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Abstract

Purpose of review Pregnancy is associated with significant hemodynamic changes,
making it a potentially high-risk period for women with underlying cardiovascular
disease. Echocardiography remains the preferred modality for diagnosis and moni-
toring of pregnant women with cardiovascular disease as it is widely available and
does not require radiation. This paper reviews the role of echocardiography along
the continuum of pregnancy in at-risk patients, with a focus on key cardiac disease

states in p_regnanCﬁ/. . . .
Recent findings In the preconception stage, risk stratification scores such as CARPREG II,

ZAHARA and the modified WHO remain central to counseling and planning. As such,
echocardiography serves an important role in assessing the severity of pre-existing
structural disease. Among women with pre-existing cardiovascular disease who become
pregnant—as well as those who develop cardiovascular symptoms during
pregnancy—echocardiography is a key imaging tool for assessment of hemodynamic
and structural changes and is recommended as the first-line imaging modality when
appropriate by both the American College of Obstetricians and Gynecologists (ACOG)
and the Food and Drug Administration (FDA). However, routine screening intervals during
pregnancy for various cardiac lesions are not well defined, resulting in clinical heteroge-

neity in care.
Summary Echocardiography is the imaging modality of choice for defining, risk

stratifying, and monitoring cardiovascular changes throughout pregnancy. Once
identified, at-risk patients should receive careful individual counseling and follow-
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up with a multidisciplinary team. Echocardiography serves as a widely available tool
for serial monitoring of pregnant women with cardiovascular disease throughout

pregnancy and the postpartum period.

Introduction

Cardiovascular disease (CVD) is a leading cause of ma-
ternal morbidity and mortality in the USA and globally
[1-7]. Furthermore, maternal mortality is rising in the
USA, with 41% of deaths retrospectively evaluated
deemed to have been preventable [8]. While pregnancy
is recognized as a time of hemodynamic stress for wom-
en with underlying cardiovascular disease, it is now also
recognized that a substantial portion of pregnancy-
associated cardiovascular complications are due to ac-
quired disease, for which obesity, pre-existing diabetes,
and pre-existing hypertension are significant risk factors.
Beyond pregnancy, the postpartum period is one of
elevated risk as far out as a year postpartum, with ap-
proximately one-third of maternal deaths occurring dur-
ing this period [9].

Normal pregnancy is marked by several hemody-
namic changes which occur over a compressed period
of time (Fig. 1).

Maternal cardiac output rises early in pregnancy and
increases in sum approximately 30-50% for singleton
pregnancies [11-13, 14ee, 15-17]. Estrogen contributes
to plasma volume expansion, which increases approxi-
mately 40% throughout pregnancy. There is a
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concomitant increase in red cell mass—though to a
lesser extent than plasma volume expansion—which
contributes to the physiologic anemia of pregnancy. An
increase in heart rate (which increases 10-20 beats per
minute above pre-pregnancy values) contributes to the
increase in cardiac output. Finally, systemic venous re-
sistance (SVR) decreases due to maturation of the low
resistance placental, which can result in a decrease in
mean arterial pressure (MAP) in early pregnancy; the
SVR nadirs at approximately 24 weeks of gestation and
then gradually increases thereafter. SVR rapidly increases
after delivery of the placental. Thereafter, hemodynamic
shifts occur rapidly in the first 2 postpartum weeks,
though full return to pre-pregnancy hemodynamics oc-
cur over the first 6 postpartum months.

Substantial overlap exists between symptoms that
commonly accompany normal pregnancy and those
that signal early manifestations of cardiovascular disease
including hyperventilation (and associated dyspnea),
anemia, weight gain, and edema [11]. As such, echocar-
diography is a clinically invaluable tool for the evalua-
tion of pregnant women both in the context of underly-
ing cardiovascular disease and those without known
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Fig. 1. Hemodynamic changes occurring in normal pregnancy. Reproduced with permission from [10].
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pre-existing disease presenting with symptoms that are  pregnancy. Furthermore, it is widely available and does
challenging to distinguish from uncomplicated not require the use of radiation or intravenous contrast.

