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Abstract
Background—Patients with preeclampsia are at risk for cardiovascular disease. Changes in
cardiac function are subtle in preeclampsia and are difficult to quantify with conventional
imaging. Strain measurements using speckle-tracking echocardiography have been used to
sensitively quantify abnormalities in other disease settings.

Methods and Results—We evaluated the feasibility and sensitivity of strain imaging using
speckle-tracking echocardiography in women with preeclampsia. Forty-seven women were
enrolled in this pilot study and 39 were analyzed: 11 with preeclampsia, 17 without a hypertensive
disorder and 11 with nonproteinuric hypertension. Echocardiographic ejection fraction and global
peak longitudinal, radial and circumferential strain were measured.

Longitudinal strain was significantly worsened in women with preeclampsia compared to women
without a hypertensive disorder (P=0.0009). Similar results were observed for radial strain
(P=0.007) and circumferential strain (P=0.04). Women with preeclampsia also had significantly
worsened longitudinal (P=0.04), radial (P=0.01) and circumferential (P=0.002) strain compared
with women with nonproteinuric hypertension. Women with preeclampsia did not have a
significantly different ejection fraction compared with women without a hypertensive disorder
(P=0.52) and women with nonproteinuric hypertension (P=0.44).
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Conclusions—Myocardial strain imaging using speckle tracking is more sensitive than left
ventricular ejection fraction to detect differences in left ventricular systolic function in women
with and without preeclampsia.
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Preeclampsia is a common hypertensive disorder of pregnancy. It is associated with both
immediate, as well as long-term postpartum morbidity and mortality due to cardiac-related
issues.1, 2 Even in clinically asymptomatic patients, subtle echocardiographic changes in left
ventricular function have been observed in preeclampsia.3 Of the conventional
echocardiographic indices, ejection fraction remains relatively preserved until later in the
course of the disease process, making it less useful as a screening tool to follow patients
over time.3 For this reason, the current assessment of pregnancy-related changes in
myocardial function is based on either two-dimensional linear and volumetric chamber
quantifications or Doppler indices of diastolic function.4 The availability of more sensitive
and sophisticated non-invasive techniques may enhance our understanding of global
ventricular function in the women with preeclampsia.

Speckle tracking is a recently developed echocardiographic technique that analyzes the
degree of myocardial deformation, known as strain, throughout the cardiac cycle. Speckle
tracking, is obtained, by an automated measurement of the distance between speckles, in a
specific ventricular segment in a two-dimensional echocardiographic image. Speckles are
created by the irregular reflection of ultrasound that can be tracked throughout the cardiac
cycle. Because, it is based on tracking the course of a speckle of the image over time in
relation to its original location it is angle-independent and is less prone to operator-related
measurement errors. Speckle tracking allows for the measurement of longitudinal, radial and
circumferential strain and these have been used to prognosticate changes in left ventricular
function and geometry.5–8

Strain is a parameter representing deformation of an object, relative to its original shape, and
is expressed as a percentage change from the original dimension. Strain using speckle
tracking is calculated by assessing the differences in distance and velocity of the speckle
during the cardiac cycle. Positive values reflect lengthening, negative values reflect
contraction. Cardiac Myofibrils can be oriented in the radial, circumferential and
longitudinal plane, giving them a helical nature. In contrast with left ventricular ejection
fraction, which is a measure of global function, strain with speckle tracking measures both
regional and global function and also identifies the myocyte group that is affected.
Moreover, the calculation for left ventricular ejection fraction includes geometric
assumptions that speckle tracking does not.

In this study we examined changes in myocardial strain as measured by speckle-tracking
echocardiography in women with preeclampsia, women with nonproteinuric hypertension
and women without a hypertensive disorder. We hypothesized that global left systolic strain
measures would prove more sensitive than conventional left ventricular ejection fraction in
detecting early changes in systolic left ventricular function manifesting as subclinical
disease prior to overt progression.
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Methods
Assembly of the Cohort

The institutional review board of Beth Israel Deaconess Medical Center in Boston, MA
approved this study. Eligible women were enrolled from November 2009 through May 2012
after providing written informed consent. Women at least 18 years of age with a singleton
pregnancy of at least 24 weeks and less than 41 weeks and with a diagnosis of preeclampsia,
nonproteinuric hypertension or without any hypertensive disorder of pregnancy were
eligible. Exclusion criteria included pre-existing cardiovascular disease, pulmonary disease
and non-gestational diabetes mellitus. Participants were recruited upon admission to labor
and delivery, the antepartum floor, or during a routine prenatal visit. All clinical data was
abstracted from medical records.

