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Abstract: Background: During the last decade, only a few echocardiographic studies have evaluated
myocardial strain parameters in women with previous hypertensive disorders of pregnancy (HDP),
reporting not univocal results. No previous study provided a comprehensive evaluation of all
biventricular and biatrial deformation indices in pHDP women. Accordingly, we aimed at
investigating the structure and deformation properties of all cardiac chambers in a cohort of pHDP
women, at 6 yrs postpartum. Methods: A consecutive cohort of pHDP women compared to a control
group of normotensive healthy women, matched by age and body mass index (BMI), was analyzed.
Both groups of women underwent a conventional transthoracic echocardiography (TTE)
implemented with complete analysis of biventricular and biatrial myocardial deformation indices by
speckle tracking echocardiography (STE) and carotid ultrasonography, at 6 yrs postpartum. The
primary outcome was subclinical myocardial dysfunction, defined as left ventricular (LV) global
longitudinal strain (GLS) impairment (<20%), whereas the secondary one was early carotid
atherosclerosis, defined as common carotid artery (CCA) intima-media thickness (IMT) 0.7 mm.
Results: 31 pHDP women (42.3 + 5.9 yrs) and 30 matched healthy controls without pHDP (40.8 + 5.0
yrs) were analyzed. Mean follow-up period was 6.1 + 1.3 yrs post-partum. During follow-up, the
great majority of biventricular and biatrial myocardial strain and strain rate parameters were
significantly lower in pHDP women than controls, despite normal and similar systolic function on
conventional TTE. Overall, 58.1% of pHDP women developed subclinical myocardial dysfunction,
whereas CCA-IMT was > 0.7 mm in 67.7% of them. Previous pre-eclampsia (PE) (HR 4.01, 95% CI
1.05-15.3, p = 0.03) was independently associated with the primary outcome. Third trimester BMI (HR
1.21, 95% CI 1.07-1.38, p = 0.003) and PE (HR 6.38, 95% CI 1.50-27.2, p = 0.01) were independently
associated with the secondary outcome. A third trimester BMI >27 Kg/m? showed the best sensitivity
and specificity for predicting the secondary outcome. Conclusions: Women with previous history of
PE have a significantly increased risk of subclinical myocardial dysfunction and early carotid
atherosclerosis at 6 yrs postpartum.

Keywords: previous hypertensive disorders of pregnancy; previous pre-eclampsia; speckle tracking
echocardiography; subclinical myocardial dysfunction; subclinical carotid atherosclerosis

1. Introduction

Hypertensive disorders of pregnancy (HDP) are relatively common conditions, complicating up
to 10% of pregnancies world-wide [1]. Accordingly to main guidelines [2,3], HPD include: 1) Chronic
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hypertension, defined as arterial hypertension (AH) occurring before pregnancy or prior to the 20
weeks gestation or the use of antihypertensive therapy before pregnancy; 2) Gestational hypertension
(GH), defined as AH arising after the 20th week of gestation, without significant proteinuria; 3) Pre-
eclampsia (PE), defined as AH onset after 20 weeks of pregnancy accompanied by proteinuria and/or
evidence of maternal acute kidney injury, liver dysfunction, neurological features, hemolysis or
thrombocytopenia, and/or fetal growth restriction; 4) Pre-existing AH plus GH superimposed with
proteinuria.

In the years following delivery, pregnant women with HDP develop alterations of cardiac
structure and function that may lead to a higher incidence of long-term cardiovascular (CV) adverse
events, such as myocardial infarction, heart failure, stroke, and death from CV causes [4-6].

Literature data suggest that the most vulnerable period for the development of CV events is the
first decade following delivery [7-11], suggesting that women with previous history of HDP (pHDP)
may develop adverse cardiac events before the middle age. For this reason, it is important to
recognize eventual abnormalities of cardiac structure and function in pHDP women at an early stage,
prior the occurrence of adverse outcomes.

During the last decade, advances in cardiac imaging have led to the introduction of speckle
tracking echocardiography (STE), which can allow early detection of subclinical myocardial
dysfunction [12]. Left ventricular (LV) global longitudinal strain (GLS), which is the most commonly
used STE-derived deformation index of cardiac contractility, can detect systolic dysfunction much
earlier than left ventricular ejection fraction (LVEF) assessed by conventional transthoracic
echocardiography (TTE), thus identifying individuals with subclinical myocardial damage [13].

Currently, only a few echocardiographic studies [14-18] have evaluated LV-GLS by STE in
pHDP women, reporting not univocal results. As far as we know, no previous study provided a
comprehensive evaluation of all biventricular and biatrial deformation indices in pHDP women.

Considering the increased CV risk of pHDP women during the first decade following delivery
[7-11], the present study was primarily designed to examine the structure and deformation
properties of all cardiac chambers in a cohort of pHDP women compared to a control group of healthy
women with previous uncomplicated pregnancy, at 6 yrs postpartum.

2. Materials and Methods

2.1. Patient Selection

This observational case-control study analyzed a consecutive series of pHDP women compared
to a control group of normotensive healthy women, matched by age and body mass index (BMI),
between February 2024 and April 2024. The two groups of women underwent delivery at the
Department of Gynecology and Obstetrics of San Giuseppe Multimedica IRCCS Hospital (Milano),
between February 2017 and May 2018. Approximately one-third of the pHDP women included in the
present study participated in our previous investigation focused on left atrial reservoir strain (LASr)
assessment in pregnant women with GH [19].

Inclusion criteria were the following: women with previous history of GH, defined as a new-
onset hypertension developing after the 20th week of gestation and/or less than 48 h after delivery
[20]; and/or PE, defined as GH and new-onset proteinuria (0.3 g in a complete 24-h urine collection)
[21].

Exclusion criteria were the following: preexisting hypertension or diabetes mellitus, gestational
diabetes mellitus, significant comorbidities (cardiovascular disorders, respiratory diseases and/or
renal diseases), hemodynamic instability, poor or inadequate echocardiographic acoustic windows
(not appropriate for adequate endocardial border definition of both ventricles and atria).

Hypertension criteria included persistent SBP at least 140 mmHg or DBP at least 90 mmHg [22].

During each clinical visit, each woman underwent three blood pressure (BP) measurements, at
intervals of 2 min, using the same arm while sitting at rest for at least 5 min; among the three BP
measurements, only the third one was recorded. Moreover, each woman underwent
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electrocardiogram (ECG), a conventional TTE implemented with complete STE analysis of both
ventricles and atria and finally a carotid ultrasonography. All instrumental examinations were
carried out by the same cardiologist (A.S.) on the same day, in a blinded manner.

