardia refractory to digoxin therapy, which was success-
fully cardioverted at 30 weeks gestation with intravenous
flecainide for 5 minutes followed by oral therapy at 100 mg
3 times daily. A normal baby was delivered at 38 weeks.
Maternal and cord plasma concentrations obtained simulta-
neously 5 hours after the last oral dose were 833 and 533
�g/L, respectively. Allan and coworkers80 reported on the
use of flecainide in the treatment of 14 cases of fetal atrial
tachycardias associated with intrauterine cardiac failure.
Twelve of the 14 fetuses were successfully cardioverted to
sinus rhythm. One of the 12 fetuses subsequently died in
utero. The remaining 2 fetuses who did not respond to
flecainide therapy were successfully treated with digoxin. All
newborns except one had good outcomes at 4 months of age.
Comparison of maternal and cord serum concentrations dem-
onstrated an approximate placental transfer of 80% with all
fetuses possessing concentrations within the therapeutic
range. Perry and colleagues81 reported 2 cases of fetal tachy-
cardia treated with flecainide. The calculated elimination
half-life was 29 hours in the second fetus described. The
investigators presented evidence to suggest that the fetus is
capable of metabolizing the drug to avoid drug accumulation
and toxicity.

Doig et al.77 described a 24-year-old patient with twin
gestations who developed incessant atrial tachycardia. Oral
flecainide at 100 mg 3 times daily was administered when the
patient failed verapamil and digoxin therapy. This treatment
achieved only transient cardioversion to sinus rhythm. The
patient spontaneously reverted to sinus rhythm during labor at
31 weeks of gestation, and 2 healthy infants were delivered
vaginally by forceps. Wagner and colleagues78 presented a
23-year-old woman with recurrent ventricular tachycardia
and polymorphous premature ventricular beats who was be-
ing treated with 100 mg oral flecainide twice daily and 80 mg
sotalol twice daily when she became pregnant. She continued
with these medications throughout an uneventful pregnancy
and eventually delivered a healthy baby by cesarean section
3 weeks before full term. The infant’s follow up at 1 year was
normal.

Thus, flecainide has become a treatment of choice for
the treatment of fetal supraventricular tachycardia.82 It is
especially useful in treating cases refractory to digoxin and in
those complicated by hydrops fetalis.83 Although the majority
of reported cases have good outcomes, caution is still advised

with flecainide use because of the reports of death of 3
fetuses,82,84 including one that died 15 minutes after trans-
placental administration.82 None of these deaths, however,
could be attributed with certainty to the drug.

The use of flecainide is compatible with breastfeeding.
Wagner and coworkers78 documented excretion of flecainide
in human breast milk. Their calculated milk:maternal plasma
ratios range from 1.57:1 to 2.18:1.

Propafenone
Brunozzi and colleagues85 first described a 25-year-old

pregnant patient with severe mitral insufficiency who was
controlled with 300 mg propafenone 3 times daily for com-
plex ventricular arrhythmias. Treatment started in the 20th
week of gestation and continued throughout an uneventful
pregnancy. The patient delivered a healthy infant by cesarean
section at 36 weeks gestation. Placental transfer of
propafenone and its active metabolite 5-OH propafenone,
based on cord and maternal plasma concentrations, demon-
strated an approximate 30% to 40% transfer. Libardoni and
associates86 reported on a 37-year-old woman treated with
300 mg propafenone 3 times daily starting in the 24th week
for nonsustained ventricular tachycardia. The patient experi-
enced no ill effects during the pregnancy and spontaneously
delivered a healthy newborn at the 36th week. The investi-
gators detected propafenone and 5-OH propafenone in both
newborn plasma and maternal milk. Placental and milk trans-
fer ratios were greater for 5-OH propafenone (0.42 and 0.50,
respectively) than for propafenone (0.14 and 0.20, respec-
tively), reflecting a difference in plasma protein binding of
the 2 compounds to maternal plasma (approximately 75% vs.
95%). Although the infant was not breastfed, a hypothetical
calculation of the total drug and metabolite ingested by the
infant based on daily milk intake of 150 mg/kg body weight
was well below the therapeutic range, at 0.03% of the
maternal dose.

Although the use of class 1C antiarrhythmic agents has
been described favorably in pregnancy, primarily for flecain-
ide and propafenone, the absence of information gathered
from controlled studies involving the use of these drugs
during pregnancy and breastfeeding does not permit clear
recommendations at this time.

CLASS II ANTIARRHYTHMICS: �-ADRENERGIC-
BLOCKING AGENTS

�-Adrenergic-blocking agents act by blocking �1 and
�2 receptors. Cardiac effects are mediated primarily by �1
receptors while �2 receptors are found in the bronchi and the
blood vessels. �2-receptor-mediated myometrial relaxation
also occurs in pregnancy. Nonselective �-blockers include
propranolol, nadolol, pindolol, timolol, sotalol, carvedilol,
and labetalol (carvedilol and labetalol also have �-blocking
activity); �1-selective antagonists include atenolol, metopro-
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lol, and esmolol (available in intravenous form). �-blockers
are useful in the management of supraventricular and ven-
tricular tachycardia. They are also used to control the rate of
ventricular response in atrial flutter and atrial fibrillation. The
antiarrhythmic effects of these agents have been attributed to
the �-adrenergic-blocking activity rather than the membrane-
stabilizing properties possessed by some of these agents.87

Although no systematic study has been conducted to
assess the treatment of �-blockers for arrhythmias during
pregnancy, growing documentation of their use in the past
few years has accumulated with regard to treatment of preg-
nant patients with hypertension,88,89 the hereditary long QT
syndrome,90 thyrotoxicosis,91 idiopathic hypertrophic subaor-
tic stenosis,92 and fetal tachycardia.93 To date, none of the
�-blockers has been implicated as a causative agent of fetal
malformation. At least 2 studies included women on
�-blocker therapy before conception and no fetal abnormal-
ities were observed in both studies.88,94 Both nonselective
and selective �-blockers readily cross the placenta.95 At
delivery, similar serum drug concentrations are found in the
mother and the umbilical cord, although lower fetal concen-
trations than maternal concentrations have been reported. The
effects of � and �-adrenergic receptor stimulation and block-
ade on maternal–fetal physiology are shown in Table 2.

