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Abstract Cardiovascular disease in women during pregnan-
cy poses particular challenges. It continues to be a leading
cause of maternal mortality and contributes to significant
morbidity. Echocardiography is essential in characterizing
the extent and effects of heart disease prior to, during, and
after pregnancy. By understanding the physiologic adaptation
in pregnancy with increases in heart rate, blood volume, and
cardiac output, and decrease in vascular resistance, one can
anticipate and recognize the effects of these changes on
various cardiac lesions. Cardiomyopathy, severe, obstructive
valvular disease, aortic dilation due to Marfan’s disease, and
cyanotic congenital heart disease are poorly tolerated in
pregnancy. These disorders can be readily distinguished from
normal structural changes of pregnancy and their severity
assessed by echocardiography. Cardiovascular disease in
women of reproductive age requires careful, multidisciplin-
ary management by obstetric and medical teams ideally
beginning preconception and continuing through the post-
partum period.
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Introduction

The cardiovascular hemodynamic changes of pregnancy are
vast and yet completely reversible. The physiologic
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adaptation to pregnancy speaks to the plasticity of the
cardiovascular system. The normal heart and vasculature
are able to accommodate the increased demands of
pregnancy, but the diseased heart may worsen and
decompensate. By understanding the normal physiologic
changes of pregnancy, one can predict the response of
specific cardiovascular lesions. There are more women with
congenital and acquired heart disease choosing to become
pregnant. This is due to a number of factors including
advances in medicine and surgery, which allow patients
with increasingly complex cardiac and medical conditions
to survive longer and into their childbearing years.
Furthermore, women are delaying childbirth so that they
may have developed advanced valvular, myocardial, and
coronary disease prior to pregnancy.

Ideally, patients with known cardiac pathology should be
thoroughly assessed prior to planned pregnancy. The
echocardiogram plays a central role in precisely defining
the extent and severity of the cardiac lesion as well as the
effects on ventricular and valvular functioning. This allows
for informed preconception counseling about maternal and
fetal morbidity and mortality risks. Furthermore, serial
echocardiograms can be performed safely throughout
gestation to reassess the lesion and the cardiovascular
adaptation [1].

Cardiovascular Hemodynamics of Normal Pregnancy

The echocardiographic evaluation of cardiac structure and
function in pregnant women requires an understanding of
the normal physiologic changes of pregnancy, in particular
the increase in blood volume (preload), decreased systemic
vascular resistance (afterload), and increase in cardiac
output (CO) (Table 1). Total blood volume increases by
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Table 1 Normal physiologic changes notable on echocardiogram during pregnancy
Echocardiographic parameter =~ Normal findings References

Left ventricle ~ EDD (cm) Increased, average 4.9 cm [3,4, 7,10, 11]
Mass (g/m?) Increased by 5% to 10% [3,4,7, 10, 11]
Radius: wall thickness No change (eccentric hypertrophy) [3, 4,7, 10, 11]
Cardiac output Increased due to increased heart rate and stroke volume [5-7]
Ejection fraction Unchanged or slightly increased [3, 4, 10, 11]
Fractional shortening Unchanged or slightly increased [3, 4, 10, 11]
VCF¢ Unchanged or slightly increased [3, 4, 10, 11]
ogs:VCFc Unchanged (load independent) [3, 4, 10, 11]
E:A Decreased due to enhanced atrial contractility [12—14]
E:E' Unchanged or decreased [12, 14-]

Valves Annular diameter Increased [3, 5, 15]
Regurgitation Increased percentage of women with physiologic MR, TR, PR (no Al) [3, 5, 15]
Stenosis Should be assessed using planimetry and the continuity equation methods  [29]

Left atrium Diameter Increased ~10% [7]

Pericardium Effusion Occurs in 40% of pregnant women [16, 17]

Al aortic insufficiency; EDD end-diastolic dimension; ogg end-systolic wall stress; MR mitral regurgitation; PR pulmonic regurgitation; 7R

tricuspid regurgitation; VCF velocity of circumferential fiber shortening

30% to 40% (1,200-1,600 mL) during pregnancy due to
increased erythrocyte mass and an even greater expansion
in plasma volume, resulting in a physiologic anemia of
pregnancy. This increase in blood volume begins early in
the sixth week of gestation and plateaus by the third
trimester [2].