The diagnoses of preeclampsia, including the distinction between mild and severe
preeclampsia, and nonproteinuric hypertension were based on the National High Blood
Pressure Education Program Working Group definition, also endorsed by the American
Congress of Obstetricians and Gynecologists (ACOG).9 Mild preeclampsia was defined as
≥140 mm Hg systolic or ≥90 mm Hg diastolic with proteinuria (>300 mg/24 hours) in a
previously normotensive woman after 20 weeks of gestation. Severe preeclampsia was
defined by severe hypertension (≥160 mm Hg systolic and ≥110 mm Hg diastolic on 2
occasions 6 hours apart) and proteinuria (≥5 g/24 hrs) with or without evidence of end organ
damage (such as HELLP (hemolysis, elevated liver enzymes and low platelets) syndrome,
oliguria (<500 ml in 24 hours), pulmonary edema, seizures and fetal growth restriction).

Women in the nonproteinuric hypertension group had either gestational hypertension or
chronic hypertension. Gestational hypertension was defined as BP ≥140/90 for the first time
during pregnancy and no proteinuria; chronic hypertension was defined as BP ≥140/90
before pregnancy or diagnosed before 20 weeks of gestation. A maternal-fetal medicine
specialist confirmed all diagnoses.

IVC dynamics are difficult to assess in the third trimester of pregnancy due to uterine
enlargement coupled with IVC compression by the gravid uterus. We used fluid balance as a
surrogate to assess volume status.

Echocardiography
Bedside transthoracic echocardiogram was performed using a Siemens X-300
(Mountainview, CA) machine and a P5-1 transducer by one of two expert
echocardiographers who were blinded to the participant’s diagnosis. Images were obtained
with the patient lying in the left lateral decubitus position and reported according to the
American Society of Echocardiography guidelines.10 Images were stored in a cine loop
format of three cardiac cycles of non-compressed data with associated electrocardiogram
information. The sonographers performed a comprehensive examination, which included a
complete two-dimensional and color flow-Doppler valvular assessment.

Ejection fraction was calculated using Simpson’s biplane disc method. Strain was analyzed
using 2D speckle-tracking echocardiographic software (2D LV Analysis; TomTec Imaging
Systems, Unterschleissheim, Germany. For evaluation of strain, the endocardial border in
the left ventricle was traced, at end-systole in the appropriate imaging plane. The tracking
quality of all images was assessed prior to analysis. Images where the endocardial tracking
was considered inadequate in > 2 segments were excluded from strain measurements. Strain
measurements were made from three consecutive cardiac cycles and then averaged in order
to obtain peak systolic regional strain in the longitudinal, radial, and circumferential planes.
Global peak systolic strain was calculated as an average of six regional values in the apical
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four-chamber and parasternal short-axis views at the mid-papillary level to measure
longitudinal, radial, and circumferential strain, respectively.

To assess intraobserver and interobserver variability, 20 subjects were randomly selected
and longitudinal, radial and circumferential strain measurements were repeated by the same
investigator who performed all of the strain calculations for the study data (SS), and by one
other investigator (FM). These investigators were blinded to any clinical characteristics of
the patients and any previous measurements. Strain measurements that differed by more than
3% on an absolute scale were considered discrepant for assessing both intraobserver and
interobserver variability. In cases of discrepancy, the reviewers reached consensus on the
tracing and those strain measurements were used for analysis.

Statistical analysis
Descriptive statistics are presented as proportion or median and interquartile range, as
appropriate. Comparisons between groups were made using the Chi-square or Fisher’s exact
test for categorical variables and the Wilcoxon rank sum test for continuous variables. The
Spearman correlation coefficient was used to quantify intraobserver and interobserver
variability. All analyses were performed using SAS 9.3 (SAS institute Inc., Cary, NC). All
tests were two sided and P values <0.05 were considered statistically significant.

Results
We enrolled 47 women and 39 are included in this analysis. Of the eight women who were
excluded, one was excluded because she had premature preterm rupture of membranes
before the echocardiogram could be obtained and seven (six without preeclampsia and one
with) had echocardiograms that could not be read due to poor image quality that was
unrelated to any patient characteristics. The eight women who were excluded from the
analysis due to lack of echocardiogram data were not different from women included in the
analysis with respect to maternal age, BMI, history of pregnancy-induced hypertension,
smoking, highest systolic pressure, highest diastolic pressure or gestational age at delivery
(all P>0.12).