All procedures were in accordance with the ethical standards of our Institutional Research
Committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical
standards. The study protocol was approved by the local Ethics Committee (Committee’s reference
number 506/24). A written informed consent was obtained from each patient included in the study.

2.2. Clinical and Instrumental Parameters
Table 1 lists all the clinical and instrumental parameters collected in the two cohorts of women

included in the present study and the methods employed for their assessment.

Table 1. Demographic, anthropometric, obstetrical, clinical, hemodynamic, conventional echocardiographic,

myocardial strain and carotid ultrasound parameters measured in pHDP women and controls.

Age, ethnicity, BSA, BMI, previous pregnancies, gestational week of
hypertension onset, gestational age at delivery, prevalence of
smoking, dyslipidemia and family history of hypertension, any

Demographic, comorbidity such as hypothyroidism, anaemia and thrombophilia,
anthropometric, obstetrical ~ cardiac rhythm and HR, serum levels of haemoglobin, creatinine
and clinical parameters and eGEFR [23], fasting glucose, total cholesterol, HDL-cholesterol,

LDL-cholesterol, triglycerides and uric acid, previous evidence of
proteinuria (at urine protein test) and both the previous and the
current antihypertensive therapy.
Aortic root and ascending aorta (by the “leading edge-to-leading
Conventional echoDoppler edge” convention); RWT =2 PWT/LVEDD; LVMi (by the Devereux’s
parameters by using Philips ~ formula); LVEF (by the biplane modified Simpson’s method, as
Sparq ultrasound machine index of LV systolic function) [24]; LAVi (as index of LA size); RVIT
(Philips, Andover, (as index of RV size); TAPSE (as index of RV systolic function); E/A
Massachusetts, USA) with a ratio (as index of LV diastolic function); E/average e’ ratio (as index
2.5 MHz transducer of LVFP) [25]; sSPAP = 4TRV2+RAP [26]; TAPSE/sPAP ratio (as index
of RV/PA coupling) [27].
Brachial SBP and DBP; MAP = DBP + [(SBP-DBP/3)] [28]; PP = SBP-
DBP [29];
Hemodynamic indices SV =LVOT area X LVOT VTI [30]; CO =SV X HR [30]; TPR =
MAP/CO x 80 [31]; ESP = 0.9 X SBP [32]; Eal = ESP/SVindex ratio
[33]; EesI = ESP/LVESVi [33]; VAC = Eal/Eesl ratio [33].
LV-GLS (as the mean of strain curves obtained from the apical 4-
chamber, 2-chamber and 3-chamber views), LV-GCS (as the mean of
strain curves obtained from the parasternal short-axis views at basal,
mid and apical level) [34];
RV-GLS (as the mean of lateral and septal strain curves from the
apical 4-chamber view), RV-FWLS (as the mean of RV lateral basal,
Myocardial strain parameters mid and apical segments, with exclusion of septal segments from the

by using Philips QLAB apical 4-chamber) [35];
software and Q-Analysis LASr [by tracing the edges of the mitral annulus and the endocardial
module [34]. side of the LA roof from the apical 4-chamber and 2-chamber views

(biplane method)] = LAScd (peak positive LA strain) + LASct (peak
negative LA strain); LA-GSR+, LA-GSRE and LA-GSRL [36]; LA
stiffness = LASr/E/average e’ ratio [37];

RASr (by tracing the edges of the tricuspid annulus and the
endocardial side of the RA roof from the apical 4-chamber); RA-
GSR+, RA-GSRE and RA-GSRL.
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Absolute values inferior to 20% for LV-GLS [38], 23.3% for LV-GCS
[39], 20% for RV-GLS [40], 39% for LASr [41] and 35% for RASr [42]
were considered to be abnormal.

Av. left and right CCA-IMT, av. left and right CCA-EDD (at 1 cm
from the carotid bifurcation), av. left and right carotid RWT =2 x
average IMT/average CCA-EDD, av. left and right CCA-CSA = [t x
(2 x average IMT + average CCA-EDD)/2)? — 1t x (average CCA-
EDD/2)?] [43].

Carotid ultrasound
parameters
by using Philips Sparq
ultrasound machine with a 12

MHz transducer.
z transcticer Based on the accepted reference ranges for age and sex [44,45], CCA-

IMT values >0.7 mm were considered to be abnormal.

BMI, body mass index; BSA, body surface area; CCA, common carotid artery; CO, cardiac output; CSA, cross-
sectional area; DBP, diastolic blood pressure; Eal, arterial elastance index; EDD, end-diastolic diameter; Eesl,
end-systolic elastance index; eGFR, estimated glomerular filtration rate; ESP, end-systolic pressure; FWLS, free
wall longitudinal strain; GCS, global circumferential strain; GCSR, global circumferential strain rate; GLS, global
longitudinal strain; GLSR, global longitudinal strain rate; GSR+, positive global strain rate; GSRE, global early-
diastolic strain rate; GSRL, global late-diastolic strain rate; HDL, high-density lipoprotein; HDP, hypertensive
disorder of pregnancy; HR, heart rate; IMT, intima-media thickness; LA, left atrial; LAScd, left atrial conduit
strain; LASct, left atrial contractile strain; LASr, left atrial reservoir strain; LAVi, left atrial volume index; LDL,
low-density lipoprotein; LV, left ventricular; LVEDD, left ventricular end-diastolic diameter; LVEF, left
ventricular ejection fraction; LVOT, left ventricular outflow tract; LVFP, left ventricular filling pressure; LVMi,
left ventricular mass index; MAP, mean arterial pressure; PA, pulmonary artery; PWT, posterior wall thickness;
RA, right atrial; RAP, right atrial pressure; RAScd, right atrial conduit strain; RASct, right atrial contractile strain;
RASr, right atrial reservoir strain; RV, right ventricular; RVIT, right ventricular inflow tract; RWT, relative wall
thickness; SBP, systolic blood pressure; sPAP, systolic pulmonary artery pressure; SV, stroke volume; TAPSE,
tricuspid annular plane systolic excursion; TPR, total peripheral resistance; TRV, tricuspid regurgitation

velocity; VAC, ventricular-arterial coupling; VTI, velocity time integral.