Echocardiographic imaging during pregnancy

General approaches to image acquisition for pregnant women are similar to
imaging protocols utilized for non-pregnant patients. A key advantage to echo-
cardiography in the context of pregnancy is its excellent safety profile. Investi-
gations to date have not reported any adverse effects from the utilization of
diagnostic ultrasound, which is therefore utilized frequently in clinical practice
[18]. An important distinction is that supine positioning can be challenging due
to compression of the inferior vena cava (IVC) and pelvic veins by the gravid
uterus, particularly after 20 weeks of gestation. Left lateral decubitus positioning
is therefore preferred. In late pregnancy, cardiac output is estimated to be
approximately 14% lower in the supine position as compared to the left lateral
decubitus position, and approximately 8% of women will experience frank
symptomatic hypotension while supine [11]. When required, agitated saline
contrast is generally felt to be safe during pregnancy (FDA Category B), though
rigorous studies have not been performed for investigation of its use [18].
Intravenous echocardiographic contrast agents utilizing perflutren lipid micro-
spheres or perflutren protein type A have similarly not been studied during
pregnancy; as such, potential risks vs benefits must be considered with avoid-
ance if other imaging strategies are available [19]. Where necessary, transesoph-
ageal echocardiography can be safely performed in pregnant women, with the
majority of risk related to required sedation, which carries the potential for
increased risk of aspiration in the context of pregnancy [14ee]. When required,
exercise stress testing can be safely performed [14ee]|. Pharmacology stress is
rarely indicated during pregnancy and use of pharmacologic stress agents
should be avoided if possible [14e9].

Normal echocardiographic changes in pregnancy

The hemodynamic changes of pregnancy are often accompanied by normative
structural adaptations. Echocardiographic findings of normal pregnancy are
summarized in Table 1. Increases in blood volume can result in atrial and
ventricular chamber dilation, though parameters remain within the upper
limits of normal for non-pregnant controls [21-24]. Upper limits of normal
have not been specifically defined for the pregnant woman. Reversible eccentric
hypertrophy of the left ventricle is accompanied by an increase in left ventricular
mass of approximately 5-10% [25]. All chamber changes typically return to
baseline levels within weeks postpartum.

The effect of pregnancy on myocardial contractility is controversial. Based on
conventional echocardiographic estimates, left ventricular ejection fraction
(LVEF) is generally unchanged or can be slightly increased, though data to date
is conflicting [13, 21-25]. Using load-independent measures—particularly tis-
sue Doppler imaging—diastolic function similarly does not change significant-
ly with normal pregnancy [22, 25, 26]. E/e’ remains unchanged. Due to a
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Table 1. Normal physiologic changes on echocardiography during pregnancy

Unchanged in pregnancy Increased in pregnancy Normative in pregnancy
- Ejection Fraction - LVEDD - Pericardial effusion (often trace to mild)
- Fractional shortening - LV mass - Pseudodyskinesis
- Peak myocardial systolic velocity - Cardiac Output
- Average systolic SR - RV diastolic area
- E/F ratio - LA volume
- RVSP - LA size
- RA size

- Valvular annulus dimension
- Aortic and pulmonic VTI

LVESD left ventricular end-systolic dimension, LVEDD left ventricular end-diastolic dimension, LV left ventricle, RV right ventricle, LA left atrium,
RA right atrium, SR strain rate, RVSP right ventricular systolic pressure, VI velocity time integral

normative decrease in pulmonary vascular capacitance, right ventricular systolic
pressure (RVSP) also does not change despite substantial increases in plasma
volume [25]. Pseudodyskinesis can be appreciated due to external compression
from the gravid uterus.

Increase in chamber sizes and blood volumes in pregnancy can result in
annular dilation, which in turn results in increased valvular regurgitation as well
as increased transvalvular velocities. These effects are greatest in early third
trimester and at labor and resolve early postpartum [13, 25, 27, 28]. Valvular
regurgitation in pregnancy is most commonly observed in the tricuspid and
pulmonic valves. Despite an increase in size of the aortic annular dimension,
aortic regurgitation is not normative even in the context of pregnancy [13].

Asymptomatic pericardial effusions (often trace or mild) are common in
pregnancy occurring in approximately 40% of women, in the third trimester.
They are thought to be related to hormonally mediated volume retention and
are most often clinically silent, resolving within 6 weeks postpartum [29].

