
Contents lists available at ScienceDirect

Pregnancy Hypertension

journal homepage: www.elsevier.com/locate/preghy

Persistent cardiac dysfunction on echocardiography in African American
women with severe preeclampsia

Lisa D. Levinea,⁎, Jennifer Leweyb, Nathanael Koelperc, Katheryne L. Downesd, Zolt Aranyb,e,
Michal A. Elovitza, Mary D. Sammelf, Bonnie Kyb,e,f

aMaternal and Child Health Research Center, Department of Obstetrics & Gynecology, University of Pennsylvania Perelman School of Medicine, Philadelphia, PA, USA
bDivision of Cardiology, University of Pennsylvania Perelman School of Medicine, Philadelphia, PA, USA
c Center for Research on Reproduction and Women’s Health, Department of Obstetrics & Gynecology, University of Pennsylvania Perelman School of Medicine,
Philadelphia, PA, USA
d Foundation for Orthopedic Research and Education, Tampa, FL, USA
e Cardiovascular Institute, University of Pennsylvania Perelman School of Medicine, Philadelphia, PA, USA
fDepartment of Biostatistics, Epidemiology and Informatics, Center for Clinical Epidemiology and Biostatistics, and Women’s Health Clinical Research Center, University of
Pennsylvania Perelman School of Medicine, Philadelphia, PA, USA

A R T I C L E I N F O

Keywords:
African American
Cardiac function
Echocardiogram
Preeclampsia
Pregnancy

A B S T R A C T

Background: Cardiovascular disease (CVD) and preeclampsia both disproportionally affect African American
women. Evidence continues to grow linking a history of preeclampsia to future CVD. Therefore, we sought to
determine whether abnormalities in cardiac function, as determined by echocardiography, could be identified at
the time of preeclampsia diagnosis in African American women, and if they persist into the early postpartum
period.
Study design: This prospective blinded longitudinal cohort study was performed from April 2015 to May 2017.
We identified African American women diagnosed with preterm (< 37weeks) preeclampsia with severe features
and compared them to control normotensive pregnant women matched on race, gestational age, maternal age,
and body mass index. We obtained transthoracic echocardiograms on cases and controls at time of diagnosis and
again 4–12weeks postpartum. We quantified the systolic function with longitudinal strain, ventricular-arterial
coupling parameters and diastolic function.
Results: There were 29 matched (case-control) pairs of African American women for a total of 58 women. At time
of preeclampsia diagnosis, there was more abnormal cardiac function as evidenced by worse cardiac systolic
function (longitudinal strain), increased chamber stiffness (end systolic elastance), and worse diastolic function
(E/e’) in preeclampsia cases compared to controls. These findings persisted 4–12weeks postpartum. There were
additional notable abnormalities in E/A, and Ea (arterial load) postpartum, indicative of potentially worse
diastolic function and increased arterial stiffness in the postpartum period.
Conclusions: Among African American women, we found notable cardiac function differences between women
with severe preeclampsia and healthy pregnant controls that persist postpartum.

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death for
women in the United States and worldwide [1–6]. CVD dis-
proportionally affects African American women who are at higher risk
of coronary artery disease, acute myocardial infarction, and cardiac
death compared to age-matched Caucasian women [2,4–7]. The racial
disparities in the prevalence of CVD has led the American Heart

Association (AHA) to highlight the importance of further research and
preventive strategies in the sub-group of African American women, yet
most research continues to be done in predominantly Caucasian po-
pulations [4,6].

Preeclampsia (PEC) affects up to 8–10% of all pregnancies in the
United States and is a leading cause of maternal morbidity and mor-
tality worldwide [8,9]. Similar to CVD, PEC disproportionally affects
African American women [10,11]. Traditionally, since PEC is a
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pregnancy-specific condition limited to reproductive age women, these
women had not traditionally been considered high risk for CVD. Within
the last decade, there has been a growing body of epidemiologic evi-
dence that supports a markedly increased risk of CVD in women with a
history of PEC, including a 4-fold increased risk of heart failure and a 2-
fold increased risk of ischemic heart disease and stroke [12–18]. In
support of these findings, the AHA recently added a history of PEC to its
list of risk factors for CVD and indicated that PEC is as potent a risk
factor for CVD as diabetes or a lifetime of smoking [4].