Propranolol
Propranolol is the most commonly used �-blocking

agent during pregnancy. After an oral dose, it is essentially
absorbed completely from the gastrointestinal tract. First-pass
effect ranges from 20% to 40%. Peak plasma concentrations
are reached within 90 minutes and duration of action ranges
from 6 to 12 hours. Propranolol is a weak base, which is
�90% protein-bound. It undergoes extensive metabolism
with a minor amount of unchanged drug excreted by the
kidneys. Pregnancy has no effect on the maternal clearance,
volume of distribution, elimination half-life, and the area
under the concentration–time curve of propranolol.96

In the past 3 decades since the clinical introduction of
propranolol, there are numerous reports favorably document-
ing its use in pregnancy.88,92,94,97,98 However, adverse fetal

effects have been described, including bradycardia,99 birth
apnea,100 hypoglycemia,99 intrauterine growth retardation
(IUGR),99,101,102 hyperbilirubinemia,99 polycythemia,99 pro-
longed labor,99 and a single case of fetal death.103 None of
these complications, however, were reported consistently in
chronic therapy studies. In a retrospective study, Pruyn and
coworkers101 observed that 10 of 11 babies exposed to
long-term propranolol in utero had weights and head circum-
ferences below the 50th percentile. They postulated that
decreased umbilical blood flow seen in pregnant ewes104

could deprive the growing fetus of essential nutrients and
therefore retard growth. However, prospective clinical studies
have shown the incidence of IUGR associated with propran-
olol use to be approximately 4%,88,94,105 with normal-sized
babies delivered in later pregnancies despite continued pro-
pranolol therapy.105 Consequently, it would be inappropriate
to conclude that �-blockers are commonly associated with
IUGR. In women with the long QT syndrome, it was shown
that the immediate postpartum period is associated with a
sharp increase in the risk of cardiac events. It is advised not
to discontinue �-blockers during pregnancy in this condition
and throughout the postpartum period.90

Tunstall100 observed that administration of 1 mg intra-
venous propranolol in 3 pregnant patients before cesarean
section led to a 5- to 6-minute delay in spontaneous respira-
tion of all babies, 2 of which required brief intubation. A
subsequent random double-blind study found this complica-
tion in all babies whose mothers required preoperative pro-
pranolol, although the outcome was ultimately normal be-
yond the first 10 minutes of birth. The investigators
postulated that �-blockade of the cervical sympathetic dis-
charge might have been an etiologic factor. Cottrill and
colleagues106 described a case of neonatal transient apnea,
bradycardia, and hypoglycemia observed in a pregnant pa-
tient on 160 mg propranolol daily, increasing to 240 mg the
day before delivery, with an additional 3 mg given parenter-
ally 1 hour before cesarean section. Neonatal drug concen-
trations 4 hours postpartum were more than twice the cord
concentration measured at delivery. Although others have

TABLE 2. Adrenergic Influences on Maternal–Fetal Physiology

Stimulation Blockade

� Receptor � Receptor � Receptor � Receptor

Fetal heart rate 7 1 7 72
Mother heart rate 7 1 7 2
Umbilical blood flow 7 1 7 2
Myometrial activity 1 2 2 1

7 no effect; 1 increases; 2 decreases.
Reprinted with permission from Widerhorn J, Rubin JN, Frishman WH, et al. Cardiovascular drugs in pregnancy. Cardiol Clin. 1987; 5:651–674.
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reported similar adverse effects, no lasting consequences
were detected in any child.99,106

Excretion of propranolol in breast milk has been re-
ported by a number of investigators. Karlberg and col-
leagues107 found that 3 hours after breastfeeding, the milk:
maternal plasma ratio is approximately 1, and that the
excretion of propranolol into breast milk appeared to be
dose-dependent. Bauer and coworkers108 found that propran-
olol concentrations in breast milk were less than 40% and
64%, respectively, of peak plasma concentrations after a
single dose of 40 mg and continuous dosing of 40 mg 4 times
daily. They estimated that a nursing infant ingesting 500 mL
of breast milk from a mother receiving a total daily dose of
160 mg would have an accumulative dose of 21 mg over 24
hours, far below the usual therapeutic range. Other stud-
ies97,98 also have demonstrated that propranolol is transferred
into breast milk in amounts that would be unlikely to cause
adverse effects in the infant.

Nadolol
Nadolol is a nonselective �-adrenergic-blocking agent

indicated for the treatment of hypertension and angina. It has
a long serum half-life (20 to 24 hours).109 There is limited
experience with nadolol in pregnancy. Fox et al. reported a
case of a mother treated for IgA nephropathy and hyperten-
sion with nadolol (20 mg per day), triamterene, and hydro-
chlorothiazide.110 An emergency cesarean section at 35
weeks produced an infant who was small for gestational age
with respiratory depression, bradycardia, hypoglycemia, and
hypothermia. Although the maternal disease and the diuretic
could have contributed to these complications, the long du-
ration of action of nadolol, its renal elimination, and low
protein binding (30%) might predispose the fetus and the
newborn to toxic side effects. Propranolol would be a more
desirable drug in pregnancy because of its shorter half-life
and extensive protein binding (90%). Nadolol is excreted in
breast milk and is found in concentrations 4.6 times that of
the serum concentration in women taking 80 mg of nadolol
daily.111 However, it is estimated that only approximately 2%
to 7% of the therapeutic pediatric dose would be ingested by
the infant in a day. The American Academy of Pediatrics
considers nadolol to be compatible with breast feeding.42a

Pindolol
Pindolol is only one of 2 �-blockers that received a

U.S. Food and Drug Administration (FDA) pregnancy risk
classification of a B, the other being acebutolol. It is a
nonselective �-receptor antagonist with pronounced intrinsic
sympathomimetic activity. Pindolol crosses the placenta with
cord to maternal serum ratios at 2 and 6 hours after the last
dose equal to 0.37 and 0.67, respectively.112 There have been
no reports describing fetal malformations with pindolol use in
pregnancy. Pindolol causes no changes in utero- or umbili-

coplacental vascular impedance or blood flow, has no effect
on fetal hemodynamics, and does not affect fetal cardiac
function.113 Clinical evidence of �-blockade has not been
reported in the offspring of mothers taking pindolol during
pregnancy. In a comparative study with methyldopa, blood
pressure was found to decrease more significantly with pin-
dolol with no difference in fetal intrauterine growth, Apgar
scores, and fetal morbidity.114 No significant difference with
respect to Apgar score or neonatal complications was found
when pindolol was compared with acebutolol and atenolol.115

The pindolol group did have higher birth weights than the
other 2 �-blocker treatment groups (3375 g vs. 3160 g versus
2745 g, respectively). The manufacturer states that pindolol is
secreted in human milk.116 However, no published reports are
available that describe the use of pindolol during human
lactation or the amount excreted.