Pre-conception and echocardiography

Because of its availability, cost-effectiveness, and versatility, echocardiography is
central to the assessment of women at the pre-conception stage. The CARPREG
(Cardiac Disease in Pregnancy Study) I [30ee], modified WHO (World Health
Organization) [14ee], and ZAHARA II (Zwangerschap bij Aangeboren
HARtAfwijkingen [Pregnancy in Women with Congenital Heart Disease]) [31]
risk stratification scores commonly utilized in clinical practice (Table 2) all
incorporate severity of underlying cardiac lesion, which can and should be
assessed by echocardiography prior to conception. As such, any woman with
known pre-existing cardiovascular disease should undergo pre-conception
echocardiography. Notably, however, the available risk scores are only applica-
ble to women with known pre-existing cardiovascular disease and do not aid in
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Table 2. Cardiac risk factors for adverse maternal events; available risk stratification tools: CARPREG II [30], ZAHARA [31],

and modified WHO [14]

CARPREG II

*Prior cardiac events or
arrhythmias

eNYHA III-1V functional class or cya-

nosis

eMechanical valve prosthesis
Ventricular dysfunction

eHigh risk left-sided valve disease/-
LVOT

ePulmonary hypertension
eCoronary artery disease

eHigh-risk aortopathy

*No prior cardiac intervention first
antenatal visit >20 weeks gestation

ZAHARA

*Prior arrhythmia

eNYHA III-1V functional class

o| eft heart obstruction (LVOT gradient >50 mmHg,
AVA <1 cm?) eMechanical valve prosthesis
eModerate-severe subpulmonic or systemic
atrioventricular valvular regurgitation
®Pre-pregnancy cardiovascular medications
eCyanotic heart disease (either repaired or
unrepaired)

Modified WHO

Class I: Low risk
eMild/uncomplicated: PS, PDA,
MVP

eRepaired PDA, ASD, VSD,
anomalous pulmonary venous
drainage

eIsolated atrial/ventricular ectopic
beats

Class II: Moderate risk
eMild/uncomplicated uncorrected
ASD/VSD

®Repaired TOF

eMost arrhythmias

Class II-III: Moderate-high risk
oMild LV dysfunction

eHCM

eValvular heart disease not
considered class I or IV

eMarfan’s with a normal aortic
diameter

®Bicuspid with aortic dilation
<45 mm

®Repaired coarctation with
bicuspid

Class III: High risk

eMechanical valve prosthesis
oSystemic RV

eFontan circulation

eUnrepaired TOF

eComplex congenital heart disease
eMarfan with 40-45 mm aortic di-
lation

eBicuspid with 45-50 mm aortic
dilation

Class IV: Very high risk, pregnancy
not recommended

oSevere MS

eSevere symptomatic AS

oPAH

o| VEF <30%, NYHA III-IV func-
tional class

*Prior PPCM with residual LV
dysfunction

eUncorrected severe coarctation
eMarfan with >45 mm aortic
dilation
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Table 2. (Continued)
CARPREG II

ZAHARA Modified WHO

®Bicuspid with >50 mm aortic
dilation

the risk stratification of women without pre-existing cardiovascular disease,
who are increasingly experiencing adverse cardiovascular events during

pregnancy.

Preconception counseling

Valvular disorders of pregnancy

Obtaining preconception imaging requires that all cardiologists proactively ask
women about their intentions surrounding pregnancy during all routine car-
diovascular visits and ensuring that they have a plan for reliable contraception
should pregnancy not be intended. Tools such as the One Key Question® of
“Would you like to become pregnant in the next year” [32] can easily be
incorporated into all cardiovascular visits among women of reproductive po-
tential. Women with high-risk cardiovascular lesions should be referred to a
center with cardio-obstetric expertise and undergo more extensive evaluation
and counseling by a multidisciplinary team [33ee]. However, limited data to
date suggest that the prevalence of preconception counseling is suboptimal
even among women with mWHO 3 and 4 disease, highlighting the need for
more routine counseling of women of reproductive age at all cardiovascular
encounters [34].