While women with PEC are known to be at higher risk for CVD,
there are insufficient data to identify which women with PEC will de-
velop CVD later in life. Studies in predominantly Caucasian women
with PEC provide evidence of subclinical cardiac dysfunction even at
the time of diagnosis [19–22]. Subclinical cardiac dysfunction, as
measured by echocardiographic measures of left ventricular strain and
abnormalities in left ventricular ejection fraction are associated with
the subsequent risk of CVD [23–25]. It has also been shown that ther-
apeutic interventions during the asymptomatic phase of cardiovascular
impairment can improve overall prognosis [26–29].

Therefore, we sought to evaluate differences in cardiac function, as
determined by quantitative echocardiography, in African American
women with and without PEC at the time of diagnosis and 4–12weeks
postpartum. Our objective was to identify whether abnormalities in
cardiac function, as determined by echocardiography, could be identi-
fied as early as the time of PEC diagnosis and if they persist into the
early postpartum period. We focused on African American women, as
they represent a high-risk and understudied population.

2. Materials and methods

2.1. Patient selection

This prospective longitudinal cohort study (SCOPE: Study of
Cardiovascular Outcomes of Preeclampsia with Echocardiography) was
comprised of women with severe preterm preeclampsia compared to
normotensive controls. Women (≥18 years) were enrolled in this study
from April 2015-May 2017 at the Hospital of the University of
Pennsylvania after obtaining written informed consent. Institutional
Review Board approval was obtained prior to initiation of the study.

Our case group included African American women diagnosed with
preterm preeclampsia with severe features who were admitted to the
Obstetrical unit at the Hospital of the University of Pennsylvania.
Preterm status was defined by women with a gestational age from
23 weeks to 36 6/7 weeks gestation. Preeclampsia with severe features
was defined by current guidelines from the Hypertension Task Force of
the American College of Obstetricians and Gynecologists [9]. Cases
with a pre-existing diagnosis of hypertension were included if they
developed preeclampsia super-imposed on the chronic hypertension.

Normotensive African American pregnant controls were recruited in
the outpatient setting. Each individual control was matched to a case by
gestational age of preeclampsia diagnosis (± 3weeks), maternal age
(± 8 years), and body mass index (± 5 kg/m2). All women were fol-
lowed prospectively from the time of enrollment into the postpartum
period for up to 12weeks. Women who developed any form of preg-
nancy related hypertension were subsequently excluded post enroll-
ment from the control group. Women with preexisting cardiovascular
disease, chronic hypertension or multiple gestations were excluded.

The first echocardiogram was performed at the time of diagnosis of
preeclampsia for the cases and at a similar gestational age (± 3weeks)
for the matched outpatient controls, which was considered visit 1 or
baseline. A second echocardiogram and blood draw was performed
4–12weeks postpartum; this was denoted as visit 2.

2.2. Echocardiography

Transthoracic echocardiograms were performed and quantitated at

the University of Pennsylvania Center for Quantitative
Echocardiography. Two-dimensional and Doppler images were ac-
quired using GE Vivid E9 and E95 platforms (GE Healthcare,
Milwaukee, WI) in the parasternal long and short-axis views and apical
views with 2D images at 60–80 frames/second and digitally archived at
the acquisition frame rate. Quantitation of left ventricle (LV) volumes,
diastolic function parameters, and strain measures [30] were performed
using Tomtec Imaging Systems 2D Cardiac Performance Analysis (Un-
terschleissheim, Germany) by sonographers blinded to clinical status of
the patient.

