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Abstract

Purpose of review Pregnancy is a time of significant cardiovascular change. Echocardiog-
raphy is the primary imaging modality used to assess cardiovascular anatomy and phys-
iology during pregnancy. Both two-dimensional (2D) echocardiography and advanced
cardiac ultrasound modalities play pivotal roles in identifying and monitoring these
changes, especially in women with preexisting or new cardiac disease. This paper reviews
the role of echocardiography and advanced cardiac ultrasound during normal pregnancy
and pregnancy complicated by hypertensive disorders, valvular disorders, and cardiomy-
opathy. It also examines the role of echocardiography in guiding decisions about delivery.
Recent findings The data establishing normal echo parameters during pregnancy are incon-
sistent. In addition, there is limited research exploring the role of advanced cardiac ultrasound
modalities, such as tissue Doppler imaging or speckle tracking echocardiography, in assessing
cardiac function during pregnancy. What data there are suggest that these advanced modal-
ities can be used to identify subclinical changes before traditional echocardiography can, and
thus have clear utility in identifying early abnormal cardiac responses to pregnancy.
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Summary Echocardiography is the modality of choice for imaging the heart in pregnant
women. Advanced ultrasound modalities increasingly play a role in identifying abnormal
adaptations to pregnancy and detecting subclinical changes. This, in turn, can help promote
a healthy pregnancy for both mother and fetus.

Introduction

Pregnancy is associated with significant cardiovascular
changes. These require the heart to adapt to increased
plasma volume [1–3], increased cardiac output (up to
50%) [1, 4, 5••, 6], and decreased peripheral vascular
resistance [1, 4, 5••]. The heart must further adapt to an
acute increase in workload during labor and delivery, and
then subsequently readjust in the weeks after pregnancy as
these changes resolve [7]. Given these significant hemody-
namic changes, pregnancy is a high-risk period for women
with pre-existing cardiac conditions. In addition,
pregnancy-induced cardiovascular changes can stress ma-
ternal physiology sufficiently to reveal previously undiag-
nosed cardiac conditions or vulnerabilities [8–11]. Finally,
pregnancy itself can lead to adverse cardiovascular sequel-
ae, especially in women who develop preeclampsia or
other hypertensive disorders of pregnancy (HDP) [12–16].

Because of these numerous physiologic changes,
there is great interest in better characterizing the risk of
cardiovascular complications during pregnancy and de-
livery [17, 18, 19•]. Echocardiography (Echo) plays a
key role in risk stratification because it is ubiquitous, safe
for both mother and fetus, and comprehensive in
assessing cardiac structure and physiology. Traditional
2D and Doppler echo techniques are often used to
detect valvular diseases, structural abnormalities, and
systolic dysfunction, while advanced cardiac ultrasound
modalities, including tissue doppler imaging and speck-
le tracking echocardiography, can detect diastolic dys-
function and sub-clinical systolic dysfunction. Because
of its versatility, there are numerous indications for echo
evaluation during pregnancy. Any woman with known
pre-existing cardiac disease should undergo echocardi-
ography as part of a standard pre-pregnancy screening,
and any pregnant woman who develops a concerning
murmur (i.e. diastolic, continuous, or systolicmurmur≥
III/VI in intensity), significant dyspnea, or heart failure
symptoms should also be imaged [5••]. In addition,
echo data is increasingly used to predict maternal car-
diovascular risk, including in validated pregnancy risk

stratification tools such as CARPREG (CardiacDisease in
Pregnancy), ZAHARA (Zwangerschap bij vrouwen met
een Aangeboren HARtAfwijking-II), and World Health
Organization (WHO) risk calculators [17, 18, 20–22].

In this article, we focus on the role of echocardiography
and advanced echo techniques in assessing the heart dur-
ing pregnancy. We briefly describe expected echocardio-
graphic findings in normal pregnancy, and then focus on
the role of echo in evaluating key gestational and post-
partum cardiac conditions including hypertensive disor-
ders of pregnancy, valvular lesions, and cardiomyopathies.