2.3. Statistical Analysis

The primary objective of the study was to accurately define biventricular and biatrial myocardial
function assessed by STE analysis in pHDP women and to compare these data to those obtained from
controls with previous uncomplicated pregnancy, at 6 yrs postpartum.

The secondary objective was to compare the CCA-IMT of pHDP women vs controls with
previous uncomplicated pregnancy, over follow-up period.

A sample size calculation was performed for purpose of the study. A sample size of 30 women
with previous history of HDP and 30 healthy controls reached 80% of statistical power to detect a
two-point difference in the GLS magnitude (i.e., 20% vs 18%) measured at 6 yrs postpartum in the
two groups of women with a standard deviation of 2.5 for each parameter, using a two-sided equal-
variance t-test with a level of significance (alpha) of 5%.

Normality of the distribution of continuous variables was tested using the Kolmogorov-
Smirnov test. Normally distributed variables were summarized as mean + standard deviation, while
not normally distributed data were expressed as median with data range (minimum to maximum).
The difference between means was estimated by an independent two-tailed t-test for normally
distributed variables, whereas the Mann-Whitney test was used to compare the means from paired
samples for non-normally distributed variables. Categorical variables were compared using chi-
squared test.

Cox regression analyses were performed to identify the independent predictors of subclinical
myocardial dysfunction (defined as a LV-GLS value <20%) [38] and subclinical carotid atherosclerosis
(defined as CCA-IMT 20.7 mm) [45] in pHDP women, over follow-up period. According to the one
in ten rule (one predictive variable for every ten events), only the following variables were included
in the Cox regression analyses: third trimester age, third trimester BMI and previous PE for both
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outcomes, chronic antihypertensive treatment (for the primary outcome only) and current HDL-
cholesterol (for the secondary outcome only).

The receiver operating characteristics (ROC) curve analysis was performed to establish the
sensitivity and the specificity of the main statistically significant continuous variable for predicting
the secondary outcome over follow-up period. Area under curve (AUC) was estimated.

A detailed intra-observer and inter-observer variability analysis of LV-GLS assessment by 2D-
STE was conducted in a subgroup of 15 randomly selected pHDP women. LV-GLS was remeasured
by the same cardiologist who performed all echocardiographic examinations (A.S.) and by a second
one (M.L.). The analyses were performed in a blinded manner. The intraclass correlation coefficient
(ICC) with its 95% CI was used as a statistical method for assessing intra-observer and inter-observer
measurement variability. An ICC of 0.70 or more was considered to indicate acceptable reliability.

Statistical analysis was performed with SPSS version 28 (SPSS Inc., Chicago, Illinois, USA). The
null hypothesis was rejected for 2-tailed values of p<0.05.

3. Results

3.1. Clinical Findings

A total of 31 pHDP women and 30 age- and BMI-matched healthy controls without pHDP were
analyzed at 6 yrs postpartum.

Main clinical, obstetrical, hemodynamic and laboratory parameters collected in the two study
groups at the third trimester of pregnancy are summarized in Table 2.

Table 2. Clinical, obstetrical, hemodynamic and laboratory parameters collected in HDP women and controls at
the third trimester of pregnancy.

HDP women Controls
(n=31) (n =30) p-Value
Demographics, anthropometrics, cardiovascular risk factors and obstetrics
Age (yrs) 36.6+5.9 36.7+29 0.93
Age 235 yrs (%) 22 (70.9) 20 (66.6) 0.72
Caucasian ethnicity (%) 27 (87.1) 26 (86.7) 0.96
BSA (m?) 1.87+0.16 1.85+0.11 0.57
BMI (Kg/m?) 28.0+4.7 275+28 0.61
Smoking 2 (6.4) 4 (13.3) 0.37
Dyslipidemia 10 (32.3) 1(3.3) 0.003
Obesity (BMI 230 Kg/m?) (%) 8 (25.8) 5(16.7) 0.38
Family history of hypertension (%) 18 (58.1) 6 (20.0) 0.002
Previous pregnancies (n) 1.7+1.1 1.6+1.0 0.71
Gestational age at enrollment (weeks) 32.0+8.1 345+3.8 0.13
Gestational week at delivery (weeks) 37.7+1.5 39.2+1.4 <0.001
Hemodynamics
HR (bpm) 81.8+12.6 783 +12.1 0.27
SBP (mmHg) 132.4+14.7 110.0+7.2 <0.001
DBP (mmHg) 85.4+7.2 66.7 +5.8 <0.001
PP (mmHg) 47.1+114 433+7.3 0.13
MAP (mmHg) 101.1+8.8 81.1+52 <0.001
Laboratory tests
Serum hemoglobin (g/dl) 11.6£1.7 11.2+1.5 0.33
eGFR (ml/min/m?) 138.4 +48.3 136.6 + 30.1 0.86
Serum glucose (mg/dl) 83.6 £13.1 86.4£13.8 0.42
Serum total cholesterol (mg/dl) 197.6 £ 25.5 171.2+10.5 <0.001
Serum uric acid (mg/dl) 42+04 41+05 0.39
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Proteinuria (%) 19 (61.3) / /
Medical treatment during pregnancy
Calcium channel blockers (%) 11 (35.5) / /
Alpha2-agonists (%) 8 (25.8) / /
Alpha-beta blockers (%) 2 (6.5) / /
Dual therapy (%) 9 (29.0) / /
No therapy (%) 4(12.9) 30 (100) <0.001

Normally distributed variables are summarized as mean + standard deviation, while not normally distributed
data are expressed as median with data range (minimum to maximum). Significant p-values are in bold. BMI,
body mass index; BSA, body surface area; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration
rate; HDP, hypertensive disorder of pregnancy; HR, heart rate; MAP, mean arterial pressure; PP, pulse pressure;
SBP, systolic blood pressure.

Both groups of women were mostly caucasian, aged 235 yrs. More than half of pHDP women
(58.1%) had a family history of hypertension, one-third (32.3%) suffered from dyslipidemia and two-
third (61.3%) had a pregnancy complicated by PE. All cases of PE were diagnosed at or after 34 weeks
of gestation. Compared to controls, pHDP women underwent delivery much earlier than controls.
The great majority of pHDM women (87.1%) were treated with antihypertensive drugs during
pregnancy, particularly calcium channel blockers and alpha2-agonists, whereas alpha-beta blockers
were less commonly prescribed.

