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CONTRIBUTION

* What are the novel findings of this work?
Hypertensive disorders of pregnancies (HDP) are associated with abnormal left
ventricle geometry and function; however, it is unknown if the hemodynamic
responses related to volume redistribution following delivery have a significant impact
on that. There was no significant difference in cardiac parameters in HDP women

before and after delivery.

* What are the clinical implications of this work?
An echocardiographic evaluation in the peripartum period could be used to detect

cardiac impairment in women affected by HDP and detect those who require closer
surveillance in the postpartum period. This could be the first step in initiating a
cardiovascular screening program after HDP that are acknowledged risk factors for

cardiovascular diseases.
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ABSTRACT

Objectives: Women with hypertensive disorders of pregnancy (HDP) present with
evidence of significant myocardial dysfunction on echocardiographic assessment at
the time of diagnosis. Birth not only cures the syndrome of HDP, but is also associated
with a reduction in cardiovascular (CV) volume and resistance load in the mother due
to the delivery of the fetoplacental unit. The impact of this physiological change on
maternal myocardial function in women with HDP has not been systematically
evaluated. The aim of this study is to compare echocardiographic findings immediately

before and after childbirth in women with HDP.

Methods: In this prospective longitudinal study, 30 women with a diagnosis of HDP
underwent two consecutive transthoracic echocardiography (TTE) examinations: the
first prepartum and the second in the early postpartum period. Paired comparisons of

these assessments were performed.

Results: Left ventricular (LV) concentric remodelling or hypertrophy were found in 21
(70%) patients and there were no significant differences in cardiac morphology
indices: LV mass index (78.9+16.3 g/m2 vs 77.9 £15.4 g/m?, p=0.611) and relative wall
thickness (0.45+0.1 vs 0.44+0.1, p=0.453). LV diastolic function did not demonstrate
any peripartum variation: left atrial volume (52.40+15.3 vs 50.97+15.6, p=0.433);
lateral E’ (0.12+0.03 vs 0.12+0.03, p=0.307) and E/E’ ratio (7.88+2.19 vs 7.91+1.74,
p=0.934). Systolic function indices such as LV ejection fraction (57.5+4.4% vs
56.4+2.1%, p=0.295) and global longitudinal strain (-15.3£2.6% vs -15.1+£3.1%,

p=0.715) also remained unchanged.

Conclusions: Maternal hemodynamic changes associated with birth did not
significantly influence peripartum TTE indices in women with HDP. Suboptimal
maternal echocardiographic findings in HDP are likely to be the consequence of
chronic pregnancy CV load changes or pre-existing maternal CV impairment. Severity
and persistence of myocardial dysfunction into the postpartum period may be related
to the long-term maternal CV disease legacy of HDP.



INTRODUCTION

Hypertensive disorders of pregnancy (HDP), including preeclampsia and gestational
hypertension, are associated with substantial changes in maternal cardiac geometry
and function during pregnancy and have been acknowledged as significant risk factors
for cardiovascular disease® 2. In particular, women affected by preeclampsia show left
ventricular (LV) diastolic dysfunction and remodelling/hypertrophy more frequently
than women with a normotensive pregnancy3. The process of birth is accompanied by
dramatic hemodynamic changes and alterations in circulating volume* 5. In
uncomplicated pregnancies, increased maternal stroke volume (SV) immediately after
birth is thought to occur due to increased cardiac preload from autotransfusion of utero
placental blood and reduction in the mechanical compression of the vena cava“.
Assessment of hemodynamic variations using peripheral waveform devices have
suggested similar improvement in hemodynamic parameters 2-3 days postpartum in
HDP pregnancies® and it has been proposed that maternal cardiovascular changes

return to pre-pregnancy values within two weeks postpartum>.

Several studies demonstrate that maternal cardiac dysfunction is evident before the
clinical onset of preeclampsia, is found several years after pregnancy and predisposes
to the development of maternal cardiovascular morbidity long-term’®°. Peripartum
echocardiographic assessment of LV diastolic function and geometry might be useful
in women affected by HDP to identify markers of subsequent cardiovascular disease
and associated adverse outcome!® 1!, Ghossein-Doha et al. demonstrated that
increased LV mass index at nine months postpartum was associated with the
development of persistent chronic hypertension in formerly preeclamptic patients?!?.
Similarly, other echocardiographic studies that investigated pregnancies complicated
by HPD have been mostly conducted a few years after delivery, not in the immediate

peripartum period® ° 12,

Therefore, it remains unclear whether maternal myocardial dysfunction in HDP is
improved by the process of birth and whether this may have an influence on their
ability to predict long-term maternal cardiovascular morbidity. The hypothesis is that
giving birth could modify maternal cardiac changes that are usually observed in
women affected by HDP and the primary outcome of the present study is to compare
echocardiographic findings in women with HDP immediately before birth and in the

early postpartum period.