Brief introduction to echo and advanced echo
modalities
Most of the approaches for acquiring echo images in
pregnant women are similar to those in the non-
pregnant patient. The subcostal view can be limited by
the gravid uterus during pregnancy; however, most other
views are achievable. In each view, conventional 2D imag-
ing is performed, which is useful in assessing basic cardiac
parameters such as valvular structures, chamber size, ven-
tricular function, and congenital variants (Fig. 1a). In ad-
dition to 2D imaging, Doppler echocardiography is used
to detect shunts and assess for valvular disease. Doppler
can also measure peak early (E) and late (A) diastolic
blood flow velocities across the mitral valve, which are
two commonly reported values for assessing diastolic
function [23](Fig. 1b). Pregnant women may also be im-
aged with the advanced echo techniques discussed below,
which can identify subtle changes in cardiac function such
as sub-clinical systolic and diastolic abnormalities.

Tissue Doppler imaging

Tissue Doppler imaging assesses changes in the myocar-
dium itself [24, 25]. Most commonly, it is used to sample
longitudinal myocardial tissue velocity near the mitral
valve, thus providing insight into the behavior of the left
ventricle throughout the cardiac cycle. Clinically, it is most
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often used to assess diastolic function, usually by measur-
ing the peak early velocity of the mitral annulus (e′)
[23](Fig. 1c). In patients with diastolic dysfunction, e′
values are lower, since myocardial relaxation is impaired.

Speckle tracking echocardiography and strain

Speckle tracking monitors the movement of individual
myocardial speckles. Speckles are optical phenomena cre-
ated by the scattering of the ultrasound beam due to
movement of the myocardium [26, 27]. Software using
this modality can track all speckles in a given 2D view,
allowing for highly accurate assessment of myocardial
movement, including the motion of speckles in relation
to each other [28]. While it is useful in assessing both

systolic and diastolic function, it is most often used to
determine myocardial systolic strain [27]. Strain is a mea-
sure of tissue deformation and assesses lengthening and
shortening of the myocardium in comparison to its orig-
inal length [25, 27, 29, 30]. In so doing, it provides
information regarding the behavior of individual func-
tional units of the myocardium [30, 31] (Fig. 1d). Systolic
strain percentages are calculated for all segments of the
myocardium, with differences between various segments
attributed to regional wall motion abnormalities. In addi-
tion, overall myocardial systolic strain rates are calculated
by averaging strain data for a broad area of the myocardi-
um. For both overall and segmental systolic strain mea-
surements, rates are reported as a negative percentage,
with absolute percentages greater than − 19.5%

Fig. 1. Examples of echo imaging modalities. a Conventional 2D imaging. b Doppler echo. c Tissue Doppler imaging. d Speckle
tracking echo.
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considered normal. When compared to 2D echo, systolic
strain measurements are more sensitive and specific for
detecting systolic dysfunction, especially in patients with
normal left ventricular ejection fractions [32, 33].

Normal echo findings during pregnancy
Most uncomplicated pregnancies never require echocardi-
ography, and thus the data reporting echo characteristics
in healthy pregnant women is fairly limited. A few cohort
studies have proposed normal echo values, though the
reported data are variable because values were obtained at
different stages of pregnancy. In addition, measurements
can be affected by differences in patient positioning, since
both cardiac preload and afterload change with positional
shifts of the gravid uterus [34]. Thus, it is important to
incorporate information regarding gestational age and
patient position (i.e., supine versus left lateral decubitus)
when interpreting echo findings in pregnant women [35].
With these caveats, the following three sections summa-
rize the best available data, which is also shown in Table 1.

Chamber size

All four cardiac chambers dilate during normal pregnancy
[4, 34, 35]. The speed and amount of dilation are variable,
and there are no consensus guidelines proposing
pregnancy-specific definitions of normal chamber size
[35–38]. Regardless of the precise dimensions, chamber
dilation is thought to be a response to the increased blood
volume that develops during the second and third trimester
of pregnancy.Mean left atrial (LA) and right atrial (RA) area
likely reach 14.15–18 cm2 and 13.3–14.6 cm2, respectively
[36–39] . Mean left ventricle (LV) diameter is an average of
4.2–5.0 cm in diastole and 2.38–3.0 cm in systole [39, 40].
Right ventricle (RV) size changes are less well-reported, but
available data suggests thatmean RV area during diastole is
17.9–18.3 cm2 and in systole 9.2–9.6 cm2 [41]. Of note,
these slightly larger chamber sizes in pregnancy remain
within the upper range of normal for non-pregnant pa-
tients. There are additional changes in cardiac structure
during this time, including eccentric increases in LV wall
thickness and mass, which peak in the third trimester [4,
35, 42–44]. Within weeks after delivery, these parameters
revert back to the pre-partum state [7, 42, 45].