At 6 yrs postpartum, a low prevalence of smoking and type 2 diabetes was observed in the two
groups of women. Dyslipidemia and obesity were more frequently detected in pHDP women than
controls. Among pHDP women, 10 (32.3%) made regular use of antihypertensive drugs and 11
(35.5%) were found with PA >140/90 mmHg at clinical visit. Among pHDP women on anti-
hypertensive therapy, 3 (30%) had uncontrolled hypertension at clinical visit. Finally, among pHDP
women with PA >140/90 mmHg at clinical visit, 8 (72.7%) were not on anti-hypertensive treatment
(Table 3).

Table 3. Clinical characteristics of the two study groups at 6 yrs postpartum.

pHDP women Controls
(n=31) (n =30) p-Value
Demographics and anthropometrics
Age (yrs) 42.3+59 40.8+5.0 0.29
Age 240 rs (%) 23 (74.2) 19 (63.3) 0.36
BSA (m?) 1.68 +0.17 1.66 +0.14 0.62
BMI (Kg/m?) 232+52 222+238 0.36
Normal weight (BMI 18.5-24.9
Kg/m?) (%) 24 (77.4) 24 (80.0) 0.80
Ethnicity
Caucasian (%) 27 (87.1) 26 (86.7) 0.96
Asiatic (%) 2(6.5) 2(6.7) 0.97
African (%) 1(3.2) 1(3.3) 0.98
Latin American (%) 1(3.2) 1(3.3) 0.98
Cardiovascular risk factors
Smoking (%) 2(6.5) 6 (20.0) 0.12
Type 2 diabetes mellitus (%) 2 (6.5) 1(3.3) 0.57
Dyslipidemia (%) 7 (22.6) 1(3.3) 0.02
Obesity (%) 7 (22.6) 1(3.3) 0.02
Blood pressure parameters

SBP (mmHg) 127.5+16.8 113.2+11.1 <0.001

DBP (mmHg) 784 +13.7 704+9.4 0.01
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PP (mmHg) 49.2+99 42.8+94 0.01
MBP (mmHg) 944 +13.7 84.6+8.9 <0.001
BP >140/90 mm(I;/Iog) at clinical visit 11 (35.5) 2(67) 0.006
Blood tests
Serum Hb (g/dl) 12.9+0.8 12.7+1.2 0.44
Serum creatinine (mg/dl) 0.77 £0.13 0.72+£0.16 0.18
eGFR (ml/min/m?) 95.2+16.3 101.1 +18.1 0.18
Serum glucose (mg/dl) 87.1+6.2 86.3+7.1 0.64
Serum total cholesterol (mg/dl) 195.8 +13.7 192.0+8.1 0.19
Serum HDL-cholesterol (mg/dl) 68.7 £8.2 752+ 6.5 0.001
Serum LDL-cholesterol (mg/dl) 113.8+11.4 108.2+7.1 0.02
Serum triglycerides (mg/dl) 66.1+154 68.7 +11.5 0.46
Serum uric acid (mg/dl) 43+1.1 47+14 0.22
Comorbidities
Hypothyroidism (%) 4 (12.9) 8 (26.7) 0.18
Current medical treatment
pHDP women 1(r;/ r)nedical therapy 10 (32.3) / /
ACE-i/ARBs (%) 6 (19.3) / /
Calcium channel blockers (%) 5(16.1) / /
Beta blockers (%) 2 (6.5) / /
Diuretics (%) 1(3.2) / /
Statins (%) 1(3.2) / /
Thyroid hormone therapy (%) 4(12.9) 8 (26.7) 0.18

Normally distributed variables are summarized as mean + standard deviation, while not normally distributed
data are expressed as median with data range (minimum to maximum). Significant p-values are in bold. ACE-,
angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; BMI, body mass index; BP,
blood pressure; BSA, body surface area; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration
rate; HDL, high-density lipoprotein; HDP, hypertensive disorder of pregnancy; LDL, low-density lipoprotein;

MAP, mean arterial pressure; PP, pulse pressure; SBP, systolic blood pressure.

3.2. Instrumental Findings
Table 4 lists all morphological, functional and hemodynamic parameters assessed by

conventional TTE and carotid ultrasonography in the two groups of women at 6 yrs postpartum.

Table 4. Morphological, functional and hemodynamic parameters assessed by conventional transthoracxic

echocardiography and carotid ultrasonography in the two groups of women at 6 yrs postpartum.

pHDP women Controls Val
(n=31) (n=30) p-yatme
Yrs postpartum at echocardiographic 61+13 60403 0.68
assessment
Conventional echoDoppler parameters

IVS (mm) 94+1.7 7.6+1.2 <0.001

LV-PW (mm) 74+1.1 6.6+1.0 0.004
LV-EDD (mm) 42,6 +3.8 444+27 0.04

RWT 0.35 + 0.05 0.30 + 0.05 <0.001

LVMi (g/m?) 66.6 +13.9 57.7+9.7 0.005
Normal LV geometric pattern (%) 27 (87.1) 28 (93.4) 0.41
LV concentric remodeling (%) 3(9.7) 1(3.3) 0.32
LV eccentric remodeling (%) 1(3.2) 1(3.3) 0.98
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LVEDVi (ml/m?) 35.7+6.6 353+5.6 0.79
LVESVi (ml/m?) 11.6+2.4 11.9+2.5 0.63
LVEF (%) 66.9 + 3.1 659 +4.8 0.33
E/A ratio 1.14 (0.67-1.76) 1.34 (0.71-2.1) 0.02
E/e’ ratio 8.02 +£2.32 514+ 1.34 <0.001
LA A-P diameter (mm) 343+54 33.6+4.1 0.57
LA longitudinal diameter (mm) 448 +6.1 46.4+49 0.26
LAVi (ml/m2) 29.0+75 274+73 0.40
Mild MR (n, %) 12 (38.7) 9 (30.0) 0.95
Mild TR (n, %) 19 (61.3) 17 (56.6) 0.71
RVIT (mm) 28.9 (24-36) 29.7 (23.5-34) 0.31
TAPSE (mm) 24.6 (20-30) 26.4 (19-32) 0.04
IVC (mm) 152 +4.1 17.0+3.9 0.08
sPAP (mmHg) 239+3.1 22.8+22 0.12
TAPSE/sPAP ratio 1.05+0.18 1.17+0.18 0.01
Aortic root (mm) 30.8+2.6 29.1+2.6 0.01
Ascending aorta (mm) 295+4.1 28.8+3.1 0.46
Hemodynamic indices
Heart rate (bpm) 79.6 (58-103) 75.5 (62-100) 0.19
ESP (mmHg) 114.1+14.8 101.9 + 10.0 <0.001
SVi (ml/m?) 352+6.9 39.5+9.1 0.04
COi (I/min/m?) 2.81+0.74 2.93 +0.67 0.51
TPRi (dyne.sec/cm®)/m? 2863.3 + 837.6 2427.5 + 620.6 0.02
Eal (mmHg/ml/m?) 34+09 2.7+0.7 0.001
Eesl (mmHg/ml/m?) 10.1+2.1 9.0+2.4 0.06
Eal/Eesl ratio 0.34 +0.10 0.32+0.09 0.41
Carotid parameters
Av. CCA-EDD (mm) 6.64 +0.53 6.64 +0.44 >0.99
Av. CCA-IMT (mm) 0.90 +0.21 0.62 +0.19 <0.001
Av. CCA-IMT >0.7 mm (%) 27 (87.1) 7 (23.3) <0.001
Av. CCA-RWT 0.28 +0.08 0.19 +0.06 <0.001
Av. CCA-CSA (mm?) 22.90 +7.91 14.20 +4.94 <0.001