METHODS
Study population

Thirty women with a pregnancy complicated by HDP were recruited in the Maternity
Department of St George’s Hospital between February 2019 and August 2019. This
was an observational longitudinal cohort study approved by the Local Ethics
Committee (19/LO/0794) and all participants provided written informed consent. A
sample size was not calculated because this is a pilot study of an ongoing larger
adequately powered study. Medical history and obstetric data were collected from
hospital records and HDP were diagnosed according to the criteria set by ISSHP?13,
Fetal growth restriction was defined as per the Delphi Consensus agreement!4, while
maternal height, weight and brachial blood pressure were obtained prior to
hemodynamic assessment. Body mass index [BMI (kg/m?)] was calculated by dividing
body weight (kg) by the squared height in meters (m?). Body surface area [BSA (m?)]
was measured using the following equation: 0.007184*height(cm)°-725*weight(kg)?42>.
Systolic (SBP) and diastolic blood pressure (DBP) was obtained by an upper arm
automatic blood pressure monitor (Microlife®, Microlife AG Swiss Corporation,
Switzerland) with the woman in a resting state using an appropriately sized cuff'®.
Mean arterial pressure (MAP) was calculated as (2*DBP+SBP)/3.

Echocardiography

All subjects underwent a transthoracic echocardiography (TTE) at rest in the left lateral
decubitus position using a commercially available ultrasound system (GE Vivid(J E95;
GE Healthcare, Horten, Norway). Two-dimensional and Doppler TTE was performed
following the guidelines of the American Society of Echocardiography® 7. For each
acquisition, three cardiac cycles of non-compressed data were stored in cine-loop
format and analysed off-line by one investigator (VG) on a dedicated workstation
(EchoPAC version 203, GE Healthcare, Horten, Norway). The investigator was
blinded to the time of TTE. Using the two-dimensional parasternal long-axis view, left
ventricular end-diastolic and end-systolic diameters (LVEDd and LVESd, respectively,
in mm), as well as thickness of the interventricular septum (IVST, in mm) and of the

posterior wall (PWT, in mm) were measured. Left ventricular mass [LVM (g)] was



calculated using the formula 0.8%(1.04*(LVEDd+PWT+IVST)3-LVEDd?3)+0.6 and
indexed for BSA to obtain LVM index (LVMI). Relative wall thickness (RWT) was
calculated as follows: RWT=2xPWd/LVEDd. Normal cardiac geometry, concentric
remodelling, concentric hypertrophy and eccentric remodelling were defined according
to guidelines?!’. The following diastolic indices were measured: i) peak E-wave velocity
(m/s), peak A-wave velocity (m/s), their ratio (E/A) and deceleration time (ms)
measured by pulsed wave Doppler; ii) lateral and septal e’ velocity (m/s) obtained by
pulsed-wave tissue doppler imaging (TDI) at the lateral and septal mitral annulus; iii)
E/e’ where €' is the average of septal €' and lateral e'; iv) left atrial maximum volume
[LAV (mL)]; v) tricuspid regurgitation (TR) systolic jet velocity (m/sec) and vi)
pulmonary vein (PV) S wave (m/s), PV D wave (m/s), PV A wave duration (ms) and
PV S/D ratio. British Society of Echocardiography guidelines were applied to evaluate
left ventricular diastolic function!8. LV chamber radial systolic function was derived by
measuring ejection fraction (EF) from Simpson’s biplane method from apical 4-
chamber and 2-chamber views!’. Moreover, cardiac mechanical function was
assessed by using two-dimensional speckle-tracking strain imaging on 2-, 3- and 4-
chamber views with a frame rate of 60-90 frames/second!®. Global longitudinal strain
(GLS) quantification was performed using commercially available software (EchoPAC
version 203, GE Healthcare, Horten, Norway). SV was calculated measuring the left
ventricular outflow tract (LVOT) diameter, which was measured 3 to 10mm from the
aortic valve plane in midsystole with inner edge—to—inner edge methodology and the
pulsed Doppler velocity time integral (VTI) in the 5-chamber view?°. Cardiac output
(CO) was obtained as the product of SV and heart rate (HR) derived from
electrocardiographic (ECG) monitoring. Systemic vascular resistance (SVR) was
calculated using MAPx80/CO. Inter- and intra-observer reproducibility for
echocardiographic measurements was assessed by offline analyses in 6 randomly

selected subjects by two independent operators (VG and JOD).
Statistical analysis