Valves

Physiologic increases in blood flow and heart enlarge-
ment alter the way blood flows through the valves

during pregnancy. Although pregnancy does not change
the extent of pre-existing valvular stenosis, transvalvular
velocities increase due to the increased blood flow that
occurs during pregnancy. Velocity-derived pressure gra-
dients, therefore, correlate less well with stenosis severity
during pregnancy [35, 46]. Measuring transvalvular flow
by Doppler echo remains useful because it can be used
to calculate valve area and stenosis severity even in the
presence of increased blood flow [46, 47]. Although
pregnancy does not inherently increase the degree of
stenosis, it does lead to mild increases in valvular regur-
gitation. This is because of exaggerated separation of the
valve leaflets that result from physiologic cardiac dila-
tion and increases in mitral, tricuspid, and pulmonary
annular dimensions [4, 45, 46, 48, 49]. Notably, regur-
gitation across the aortic valve develops less commonly
despite a small increase in aortic root size [46]. Like
many of the adaptations seen during pregnancy, valvular
regurgitation tends to resolve soon after pregnancy.

Systolic and diastolic function

Given the evolving loading conditions on the heart
during pregnancy, as well as the relative impact of pa-
tient position on echo parameters, the information on
normal systolic and diastolic function during pregnancy
is variable. Nevertheless, recent studies have utilized
more advanced echo techniques that are less load-
dependent and thus provide more consistent data [50].

There is some debate about whether the LV ejection
fraction (LVEF) increases or remains unchanged during
pregnancy, and there are additional data to suggest that EF
fluctuates throughout pregnancy [4, 35, 37, 42, 51, 52].
Themajority of studies, however, show no notable chang-
es in LVEF [5••, 7, 34, 53, 54]. Similar to LVEF, data
regarding myocardial contractility in pregnancy are also
conflicting, withmost studies suggesting it either decreases
or remains largely unchanged [52, 53, 55]. Although end-
diastolic dimensions tend to increase throughout preg-
nancy, overall end-systolic dimensions show minimal
increases compared to the pre-pregnant state [34, 39, 45,
47, 49, 52, 56]. Most but not all studies demonstrate that
diastolic function is not inherently impaired in pregnancy,
especially in studies utilizing tissue Doppler imaging and
strain assessment [34, 37, 44, 50, 52, 57, 58]. Of note, the
increased volume state associated with pregnancy affects
interpretation of the E/A ratio, which is a supplemental
echo measurement used to assess diastolic function. This
ratio decreases during pregnancy, especially in the third
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trimester, but does not suggest intrinsic diastolic dysfunc-
tion in the context of pregnancy [4, 35, 44–45].
Pregnancy does not affect the E/e′ ratio, however, which
is a largely load-independent measure of diastolic func-
tion [41, 45, 59].

In summary, the normal heart during pregnancy has
four-chamber dilation, eccentric LV hypertrophy, and
mild valvular regurgitation due to anatomic remodeling
and increased transvalvular flow. Systolic, diastolic, and
contractile function are most likely unchanged, al-
though all may be influenced by altered loading condi-
tions. To address these variations and uncertainties,
more studies are needed to establish consensus for

gestational age-specific parameters for normal cardiac
findings during pregnancy.

Echocardiography and hypertensive disorders of
pregnancy
Hypertension is the most common medical problem en-
countered during pregnancy and is the second leading
cause of maternal mortality [60, 61]. Hypertensive disor-
ders of pregnancy (HDP) include chronic hypertension
(hypertension which either predates pregnancy or is diag-
nosed G 20 weeks gestation), gestational hypertension (hy-
pertension that develops 9 20 weeks gestation and is not
associated with proteinuria), pre-eclampsia (hypertension
that develops 9 20 weeks gestation or early in the post-
partumperiodwith concurrent proteinuria and/or evidence
of end organ dysfunction (new neurologic changes, acute
kidney injury, liver dysfunction, hemolysis or thrombocy-
topenia, or fetal growth restriction)), and preeclampsia
superimposed on chronic hypertension [13, 60, 62].