Total peripheral resistance decreases during pregnancy,
resulting in a 10- to 15-mm Hg decrease in mean arterial
pressure that is maximal at the end of the second trimester.
The increase in the compliance in the venous and arterial
systems acts as a capacitor to accommodate the increased
blood volume [3, 4].

Also, CO increases by 30% to 60% during the first and
second trimesters of pregnancy, first as a result of increased
preload and stroke volume and later as a result of increased
heart rate [5—7]. There is discrepancy among studies as to
whether CO increases further in the third trimester,
plateaus, or decreases. Because most studies are small,
differences may be explained by individual variation.

Echocardiographic Changes in Cardiac Structure
and Function

Echocardiography is a powerful tool in pregnancy because
it is a safe way to assess cardiac structure and function in
gravid women, posing no risk of radiation to the mother or
the fetus. However, it is important to understand normal
structural and functional changes that occur during preg-
nancy when interpreting these studies. In all studies
evaluating echocardiographic findings in normal pregnancy,

the echocardiograms were done in the left lateral decubitus
position. In supine patients, the gravid uterus compresses
the inferior vena cava and decreases venous return,
potentially confounding measurements and causing patient
discomfort. A second caveat to remember when interpreting
studies of echocardiographic measurements during preg-
nancy is that “preconception values” are almost always
obtained postpartum for logistical reasons. Studies vary in
the timing of this echocardiogram, from as early as 2 to
4 weeks postpartum to 6 months postpartum. True
preconception echocardiograms are optimal, but in the
absence of this, the 6-month time point appears to be the
best surrogate; although the hemodynamic changes may
have returned to preconception values by 6 to 12 weeks,
structural changes can take months [8]. Differences in the
timing of the postpartum echocardiogram probably account
for some of the discrepancy in data (Table 1).

First, as mentioned above, the increase in blood volume
and CO during pregnancy results in a physiologic state of
volume overload. This leads to dilation of the heart and
reversible eccentric hypertrophy, similar to that observed in
well-trained athletes [9]. Most studies have found that left
ventricular end-diastolic dimensions increase slightly dur-
ing pregnancy although remain within normal limits. In all
but one study, the mean end-diastolic diameter was less
than 5 cm, with the average being approximately 4.9 cm.
Left ventricular mass, even when corrected for changes in
body surface area, increased during pregnancy by approx-
imately 5% to 10% and decreased to baseline levels by
6 months postpartum. Moreover, the ventricular hypertro-
phy observed appears proportional to the increased work-
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load imposed by pregnancy, and the ratio of wall thickness
to ventricular radius does not change, consistent with
eccentric rather than concentric hypertrophy [3, 4, 7, 10,
11]. In the one study that did not note an increase in left
ventricular mass, the “control” postpartum echocardiogram
was done early at 6 weeks postpartum, whereas other
studies were done later [4].

Left ventricular systolic function, as assessed by the
load-dependent measures of ejection fraction (EF), frac-
tional shortening, and velocity of circumferential fiber
shortening (VCF¢), may increase slightly according to
some studies, but does not appear to change significantly
during pregnancy. The effect of pregnancy on myocardial
contractility is somewhat controversial and must be
determined using load-independent parameters such as the
relationship between end-systolic wall stress and VCFc.
When studies have looked at this relationship, some have
shown an increase, others no change, and still others a
decrease in intrinsic contractility in pregnancy [3, 4, 10,
11]. It is likely that any change in contractility is small.