Variables were assessed for normality by the Shapiro-Wilk test and by visualizing their
histograms. Continuous data were expressed as meanzstandard deviation (SD) or as
median, interquartile range (IQR) according to the data distribution. Echocardiographic
data were compared using paired t-test or Wilcoxon signed-rank test between before
and after delivery. Statistical significance was deemed a priori as p<0.05. The analysis



was performed using the statistical software packages SPSS 27.0 (SPSS Inc.,
Chicago, IL, USA).

RESULTS
Population description

Twenty patients with preeclampsia and ten with gestational hypertension were
included in the study (Table 1). TTE was performed at a median (IQR) of 4.5 (2-8)
days before and 3.5 (2-6) days after birth. There were no significant differences in HR,
blood pressure, SVR, SV and CO noted between pregnancy and immediate
postpartum (Table 2). Maternal weight was significantly lower (mean weight lost -
3.3+2.5 Kg, p<0.001) after birth compared to prenatal assessment. Intra- and inter-
observer variability for echocardiographic variables assessed by TTE was excellent

for the majority of parameters (Supplementary Table 1).
LV geometry, diastolic and systolic function

Giving birth did not affect LVM, LVMI, RWT, biplane LVEDV and ESV (Table 2). The
same twenty-one (70%) women demonstrated abnormal geometry (concentric
remodelling or hypertrophy) both before and after birth (Table 2). Among them, the
cardiac morphology of only one patient was classified as concentric hypertrophy and
as concentric remodelling, respectively. The nine patients without any cardiac
remodelling were affected by gestational hypertension in four cases and preeclampsia
in five cases. Seventeen (56.7%) women were identified with abnormal diastolic
function (Grade | or grade Il) both during pregnancy and immediately after delivery
(Table 3) with no significant change in LAV, lateral E’, E/E’ and E/A ratio. There was
a significant increase in septal E' (0.09+0.02 m/s vs 0.10+£0.02 m/s, p=0.035).
However, biplane EF, average GLS, and twist and un-twist parameters were also

unchanged before and after birth (Table 3, Figure 1).

DISCUSSION



Despite considerable changes in maternal cardiovascular volume and resistance load
induced at the time of birth, no substantial improvement in cardiac geometry and LV
function indices were found between the TTE performed before and soon after giving
birth in women with HDP. These findings suggest that maternal echocardiographic
findings in HDP are likely to be the consequence of chronic pregnancy cardiovascular
load changes and as such, need longer to resolve in the postpartum period. An
alternative explanation is that maternal cardiac findings may not be a simple
adaptative change to loading conditions in pregnancy, but point to pre-existing cardiac

dysfunction with implications for long term maternal CV health.

Interpretation of study findings and comparison with published literature

Previous studies using unvalidated peripheral waveform devices in the peripartum
period have shown that the high-output pregnancy circulation noted in the immediate
postpartum resolves to pre-pregnancy levels within two weeks?! 22, This increased
volume load (preload) might be explained by the transfer of blood from the uterus into
the systemic circulation and also due to improved venous return caused by decreased
vena cava compression. Blood volume redistribution after HDP birth may be
influenced by the characteristic antenatal findings of lower cardiac index, higher SVR
and maladaptation to hemodynamic changes?® 24 Our data demonstrate that
peripartum hemodynamic fluctuations result in only minimal changes in some indices

of LV diastolic function and no alteration in LV geometry or systolic function.