Echocardiography, especially when strain imaging is
performed, plays an important role in the assessment of
HDP-related cardiac remodeling, because it can potential-
ly detect subtle changes in cardiovascular function before
there is worsening hypertension or other clinical compli-
cations [14, 26, 36, 44, 51, 63, 64•]. Echo can detect HDP-
associated increased LVmass and concentric hypertrophy,
which is especially common in women with preeclamp-
sia, and can distinguish between this type of abnormal
hypertrophy and the expected eccentric LV hypertrophy
associated with normal pregnancy [65–67]. In addition,
echo can identify HDP-associated chamber enlargement,
which is most notable in the left atrium [36, 68].

Echo data for systolic function in patients are differ-
ent across the spectrum of HDP disorders. In gestational
hypertension, for instance, there is no change in systolic
function [64•, 65, 69]. Preeclampsia, however, is more
consistently associated with systolic dysfunction, with
more severe or early onset preeclampsia associated with
greater dysfunction [36, 55, 64•, 69–71]. For all types of
HDP, most data suggest an association with diastolic
dysfunction, particularly in patients with pre-eclampsia
[14, 15, 36, 44, 70].

Although current practice does not include routine
monitoring, the echo abnormalities associated with
HDP underscore the importance of imaging in women
with, or who are at risk for, HDP. In these women, we
suggest performing at least one echocardiogram early in
pregnancy because subtle cardiac findings may be identi-
fied prior to clinical deterioration [36]. Patients with pre-
eclampsia with severe features and other high-risk

Table 1. Changes in echo cardiovascular measures during
normal pregnancy

Systemic hemodynamics Change in
pregnancy

Systemic vascular resistance ↓

Heart rate ↑

Stroke volume ↑

Cardiac output ↑

Plasma volume ↑

Cardiac anatomic changes

Left atrial dimension ↑

Right atrial dimension ↑

Left ventricular dimension ↑

Right ventricular dimension ↑

LV mass ↑

Mitral annulus dimension ↑

Tricuspid annulus dimension ↑

Pulmonary annulus dimension ↑

Aortic annulus dimension ↑

Blood flow ↑

Systolic and diastolic function

Ejection fraction ↔

Myocardial contractility ↓ or ↔

End-diastolic dimensions ↑

End-systolic dimensions ↔

E/A ratio ↓

e′ ↔
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subgroups are at an especially high risk for pulmonary
edema and other cardiovascular complications, and prob-
ably benefit from serial echocardiography (Table 2). These
studies should include advanced cardiac echo techniques
because these techniques are especially valuable in mon-
itoring subclinical heart dysfunction in pregnancy and can
potentially allow for intensified monitoring and interven-
tion prior to clinical deterioration [26, 36].

Echocardiography and valvular disorders of pregnancy
More women of childbearing age with pre-existing val-
vular lesions are becoming pregnant. As pregnancy pro-
gresses and the hemodynamic changes intensity, valvu-
lar lesions initially well tolerated during early pregnancy
can become poorly tolerated. In general, regurgitant
lesions—whether pre-existing or new—tend to have
fewer complications than stenotic ones. Regardless of
the specific valvular disorder, all women with
valvular lesions should undergo echocardiography early
in pregnancy [48, 72, 77, 78] (Table 2). Echo can char-
acterize valvular lesions and determine disease severity,
and thus provide key information regarding maternal
risk-stratification [5••, 77]. It is reasonable to perform
serial echocardiography at least once a trimester, but

imaging can be more frequent if the mother develops
new or worsening cardiac symptoms, or if the patient
has a severe valvular lesion [5••, 79].

Although any severe valvular lesion can lead to com-
plications, left-sided stenotic lesions are associated with
the highest morbidity and mortality [72]. In particular,
rheumatic mitral stenosis (MS), the most frequently
encountered stenotic valvular lesion in pregnancy,
should be serially imaged both before and during preg-
nancy [48, 80]. The pressure gradient across the mitral
valve, which is measured by Doppler, has significant
prognostic value, with mean gradients 9 17 mmHg and
peak diastolic gradients 9 25 mmHg strongly associated
with subsequent pulmonary edema [81]. In addition,
echocardiographic evidence ofmoderate or severemitral
stenosis (severe MS has a calculated valve surface area G
1.5 cm2), MS mean gradient 9 10 mmHg, or severe
pulmonary hypertension (pulmonary artery systolic
pressure 9 50 mmHg) greatly increase the risk
in pregnancy [77, 82, 83]. These women should be
counseled against pregnancy until the mitral valve has
been repaired or replaced [81, 82, 84, 85].