Left ventricular diastolic function has been explored in
several papers and appears to be preserved during normal
pregnancy, despite increased preload and physiologic left
ventricular hypertrophy. Similar to evaluation of intrinsic
myocardial contractility, assessment of left ventricular
diastolic function requires attention to load-dependent
versus load-independent parameters. As preload increases
with increased blood volume in the first and second
trimesters, peak mitral inflow velocity increases in early
diastole (E wave) and during atrial systole (A wave). The
change in the A wave exceeds that of the E wave, resulting
in a decreased E:A ratio during normal pregnancy. It has
been hypothesized that mean left atrial filling pressures
increase to within the upper limits of normal during
pregnancy, forcing atrial contraction to contribute more to
left ventricular filling [12, 13]. Tissue Doppler imaging, a
relatively load-independent technique to assess diastolic
function, confirms that left ventricular relaxation is pre-
served in normal pregnancy. The ratio of myocardial
velocity (E’) to mitral inflow velocity (E) during early
diastole, a validated marker of left atrial pressure, is
unchanged or decreases during pregnancy. Similar to the
decrease in E:A observed with pulsed-wave Doppler, there
was a decrease in the ratio of myocardial velocity during
early diastole (E’) to atrial systole (A’), which may be
secondary to enhanced atrial contractility [12, 14].

As one would predict with the increase in volumes and
chamber dimensions, there is a slight increase in annular
diameters during pregnancy, resulting in a greater number
of patients who exhibit physiologic mitral (28%), tricuspid
(94%), and pulmonic (94%) regurgitation. However, de-
spite a small (~5%) increase in left ventricular outflow tract
diameter, aortic insufficiency should not develop during
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pregnancy [3, 5, 15]. Similarly, atrial size increases during
pregnancy by approximately 10%, although measurements
remain within normal limits [7].

Asymptomatic pericardial effusions are common in
pregnancy, occurring in approximately 40% of women
[16, 17]. One study of 57 healthy pregnant women noted
that effusions became more common as patients progressed
from the first to the third trimester, and found a greater
frequency of effusion among primigravidas (69%) com-
pared with multigravidas (36%). Pericardial effusions were
more common in women who gained more than 12 kg,
leading the authors to hypothesize that increased fluid
retention may contribute to the development of effusions.
All effusions resolved on repeat echocardiograms done at
6 weeks postpartum, and no patient had tamponade [16].

Pathology Seen on Echocardiogram in Pregnant
Women

Peripartum Cardiomyopathy

Echocardiography is critical in the diagnosis of peripartum
cardiomyopathy (PPCM) and may be helpful in predicting
recovery of ventricular function. Clinically, PPCM is defined
by the following criteria: development of congestive heart
failure in the last month of pregnancy or within 5 months
after delivery, absence of pre-existing cardiac disease, and
absence of another identifiable cause of heart failure.
Echocardiographic criteria have been developed based on
the criteria used to diagnose idiopathic dilated cardiomyop-
athy and include left ventricular EF less than 45%, fractional
shortening less than 30% on M-mode, and left ventricular
end-diastolic dimension greater than 2.7 cm/m? (or 4.3—
4.8 cm in a 70- to 80-kg woman). Echocardiography is
essential in ruling out other causes of congestive symptoms,
including volume overload with normal systolic function,
hypertensive heart disease, and valvular disease [18, 19].

The reported rate of recovery of ventricular function has
varied widely (range, from 7% to 50%) based on older
studies involving small numbers of patients. Mortality
estimates are even more divergent, although had generally
been quoted as 25% to 50%. Most of these case series
preceded modern heart failure treatment with 3 blockers,
angiotensin-converting enzyme inhibitors, ventricular assist
devices, and cardiac transplantation. One study based on
physician survey data reported normalization of function in
54% but a mortality of 9% [20]. A more recent retrospec-
tive case series of 55 patients found that EF improved in
62% of patients, remained unchanged in 25%, and declined
in 4%. No deaths were reported in approximately 4 years of
follow-up [21]. This is more in line with the experience at
our institution over the past two decades.
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The use of routine echocardiography in patients with
PPCM has led to several studies evaluating parameters that
might be able to predict recovery of systolic function.
Studies have differed in their conclusions about which
measurements are most predictive. There is some consensus
that greater left ventricular end-diastolic dimension at the
time of diagnosis portends a decreased chance of recovery,
with cutoff values variably quoted as 5.6 to 6 cm [21, 22].
Some studies have found lower initial EF is associated with
a worse chance of recovery [23ee, 24], whereas Amos et al.
[21] found that only EF at 2 months predicted long-term
outcome.