Metoprolol
Metoprolol is a selective �1-adrenergic antagonist with

low lipid solubility that theoretically would not interfere with
�2-mediated vasodilation and bronchodilation or its effect on
uterine tone. Metoprolol readily crosses the placenta with
cord concentrations approximating those in maternal blood at
delivery.117 Lindeberg and coworkers117 studied 101 preg-
nant patients with systemic hypertension treated with meto-
prolol alone or in combination with hydralazine and a diuretic
for 4 weeks during pregnancy. This group was compared with
97 hypertensive pregnant patients treated with hydralazine.
Perinatal mortality and fetal growth retardation were lower in
the metoprolol group. No significant adverse effects were
reported in the fetus. Hogstedt and coworkers118 also showed
that induced increase of metoprolol metabolism by the he-
patic monooxygenase system is pregnancy-related. Similarly,
metoprolol has been shown to induce cytochrome P4502D6
activity in pregnancy, leading to increased clearance of the
drug.15

Frigo et al. reported on a case of a 29-year-old woman
who developed supraventricular tachycardia resistant to
digoxin and verapamil 24 hours after starting tocolytic treat-
ment with intravenous hexoprenaline.119 Treatment with
metoprolol finally converted the patient to sinus rhythm.
There was no observed adverse effect on fetal heart rate or
umbilical cord blood flow. The use of �-blockers in general
should be avoided in hypertensive mothers who are likely to
give birth to very-low-birth-weight infants because of the
poor outcomes seen with the use of metoprolol or atenolol in
these circumstances.120

Investigators have shown that metoprolol accumulates
in breast milk in concentrations 3 to 4 times greater than the
mean plasma concentration.109,117 This can be interpreted as
the “ion trapping” effect of milk for weak basic compounds
like �-blocking agents because it has a slightly lower pH than
blood. However, it has also been demonstrated that plasma
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concentrations of metoprolol in the nursing infant are very
low or undetectable.

Atenolol
Atenolol is another �1-blocker with low lipid solubility

and a relatively long half-life. It also rapidly crosses the
placenta.109 Rubin and colleagues121 conducted a prospec-
tive, double-blind, randomized trial involving atenolol use in
120 hypertensive pregnant patients. They reported identical
Apgar scores and birth weights in both control and study
groups. Transient bradycardia with no long-lasting adverse
effects was more common in the atenolol-treated group.
However, the atenolol-treated group had fewer cases of
hypoglycemia, respiratory distress, and death. Reynolds and
coinvestigators122 performed a similar prospective, double-
blind, randomized study involving 120 gravidas who devel-
oped hypertension during the third trimester. The children
were followed for 1 year postnatally with no short- or
medium-term adverse effects observed. However, several
other controlled studies have demonstrated reduced birth
weights in newborns of mothers taking atenolol compared
with placebo or other �-blockers such as pindolol, acebutolol,
and labetalol.109,123 This could be explained by atenolol’s
ability to decrease the peripheral vascular resistance of both
sides of the uteroplacental circulation, resulting in decreased
placental perfusion and growth retardation. In addition, mark-
ers of placental well-being such as placental lactogen con-
centration and weight are both decreased during atenolol
treatment.

There has been one case report of a retroperitoneal
fibromatosis in a fetus whose mother took 100 mg atenolol
daily from the second month to the end of pregnancy.124 The
retroperitoneal localization of the tumor is similar to that of
fibroses reported in adults after exposure to atenolol. The
tumor was treated with antimitotics until 3 months of age and
disappeared by the age of 4, but severe scoliosis was present.

It was shown that resting and exercise heart rates are
higher in the third trimester with atenolol therapy than at
postpartum, despite similar blood levels of drug. These find-
ings suggest a need for more �-blocker to be given during
gestation for heart rate control.125 When given to women
considered to be at risk for preeclampsia, atenolol was shown
to decrease the incidence of preeclampsia from 18% to
3.8%.126

Atenolol has been demonstrated to accumulate in breast
milk in concentrations higher than those of maternal plas-
ma.109 Because it is a weak base, this is consistent with the
“ion trapping” concept. All these studies agree that infants
breastfed by atenolol-treated mothers demonstrated negligi-
ble plasma drug levels.

In summary, atenolol provides good blood pressure
control and is well tolerated in both the mother and the fetus.
Fetal outcome also improves with therapy. However, chronic

therapy and therapy in the first trimester should be avoided
because it could result in low birth weight.127

Acebutolol
Acebutolol is the only �1-adrenergic selective receptor

blocker with a FDA pregnancy risk classification of a cate-
gory B. It has some intrinsic sympathomimetic activity.
Acebutolol crosses the placenta, and there is some evidence
that the fetus metabolizes acebutolol to diacetolol in utero.109

In a comparative study with methyldopa, no difference was
found between the 2 drugs with respect to premature labor,
live births, birth weight, placental weight, or fetal distress,
and no incidence of hypoglycemia or bradycardia were re-
ported.128 There is also no significant difference with respect
to Apgar score or neonatal complications when acebutolol is
compared with pindolol and atenolol.129 The pindolol- and
acebutolol-treated infants’ mean birth weight, however, was
somewhat higher than that of the atenolol-treated infants.
Because of the extended plasma half-life of the metabolite,
acebutolol’s effects are long-lasting, and hence careful mon-
itoring of the neonate is required.109 The effects on blood
pressure and respiration after delivery could last up to 3 days.
Furthermore, acebutolol is concentrated in breast milk, and
pharmacologically active amounts of acebutolol and diaceto-
lol might be received by a neonate if the daily maternal
dosage exceeds 400 mg per day and/or renal function in the
mother is impaired.129