When compared to MS, aortic stenosis (AS) is much
less frequently encountered in women of childbearing

Table 2. Suggested frequency of echo monitoring during pregnancy

Cardiovascular disease Monitoring frequency
Hypertensive disorders of pregnancy • At least once during pregnancy if cardiac symptoms or signs develop [64•]

• Monitoring frequency should increase if cardiac symptoms worsen

Valvular disorders • Prior to or early in pregnancy, and repeat every trimester [72]
• Monitoring frequency should increase if disease severity increases [73]

Aortic stenosis (AS) • Severe AS: every 1–2 months depending on symptoms [5••]

Mitral stenosis (MS) • Mild MS: each trimester and prior to delivery [5••]
• Moderate to severe MS: every 1–2 months depending on symptoms
and disease severity [5••]

Cardiomyopathies

Dilated cardiomyopathy • Each trimester
• Monitoring frequency should increase if symptoms develop

Hypertrophic cardiomyopathy • Low risk disease (WHO Class II): each trimester [5••, 74]
• High risk of complications (WHO Class III): every 1–2 months [5••, 75]

Peripartum cardiomyopathy • After initial diagnosis: 6 months post-partum
• Subsequent pregnancies: End of 1st and 2nd trimesters, and 1 month
both prior to and after delivery [76]

• Monitoring frequency should increase if cardiac symptoms worsen
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age. If present, the most likely cause is a congenital
bicuspid aortic valve [82]. Regardless of the etiology,
mild AS is well tolerated in pregnancy [82]. However,
both moderate and severe AS increase the risk of cardio-
vascular events and overall morbidity during pregnancy
[86]. Severe aortic stenosis, which is defined by a re-
duced valve area (G 1.0 cm2), increased peak aortic ve-
locity (≥ 4 m/s), or mean pressure gradient (≥
40mmHg), is especially associatedwith pregnancy com-
plications, even in the absence of symptoms [87–88].
For pregnant patients with AS and cardiac symptoms,
morbidity and mortality is prohibitively high due to a
higher risk of new-onset heart failure, arrhythmias, and
aortic dilation [72, 88]. For this reason, pregnancy is
contraindicated in women with uncorrected severe,
symptomatic AS [5••, 72, 83, 88].

Echocardiography and cardiomyopathy and heart
failure in pregnancy
Women with normal pregnancies can develop dys-
pnea, leg edema, and fatigue, all of which are also
symptoms of heart failure. Echocardiography plays
an important role in determining if these symptoms
are due to normal changes of pregnancy, or if they
are due to a new underlying cardiomyopathy such as
peri-partum cardiomyopathy. Echo is also helpful in
assessing change in cardiac function in women with
pre-existing cardiomyopathies, including dilated and
hypertrophic cardiomyopathies. Though data is lim-
ited, the frequency of monitoring throughout preg-
nancy should vary with disease severity, ranging
from every 4–8 weeks to every trimester [75, 84]
(Table 2). Although there is little data, tissue Dopp-
ler and strain imaging may also be helpful because
they can detect diastolic dysfunction and subtle sys-
tolic dysfunction that can be harbingers of adverse
events.

Dilated cardiomyopathy

Dilated cardiomyopathy (DCM) can occur before
and during pregnancy. The most common cause is
idiopathic, though possible triggers include genetic
abnormalities, infections, and toxins [89]. Echo can
help diagnose DCM if the LV end diastolic dimen-
sion is greater than 112% of the upper limit of
normal and the LVEF is less than 45% [89, 90].
Although the impact of DCM on pregnancy is not
well characterized, the general consensus is that preg-
nancy should be avoided in those with DCM and

LVEF G 30% [7, 20, 22, 91]. In those with LVEF 9
30% who become pregnant, the risk of cardiac events
(especially heart failure) is significantly higher with
lower systolic function, poorer pre-pregnancy func-
tional status (New York Heart Association Class III
or IV), or in the presence of pre-existing cardiac
comorbidities [74, 91].