There is also some evidence that dobutamine stress
echocardiography may be useful in identifying the presence
of contractile reserve and helping to predict long-term
recovery. This may be particularly helpful in women with a
history of PPCM who wish to become pregnant again, as
these women carry a significant risk of recurrent heart
failure (~20% in those with a normalized EF and ~44% in
those with persistent left ventricular systolic dysfunction)
[25]. One study of six women with PPCM and severely
reduced systolic function (mean LVEF, 25%) found
significant contractile reserve, with an improvement in
LVEF to 54%. The peak EF during stress testing correlated
well with resting LVEF at a mean of 5.6 months follow-up
(r=0.79), whereas resting LVEF at baseline did not
correlate significantly (»=0.66) [26]. An earlier study
compared contractile reserve in seven patients with a
history of PPCM and normalized LVEF to age-matched
control subjects and found that contractile reserve was
reduced in the group with recovered PPCM [27]. Of note,
however, this study used only low-dose dobutamine (5 pg/
kg/min), which may have been too low to elicit contractile
reserve. Further prospective studies are needed to validate
this modality for use in counseling women who wish to
conceive after recovering from PPCM.

Mitral Stenosis

Rheumatic mitral stenosis is the most common cardiac disease
found in women during pregnancy, mostly secondary to the
high prevalence in developing countries. It may be asymp-
tomatic prior to conception, but can become symptomatic
when the increase in blood volume and heart rate that begin in
early pregnancy stress a previously compensated system
(Table 2). Mild mitral stenosis (valve area >1.5 cm?) is well
tolerated, but moderate and severe stenosis are associated
with increased rates of pulmonary edema, supraventricular
arrhythmias, and hospitalization. Ideally, women should be
diagnosed and evaluated by a multidisciplinary team prior to
conception, but frequently patients and physicians are not
aware of their disease until symptoms lead to an echocar-
diogram during pregnancy [28].

Mitral valve area may be underestimated by traditional
echocardiographic parameters during pregnancy because
gradients across the valve increase by the square root of
CO. Therefore, mitral valve area should be estimated by
independent echocardiographic measurements and calcula-
tions. Rokey et al. [29] showed that the continuity equation
(mitral valve area = stroke volume/transmitral velocity time
integral) yielded comparable values during pregnancy and
postpartum. In contrast, the pressure half-time method
(mitral valve area = 220/pressure half-time) appeared to
overestimate valve areas during pregnancy. They suggest
that this occurs because of normal hemodynamic changes
during pregnancy that can have a significant effect on the
equalization of pressures between the left atrium and left
ventricle. As already stated, left atrial filling pressures may
increase to within the upper limits of normal, causing
greater transmitral gradients and decreased pressure half-
time [29]. Percutaneous balloon mitral valvuloplasty has
been established in several case series as a viable option for
treatment of pregnant women with class III to IV heart
failure who are refractory to medical management [30].
Echocardiography is essential in evaluating the degree of
calcification, leaflet thickening, mobility, and subvalvular
disease (components of the Block-Weyman score), with
scores less than 8 predicting a more successful outcome
[31]. Moreover, contraindications including greater than 2+
mitral regurgitation, subvalvular stenosis, and left atrial
thrombi are also diagnosed by transthoracic echocardio-
gram, although transesophageal echocardiography (TEE) is
more specific for the latter finding. TEE has been
successfully performed in pregnant women for many
different reasons without complications, and when clinical-
ly indicated, is an invaluable diagnostic tool [32].

Other Valvular Diseases

Similar to significant mitral stenosis, severe aortic stenosis
is poorly tolerated in pregnancy for many of the same
reasons cited above. Mild to moderate aortic stenosis with
normal aortic and ventricular function is associated with
much less morbidity. Serial echocardiograms in pregnant
women have shown that maximum pressure gradients
increase by 20 to 35 mm Hg in the third trimester as one
would expect from the increase in blood volume and flow
(CO) [33]. Therefore, echocardiographic measurements of
planimetry and ratios of velocity time integrals in the left
ventricular outflow tract and aortic valve may be better
markers of severity and correlate better with aortic valve
area in pregnant women than mean and peak gradients
alone [29].