LV end-diastolic volume (EDV) and end-systolic volume (ESV) was
calculated using the Simpson’s method of discs as recommended by the
American Society of Echocardiography. LVEF was derived as the dif-
ference between EDV and ESV divided by the EDV. Diastolic function
parameters including mitral inflow velocities (E/A) and tissue Doppler
indices of the LV lateral and septal (e’, a’) were quantified. Longitudinal
and circumferential peak systolic strain was quantified in a semi-au-
tomated method on digitally archived images in the apical 4 chamber
and 2 chamber (longitudinal strain) and short axis views at the mid-
papillary level (circumferential strain). Peak strain was computed au-
tomatically and averaged across all segments [31]. Moreover, addi-
tional measures of cardiovascular function including end systolic ela-
stance (Ees), effective arterial elastance (Ea), and the ratio Ea/Ees,
indicative of ventricular-arterial coupling were determined using
modified single-beat algorithm as previously described [32]. Ea was
derived from the end-systolic pressure (ESP)/Stroke Volume, where ESP
was estimated as 0.90× systolic pressure measured by manual blood
pressure cuff measurement at the time of the echocardiogram.

2.3. Statistical methods

Demographic factors were compared between cases and controls
using Pearson chi-square, Fisher exact, and t-tests were used as ap-
propriate. Wilcoxon Ranksum methods were used to test group differ-
ences for gestational age at delivery and weeks post-partum at time of
echocardiogram.

Echocardiographic parameters, blood pressure, and heart rate at
each time point (visit 1 and visit 2) were compared between cases and
controls using a random effects linear model for each matched pair.
This extension of a paired t-test allows for adjustment for potential
confounding factors. For each visit, baseline measures of ejection
fraction, longitudinal and circumferential strain, E/E’ average and E/A
were adjusted for systolic BP to control for differences in load de-
pendency in echocardiographic parameters between case-control pairs.
Post-partum assessments and change from baseline for these measures
were also adjusted for number of weeks post-partum as time of follow-
up may differ between case-control pairs. Additional analyses were
performed excluding case-control sets where the case had reported
chronic hypertension prior to pregnancy (n= 11).

Statistical significance was set at the 0.05 level. P-values were not
adjusted for multiplicity. All statistical analyses were conducted using
STATA version 14.2 (College Station, TX).

3. Results

Fig. 1 shows the flow diagram of women included in the analysis.
There were 29 matched sets of African American women cases and
controls (58 women total). Table 1 displays the demographic in-
formation for the cohort. The cases were more likely to be older com-
pared to the controls (case-control matching was±8 years). There
were 11 cases with chronic hypertension and 9 cases with gestational or
pre-gestational diabetes and none in the controls. Consistent with the
management of severe preterm preeclampsia, the cases were delivered
at an earlier gestational age than controls.
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3.1. Echocardiographic changes

Table 2 displays the estimated adjusted regression coefficients and
compares the changes in echocardiographic parameters between cases
and controls at baseline (visit 1) and postpartum (visit 2). At baseline
(visit 1), cases appeared to have globally preserved LVEF. However,
cases had evidence of worse systolic cardiac function, as assessed by
longitudinal strain; increased chamber stiffness, as assessed by Ees; and

worse diastolic function, as assessed by E/e’ compared to controls.
At the postpartum visit, there were similar findings of worse long-

itudinal strain and increased chamber stiffness (Ees) for cases compared
to controls. There were additional notable abnormalities in E/A, and Ea
postpartum, indicative of potentially worse diastolic function (E/A) and
increased arterial stiffness (Ea). There were no differences in cir-
cumferential strain or ventricular/vascular coupling (Ea/Ees) at base-
line or postpartum. In sensitivity analyses, we excluded women with
chronic hypertension (and their matched controls) and results were
unchanged (see Supplemental table).

4. Discussion

In this prospective blinded longitudinal cohort study comprised of
African American women with severe preterm preeclampsia, we found
notable differences in both systolic and diastolic measures of cardiac
function between women with severe preeclampsia and healthy con-
trols at the time of diagnosis. Moreover, these aberrant changes per-
sisted six weeks postpartum. Our findings are of clinically important
since subclinical cardiac dysfunction has been associated with future
risk of CVD [23–25] and therapeutic interventions during the asymp-
tomatic phase of CV impairment can improve overall prognosis
[26–29]. Therefore, these changes may identify women who should be
followed more closely for the development of interval CVD.