Echo plays a critical role in initial risk stratification
and throughout pregnancy. Since LVEF can change dur-
ing pregnancy, we suggest routine serial echocardiogra-
phy for asymptomatic patients and urgent echocardiog-
raphy if new symptoms develop.

Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is an autoso-
mal dominant condition characterized by ventricular
wall hypertrophy, often most pronounced in the
septum, and LV outflow tract (LVOT) obstruction
[92, 93]. Although the overall literature on HCM in
pregnancy is limited, most patients tolerate pregnan-
cy well [74, 75, 90, 93–95]. In some women with
HCM, pregnancy is associated with diastolic heart
failure or arrhythmias, especially atrial fibrillation
[96]. The risk of complications is especially high in
women with significant septal hypertrophy and LV
outflow obstruction (especially if the pressure gradi-
ent 9 50 mmHg), pre-pregnancy arrhythmias, or lim-
ited pre-pregnancy functional status [18, 74, 75, 93].
Given the role of echo in both identifying and mon-
itoring many of the anatomic changes associated
with HCM, all women with HCM should have a
pre-pregnancy echo to risk-stratify them [75, 84].

Peri-partum cardiomyopathy

Peri-partum cardiomyopathy (PPCM) is unique to
pregnancy. Though its underlying etiology is not
known, it is defined as the onset of systolic dysfunc-
tion (LVEF G 45%) and heart failure symptoms with-
in the last month of pregnancy or the first five post-
partum months [73, 92, 97]. Echocardiography can
help predict prognosis in patients with PPCM [72,
98, 99]. For instance, higher LVEF at time of diagno-
sis is associated with better outcomes [76, 98]. In
particular, women with LVEF ≥ 30% have a higher
likelihood of recovery, while women with LVEF G
25% have higher rates of persistent cardiac dysfunc-
tion and need for subsequent cardiac transplant [76,
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98, 100]. LV chamber size at time of diagnosis also
has prognostic significance, as patients with LV end-
diastolic dimension ≤6 cm at the time of diagnosis
have better outcomes [101]. RV fractional area
change, a measure of RV systolic function, can also
predict recovery, with lower values associated with
increased cardiovascular morbidity and mortality
[102]. Advanced echo modalities including tissue
Doppler and strain have a plausible role in the ear-
lier identification of women with PPCM; however,
their role in diagnosis and prognosis remain unclear
[103–105].

The role of echocardiography during delivery
Multiple rapid hemodynamic changes occur immediate-
ly before and during delivery. Regardless of cardiovascu-
lar disease status, delivery is therefore a high-risk period

and can lead to rapid decompensation. In women with
cardiovascular disease, echo has an important role in
predicting who will poorly tolerate these changes and
thus merit management at a tertiary care center [106].
Echo data can also help guide decisions regarding meth-
od of delivery. Though vaginal delivery is generally pre-
ferred even in the presence of cardiovascular disease,
echocardiographic evidence of severe aortic dilation (9
45 mm), acute heart failure, severely symptomatic val-
vular stenosis (aortic or mitral), or severe pulmonary
hypertension (systolic pulmonary artery pressures 9
50 mmHg), compel consideration for cesarean delivery
[5••, 72, 82, 107]. In summary, echo can help prior to
delivery by providing additional information regarding
how, and where, safe delivery should occur [7].

Conclusion

Echocardiography can help diagnose and guide the management of preg-
nant women with pre-existing heart disease or in those who develop
cardiac complications during pregnancy. Echocardiography can detect car-
diac changes even before evidence of clinical disease develops, and ad-
vanced echo techniques can allow for even earlier detection of subtle
cardiac changes. We believe echo, especially advanced echo modalities,
has tremendous value in evaluating women who are pregnant, and call
for further studies to definitively determine the value of imaging in preg-
nant women who develop, and are at risk for, specific cardiovascular
diseases. For women with either pre-existing or de novo cardiovascular
disease during pregnancy, we also suggest frequent use of this modality,
because echo can identify maladaptive or dangerous responses to hemo-
dynamic fluctuations of pregnancy before clinical complications develop.
This, in turn, may lead to significant changes in management and help
ensure safe pregnancies and deliveries for both mother and fetus.
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