Eleven (28.2%) women were diagnosed with preeclampsia, 11 (28.2%) women were
diagnosed with nonproteinuric hypertension and 17 (43.6%) did not have a hypertensive
disorder of pregnancy; 3 (27.3%) of the women with preeclampsia were deemed severe and
8 (72.7%) mild. Neither the group without a hypertensive disorder nor the group with
nonproteinuric hypertension differed from the group with preeclampsia with respect to
maternal age, parity, race/ethnicity, smoking history and gestational age at the time of the
echocardiogram (all P>0.08). As expected, women diagnosed with preeclampsia had higher
systolic (P<0.0001) and diastolic blood pressure (P<0.0001) than women without any
hypertensive disorder of pregnancy. Preeclamptic women also had higher pre-pregnancy
body mass index (P=0.01) when compared to women without any hypertensive disorder of
pregnancy. The groups with preeclampsia and nonproteinuric hypertension had similar
systolic (P=0.74) and diastolic (0.87) blood pressures. Participant characteristics at the time
of the echocardiogram, as well as delivery characteristics, are presented in Table 1. There
was no significant difference between women with and without preeclampsia in the use of
antihypertensive medication or fluid balance at the time of echocardiogram.

Longitudinal strain was significantly worsened in women with preeclampsia compared to
women without a hypertensive disorder (P=0.0009). Similar results were observed for radial
strain (P=0.007) and circumferential strain (P=0.04). Women with preeclampsia also had
significantly worsened longitudinal (P=0.04), radial (P=0.01) and circumferential (P=0.002)
strain compared with women with nonproteinuric hypertension. Strain measurements are
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shown in Figures 1A–1C. Women with preeclampsia did not have a significantly different
ejection fraction compared with women without a hypertensive disorder (P=0.52) and
women with nonproteinuric hypertension (P=0.44); see Figure 1D.

The intraobserver correlation coefficient was 0.94 for longitudinal strain, 0.87 for
circumferential strain and 0.84 for radial strain (all P<0.001). The interobserver correlation
coefficient was 0.92 for longitudinal strain, 0.82 for circumferential strain and 0.78 for radial
strain (all P<0.001).

Discussion
The principal findings of this study suggest that myocardial dysfunction is present in women
with preeclampsia even in the presence of a normal ejection fraction. We found significant
decreases in radial, circumferential and longitudinal strain in women with preeclampsia
compared with women without a hypertensive disorder, without a corresponding decrease in
left ventricular ejection fraction. These significant decreases in strain are also seen when
comparing women with preeclampsia and nonproteinuric hypertension, which suggests that
hypertension alone is not causing the observed changes. While these measurements suggest
that myocardial strain may help detect subclinical myocardial dysfunction, long-term
follow-up studies are needed to determine whether strain can be used in decision making for
therapeutic strategies.

Previous work has show that women with preeclampsia have an angiogenic imbalance with
high circulating levels of antiangiogenic proteins such as soluble fms-like tyrosine kinase-1
(sFlt1) and soluble endoglin and low levels of proangiogenic proteins such as vascular
endothelial growth factor (VEGF) and placenta growth factor (PlGF).11 We have recently
shown that high levels of sFlt1 in women with preclampsia can cause cardiac dysfunction
characterized by an abnormal myocardial performance index, a sensitive marker of diastolic
dysfunction and that sFlt1 be pathogenic in women with peripartum cardiomyopathy12. The
decrease in longitudinal strain may represent attenuation of early longitudinal muscle
relaxation leading to elevation in filling pressures and diastolic dysfunction, while changes
that we observed in radial and circumferential strain in the setting of a normal ejection
fraction likely represent transmural subclinical dysfunction. The observed subclinical left
ventricular dysfunction likely develops from biochemical perturbations, combined with an
increased end systolic wall stress from an increased afterload, leading to subendocardial
microvascular ischemia and fibrosis. A key effector of biochemical perturbations is likely
sFlt1, which causes both systemic vasoconstriction and intense small vessel myocardial
vasoconstriction. This would explain why the longitudinal strain is most affected given that
it is a functional measurement of subendocardial longitudinally oriented myocardium. sFlt1
is not elevated in women with nonproteinuric gestational hypertension, consistent with our
findings of different strain patterns among these women.13

It is interesting to note that the median longitudinal strain in women with nonproteinuric
hypertension (−15.9), lies in the spectrum between women with preeclampsia (−13.7) and
without a hypertensive disorder (−20.1). This observation is consistent with known
decreases in longitudinal strain induced by hypertension and is suggestive of additional
factors that lead strain decreases observed in preeclampsia. Values for longitudinal strain in
women with nonproteinuric hypertension observed in this study are consistent with values
obtained by other investigators. E.g. Kyoung-Im Cho et al, recently demonstrated a
decreased mean longitudinal strain (−17.6± 2.95) in women with gestational hypertension.14

The increased median circumferential strain found in women with nonproteinuric
hypertension (−28.2) compared with women without a hypertensive disorder (−21.6) likely
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represents a compensatory increase in circumferential fiber function in the setting of
decreased longitudinal fiber function to preserve normal left ventricular systolic function.15

Our values for strain in healthy pregnant women are consistent with values observed in
healthy volunteers. Normal mean values for longitudinal, radial and circumferential strain
are −20.9 (±−2.4), 31.7(±7.6) and −27.3(±3.9), respectively.16 This supports our finding that
the changes in strain in women with preeclampsia are due to the preeclampsia and not
related to the pregnancy per se.