Longitudinal studies investigating uncomplicated pregnancies reported that the
greatest changes in cardiac morphology and biomarkers (N-terminal proB-type
natriuretic peptide and high-sensitivity troponin I) occur within a week of childbirth and
not during pregnancy?®. This is consistent with the finding that a significant proportion
of women with apparently normal pregnancies showed diastolic dysfunction and
abnormal cardiac remodelling at term as signs of cardiovascular maladaptation to the
volume-overloaded state?. Ambrozic et al. compared echocardiographic studies in 30
women with severe preeclampsia and 30 healthy controls who underwent TTE 1 day
before, 1 and 4 days postdelivery. The findings of this study should be considered
carefully as the comparison of cardiac geometry before delivery between these two

groups was not in agreement with previous literature®. They showed that only normal



pregnancies were able to respond in the immediate postpartum period by significantly
increasing SV and transmitral E velocity compared to preeclamptic patients?’. This
difference in response could be explained by the fact that the maternal heart in
hypertensive disorders is not capable of increasing SV with increased preload

because of impaired LV function? 28,

Clinical and Research Implications

Several epidemiological studies have established that women affected by HDP in
pregnancy are more prone to develop cardiovascular diseases later in life compared
to women with uncomplicated pregnancies?. Notably, their cardiovascular risk
increases very soon after birth, as demonstrated by a recent meta-analysis showing
that the risk of developing chronic hypertension in women with a previous history of
HDP was 6-fold higher than controls within the first 2 years following pregnancy?°.
Thus, the peripartum period represents a unique opportunity to assess the
cardiovascular risk of HDP women and initiate a program of cardiovascular prevention
and protection (Figure 2). In order to accomplish such a goal, identifying cardiac
functional and structural abnormalities in the peripartum period in women with HDP
might be vital considering their prognostic role in the general population to predict
adverse outcome!? 11, For example, an increased LVMI in chronic hypertensive patients
can be considered a prognostic factor for ischemic heart disease and heart failure as well as
other established risk factors!.

A single-centre feasibility randomized controlled trial evaluated the effect of enalapril in the
improvement of postnatal cardiovascular function in women affected by HDP who were
recruited and studied by TTE in the immediate postpartum. Women treated with enalapril had
improved diastolic function and LV remodelling at 6 months postpartum compared with
placebo3!. These cardiac improvements after targeted treatment have the potential to reduce
long-term cardiovascular disease risk of women with a history of HDP. The data of the current
study demonstrates that women affected by HDP can be screened using TTE for cardiac
dysfunction either in pregnancy or in the immediate postpartum. Although further research on
the potential use of TTE in the stratification of cardiovascular risk in women affected by HDP
are needed, our findings will help to design a cardiovascular screening strategy able to identify

those women who are at an increased risk of developing cardiovascular diseases. In addition,



future prospective peripartum studies of HDP pregnancies that will include longer
postpartum follow-ups may further help elucidate the hypotheses of pre-exitance of
cardiovascular disease in pathological pregnancies and its link to long-term maternal

cardiovascular health.

Strengths and limitations

This is a prospective study conducted in a single tertiary centre where all women were
managed according to the local protocol and underwent an TTE that was analysed by
the same operator (VG) that was blinded to the time where TTE was performed.
Moreover, the prospective study design with a sufficient number of subjects, paired
comparison and an application of novel echocardiographic modalities such as tissue
Doppler imaging and speckle tracking echocardiography could be regarded as
strengths of this study. A control group was not necessary because of the paired
observations (before and after delivery) for each patient affected by HDP. The main
limitation of the current study is related to the fact that multiple comparisons might
have increased the risk of type | error for some of TTE indexes. Moreover, data on
total blood volume assessed directly by invasive methods or by indirect methods were

not available.

Conclusion

This study has demonstrated that maternal cardiac morphology and function in women
affected by HDP does not improve in the postpartum period despite maternal
physiological CV changes associated with birth. These findings suggest that maternal
echocardiographic findings in HDP are likely to be the consequence of chronic
pregnancy cardiovascular load changes and/or point to pre-existing cardiac
dysfunction with implications for long-term maternal CV health. Maternal
echocardiographic findings either immediately before birth or the early postpartum
period may be used to tailor antihypertensive therapy or be used to assess long-term

maternal cardiovascular health.
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FIGURE LEGEND

Figure 1. Layer-specific longitudinal strain analysis by two-dimensional speckle
tracking echocardiography for evaluating left ventricular systolic function in a woman
affected by preeclampsia before delivery (upper three panes) and in the immediate

postpartum (lower three panes).

Figure 2. Peripartum echocardiography in women affected by hypertensive disorders

of pregnancy (HDP) as potential screening for cardiovascular diseases.