In contrast to the left-sided obstructive lesions, chronic
valvular insufficiency is well tolerated in pregnancy, even
when severe if patients have preserved ventricular function.
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Table 2 High-risk cardiac lesions in pregnancy

Cardiac lesion Echocardiographic findings in pregnancy Management issues References
Mitral stenosis Gradient increases with square root of CO Medical treatment, PBMV for refractory [29-31]
disease if valve is favorable
Aortic stenosis Increased gradients Diuretics for symptoms, delivery if possible, [41]
valvuloplasty preferable to surgery
Valvular regurgitation No significant change from preconception. Diuretics for symptoms [28, 34]
with heart failure Increased blood volume offset by decreased
symptoms systemic vascular resistance
Prosthetic valves Gradients increased. Increased risk of valve Anticoagulation required. Warfarin relatively [35]
thrombosis 4% to 9%, transthoracic or contraindicated in weeks 6-12. UFH or LMWH
transesophageal echocardiogram when can be substituted
clinically suspected
Marfan’s syndrome Normal to dilated aortic root Preconception and monthly echocardiograms [34, 36]
recommended. Pregnancy relatively
contraindicated with aortic root >4.0 cm or
progressive dilatation
Pulmonary hypertension ~ Accurately estimated using the velocity of the Pregnancy discouraged if >75% systemic values [37, 38]
tricuspid regurgitant jet
Eisenmenger’s syndrome  Right-to-left shunting, pulmonary hypertension, ~ Pregnancy discouraged [39, 40]

right ventricular pressure overload

CO cardiac output; LMWH low molecular weight heparin; PBMV percutaneous balloon mitral valvuloplasty; UFH unfractionated heparin

The decreased systemic vascular resistance and systolic
blood pressure seen in normal pregnancy are hemodynam-
ically favorable for regurgitant lesions. The patient’s
clinical status and ventricular function prior to pregnancy
are most predictive of success. Although cardiac surgery
has been performed later in pregnancy, it is rarely indicated
except for class III and IV heart failure that is refractory to
medical management [28, 34]. Echocardiography should be
used to assess the ventricular function and the etiology of
the regurgitation, particularly for those who develop acute
regurgitation and decompensation.

Mechanical heart valves pose a significant risk to both
mother and fetus during pregnancy, and echocardiography
may be useful in diagnosing one of the most common
complications, valve thrombosis. The rate of valve throm-
bosis depends on the anticoagulation regimen used during
pregnancy, and appears lowest with continued use of oral
anticoagulation with warfarin throughout pregnancy (~4%)
and higher (~9%) with the substitution of heparin during
weeks 6 to 12 for purposes of decreasing the risk of
warfarin embryopathy [35]. There are no official recom-
mendations for serial echocardiography during pregnancy
in women with mechanical prosthetic valves, but the
possibility of valve thrombosis should be considered when
clinical signs and symptoms are suggestive.

Marfan’s Syndrome
The 2006 American College of Cardiology/American Heart

Association guidelines for management of patients with
valvular disease recommend against pregnancy in women
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with Marfan’s syndrome, although the National Marfan
Foundation does not support this recommendation [34].
The greatest risk in all patients with Marfan’s syndrome,
and particularly in pregnant women, is aortic dissection
(Table 2). The risk increases with increasing aortic size
above 4.0 cm, although dissections have rarely been
reported in gravidas with a normal-sized aortic root. Ideally,
echocardiography to assess aortic root dimension and help
estimate risk of dissection should be performed in women
planning a pregnancy. Elective repair has been recommen-
ded for aortic root dimension greater than 4.5 cm prior to
conception [34]. Most authors have suggested monthly
echocardiography during pregnancy beginning at the sixth
week of gestation when plasma volume and increased heart
rate begin to stress the cardiovascular system [36].
Transthoracic echocardiography is usually adequate, with
TEE reserved for an inability to accurately measure aortic
root diameter. MRI is also an alternative imaging modality
when transthoracic windows are limited. Progressive
dilatation may prompt consideration of urgent repair or
consideration of termination of pregnancy.