Reduced global longitudinal, circumferential and radial strain with preserved left ventricular
ejection fraction has been previously reported in other disease settings. Subclinical left
ventricular dysfunction detected by strain with normal ejection fraction has been identified
in amyloidosis,17, 18 Behcet’s disease7and prediabetes.19 In hypertensive patients with heart
failure and preserved ejection fraction aldosterone antagonism resulted in improved
myocardial function as evidenced by increased strain. Strain increase was independent of
blood pressure change.20 Despite many therapeutic advances, patients presenting with heart
failure have an adverse prognosis.21 Early detection of left ventricular dysfunction with the
institution of appropriate therapy may reduce the risk of future cardiovascular disease.22

Indeed, Stoodley et al. recently demonstrated that two-dimensional myocardial strain
imaging immediately detects changes in left ventricular systolic function soon after
anthracycline chemotherapy. The authors found significantly reduced longitudinal and radial
systolic strain one week after chemotherapy despite no detectable changes in ejection
fraction.23

To our knowledge this study is the first to employ speckle tracking to evaluate ventricular
mechanics in women with preeclampsia. The strengths of this study include the uniformity
of diagnosis of preeclampsia, blinding of sonographers, and the use of an angle-independent
measurement that reduces inter- and intra-observer variability, which was evidenced by the
high correlation coefficients both within and between sonographers.8

This study has several limitations. Although we observed statistically significant differences,
the sample size was small. Thus, larger studies are needed to determine whether our findings
can be replicated. Long-term follow up also is needed to determine the clinical relevance of
the observed changes in strain. While the angle-independent nature of strain reduces inter-
and intra-observer variability, variability in strain measurements is an inherent limitation of
the technique. However, our measurements are similar to other published studies.

In summary we conclude that strain echocardiography using speckle tracking may help
detect subclinical left ventricular dysfunction in women with preeclampsia. Whether
detection of this early subclinical dysfunction has long-term implications and whether
possibly modification of risk factors could lead to reduction in increased cardiovascular risk
in women with preeclampsia needs to be evaluated in future studies.16
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Figure 1. Changes in echocardiogram parameters stratified by hypertensive diagnosis
Global Longitudinal Strain
The extremes of the box represent the interquartile range; the bottom of the box represents
the 25th percentile and top of the box represents the 75th percentile. The horizontal line
across the box represents the median. The ends of the whiskers correspond to the lowest and
highest values within 1.5 interquartile ranges below and above the interquartile range. The
median (interquartile range) longitudinal strain measurements for the three groups are as
follows: No hypertensive disorder—−20.1 (−22.8 – −18.1); Nonproteinuric hypertension—
−15.9 (−17.2– −15.4); Preeclampsia—−13.7 (−16.2 – −10.0).
Global Radial Strain
The extremes of the box represent the interquartile range; the bottom of the box represents
the 25th percentile and top of the box represents the 75th percentile. The horizontal line
across the box represents the median. The ends of the whiskers correspond to the lowest and
highest values within 1.5 interquartile ranges below and above the interquartile range. The
median (interquartile range) radial strain measurements for the three groups are as follows:
No hypertensive disorder—39.8 (38.3 – 45.4); Nonproteinuric hypertension—40.7 (38.1–
41.8); Preeclampsia—22.4 (22.0–40.2).
Global Circumferential Strain
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The extremes of the box represent the interquartile range; the bottom of the box represents
the 25th percentile and top of the box represents the 75th percentile. The horizontal line
across the box represents the median. The ends of the whiskers correspond to the lowest and
highest values within 1.5 interquartile ranges below and above the interquartile range. The
median (interquartile range) circumferential strain measurements for the three groups are as
follows: No hypertensive disorder—−21.6 (−24.8 – −19.2); Nonproteinuric hypertension—
−28.2 (−29.3 – −20.6); Preeclampsia—−17.9 (−21.8 – −16.0).
Ejection Fraction
The extremes of the box represent the interquartile range; the bottom of the box represents
the 25th percentile and top of the box represents the 75th percentile. The horizontal line
across the box represents the median. The ends of the whiskers correspond to the lowest and
highest values within 1.5 interquartile ranges below and above the interquartile range. The
median (interquartile range) ejection fractions for the three groups are as follows: No
hypertensive disorder—66.0 (64.6–67.2); Nonproteinuric hypertension—66.7 (65.4–67.5);
Preeclampsia—67.5 (64.2–70.0).
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