Normally distributed variables are summarized as mean + standard deviation, while not normally distributed
data are expressed as median with data range (minimum to maximum). Significant p-values are in bold. A-P,
antero-posterior; CCA, common carotid artery; COi, cardiac output indexed; CSA, cross-sectional area; Eal,
arterial elastance indexed; EDD, end-diastolic diameter; Eesl, end-systolic elastance indexed; ESP, end-systolic
pressure; IMT, intima-media thickness; IVC, inferior vena cava; IVS, interventricular septum; LA, left atrial;
LAVi, left atrial volume indexed; LV, left ventricular; LVEDD, left ventricular end-diastolic diameter; LVEDVi,
left ventricular end-diastolic volume indexed; LVESVi, left ventricular end-systolic volume indexed; MR, mitral
regurgitation; PW, posterior wall; RVIT, right ventricular inflow tract; RWT, relative wall thickness; sPAP,
systolic pulmonary artery pressure; SVi, stroke volume indexed; TAPSE, tricuspid annular plane systolic
excursion; TPRi, total peripheral resistance index; TR, tricuspid regurgitation.

On TTE examination, biventricular and biatrial cavity sizes were similar in the two groups of
women. Even in absence of manifest pathological LV remodeling, pHDP women were diagnosed
with significantly greater RWT and LVMIi than controls. LV systolic function, assessed by LVEF, was
normal in both groups of women. Analysis of LV diastolic function revealed a significantly lower
E/A ratio and a significantly higher E/average e’ ratio in pHDP women in comparison to controls. No
significant valvulopathy was detected in both study groups. The assessment of pulmonary
hemodynamics showed that both TAPSE and TAPSE/sPAP ratio were significantly reduced in
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women with previous HDP than controls. Finally, aortic root was significantly larger in pHDP
women.

The analysis of hemodynamic indices showed that SV was significantly lower in pHDP women
than controls, whereas heart rate and CO were similar in the two groups of women. In addition, TPRi
were significantly increased in pHDP women.

Concerning VAC parameters, pHDP women were found with significantly higher Eal than
controls, while EesI was similar in the two groups of women; the resultant VAC (Eal/EesI ratio) did
not statistically differ between the two study groups.

On carotid ultrasonography, the average values of CCA-IMT, CCA-RWT and CCA-CSA were
all significantly larger in pHDP women than controls.

Strain echocardiographic imaging revealed that the great majority of biventricular and biatrial
myocardial strain and strain rate parameters were significantly impaired in pHDP women. Notably,
LV-GLS, RV-GLS, LASr and RASr absolute values were significantly lower in pHDP women than
controls, whereas LV-GCS magnitude was similar in the two groups of women. The impairment in
both LASr and RASr was primarily related to a reduction in LA and right atrial (RA) conduit
longitudinal strain; on the other hand, LA and RA contractile longitudinal strain was preserved in
both groups of women. Overall, more than half of pHDP women were diagnosed with lower
biventricular and biatrial myocardial strain parameters in comparison to the accepted reference
values [38-42]. Interestingly, approximately one-fifth of heathy controls were found with a mild
attenuation of myocardial deformation indices (Table 5).

Table 5. Biventricular and biatrial strain parameters measured by speckle tracking echocardiography in the two

study groups at 6 yrs postpartum.

HDP women Controls
STE VARIABLES P A he30) p-Value
LV-GLS (%) 195+2.6 223+23 <0.001
LV-GLSR (s?) 1.1+£0.1 1.2+0.1 <0.001
LV-GCS (%) 245+5.5 26.7+4.4 0.09
LV-GCSR (s7) 1.6 £0.3 1.7+0.2 0.13
LAScd (%) 30.1+£7.3 36377 0.002
LASct (%) 7.7+4.8 94+4.1 0.14
LASr (%) 37.8+8.0 45.7 £ 8.0 <0.001
LASr/E/e’ 51+1.8 95+3.2 <0.001
LA-GSR+ (s) 20+£05 23+0.5 0.02
LA-GSRE (s1) 24 +0.8 3.1+0.8 0.001
LA-GSRL (s1) 2.7+0.7 2.8+0.5 0.52
RV-FWLS (%) 19.8+3.6 22.0+3.5 0.02
RV-GLS (%) 18.6 £ 3.3 209+34 0.01
RV-GLSR (s1) 1.2+£0.2 1.3+0.2 0.06
RAScd (%) 28.0+8.2 34.6 +10.1 0.007
RASct (%) 72+47 7.5+54 0.82
RASr (%) 352+77 42.1+99 0.004
RA-GSR+ (s7) 22+05 24 +0.6 0.16
RA-GSRE (s7) 1.9 (1.1-3.0) 2.3 (1.3-3.5) 0.02
RA-GSRL (s) 2.3 (1.1-4.0) 2.5 (1.3-5.0) 0.30
PERCENTAGE OF WOMEN WITH IMPAIRED STE PARAMETERS COMPARED TO
REFERENCE VALUES
LV-GLS <20% (%) 18 (58.1) 4(13.3) <0.001
LV-GCS <23.3% (%) 12 (38.7) 7 (23.3) 0.19
LASr <39% (%) 17 (54.8) 5 (16.7) 0.002
RV-GLS <20% (%) 22 (71.0) 11 (36.7) 0.007
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RASr <35% (%) 18 (58.1) 8 (26.7) 0.01