Pulmonary Hypertension

Both primary and secondary pulmonary artery hypertension
are associated with high rates of maternal mortality,
approximately 30% and 50%, respectively [37, 38]. Most
maternal deaths occur in the first month postpartum.
Therefore, early recognition and diagnosis of pulmonary
hypertension in pregnant women is essential to allow
women the opportunity to receive counseling on the risks
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of pregnancy and make an informed decision whether to
undergo therapeutic abortion. Pulmonary artery pressures in
pregnancy are not normally increased despite the increase
in blood volume because pulmonary vascular resistance
also decreases. Pulmonary artery pressures, estimated as
four times the velocity of the tricuspid regurgitant jet
squared plus right atrial pressure (4V> + RAP), are
obtainable by transthoracic echocardiography in most
pregnant women since tricuspid regurgitation is present in
94% of patients and should be within normal limits (mean
pulmonary artery pressure <25 mm Hg at rest).

Congenital Heart Disease

With advances in diagnostic technique and surgical correc-
tion, many women with congenital heart disease (CHD) are
living well into their reproductive years. Most women are
aware of their condition, but similar to mitral stenosis
secondary to rheumatic heart disease, the hemodynamic
burden of pregnancy may unmask a previously well-
compensated and undiagnosed lesion. Echocardiography is
an invaluable tool in documenting the presence of CHD and
assisting physicians in counseling women about the risks of
pregnancy to themselves and their offspring.

In a recent literature review, Drenthen et al. [39ee]
described cardiac, obstetric, and neonatal outcomes in
2,491 pregnancies in women with structural CHD. They
found that cardiac complications, defined as arrhythmias
requiring treatment, heart failure, myocardial infarction,
stroke, endocarditis, or cardiovascular mortality (not
reported separately), were more common in women with
CHD than in the general population. The greatest risk was
in women with Eisenmenger’s syndrome, other cyanotic
heart disease, and pulmonary atresia with ventricular septal
defects. In contrast, obstetric complications were not more
prevalent in the cohort of patients with CHD compared
with the general population. Also, the neonatal mortality
rate in women with CHD was 4% or approximately four
times the rate in offspring of women with structurally
normal hearts. The greatest risk of neonatal and maternal
mortality occurred in women with Eisenmenger’s syn-
drome. Consequently, these patients are generally discour-
aged from becoming pregnant or encouraged to consider an
elective termination should they become pregnant [39ee].
Once CHD is identified by echocardiogram, patients should
be referred to a multidisciplinary team of cardiologists,
high-risk obstetricians, geneticists, and anesthesiologists for
further counseling and care.

Using a cohort of 562 patients with CHD, Siu et al. [40]
identified a risk index that assigned women 1 point for each
of the following risk factors: 1) prior history of heart
failure, transient ischemic attack, stroke, or arrhythmia; 2)
New York Heart Association (NYHA) class greater than II

or cyanosis; 3) left heart obstruction defined by echocardi-
ography as mitral valve area less than 2 cm?, aortic valve
area less than 1.5 cm? and left ventricular outflow tract
gradient greater than 30 mm Hg; and 4) EF less than 40%.
They found that patients with 0, 1, or greater than 1 point
had a 5%, 27%, and 75% chance, respectively, of a cardiac
event. Similarly, a separate risk index was identified for
adverse neonatal outcomes with 1 point assigned for 1)
NYHA greater than II or cyanosis; 2) smoking during
pregnancy; 3) multiple gestations; and 4) anticoagulation.
When no risk factors were present, the risk of neonatal
mortality was 2% compared with 4% in the presence of at
least one risk factor [40]. These risk indices may serve as
helpful tools for physicians counseling women with a
history of CHD.

Conclusions

Pregnancy is characterized by significant hemodynamic and
physiologic cardiovascular changes. Echocardiography can
define and follow these changes through gestation. The
normal echocardiogram in pregnancy may show modest
increases in chamber dimensions, mass, and valvular
insufficiency without increases in systemic or pulmonary
pressures. A small pericardial effusion is common and a
50% increase in CO should be expected. The normal heart
is able to adapt to the increase in volume and work,
whereas the diseased heart may decompensate. Patients
with acquired heart disease and CHD should be thoroughly
assessed preconception, and then followed clinically by a
team of specialists throughout gestation and by serial
echocardiograms when indicated.

Disclosure No potential conflicts of interest relevant to this article
were reported.
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