Esmolol
Esmolol is a �1-adrenergic receptor blocker that has

been used in pregnancy to control heart rate in thyrotoxicosis,
to treat blood pressure elevation, and to treat supraventricular
arrhythmias.109 It has a rapid onset of action and maximum
effect (within 5–10 minutes), a plasma half-life of only 9
minutes, and a duration of action lasting 20 minutes. Esmolol
has a rapid transplacental passage, and its administration
lowers both maternal and fetal heart rate.109 However, the
heart rate returns to normal once the drugs is discontinued. In
one case report, esmolol was successfully used to convert a
maternal paroxysmal supraventricular tachycardia to sinus
rhythm at the time of delivery.130 The Apgar scores of the
neonate were 7 and 9 at 1 and 5 minutes, respectively. Also
reported was a weak cry, poor muscle tone, a heart rate of 120
beats per minute, and a respiratory rate of 40 breaths per
minute. The infant became jaundiced at 48 hours, but by 60
hours the respiratory rate, cry, and muscle tone returned to
normal. At 6 weeks and 6 months follow up, the baby
remained healthy. Thus, caution and fetal monitoring must be
exercised whenever esmolol is used for a pregnant patient. It
is unknown if esmolol is excreted into breast milk.116

Sotalol
Sotalol is a nonselective �-adrenergic antagonist with

class III electrophysiological properties. After an oral dose, it
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is completely absorbed from the gastrointestinal tract with
almost 100% bioavailability. Sotalol is poorly protein-bound.
Peak plasma concentration is achieved in 2 to 3 hours and the
elimination half-life is 10 to 12 hours. It is excreted un-
changed in the urine. Its has been used in pregnancy to
manage chronic hypertension and maternal and fetal arrhyth-
mias. Third-trimester pharmacokinetics demonstrated a
plasma half-life of 11 and 7 hours after a single oral and
intravenous dose of sotalol, respectively, similar to the half-
life obtained 6 weeks postpartum.131 Drug clearance was
significantly greater in the third trimester, but the volume of
distribution did not change compared with postpartum. So-
talol readily crosses the human placenta.131

O’Hare and coworkers131 administered sotalol to 12
hypertensive pregnant women in increasingly titrated doses
starting at 200 mg and found that the drug effectively reduced
blood pressure at a mean daily dose of 433 mg. At delivery,
cord concentrations approximated maternal plasma concen-
trations. Eight of 12 liveborns were normal. Of the other 4, 2
died of congenital anomalies, 1 had perinatal asphyxia, and 1
mild transient hypoglycemia. Sotalol was started in the mid-
second trimester so it could not be implicated in the 2 cases
of congenital anomalies. The other complications did not
pose long-lasting adverse effects.

Transplacental therapy with sotalol has been used to
treat fetal supraventricular tachycardia (SVT). In one study,
14 fetuses identified with SVT diagnosed at gestational ages
ranging from 24 to 35 weeks were first treated with digoxin
before oral sotalol (80–160 mg � 2) was given to the
mother.132 Cardioversion was obtained in 10 fetuses. Two of
the nonresponding fetuses did not cardiovert even after using
a different combination of digoxin, sotalol, flecainide, and/or
propafenone after birth. These fetuses were found to have a
long ECG RP interval tachycardia. In another study looking
at 43 fetuses with perinatal atrial flutter, digoxin failed to
prevent recurrence of atrial flutter at the time of delivery in
one fourth of the patients, whereas no recurrence of atrial
flutter was reported in the sotalol group.133

Transfer of sotalol into breast milk was documented
from 5 breastfeeding mothers. Sotalol accumulated in breast
milk with a mean milk:plasma ratio of 5.4:1. Although the
calculated total drug dose in a breastfeeding infant ingesting
500 mL of milk did overlap with the therapeutic range, no
�-blockade effects such as bradycardia were observed. Hack-
ett and colleagues134 assayed sotalol levels in the breast milk
of a 22-year-old woman. They found similar a serum drug
maternal:fetal ratio at delivery and milk:plasma ratios com-
pared with those measured by O’Hare et al.131

Summary
Although there are a few documented reports describ-

ing adverse fetal outcomes such as IUGR,127,135 bradycardia,
hypoglycemia, apnea, and hyperbilirubinemia associated with

the use of �-blockers (especially propranolol) during preg-
nancy, the incidence of these complications is low enough to
allow the general conclusion that �-blockers can be used with
relative safety during pregnancy. Higher doses might need to
be used to control heart rate during pregnancy despite ade-
quate drug blood levels, suggesting a decreased sensitivity to
the effects of �-blocker therapy.125 Most �-blockers have
been shown to accumulate in breast milk in concentrations 4
to 5 times higher than maternal plasma levels. This can be
explained by the slightly more acidic breast milk acting as an
“ion trap” for �-blockers, which are weak bases. However,
because the amount of milk consumed daily by an infant is
low, the amount of drug transferred is clinically insignificant.
Consequently, mothers on �-blocker therapy can continue
breastfeeding with relative safety.

Finally, Hurst and coworkers make the following rec-
ommendations when using �-blockers in pregnancy109:

1. Try, when possible, to avoid initiating long-term
therapy during the first trimester.

2. Use the lowest dose possible. The use of adjunctive
antihypertensives might help achieve this goal.

3. Discontinue, if possible, therapy at least 2 to 3 days
before delivery to limit the drug’s effect on uterine contrac-
tility and to prevent possible neonatal complications.

4. Neonates born to mothers on �-blockers should be
closely observed 72 to 96 hours after parturition unless the
drug was stopped well before delivery.

5. To avoid the interference with �2-mediated uterine
relaxation and peripheral vasodilation, blockers with �1-
selectivity, intrinsic sympathetic activity, or �-adrenergic-
blocking activity are preferred.

6. Mothers should avoid nursing their infants at the
time of expected peak maternal �-blocker plasma concentra-
tions, usually occurring 3 to 4 hours after a dose.