Echocardiography is central to preconception counseling of women with
known pre-existing valvular heart disease and any woman with a history of
valvular prosthesis or native valve disease should ideally undergo echocar-
diographic imaging prior to conception. Lesion severity is incorporated into
the major risk stratification tools (CARPREG II [30], mWHO |[14], and
ZAHARA [31]), with left-sided stenotic lesions and mechanical prostheses
posing the highest risk to pregnant women. Women with high-risk lesions
(particularly mitral stenosis) should be counseled that even if well com-
pensated outside of pregnancy, given significant increases in heart rate,
circulating volume, and cardiac output during pregnancy, left-sided stenotic
lesions are high risk in the context of pregnancy and therefore merit
intervention when possible prior to conception [33ee]. Valve characteristics
should be carefully imaged in the preconception setting in order to opti-
mally guide interventional strategies when necessary. If possible, valve
repair is preferable to bioprosthetic replacement, as the presence of a
bioprosthesis still increases a woman'’s cardiovascular risk during pregnan-
¢y above women without structural heart disease, though is far preferable to
untreated significant native valve disease [35] and can be subject to deteri-
oration during pregnancy [36, 37]. Mechanical prostheses should be
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Congenital heart disease

Cardiomyopathy

avoided whenever possible in women who may desire future pregnancy
due to their high-risk profile to both mother and fetus during pregnancy
[30ee, 36], in large part mediated by the multitude of complicating factors
surrounding anticoagulation during pregnancy.

Women with pre-existing congenital heart disease should be followed at
centers with expertise in adult congenital disease. Given the unique risk
profile—especially of women with complex congenital
disease—preconception echocardiograms are critical and should be ob-
tained when counseling women regarding their risk during pregnancy.
During pregnancy, these women should be followed by a multidisciplinary
cardio-obstetric team inclusive of an adult congenital cardiologist and
monitoring should include frequent echocardiography.

Women with severe systolic impairment prior to pregnancy (LVEF <30%)
should be counseled regarding their very high risk and discouraged from
pregnancy [14ee, 30ee]. Notably, given that many women with cardio-
myopathies are treated with medications that are contraindicated in the
context of pregnancy, those wishing to consider pregnancy should have
their LVEF, functional capacity, and contractile reserve reevaluated after
cessation of contraindicated medications to ensure stability of LV function.
Women with even mild LV dysfunction should be counseled regarding
their elevated risk in the context of pregnancy and strain imaging should be
considered in this evaluation as an early marker of systolic dysfunction
[14ee, 30e¢]. Preconception, women with hypertrophic cardiomyopathy
should also undergo echocardiography, with careful evaluation of the
resting left ventricular outflow tract (LVOT) pressure gradient [14ee].

Women who received cardiotoxic chemotherapy or radiation

Echocardiography is central to the cardiovascular monitoring of pa-
tients receiving cardiotoxic chemotherapy. In particular, global longi-
tudinal strain (GLS) is key in the monitoring of patients as a more
sensitive means of detecting early systolic dysfunction as compared
with LVEF alone. With advances in oncologic treatment and increasing
maternal age, more female survivors of cancer are entering pregnancy
and should undergo preconception evaluation. The Children’s Oncol-
ogy Group (COG) recommends preconception cardiovascular evalua-
tion for women who have received >300 mg/m? of cumulative
anthracycline, 230 Gy of chest radiation, combination chemotherapy
and radiation, and who have already manifested arrhythmias or
structural disease [38]. Women who have received cardiotoxic treat-
ment (particularly anthracycline therapy) should undergo echocardi-
ography preconception in order to assess for pre-existing systolic dys-
function [39], inclusive of strain imaging when possible. Those who
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have received chest radiation should also undergo preconception
screening for valvular heart disease [14ee].