Normally distributed variables are summarized as mean + standard deviation, while not normally distributed

data are expressed as median with data range (minimum to maximum). Significant p-values are in bold. FWLS,
free wall longitudinal strain; GCS, global circumferential strain; GCSR, global circumferential strain rate; GLS,
global longitudinal strain; GLSR, global longitudinal strain rate; GSR+, positive global strain rate; GSRE, global
early-diastolic strain rate; GSRL, global late-diastolic strain rate; LAScd, left atrial conduit strain; LASct, left atrial
contractile strain; LASr, left atrial reservoir strain; LV, left ventricular; RAScd, right atrial conduit strain; RASct,

right atrial contractile strain; RASr, right atrial reservoir strain; RV, right ventricular.

Multipanel Figure 1 illustrates examples of biventricular and biatrial longitudinal strain
parameters measured from the apical four-chamber view in a pHDP woman included in the present
study.

LV-GLS =-17.4%

— —

Apicel £
y 23
RASr = 20.4% N3 y LASr =20.3%

Figure 1. Examples of biventricular and biatrial longitudinal strain parameters measured from the apical four-
chamber view in a pHDP woman included in the present study. All myocardial strain parameters are reduced
in comparison to the accepted reference ranges. GLS, global longitudinal strain; LASr, left atrial reservoir strain;
LV, left ventricular; pHDP, previous hypertensive disorder of pregnancy; RASr, right atrial reservoir strain; RV,

right ventricular.

3.3. Follow-Up Data

Mean follow-up period after delivery was 6.1 + 1.3 yrs. During this period, no pHDP woman
developed any symptoms and signs of cardiomyopathy. No major adverse CV event was recorded.

However, more than half of pHDP women (58.1% of total) had a subclinical myocardial
dysfunction revealed by STE analysis and were found with persistent AH at 6 yrs postpartum. Nine
pHDP women (29%) had both persistent LV-GLS attenuation and chronic AH over follow-up period.
Moreover, 21 pHDP women (67.7%) had subclinical carotid atherosclerosis.

On Cox regression analysis performed for identifying the independent predictors of subclinical
myocardial dysfunction, defined by a LV-GLS magnitude <20% [38], at 6 yrs postpartum, only
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previous PE (HR 4.01, 95% CI 1.05-15.3, p = 0.03) resulted to be independently associated with the
primary outcome (Table 6).

Table 6. Univariate and multivariate Cox regression analyses performed for identifying the independent
predictors of subclinical myocardial dysfunction, at 6 yrs postpartum. Significant p-values are in bold. BMI, body

mass index; PE, pre-eclampsia.

UNIVARIATE COX MULTIVARIATE COX
REGRESSION ANALYSIS REGRESSION ANALYSIS
VARIABLES HR 95% CI  p-Value HR 95% CI  p-Value
Third trimester age (yrs) 1.00 0.89-1.06 0.47
Third trimester BMI (Kg/m?) 1.12 1.02-1.22 0.02 1.05 0.95-1.16 0.36
Previous PE 5.09 1.47-17.6 0.01 4.01 1.05-15.3 0.03

Chronic antihypertensive 0.97 0.34-2.77 0.96
treatment

Figure 2 illustrates examples of LV-GLS bull”’s-eye plots obtained in a pHDP women with third
trimester BMI >27 Kg/m? and pregnancy complicated by PE (Panel A) and in a woman with previous
uncomplicated pregnancy (Panel B), respectively.

pHDP woman Healthy control

ANT-SEPT ANT-SEPT

LV-GLS =-16.7% LV-GLS =-28%

Figure 2. Examples of LV-GLS bull”’s-eye plots obtained in a pHDP woman with previous pregnancy
complicated by obesity and PE (Panel A) and in a woman with previous uncomplicated pregnancy (Panel B),
respectively. GLS, global longitudinal strain; LV, left ventricular; PE, pre-eclampsia; pHDP, previous
hypertensive disorder of pregnancy.

On Cox regression analysis performed for identifying the independent predictors of subclinical
carotid atherosclerosis at the 6-year follow-up, third trimester BMI (HR 1.21, 95% CI 1.07-1.38, p =
0.003) and PE (HR 6.38, 95% CI 1.50-27.2, p = 0.01) were independently associated with the secondary
outcome (Table 7).

Table 7. Univariate and multivariate Cox regression analyses performed for identifying the independent
predictors of subclinical carotid atherosclerosis at 6 yrs postpartum. Significant p-values are in bold. BMI, body

mass index; HDL, high-density lipoprotein; PE, pre-eclampsia.
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UNIVARIATE COX MULTIVARIATE COX
REGRESSION ANALYSIS REGRESSION ANALYSIS
VARIABLES HR 95% CI  p-Value HR 95% CI p-Value
Third trimester age (yrs) 1.01 0.93-1.09 0.86
Third trimester BMI (Kg/m?)  1.14 1.04-1.24 0.004 1.21 1.07-1.38 0.003
Previous PE 4.49 1.31-154 0.02 6.38 1.50-27.2 0.01
Current HDL-cholesterol

0.99 0.94-1.05 0.86
(mg/dl)

A third trimester BMI >27 Kg/m? had 86% sensitivity and 90% specificity (AUC = 0.87; 95% CI
0.74-1.00, p = 0.004) for predicting the secondary outcome (Figure 3).

1.0
0.8
"E 0.6
2
2
© AUC = 0.87
N
0.4 95%Cl 0.74-1.00
P<0.001
0.2
0.0
0.0 0.2 04 0.6 0.8 1.0
1 - Specificity

Figure 3. ROC curve analysis performed to establish the sensitivity and the specificity of third trimester BMI for

predicting the secondary endpoint, over follow-up period. AUC, area under curve; BMI, body mass index; ROC,
receiver operating characteristics.

3.4. Measurement Variability

A detailed intra- and inter-observer variability analysis of LV-GLS assessment was conducted
in a group of 15 randomly selected pHDP women. Intra- and inter-observer agreement between the
raters, expressed as ICCs, was 0.97 (95% CI 0.91-0.99) and 0.92 (95% CI 0.78-0.97), respectively.