CLASS III ANTIARRHYTHMICS

Amiodarone
After an oral dose, the absorption of amiodarone is

slow, incomplete, and unpredictable. Approximately half of
the dose is absorbed. Peak plasma concentrations are reached
in 2 to 10 hours, but therapeutic steady-state levels could
require up to 4 weeks. Amiodarone, being lipophilic, has a
large volume of distribution and accumulates mainly in adi-
pose tissues. Nevertheless, drug deposits can be found in
nearly every type of tissue, including skin, cornea, and liver.
It undergoes hepatic metabolism with approximately 1% of
the dose excreted unchanged in the urine. Biliary excretion of
hepatic metabolites is also involved. The main metabolite is
desethylamiodarone (DEA). The elimination half-life ranges
from 13 to 100 days, with an average of 40 to 50 days.
Approximately 96% of the drug is protein-bound.
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Transplacental passage of amiodarone and its main
metabolites have been documented in numerous reports.136–

138 McKenna and coworkers136 treated a 34-week pregnant
woman who had paroxysmal atrial flutter–fibrillation associ-
ated with the Wolff-Parkinson-White syndrome resistant to
quinidine. She was started with a loading dose of 800 mg
amiodarone daily for 1 week followed by a maintenance dose
of 400 mg daily. She delivered at 41 weeks a normal healthy
infant who had no complications except for a sinus brady-
cardia of 104 to 120 beats per minute, which persisted for 48
hours immediately postdelivery. At birth, the neonatal levels
of amiodarone and DEA were approximately 25% of those in
maternal plasma. Pitcher and colleagues137 reported similar
results of transplacental transfer, 10% of amiodarone and
25% of DEA, when they successfully treated a patient with
atrial tachycardia resistant to multiple drugs in the last 3
weeks of her pregnancy. Both mother and child had no
complications. Arnoux and coworkers138a successfully
treated refractory fetal tachycardia in a 31-week pregnant
patient with amiodarone loading dose 1600 to 1200 mg daily
for 1 week followed by 800 mg daily for 6 weeks, and
digoxin 0.25 mg per day. The mother delivered an infant with
no neonatal complications except for transient hypothyroid-
ism that normalized 1 month postdelivery. The investigators
noted that neonatal levels of amiodarone and DEA were
12.7% and 19.6% of maternal levels, respectively, regardless
of dosage, and that a linear relationship existed between
plasma concentrations and the dose administered. They sug-
gested that maternal levels would serve as a good indicator of
plasma levels. Gembruch and colleagues138 described another
case of refractory fetal supraventricular tachycardia with
hydrops fetalis in a 24-week pregnant patient. It was success-
fully treated with repeated intravascular injections of amio-
darone into the umbilical vein at doses of 10, 20, and mostly
40 mg when maternal intravenous therapy failed to produce
adequate fetal drug concentrations. A small-for-gestational-
age infant was delivered by cesarean section at 37 weeks with
normal thyroid function.

Reports have documented amiodarone therapy early in
gestation with no consequent adverse effects.139–140a Penn et
al139 reported on a case in which an amiodarone loading dose
of 800 mg daily for 1 week and a maintenance dose of 200
mg daily were administered to a 16-week pregnant woman.
She delivered a normal baby in the 39th week who had some
initial QT prolongation that normalized in 7 weeks. Umbilical
cord concentrations of amiodarone 9 hours after the last
maternal dose were approximately 9% of those of maternal
serum. Robson and associates141 reported on 2 cases, the first
in which they maintained a patient on amiodarone 200 mg per
day for atrial fibrillation associated with mitral stenosis
throughout her pregnancy from conception to delivery. She
delivered a healthy normal infant. At birth, amiodarone and
DEA levels in cord plasma were approximately 10% and 19%

of maternal levels, respectively. In the second case, they
treated a 22-week-pregnant patient for paroxysmal atrial
tachycardia with 400 mg amiodarone per day and 50 mg
metoprolol per day. She delivered in the 39th week of
gestation a healthy male infant. Again, transplacental transfer
of amiodarone and DEA approximated 10% and 20%, respec-
tively. Valensise and coworkers140 described 2 pregnant sis-
ters, ages 24 and 26, with familial dilatative cardiomyopathy
and malignant ventricular arrhythmias who were treated with
200 to 400 mg amiodarone per day since the beginning of
pregnancy. The 2 mothers experienced no adverse effects and
delivered healthy normal infants with normal thyroid func-
tion.

The high content of iodine in amiodarone, approxi-
mately 40% of its molecular weight, has been implicated in
causing fetal hypothyroidism in a number of pregnant women
receiving amiodarone therapy.141–146 DeWolf and col-
leagues142 described a case of severe congenital hypothyroid-
ism with goiter and growth retardation associated with ma-
ternal ingestion of 200 mg amiodarone daily from the 13th
week of pregnancy. The infant required hormonal replace-
ment until age 20 months. Widerhorn and colleagues143

reviewed the literature up to 1991 regarding the adverse
effects of amiodarone in pregnancy and found 9% incidence
of hypothyroidism, similar to that reported for amiodarone-
induced hypothyroidism in the adult population. A Canadian
historical cohort study of amiodarone exposure in gestation
conducted by Magee and coinvestigators145 also found a 9%
(1 of 12 cases collected) incidence of hypothyroidism. A
similar incidence was found for hyperthyroidism. The hypo-
thyroid infant was supplemented with 0.05 mg oral L-thyrox-
ine daily for 5 months postdelivery, and thyroid function
normalized by 7 months of age. Interestingly, the mother’s
second pregnancy resulted in the birth of a euthyroid child,
despite identical maternal drug therapy for 400 mg amioda-
rone for 5 days per week in conjunction with a �-blocker.
DeCatte and coworkers146 described a case of persistent fetal
supraventricular tachycardia detected in a 26-week pregnant
patient. Transplacental and direct fetal administration of ami-
odarone caused hypothyroidism in week 28 detected by
measuring thyroid hormone levels drawn through cordocen-
tesis. Intraamniotic instillation of 250 mg L-thyroxine weekly
for 3 weeks gradually restored fetal free T4 and thyroid-
stimulating hormone (TSH) levels. A male infant was deliv-
ered at 37 weeks by cesarean section. The neonatal electro-
cardiogram showed Wolff-Parkinson-White syndrome
controlled by digoxin alone. At the time of report, the baby
was developing normally with normal thyroid function. Mat-
sumura and colleagues147 studied neonatal outcome in 9
pregnant women treated with 200 mg amiodarone per day for
resistant tachycardia. All women were clinically euthyroid in
the third trimester. At birth, 8 of 9 newborns had normal or
borderline-normal values of T4 and TSH measured on dried
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umbilical blood spots. Only one neonate presented clearly
abnormal values of T4 and TSH (96 mU/L), which normal-
ized within 1 month after birth. Clinically, all infants ap-
peared normal with no goiters. Follow ups at 3, 6, and 12
months were reported as normal for all infants.