Echocardiography in pregnant women with pre-existing cardio-

vascular disease

During pregnancy, overall guidelines are lacking with respect to standard inter-
vals for routine re-imaging of women with pre-existing cardiovascular disease.
Present available recommendations suggest imaging each trimester, though
clinical changes should prompt greater frequency [14ee, 21]. However, further
research is required to understand better how best to monitor women with
cardiovascular disease during their pregnancies in the absence of clinical chang-
es. For example, in the Standardized Outcomes in Reproductive Cardiovascular
Care (STORCC) initiative in which women with pre-existing cardiovascular
disease received echocardiograms preconception, second trimester, third trimes-
ter, and postpartum, only 12% of women were found to have significant
echocardiographic changes during their pregnancy on routine monitoring
[40]. Of the additional studies performed for clinical indications, 24% resulted
in a change in management decisions. Thus, further investigations are required
to optimize routine monitoring strategies for women with pre-existing disease,
including how best to incorporate echocardiography into routine monitoring.
All women with pre-existing cardiovascular disease (and all fetuses with a first-
degree relative with structural heart disease or relevant disorder of Mendelian
inheritance within their family) should be offered screening fetal echocardiog-
raphy [41].

Evaluation of acquired cardiovascular disease during pregnancy

A large proportion of cardiovascular events occur de novo during pregnancy in
women without known pre-existing CVD and echocardiography should there-
fore also be utilized as the first-line imaging modality of choice should a
woman experience any concerning signs or symptoms of cardiovascular disease.
While there is substantial overlap in the signs and symptoms of normal preg-
nancy and early cardiovascular disease, any woman presenting with chest pain,
dyspnea at rest or with minimal exertion (especially when sudden in onset),
paroxysmal nocturnal dyspnea, syncope, sustained palpitations, new systolic
murmur (excluding flow murmurs), diastolic murmurs, persistent tachycardia
>100 beats per minute, cyanosis or clubbing, an $4, pulmonary rales, elevated
jugular venous pressure, or cyanosis/clubbing should be evaluated by a cardi-
ologist and often imaged with echocardiography (Fig. 2).

Hypertensive disorders of pregnancy

Hypertensive disorders of pregnancy (HDP) are affecting an increasing number
of women and are a leading cause of maternal morbidity and mortality
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* Chest pain

* Dyspnea at rest
* Paroxysmal nocturnal dyspnea

* Syncope

* Sustained palpitations
* Symptoms starting and progressively
worsening >20 weeks gestation

* Diastolicmurmur
* Heartrate >100 bpm
* Cyanosis or clubbing

* Rales

* S4 or Gallop

Fig. 2. Signs and symptoms that warrant further cardiovascular investigation in pregnancy. Image reproduced with permission from

[42].

worldwide after cardiovascular disease. As assessed on a per-woman basis, HDP
affect 15.3% of women, and preeclampsia occurs in 7.5% [43]. In contrast to
chronic hypertension, HDP develops after 20 weeks of gestation with hyper-
tension >140/90 mmHg. Gestational hypertension is defined as new onset
hypertension alone while pre-eclampsia occurs when hypertension is associated
with significant proteinuria or end-organ dysfunction. Women with chronic
hypertension are at elevated risk for developing superimposed pre-eclampsia,
which is detected with new-onset proteinuria or end-organ dysfunction [33ee].
While the manifestations of HDP occur in late pregnancy or postpartum, the
clinical syndrome begins with abnormal placentation and failure of normal
trophoblast invasion and incomplete spiral artery remodeling [44]. Resulting
placental hypoxia results in an increase in angiogenic markers, which result in
endothelial dysfunction, vasoconstriction, and oxidative stress. Thus, in con-
trast to normal pregnancy, women with HDP experience an increase in vascular
resistance, which results in adverse left ventricular remodeling with
concentric—rather than normative eccentric—remodeling [44, 45]. In one
study examining echocardiographic findings in the context of acute preeclamp-
sia, right ventricular systolic pressure (RVSP), left atrial area, left ventricular wall
thickness, and the mitral E/e’ ratio were all significantly higher among women
with preeclampsia (N = 63 cases) as compared to normotensive pregnant wom-
en (N =36 controls) [46]. However, when the absolute values are examined,
they were not significantly elevated from a clinical perspective among women
with acute preeclampsia (e.g., RVSP 31 mmHg + 7.9 vs 22.5 mmHg + 6.1) [47],
and thus, further investigation is warranted into the acute cardiovascular effects
of the disease process. Development of pulmonary edema among women with
preeclampsia is often multifactorial with contributions from diastolic dysfunc-
tion, increased vascular permeability, volume retention from corticosteroid
administration (in the context of fetal prematurity), and volume administration
in the context of labor and delivery, which remains the mainstay of treatment.
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Furthermore, there is significant overlap between preeclampsia and peripartum
cardiomyopathy [47-50], and thus, women with preeclampsia—especially
those with dyspnea, volume overload, and evidence of pulmonary
edema—may warrant investigation with echocardiography to assess for left
ventricular systolic and diastolic function.