4. Discussion

4.1. Main Findings of the Present Study

This observational case-control study demonstrated that, compared to healthy women with
previous uncomplicated pregnancy, pHDP women showed: 1) a subtle LV remodeling characterized
by greater RWT and LVMi, with no evidence of LV concentric remodeling or LV concentric
hypertrophy; 2) a slight reduction in the E/A ratio and a concomitant increase in the E/average e’
ratio, with no evidence of significant increase in LVFP; 3) lower TAPSE and TAPSE/sPAP ratio,
without pathological RV-PA uncoupling (defined as TAPSE/sPAP ratio <0.80) [27]; 4) higher arterial
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elastance, even if still falling within the normal range [46]; 5) early carotid artery remodeling with
greater CCA-IMT, CCA-RWT and CCA-CSA. Despite normal LVEF on conventional TTE, 2D-STE
analysis highlighted a significant impairment in most biventricular and biatrial myocardial strain
parameters in pHDP women vs. controls. No relevant CV event was recorded over the 6 yrs
postpartum. However, more than half of pHDP women showed subclinical myocardial dysfunction
on strain echocardiographic imaging and were found with early subclinical atherosclerosis at 6 yrs
postpartum. In our findings, PE was independently associated with 4- and 6-fold increased risk of
developing subclinical myocardial dysfunction and early carotid atherosclerosis, respectively, at 6-
yrs postpartum. In addition, a previous pregnancy complicated by overweight or obesity, as
expressed by a third trimester BMI >27 Kg/m?, independently predicted the secondary outcome.

4.2. Comparison with Previous Studies and Interpretation of Results

Our findings were consistent with previous studies conducted on pHDP women, revealing an
early impairment in LV-GLS assessed by STE analysis. In particular, Clemmensen TS et al. [14]
observed that women with a previous history of early onset PE were more likely to have subclinical
impairment of LV function 12 years after PE than those with a history of late onset PE and healthy
controls; LV-GLS showed the strongest association with early onset PE. Boardman H et al. [15],
examining 103 women with pHDP and 70 women with normotensive pregnancy, at 5 to 10 years
after pregnancy, found that those with pHDP had a distinct cardiac geometry with higher LVM;,
LAVi and LVEF but lower E/A ratio and LV-GLS. Levine LD et al. [16] found that pHDP women who
developed hypertension had greater LV remodeling, including greater RWT, worse diastolic
function, lower LV-GLS and higher effective arterial elastance, than patients without hypertension;
subclinical myocardial dysfunction was primarily ascribed by the authors to hypertension
development, regardless of HDP history. Gronningsaeter L et al. [17] detected sustained
hypertension, higher LV mass and reduced LV systolic and diastolic function 7 yrs after severe PE.
Conversely, Al-Nashi M et al. [18], assessing cardiac function and ventricular-arterial interaction in
15 women 11 years after pregnancy with PE compared to 16 matched controls with normal
pregnancy, did not detect persistent alterations in cardiac function, or in ventricular-arterial
interaction in women con previous history of PE.

Differently from the above-mentioned studies, the present study did not evaluate only LV-GLS
but performed a comprehensive assessment of myocardial deformation properties of all cardiac
chambers in pHDP women. Subclinical myocardial dysfunction involved both ventricles and atria,
with sparing of LV strain in circumferential direction. This finding might be primarily interpreted as
a compensatory increase in circumferential fiber function in the setting of decreased longitudinal
fiber function, in order to preserve global LV systolic function. Moreover, impairment of LV-GLS,
that is attributed to the endocardial layer of the myocardium, commonly precedes the alterations of
circumferential strain, which is attributed to the mid-wall layer [47].

Our results confirmed the superiority of strain echocardiographic imaging over conventional
TTE in detecting a subclinical impairment in myocardial deformation indices, in absence of any signs
and symptoms of cardiomyopathy and in the presence of a preserved LVEF (=55%) [12].

From a pathophysiological point of view, the attenuation of myocardial deformation indices
detected in pHDP women may be related to the detrimental impact of a chronically increased
afterload on cardiac function, as demonstrated in large cohorts of hypertensive individuals [48].

The increased LV afterload, noninvasively quantified by measuring the effective arterial
elastance (ESP/SVi ratio), can cause a subtle LV and LA remodeling with mild decline in diastolic
function and early reduction in myocardial strain of left-sided cardiac chambers [49]. A concomitant
increase in RV afterload, expressed by TAPSE/sPAP ratio impairment, may be responsible for the
attenuation of deformation properties of right-sided cardiac chambers [50].

The concomitance of common metabolic risk factors, such as overweight/obesity, dyslipidemia,
insulin resistance and hyperinsulinemia, may increase the level of myocardial fibrosis and stiffening,
thus reducing biventricular and biatrial myocardial strain magnitude [51,52].
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The attenuation of myocardial deformation indices detected in more than half of pHDP women
and in approximately one-fifth of healthy controls may also be explained by the potential influence
exerted by anthropometrics, such as a concave-shaped chest wall conformation, abdominal and/or
thoracic adiposity on biventricular and biatrial mechanics [53,54]. Indeed, it is not possible to exclude
that a “cardiac restriction” due to a narrow antero-posterior thoracic diameter and/or compressive
phenomena may have contributed to reduce myocardial deformation indices, particularly at basal
level, in some pHDP women and/or healthy controls. However, this methodological issue was not
investigated in the present study.

Consistent with previous studies [55-60], we also detected an increased atherosclerotic load,
expressed by greater CCA-IMT, CCA-RWT and CCA-CSA in pHDP women, at 6-yrs postpartum.
Several pathophysiologic mechanisms may explain the association between PE and subsequent
occurrence of early carotid atherosclerosis, particularly in the first decade following delivery. Firstly,
it is likely that HDP and subsequent CV disease have a common burden of risk factors and are both
clinical manifestations of the same pathophysiologic process at different times in a woman”’s life.
This hypothesis is supported by the strong association between HDP and a number of typical CV risk
factors, including chronic hypertension, type 2 diabetes mellitus, dyslipidemia, and increased BMI,
as demonstrated by previous Authors [61]. Moreover, the positive association between HDP and later
life BP, BMI, and lipid levels may be largely favoured by prepregnancy CV risk factors [62]. In
addition, placental lesions commonly detected in women with PE, that are similar to features of early-
stage atherosclerotic plaques [63], may be an early expression of susceptibility to vascular
impairments later in life [64]. Subclinical carotid atherosclerosis might also be the result of endothelial
dysfunction generated by HDP that persists after delivery, as demonstrated by elevated markers of
endothelial dysfunction [65] and systemic inflammation [66] up to 8 years after pregnancies
complicated by PE.