HDP hypertensive disorders of pregnancy, CVD cardiovascular diseases, LV left

ventricle. Created with BioRender.com
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Table 1. Maternal demographics and obstetric characteristics (n=30)

N (%), mean £SD or median (IQR)

Maternal age (years) 33.5+6.7
Pre-gestational BMI 26.845.3
Ethnicity
Caucasian 17 (56.7)
Afro-Caribbean 8 (26.7)
Asian 3 (10.0)
Nulliparity 18 (60)
Chronic hypertension 5(16.7)
Pre-gestational diabetes 1(3.3)
Booking MAP (mmHg) 94.1+6.4
Diagnosis
Gestational hypertension 10 (33.3)
Preeclampsia 20 (66.7)
Fetal growth restriction 7 (23.3)
Gestation at birth (weeks) 35.9+4.0
Preterm birth
<37 weeks 15 (50)
<34 weeks 9 (30)
Mode of delivery
Vaginal 10 (33.3)
Caesarean 20 (66.7)
Total blood loss at birth (mL) 395 (300-600)
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Table 2. Maternal characteristics, hemodynamic and left ventricle geometry before

and after delivery. Data are reported as n (%), median (IQR) or mean (SD).

Before delivery After delivery p value

Day difference, days 4.5 (2-8) 3.5 (2-6) 0.310
Weight, Kg 82.2+16.4 78+16.6 < 0.001
SBP, mmHg 135 (128-144) 134 (129-143) 0.742
DBP, mmHg 88 (84-95) 88 (84-90) 0.244
Patients on anti-hypertensive 23 (76.7) 24 (80) 0.754
Stroke volume, mL 64.0+10.6 66.9+11.6 0.253
Heart rate, bpm 79.9+10.1 80.048.7 0.899
Cardiac output, L/min 51+1.1 5.4+1.2 0.362
Systemic vascular resistance, 1571.43 1514.5 0.139
dyne/s/cm® (1372.0-1809.8) (1255.4-1800)
Cardiac geometry
LVIDd (cm) 4.40+0.61 4.43+0.46 0.661
LVIDs (cm) 2.64+0.25 2.61+0.46 0.786
LV mass (9) 144.91+£32.98 144.72+33.41 0.958
RWT 0.45+0.09 0.44+0.07 0.453
Abnormal geometry 21 (70) 21 (70) -

Concentric Remodelling 18 17

Concentric Hypertrophy 3 4
Biplane EDV (ml) 117.40+£27.07 120.82+26.34 0.427
Biplane ESV (ml) 50.17+12.83 52.88+12.94 0.194

SBP systolic blood pressure, DBP diastolic blood pressure, LVIDd left ventricular
internal diameter at end diastole, LVIDs left ventricular internal diameter at end
systole, LV left ventricle, RWT relative wall thickness, EDV end-diastole volume, ESV
end-systole volume.
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Table 3. Left ventricle diastolic and systolic function assessed by maternal
echocardiography before and after delivery. Data are reported as n (%), median (IQR)
or mean (SD).

Before delivery After delivery p value

Diastolic function

LA volume (ml) 52.40+15.28 50.97+15.56 0.433
MV E/A 1.27+0.38 1.22+0.27 0.326
MV Deceleration time (ms) 161.67+52.43 157.53+37.54 0.575
PV S/D 1.26%0.26 1.22+0.25 0.499
Lateral E’ (m/s) 0.12+0.03 0.12+0.03 0.307
Septal E’ (m/s) 0.09+0.02 0.10+0.02 0.035
E/E’ 7.88+£2.19 7.91+1.74 0.934
TR Vmax (m/s) 2.10+0.46 2.16+0.34 0.487
Diastolic dysfunction 17 (56.7) 17 (56.7) -

Grade | 3 5
Grade I 14 12

Systolic function

Biplane EF (%) 57.52+3.42 56.4+2.12 0.295
Average GLS (%) -15.31+2.64 -15.13+3.10 0.582
Apical Rotation (deg) 9.8215.62 9.8745.51 0.998
Basal Rotation (deg) -6.80+5.67 -8.02+4.06 0.325
Twist (deg) 17.05+6.41 17.25+7.45 0.979
Twist rate (deg/s) 113.82+31.75 122.16+53.94 0.724
Untwist rate (deg/s) -124.98+46.03 | -134.53+41.96 0.298

LA left atrium, MV mitral valve, PV pulmonary vein, TR Vmax tricuspid regurgitation
peak velocity, EF ejection fraction, GLS global longitudinal strain.
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