Beyond pregnancy, HDP are robustly associated with increased later-life
risk of cardiovascular disease and are included in the most recent American
Heart Association (AHA) lipid guidelines as a risk enhancing factor [51]. In
addition to increasing a woman'’s risk of future coronary disease, however,
they are further recognized to increase risk of heart failure, as well as
valvular disease including aortic stenosis and mitral regurgitation [52].
While HDP are overall felt to increase risk through accelerated vascular
aging, the specific mechanism of later-life valvular dysfunction is currently
unknown and warrants further investigation. In addition, echocardio-
graphic analyses of women performed a decade after HDP demonstrate
evidence of adverse LV remodeling with increased left ventricular wall
thickness and relative wall thickness as compared with women who expe-
rienced normotensive pregnancies [53]. Women who developed chronic
hypertension following HDP represented the highest risk group, though
women with HDP alone in the absence of chronic hypertension still
demonstrated high risk of adverse remodeling. Given the recent emergence
of these data, the manner in which women demonstrating evidence of
adverse LV remodeling following HDP should be surveyed long term is a
question that requires further investigation.

Peripartum cardiomyopathy

Peripartum cardiomyopathy (PPCM) is a rare but serious cardiac compli-
cation of pregnancy. The diagnosis is made when new onset cardiomyop-
athy (defined as an LVEF <45%) develops in late pregnancy or early
postpartum [54]. It is often accompanied by left ventricular dilation, right
ventricular dysfunction, pulmonary hypertension, biatrial enlargement,
intracardiac thrombus, and functional valvular regurgitation. In addition
to being central to the diagnosis, echocardiography provides prognostic
information for patients with PPCM. The IPAC (Investigations of Pregnan-
cy Associated Cardiomyopathy) study followed 100 women in North
America with peripartum cardiomyopathy for 1 year after delivery [55].
In this group, severe impairment of left ventricular systolic function at
baseline (LVEF<0.30) and left ventricular dilation (LVEDD >6.0 cm) were
both associated with lower LVEF at 12 months. The majority of women in
this study experienced left ventricular recovery at 12 months. However,
none of the women with both a baseline LVEF <0.30 and an LVEDD
>6.0 cm experienced recovery of systolic function. In contrast, 91% of
women with an initial LVEF >0.30 and LVEDD <6.0 cm recovered. After
multivariable adjustment, race and LVEDD remained significant predictors
of systolic recovery. Subgroup analyses further demonstrated significant
association between baseline LVEF and LVEF at 1 year only in Black
women (p=0.005) and that Black race was independently associated with
lower LVEF at 1 year. Thus, in essence, Black women were less likely to
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experience improvement of LVEF at 1 year as compared with non-Black
women. In another cohort, African American women were nearly twice as
likely to demonstrate persistent LV dysfunction as compared with non-
African American women (52 [43.0%] vs 24 [24.2%], P=.004), and, when
they did recover, recovery took at twice as long (median, 265 vs 125.5 days;
P=.02) [56]. Right ventricular function at diagnosis has also been shown
to be predictive of prognosis with impaired right ventricular function (RV
fractional area change <36%) associating with higher rates of persistent LV
dysfunction or adverse clinical events (7.2 (95% CI, 5.1-58.6; P<0.001))
[57]. Analysis of strain patterns also shows a decrease in GLS in PPCM
patients [58, 59], and the presence of these strain changes appear to be
associated with worse cardiovascular outcomes, which include higher rates
of LV assist device implantation, persistent LV dysfunction, and death. In
analysis of patients within IPAC, GLS at presentation at a cutoff of 10.6%
(absolute value) and global circumferential strain (GCS) at a cutoff of
10.1% were both associated with adverse clinical outcomes with a high
sensitivity and specificity and were found to be additive to LVEF assess-
ment alone [59]. At baseline, 6 months, and 12 months, global longitu-
dinal strain values were significantly lower for Black women as compared
with non-Black women.