A review of 34 pregnancies that involved maternal
amiodarone treatment found no adverse effects in 53% of
neonates and minor side effects, which included bradycardia
and prolonged QT interval, in 15%.143 Twenty-one percent
were small for gestational age, 12% were premature, and 9%
had prenatal hypothyroidism. Other adverse neonatal effects
such as IUGR, motor and neurologic developmental abnor-
malities, and ventricular septal defect have also been report-
ed.143,144,146,148 Magee and coworkers149 looked at the long-
term neurodevelopment in children exposed to amiodarone
during gestation. There was no difference in IQ scores be-
tween the 8 amiodarone-exposed toddlers and the matched
controls. However, the exposed toddlers showed expressive
language skills that were relatively poorer than the verbal
skills when compared with controls. The 2 older amiodarone-
exposed children (aged 9.7 and 12) had good global IQ scores
and social competence but had problems with reading, com-
prehension, written language, and arithmetic. They had a
clinical picture similar to that described in the Nonverbal
Learning Disability Syndrome. Bartalena et al. also looked at
the neurodevelopment of 11 transiently hypothyroid amiod-
arone-exposed infants and found mild abnormalities also
reminiscent of the Nonverbal Learning Disability Syn-
drome.150 These features were also reported in some euthy-
roid-exposed infants. This suggests that there might be a
direct neurotoxic effect of amiodarone during fetal life. How-
ever, Grosso and colleagues did a follow-up evaluation of 2
children (approximately 5-year-old) exposed during gestation
to amiodarone who also developed transient neonatal hypo-
thyroidism.151 They had normal psychomotor development
with normal verbal and performance IQ scores.

Several reports have shown that amiodarone accumu-
lates in relatively high concentrations in milk.40,136 McKenna
and coworkers136 found that at 9 weeks postpartum, the
milk:plasma ratio ranged between 2.31 and 9.21. The authors
estimated the amount of drug exposed to an infant at this
stage of development is equivalent to doses of approximately
100 mg per day in a 70-kg man, a relatively low maintenance
dose. Strunge and coinvestigators140a described an 18-year-
old woman receiving 200 mg amiodarone daily throughout
her pregnancy and nursing. They also observed relatively
high levels of amiodarone in milk, but not in amounts high
enough to cause amiodarone levels to exceed 0.1 mg/mL in
the infant serum.

In view of the conflicting literature regarding the ad-
verse effects of amiodarone used in pregnancy, and until
experience with its use is documented more widely, it should
be used with great caution in pregnancy. Because of the

potent side effects, which include neonatal hypothyroidism,
hyperthyroidism, bradycardia, small size for gestational age,
prematurity, and possibly neurodevelopmental problems, it
should be used as a second-line drug in cases resistant to
those antiarrhythmic agents whose safety has been more
established. Physicians using amiodarone in pregnant women
should be wary of possible thyroid dysfunction, and fetal
thyroid hormone levels should be monitored regularly. Al-
though a couple of reports have shown that the nursing
infant’s serum levels of amiodarone are not high enough to
cause toxicity, because of high accumulation of the drug in
breast milk, amiodarone therapy in a nursing mother is not
recommended.

Bretylium
There is only one case report in the literature regarding

oral bretylium use during pregnancy and breastfeeding. Gut-
gesell and colleagues152 described a 39-year-old woman with
a long QT interval syndrome who was being treated with oral
bretylium and atenolol for ventricular arrhythmias when she
became pregnant. She continued receiving 400 mg bretylium
every 8 hours, 25 mg atenolol at bedtime, and 20 mg pro-
panolol 3 times daily for migraines throughout an uneventful
pregnancy. She spontaneously delivered a healthy infant at
term who experienced no complications except for transient
mild hyperbilirubinemia, which was attributed to mild ABO
incompatibility and “breast-milk jaundice.” Placental transfer
and breast milk transfer of bretylium were not documented
because blood and breast milk assays for the drug were not
available at the time. The child had a normal follow up at 4
months.

Because so little information is known currently regard-
ing the safety of bretylium use in pregnancy, no recommen-
dations can be made at this time.

CLASS IV ANTIARRHYTHMICS: CALCIUM
CHANNEL ANTAGONISTS

Verapamil
Verapamil is very effective in the cardioversion of

paroxysmal supraventricular tachycardia to sinus rhythm and
is also useful in slowing the ventricular response during atrial
fibrillation or flutter. Verapamil has been reported to be
successful in the management of maternal supraventricular
arrhythmias,153,154 in the treatment of severe maternal hyper-
tension,155,156 preeclampsia,157 premature labor,158 and fetal
supraventricular tachycardias.158–160 None of these cases
reported adverse pregnancy or fetal outcomes.

Byerly and colleagues153 described a 22-year-old
woman at 61⁄2 months gestation who presented to the emer-
gency room with paroxysmal supraventricular tachycardia.
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After multiple failed attempts of cardioversion by Valsalva
maneuver and carotid massage, conversion to sinus rhythm
was achieved with 10 mg intravenous verapamil administered
over 10 minutes in 2 5-mg boluses. The patient returned to
the emergency room 1 week later with the same complaint
and again was successfully cardioverted using the identical
drug therapy. She completed an uneventful pregnancy and
delivered a normal full-term infant without difficulty 3
months later. Klein and Repke154 reported a similar case of a
late third-trimester gravida who was successfully treated for
paroxysmal supraventricular tachycardia with a single dose of
5 mg intravenous verapamil and subsequently had a normal
delivery and neonatal outcome.