Abnormal cardiac findings have been noted previously on echo-
cardiography in women with preeclampsia including systolic measures
of function such as longitudinal strain and ventricular mass
[19–21,33–36]. Our study found similar findings in our cohort of
African American women, a traditionally understudied group that is at
higher risk of subsequent cardiovascular disease. The magnitude of
dysfunction in our population of African American women appears to
be slightly more than those in predominantly Caucasian populations,
potentially highlighting the known racial cardiovascular differences.
Abnormalities in strain precede changes in ejection fraction and may be
used to identify subclinical systolic dysfunction prior to overt cardio-
myopathy development [24,31,37–39]. Our findings of increased
chamber stiffness (Ees), worse systolic function (longitudinal strain);
and worse diastolic function (E/e’) are suggestive of abnormalities seen
in heart failure with preserved ejection fraction (HFpEF) [40]. Thus our
data are consistent with the notion that PEC may cause persistent da-
mage to cardiac function, which manifests similarly to echocardio-
graphic findings observed with HFpEF. We do also recognize that
pregnancy itself is a condition associated with increased cardiac stress,
so it may not be surprising that the population of African American
controls have borderline normal left ventricular eject fraction at base-
line.

Prior studies evaluating preeclampsia and echocardiographic find-
ings only had a small representation of African American women.
Therefore, our focus on African American women is a critical strength
of our study given the known worse outcomes of both preeclampsia and
cardiac disease in this group of women. An additional strength of our
study is that we prospectively identified women and followed them
through the pregnancy and into the postpartum period. Furthermore,
all of the quantitative analyses were performed by personnel blinded to
the case-control status. Our study is limited by sample size, which may
have affected our ability to detect additional significant findings.
Furthermore, our follow-up time was that of 6 weeks postpartum, and
therefore we do not know if these abnormalities persist beyond the
immediate postpartum time period and if they will be associated with
cardiovascular outcomes long-term. Lastly, while our cases included
women with chronic hypertension whereas the controls did not, the
differences in our results remained significant even when limiting the
analyses to women without hypertension at baseline.

Fig. 1. Flow diagram of women included in the analysis.

Table 1
Demographic Information.

Cases
(N=29)

Controls
(N=29)

p-value

Age (years)a 30.7 (7.32) 27.8 (5.53) 0.0005
Body Mass Index (kg/m2)a 33.9 (6.59) 33.4 (5.85) 0.353
Nulliparityb 18 (62) 12 (41) 0.115
History of Smokingb 2 (7) 2 (7) 1

Diabetesb

Gestational 2 (7) 0 0.003
Pre-gestational 7 (24) 0
Chronic Hypertensionb 11 (38) 0 0.001
Gestational age at Baseline (weeks)a 31.3 (3.90) 31.7 (3.61) 0.345
Gestational age at Delivery (weeks)c 33 (32–35) 39 (38–39) <0.0001
Time of postpartum

echocardiogram (weeks)c
6 (5–6) 7 (6–9) 0.005

a Mean (± Standard Deviation).
b Number (Percent).
c Median (Interquartile range).
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5. Conclusion

Our findings further support the recent consensus statement from
the American College of Obstetricians and Gynecologists and AHA that
highlights the critical importance of collaborations between
Obstetricians Gynecologists and Cardiologists to improve the cardio-
vascular health of women [41]. Identifying early echocardiographic
changes, even if women are asymptomatic, is a key step in providing
opportunities for risk stratification and early intervention to decrease
the associated risk of long-term cardiovascular disease in this high-risk
group of women with a history of preeclampsia. Given that our findings
suggest echocardiographic abnormalities are present early in the post-
partum period, it is reasonable to consider performing screening
echocardiograms on women thought to be at highest risk. In addition to
risk stratification, detecting early markers of cardiac dysfunction will
likely aid in understanding the pathogenesis by which preeclampsia
exposure leads to cardiovascular disease. Future studies will aim to
follow women prospectively and determine the association with our
findings and overt CVD.

6. Presentations

This was an oral presentation at the Annual Meeting for the Society
of Maternal Fetal Medicine in Las Vegas in January 2017.
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