Echocardiography is also central to counseling women with a history of
PPCM with respect to risk with subsequent pregnancy. Multiple studies
demonstrate that women with persistent left ventricular dysfunction are at
highest risk and mortality can be as high as 50% in some series [60]. While
in a single study, normalization of systolic function was found to be
associated with a low risk of mortality in subsequent pregnancy (as com-
pared with a reported 19% among women with persistent LV dysfunction),
but the risk of clinical heart failure (21%), decrement in LVEF (21%), and
durable LV dysfunction (14%) remained significant [61]. Women with
persistent LV dysfunction who enter a subsequent pregnancy experience
heart failure (44%), decrement in LVEF (25%), and persistent LV function
(31%) at substantial rates.

Beyond LVEF, there is significant interest in how best to risk stratify patients
desiring a future pregnancy, with some evidence supporting the utilization of
stress echocardiography to evaluate contractile reserve [62]. In a small case series
of pregnant women post-PPCM, none of the 9 women with adequate contrac-
tile reserve on exercise stress echo experienced PPCM recurrence [63]. More
recently, there have been reports of uncomplicated pregnancies in women with
contractile reserve using dobutamine stress echocardiography [20]. Whether
strain imaging may provide additive prognostic value is of interest and merits
further investigation.

Aortopathies and pregnancy
- 0000000000000

Aortic dissection occurs uncommonly during pregnancy and the postpar-
tum period (5.5 cases per million pregnant women) but carries a high risk
of mortality and occurs more commonly during pregnancy than in a
comparable non-pregnant population (1.4 cases per million women)
[64]. Among women younger than age 35 enrolled in the International
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Registry of Acute Aortic Dissection (IRAD) registry, 19% experienced dis-
sections in the context of pregnancy [64] demonstrating the elevation in
risk that pregnancy poses with respect to this cardiovascular complication
[65]. Risk of dissection is greatest between 3 months of gestation and
3 months postpartum [64], with most postpartum dissections occurring
in the first 2 weeks postpartum [65]. Women with Marfan syndrome,
Loeys-Dietz, type 4 Ehlers-Danlos, Turner’'s syndrome, bicuspid
aortopathies, and familial aortopathies represent the highest risk groups,
though 47% of dissections occur in pregnant women who were not previ-
ously aware of an aortopathy until after their dissection [64, 66]. Trans-
thoracic echocardiogram (TTE) is the preferred initial study for diagnosing
and monitoring thoracic aortopathies in pregnancy. The frequency with
which monitoring is recommended depends on underlying pathology but
is generally monthly or bimonthly, with TTE serving as a powerful tool for
surveillance when dilation is localized to the ascending aorta [67]. Sur-
veillance should continue to at least 6 months postpartum [14ee].

Coronary ischemia in pregnancy

Ischemic heart disease is a relatively rare complication of pregnancy (oc-
curring in between 2.8 and 8.1 per 100,000 deliveries) although the
prevalence is expected to rise with advancing maternal age and increasing
prevalence of obesity, hypertension, and diabetes [68, 69]. When it does
occur, myocardial infarction during pregnancy is associated with an excess
of both maternal and fetal mortality [70, 71]. In addition to atherosclerotic
coronary artery disease which is believed to be responsible for approxi-
mately one-third of cases, pregnancy-associated myocardial infarction may
occur due to spontaneous coronary artery dissection (SCAD), coronary
embolus or in situ thrombus, and coronary vasospasm [69]. Women with
a history of ischemic heart disease who desire pregnancy should undergo
echocardiography to determine pre-pregnancy LVEF and assess for baseline
wall motion abnormalities [14ee]. Cardiac stress testing is often utilized to
assess for burden of residual ischemia pre-pregnancy, and as such, stress
echocardiography is a useful tool for assessment of LV function with stress
[14ee, 72]. During pregnancy, any woman presenting with an acute myo-
cardial infarction should be treated with guideline directed therapy as in
the non-pregnant population—including coronary angiography when in-
dicated. However, in women presenting with chest pain in the absence of a
clear acute coronary syndrome, TTE remains a readily accessible and safe
additional diagnostic test to assess LV function, regional wall motion
abnormalities, and non-ischemic findings which may be contributing to
symptoms.