The effects of chronic therapy with verapamil have
been studied by Orlandi et al.,155 who conducted a case-
control study in which 120 mg verapamil in an oral slow-
release form 3 to 4 times daily was given to 90 hypertensive
gravid women. Dihydralazine was added to 39 patients for
improvement of blood pressure control. They observed a
significant fall in systolic and diastolic blood pressure in the
hypertensive group, and also observed significantly lower
birth weights of infants in the hypertensive group with re-
covery of growth in 15 growth-retarded fetuses. No signifi-
cant side effects were recorded in the mothers, fetuses, and
newborns, and the duration of labor did not differ between the
2 groups. They concluded that verapamil alone or with
dihydralazine appears to be safe and effective for the treat-
ment of hypertension during pregnancy.

Kleinman and coworkers160 reported their experience in
successfully treating 6 cases of in utero fetal supraventricular
tachycardia in the third trimester with a combination of digoxin
and verapamil therapy. One of the 6 patients developed maternal
second-degree atrioventricular block necessitating discontinua-
tion of verapamil. All patients had increased digoxin serum
levels with concomitant verapamil therapy requiring adjustment
of the digoxin dosage. The transplacental transfer of verapamil
was demonstrated at approximately 30% to 40% of maternal
levels 6 to 8 hours after the last oral dose with chronic oral
therapy.160 All neonates received antiarrhythmic prophylaxis
with digoxin for 1 year after birth, and none demonstrated
abnormal electrocardiographic findings or other adverse out-
comes.

The effects of verapamil in nursing mothers has also
been reported. Andersen and colleagues161 calculated a serum
verapamil level of 2 �g/L in a nursing infant, which is �0.1%
of the administered maternal dose and consequently deemed
negligible. Miller and coworkers162 reported an average drug
transfer of 64% into breast milk but could not detect drug
levels in the infant plasma. In contrast, Inoue et al.160 mea-
sured drug levels 10-fold higher in breast milk, at 300 �g/L,
than those measured by Anderson et al.,161 and cautioned
against breastfeeding while on verapamil therapy.

Diltiazem
Diltiazem is another calcium-channel blocker whose

electrophysiological action is similar to verapamil. To date,
there are no reported adverse effects of diltiazem use in
human pregnancy. Several animal studies have documented
the effective tocolytic properties of diltiazem.164,165 Signifi-
cant reduction in mean blood pressure with little change in
heart rate was also observed.164,165 Adverse effects such as
embryo and fetal deaths, decreased neonatal survival rates,
and skeletal abnormalities were observed in mice, rats, and
rabbits given doses 5 to 10 times greater than the recom-
mended human daily dose based on a milligram per kilogram
weight basis.76

Excretion of diltiazem into breast milk was reported by
Okada and colleague166 in a woman receiving 60 mg dilti-
azem 4 times daily. The investigators observed similar ma-
ternal plasma and milk concentrations, indicating that the
drug is transferred freely into milk on the fourth day of
treatment. Peak milk concentrations exceeded 200 �g/L.

Nifedipine
Nifedipine is a lipophilic dihydropyridine derivative,

which differs from the other calcium-channel antagonists,
verapamil and diltiazem, in possessing a potent vasodilating
effect on vascular smooth muscle and minimal effects on the
cardiac conducting system in vivo.167 It significantly reduces
the vascular resistance of both systemic and pulmonary cir-
culations. Up to a 20% decrease in diastolic and mean arterial
pressures is observed after administration of nifedipine. Mean
pulmonary arterial pressure also falls. The vasodilating effect
is more prominent in hypertensive patients than normotensive
ones. The drop in vascular resistance leads to an increase in
cardiac output. When nifedipine is given rapidly, reflex
tachycardia can occur secondary to systemic vasodilation.

Nifedipine and its indications in pregnancy have been
reviewed in detail by Childress and Katz.168 The authors
found that nifedipine has demonstrated safety and efficacy in
multiple studies involving pregnant women when used as an
antihypertensive and tocolytic agent. Its role in the treatment
of primary dysmenorrhea, bladder instability, and Raynaud’s
syndrome was also discussed. Its successful use in the man-
agement of primary pulmonary hypertension has also been
reported.169 Studies in pregnant women on oral nifedipine
have not described significant increases in maternal heart
rate.170 This could be related to the increase in the plasma
volume that occurs during the pregnancy and the gradual
onset of oral administration.

Uterine blood flow as measured indirectly by Doppler
ultrasound has not been shown to be adversely affected by
nifedipine.171,172 Theoretically, nifedipine can adversely af-
fect uterine blood flow by decreasing maternal systemic
resistance leading to a fall in maternal blood pressure and a
decline in uterine blood flow. Conversely, nifedipine can
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positively affect uterine blood flow by relaxing the uterine
vascular resistance, which is constricted in hypertensive pa-
tients. Mari and colleagues171 treated 11 mothers with oral
short-term nifedipine for preterm labor and did not find any
significant difference in the flow velocity waveforms. More
long-term therapy with nifedipine was conducted by Moretti
and coworkers,172 who treated 20 patients with preeclampsia
ranging from 26 to 35 weeks gestation. Although they found
a significant decrease in both maternal systolic and diastolic
blood pressures, there was no significant change between the
pre- and postnifedipine Doppler studies in either fetal or
uteroplacental vessels. Lindow and coinvestigators173 mea-
sured uteroplacental flow in a placebo-controlled study in-
volving a hypertensive gravida by measuring increased ra-
dioactivity with a gamma camera after intravenous injection
of indium 113m and found no significant change in the blood
flow index.

Transplacental passage of nifedipine varies from 0% to
90% with a mean of approximately 66%. Prevost and col-
leagues174 detected nifedipine in samples of fetal cord blood
and amniotic fluid at concentrations approximately 93% and
53% those of simultaneous maternal vein samples, respec-
tively. Manninen and Juhakoski175 treated 11 hypertensive
patients with 10 mg oral nifedipine 3 times daily. At steady
state, maternal nifedipine concentration was 4.3 �g/L. During
delivery, they found drug levels in maternal and umbilical
sera and in amniotic fluid to be 12.4, 8.6, and 2.5 �g/L,
respectively. Small amounts of nifedipine were also found in
neonatal urine, indicating that the fetus was able to metabo-
lize the drug. The nifedipine concentration in breast milk on
the third day postdelivery was 4.1 �g/L. Nifedipine does not
appear to be a teratogenic agent for the fetus.112 Ferguson and
collaborators176 treated 13 women in preterm labor with oral
nifedipine. At delivery, neonatal nifedipine levels were not
detectable in 6 of the 11 neonates available for the study; in
the remaining 5, values ranged from 29.5 to 1.8 �g/L.