The prognostic relevance of PE revealed by our results was consistent with previous findings
from large cohort studies. Notably, Kestenbaum B et al. [8], in a study examining hospitalizations
due to CV events, showed that women with GH, mild PE, and severe PE had 2.8-fold, 2.2-fold, and
3.3-fold increased risk of CV events, respectively, over a mean follow-up of 7.8 years. Cain MA et al.
[9], in a retrospective cohort study of >300 000 women, found that PE was associated with a 42%
greater risk of CV disease within the first 5 years postpartum, even after adjusting for demographic,
socioeconomic, and other CV risk factor. Egeland GM et al. [10] found that PE and GH were
associated with 6- and 7-fold increased risk of pharmacologically treated hypertension, respectively,
within 10 years of delivery. Jarvie JL et al. [11], analyzing nearly 1.5 million records from delivering
mothers of singleton infants, found that, compared with women without previous HDP, pHDP
women had a roughly 2.4-fold greater adjusted odds of hospitalization due to CV causes within 3
years of delivery, especially the african american ones. Finally, Levine LD et al. [16] found a 2.4-fold
increased risk of hypertension 10 years after HDP.

4.3. Implications for Clinical Practice

Considering that HDPs, particularly PE, are associated with increased risk of subclinical
myocardial dysfunction and early carotid atherosclerosis within the first decade from delivery, the
most recent guidelines and scientific consensus documents recommend accurate screening of women
at risk and application of CV prevention strategies [67].

Primary prevention of CV disease should begin early in the postpartum period and continue
throughout the pHDP woman'’s life. A correct approach should involve an immediate postpartum
visit, assessment of risk factors, and multidisciplinary lifestyle intervention at 6-12 weeks and 1 year
postpartum, followed by an annual follow-up visit and a final assessment at 50 years of age [68].

In light of our findings, strain echocardiographic imaging should be considered for
implementation in clinical practice, particularly during pregnancies complicated by PE and during
the first decade postpartum. This innovative methodology provides incremental diagnostic and
prognostic information on biventricular and biatrial mechanics, over conventional TTE examination.
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Both subtle changes in myocardial deformation indices and subclinical carotid atherosclerosis
detected in pHDP women might suggest the clinicians to early initiate and/or uptitrate
pharmacological therapies, together with nonpharmacological treatments, such as hypocaloric diet
and weight loss, in order to prevent the future occurrence of adverse CV events.

4.4. Limitations of the Study

Main limitations of the present study were its monocentric nature and the limited number of
pHDP women analyzed. However, the number of pHDP women included was justified by an
accurate sample size calculation. Moreover, our study group did not undergo conventional and
functional echocardiographic measurements before pregnancy to establish whether the impairment
in biventricular and biatrial deformation indices preceded the onset of GH and/or PE. In addition,
biventricular and biatrial myocardial deformation indices were obtained by using the same software
employed for LV-GLS assessment, the only one available at our Institution. It is noteworthy that
strain echocardiographic imaging suffers from a number of limitations, such as its dependence on
good image quality, on frame rates (generally, no less than 40 fps), on operator’s experience, on
loading conditions, on ultrasound system employed for the analysis and on chest wall conformation
[69-72]. Finally, pHDP women included in the present study did not perform blood tests,
comprehensive of C-reactive protein, N-terminal pro-B-type natriuretic peptide (NT-proBNP) and
Homeostatic Model Assessment for Insulin Resistance (HOMA-IR), not foreseen in the research
protocol. These inflammatory, hemodynamic and metabolic markers would have contributed to
better understand the pathophysiological mechanisms of both cardiac and carotid artery remodeling
detected in pHDP women at 6-yrs postpartum.

5. Conclusions

Women with previous history of PE have a significantly increased risk of subclinical myocardial
dysfunction and early carotid atherosclerosis at 6-yrs postpartum.

Strain echocardiographic imaging should be considered for implementation in clinical practice
for early identifying, among pHDP women, those with subclinical myocardial dysfunction, who
might benefit from a more aggressive antihypertensive treatment and/or a closer clinical follow-up,
aimed at reducing the risk of CV complications later in life.
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Abbreviations

The following abbreviations are used in this manuscript:

2D, two-dimensional; AH, arterial hypertension; AUC, area under curve; BMI, body mass index; BP, blood
pressure; BSA, body surface area; CCA, common carotid artery; CO, cardiac output; CSA, cross-sectional area;
CV, cardiovascular; DBP, diastolic blood pressure; Eal, arterial elastance indexed; ECG, electrocardiogram; EDD,
end-diastolic diameter; Eesl, end-systolic elastance indexed; eGFR, estimated glomerular filtration rate; ESP,
end-systolic pressure; FWLS, free wall longitudinal strain; GCS, global circumferential strain; GLS, global
longitudinal strain; GH, gestational hypertension; HDL, high-density lipoprotein; HDP, Hypertensive disorders
of pregnancy; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; ICC, intraclass correlation
coefficient; IMT, intima-media thickness; IVC, inferior vena cava; LA, left atrial; LAScd, left atrial conduit strain;
LASct, left atrial contractile strain; LASr, left atrial reservoir strain; LAVi, left atrial volume indexed; LDL, low-
density lipoprotein; LV, left ventricular; LVEDVi, left ventricular end-diastolic volume indexed; LVEF, left
ventricular ejection fraction; LVESVi, left ventricular end-systolic volume indexed; LVMi, left ventricular mass
indexed; MAP, mean arterial pressure; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PA, pulmonary
artery; PE, pre-eclampsia; pHDP, previous hypertensive disorder of pregnancy; PP, pulse pressure; RA, right
atrial; RASr, right atrial reservoir strain; ROC, receiver operating characteristics; RV, right ventricular; RVIT,
right ventricular inflow tract; RWT, relative wall thickness; sPAP, systolic pulmonary artery pressure; SVi, stroke
volume indexed; TAPSE, tricuspid annular plane systolic excursion; TPRi, total peripheral resistance index; TRV,
tricuspid regurgitation velocity; SBP, systolic blood pressure; STE, speckle tracking echocardiography; TTE,
transthoracic echocardiography; VAC, ventricular-arterial coupling.
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