Contemporary issues related to echocardiography in pregnancy

COVID-19 and pregnancy

Recent data from the Centers for Disease Control (CDC) in the USA
examining 8207 pregnant women who tested positive for SARS-CoV2
found that after adjusting for age, medical comorbidities, race and
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Disparities in care and outcomes

ethnicity, pregnant women were significantly more likely to be ad-
mitted to the intensive care unit (with an adjusted risk ratio of 1.5;
95% CI 1.2-1.8) and require mechanical ventilation (with an adjusted
risk ratio of 1.7, 95% CI 1.2-2.4) as compared to non-pregnant
women. The risk of death however did not differ by pregnancy status
(with an adjusted risk ratio of 0.9, 95% CI=0.5-1.5) [73e]. As such,
pregnant women appear to be at elevated risk for adverse outcomes in
the context of COVID-19 infections.

Cardiomyopathy has been reported in case series of pregnant pa-
tients with severe COVID-19 [74, 75|, and many experts have called
for a lower threshold for use of echocardiography in clinically ap-
propriate patients to allow for early detection of cardiac dysfunction
in the context of COVID 19 [76]. The American College of Cardi-
ology (ACC) Clinical Guidance for COVID-19 suggests that patients
demonstrating heart failure signs/symptoms, arrhythmia, or have
electrocardiographic changes should undergo echocardiography [77].
The evaluation of the right ventricle (RV) is of particular importance
especially for acutely ill COVID-19 patients with suspected acute cor
pulmonale. The use of echocardiography per local safety protocols,
and with appropriate use of personal protective equipment (PPE), is
especially highlighted by the ACC and supported by the American
Society of Echocardiography (ASE) [78]. Because of its portability,
echocardiography affords a clear advantage in imaging patients as it
minimizes risk of virus transmission involved in having to move the
patient. Hand-held point-of-care devices are increasingly favored
given reduced risk of contamination of devices as compared to
traditional machines.

In contrast to a global reduction in maternal mortality, the maternal
mortality rate in the USA continues to increase, with a 150% increase
from 1987 to 2016 (7.2 to 17.4 per 100,000 live births) [79]. Sig-
nificant disparities exist within maternal outcomes in the USA, with
Black women facing a 3-4x higher risk of pregnancy-related mortality
as compared with White women [80]. While differences in social
determinants of health contribute to these disparities, they do not
entirely account for the differences in US maternal health between
Black and non-Black women [81]. Beyond maternal mortality itself,
HDP and PPCM are known to disproportionately affect Black wom-
en. [56, 82, 83] Access to care during pregnancy and the postpartum
period is often highlighted as a significant determinant of maternal
health and most pregnancy-associated deaths are felt to be prevent-
able [81]. This is critical to understand, especially in the context of
research among non-pregnant populations, which have demonstrated
that women, Black patients, Medicaid patients, and those of increas-
ing age (by decade after age 60) are less likely to receive appropriate
TTE surveillance for valvular disease [84]. A broader critique of
echocardiographic use is that current studies used to define norma-
tive values do not to reflect the diversity of populations in the USA
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[85]. The ongoing COVID-19 pandemic has further illuminated the
gaps and disparities that already existed in both the pregnant and
non-pregnant populations. Data from the CDC [86] as well as the UK
Obstetric Surveillance System [87] have demonstrated that as with
the non-pregnant population, Black and Hispanic pregnant women
have been disproportionately affected by COVID-19 infections during

pregnancy.

Areas for future research

Conclusion

Though echocardiography is widely utilized in the clinical care of pregnant
women with preexisting cardiovascular disease, further prospective studies
are required to improve our understanding of best practices for its use in
the context of pregnancy, including appropriate screening intervals for
various cardiovascular conditions. This may be particularly true for the
postpartum period during which women remain at elevated risk for ad-
verse cardiovascular events but often do not receive routine screening or
care. With advancements in strain imaging, further research is required to
better understand the potential prognostic information that this technique
may add to traditional function assessments alone. Finally, emerging
echocardiographic data highlight the impact that cardiovascular diseases
of pregnancy—particularly HDP—have on future adverse cardiovascular
remodeling and further research is required to better understand these
structural changes and their implications for the long-term cardiovascular
health of women.
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