Numerous studies have reported on the positive mater-
nal, fetal, and neonatal outcome for mothers on chronic
nifedipine therapy.177–180 Fenakel and colleagues177 con-
ducted a randomized trial in which 49 patients with severe
preeclampsia between 26 and 36 weeks of gestation were
randomly divided into 2 treatment groups receiving either
oral nifedipine or hydralazine. They found a statistically
significant improvement of blood pressure control for the
nifedipine group. Infants born to the nifedipine group also
had fewer, mainly minor, complications and spent fewer days
in the neonatal intensive-care unit. Bracero and coinvestiga-
tors178 conducted a randomized, prospective study to com-
pare the effectiveness of nifedipine to the tocolytic agent
ritodrine in 42 pregnant patients with preterm labor. They
found that although nifedipine did delay labor longer than
ritodrine, the difference was not statistically significant. How-
ever, the nifedipine group had fewer associated maternal and

fetal complications described. In a prospective, randomized
trial of 66 pregnant patients, Ferguson and collaborators179

compared nifedipine versus ritodrine with regard to maternal
and neonatal outcome. They found nifedipine to be as effec-
tive as ritodrine in delaying labor but maternal side effects to
be more serious and common in the ritodrine group. Fetal and
neonatal outcome were similar for both the nifedipine and
ritodrine groups. Similarly, Kupferminc and colleagues180

found nifedipine to be as effective as ritodrine as a tocolytic
agent in their prospective, randomized study involving 71
pregnant women in preterm labor. They observed fewer
maternal side effects and similar neonatal outcome for the
nifedipine group compared with the ritodrine group. With
respect to neonatal outcome, nifedipine is more effective than
�-agonists for tocolysis and should be used as a first-line
tocolytic agent.181 The use of nifedipine concurrently with
magnesium sulfate should be cautiously done because severe
hypotension, neuromuscular blockade, and cardiac depres-
sion are possible side effects associated with this combina-
tion.182

Excretion of nifedipine into breast milk has been doc-
umented. Manninen and Juhakoski175 found relatively high
drug concentration in breast milk, indicating that nifedipine
was able to diffuse freely into milk. This is probably the
result of its lipophilic properties. The Committee on Drugs of
the American Academy of Pediatrics considers the use of
nifedipine compatible with breast feeding.42a

Nicardipine
Nicardipine, another dihydropyridine calcium antago-

nist, is used for the treatment of angina and hypertension.
Similar to nifedipine, it is also used as a tocolytic agent.
However, compared with nifedipine, nicardipine is a more
potent tocolytic agent but the onset of action is slower.183

Forty pregnant women were treated with 20 mg oral
nicardipine 3 times a day for mild to moderate hyperten-
sion.184 Treatments were started at approximately 28 weeks
for the women and ended on the seventh day postpartum.
Low placental passage was observed in 7 women but no
accumulation of the drug was detected in the fetus. No
perinatal deaths, fetal adverse effects, or adverse neonatal
outcomes were observed. Umbilical and cerebral Doppler
velocimetry remained stable throughout the course of treat-
ment.

A randomized study compared the efficacy and safety
of metoprolol with that of nicardipine in 100 pregnant women
with mild to moderate gestational or chronic hypertension.185

There was no significant difference in the incidence of pre-
mature labor, mean gestational age at delivery, or reported
side effects. Both had significant reduction in blood pressure,
but nicardipine lowered blood pressure more than metoprolol.
There was a significant increase in plasma creatinine on
metoprolol but not on nicardipine. Umbilical artery resistance
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was lower in the nicardipine-treated patients and so was the
incidence of cesarean deliveries for fetal distress. There was
no significant difference in birth weights and placental
weights.

The manufacturer states that a significant amount of
nicardipine appears in the milk of lactating rats (Cardene,
Roche Labs, product info, 1997). No studies have been
reported on the use of nicardipine during human lactation.

OTHER ANTIARRHYTHMIC DRUGS

Adenosine
Adenosine is a purine nucleoside that is effective in

treating paroxysmal supraventricular tachycardias (Table
3).40 Being a natural compound and having a very short
half-life of only 7 seconds makes it an attractive drug to use
during pregnancy. Podolsky and Varon186 reported on a
40-year-old in her 39th week of pregnancy experiencing
recurrent narrow-complex SVT accompanied by hypoten-
sion. An initial 6-mg bolus of adenosine failed to convert, but
a second 12-mg dose cardioverted the mother to sinus rhythm
within 15 seconds. A healthy infant was born 2 weeks later.
Mason et al.187 reported on a case of a 34-year-old at her 30th
week of gestation with paroxysmal SVT. A single 6-mg bolus
cardioverted her to sinus rhythm. No change in fetal heart rate
was observed and a normal infant was delivered vaginally at
term. Chakhtoura and colleagues188 reported on 4 pregnant

patients who presented with SVTs. All were cardioverted
with an initial dose of 6 mg of adenosine followed by 2
12-mg doses. One patient was treated successfully twice, at
weeks 15 and 24 of gestation. No complications were noted
in the mothers or the fetuses at the time of treatment. Five-
and 10-minute Apgar scores were all greater than 7. Follow
up of both the mother and the offspring at 1 month and 5
years postpartum showed no contributory deleterious effects.

Although the data regarding adenosine’s use in preg-
nancy is limited, this drug looks promising because it is
natural and short-acting. The case reports describing its use in
pregnancy thus far have been positive, showing both efficacy
and a lack of any direct adverse or teratogenic side effects on
the fetus.189 It is unknown if adenosine is excreted in breast
milk. However, because of its short half-life, it is assumed
that passage of adenosine into breast milk is unlikely.
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