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Abstract
Background  Hypertensive disorders of pregnancy (HDP), which include gestational hypertension and preeclampsia, 
are associated with adverse maternal and fetal outcomes and may result in subclinical cardiac dysfunction. Traditional 
echocardiographic parameters, including the ejection fraction and Doppler indices, often fail to detect early 
myocardial and atrial abnormalities.

Objective  To evaluate early cardiovascular changes in pregnant women with hypertensive disorders, with an explicit 
focus on left atrial (LA) strain and compliance assessed through speckle-tracking echocardiography.

Methods  A prospective observational study was conducted at a tertiary care center, enrolling 73 pregnant 
women from 20 weeks of gestation onward: 38 with HDPs and 35 with normotensive pregnancies. Transthoracic 
echocardiography, including two-dimensional speckle tracking, was used to assess global longitudinal strain (GLS), LA 
strain (reservoir, conduit, contraction), and LA compliance (LASr/E/e′). Standard Doppler and tissue Doppler indices 
were also evaluated. Logistic regression was used to identify independent predictors of HDP.

Results  Compared with controls, women with HDPs presented significantly lower LA reservoir strain (31.00% vs. 
35.00%, p = 0.002), conduit strain (18.00% vs. 24.00%, p < 0.001), and LA compliance (3.87 vs. 5.57, p < 0.001), despite 
having a preserved ejection fraction. GLS also decreased (19.00% vs. 21.00%, p < 0.001). In the multivariate analysis, 
decreased LA compliance (OR 0.50, 95% CI 0.33–0.76, p = 0.001) and GLS (OR 1.49, 95% CI 1.08–2.03, p = 0.014) were 
identified as independent predictors of HDP.

Conclusion  Pregnant women with hypertensive disorders exhibit early subclinical cardiac dysfunction characterized 
by impaired left atrial (LA) strain and compliance. These advanced echocardiographic parameters may serve as 
sensitive markers for early cardiovascular changes, providing superior diagnostic value compared with conventional 
metrics. Routine evaluation of LA strain and compliance could improve risk stratification and guide management in 
hypertensive pregnancies.
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Introduction
Physiological cardiovascular adaptations in pregnancy
Normal pregnancy induces significant cardiovascular 
adaptations to support the metabolic and circulatory 
demands of the growing fetus. Cardiac output increases 
by approximately 30–50% due to elevated stroke volume 
and heart rate. Concurrently, systemic vascular resistance 
decreases under the influence of pregnancy-related vaso-
dilators, leading to a mid-pregnancy decline in blood 
pressure [1]. These changes include mild cardiac chamber 
dilation and concentric hypertrophy, which are typically 
well tolerated in healthy pregnancies [2]. However, they 
reflect the considerable hemodynamic burden placed on 
the maternal heart and vasculature during gestation [3].

Hypertensive disorders of pregnancy and associated risks
Hypertensive disorders of pregnancy (HDP), which 
include gestational hypertension and preeclampsia, affect 
approximately 5–10% of pregnancies [4]. Among HDP, 
preeclampsia occurs in an estimated 2–8% of cases and 
is a leading cause of maternal and fetal morbidity [5–7]. 
Clinically, these disorders range from mild blood pres-
sure elevation to severe multiorgan dysfunction and 
pose considerable risks to both mother and fetus. HDP 
account for a significant proportion of maternal deaths 
globally, with estimates suggesting over 70,000 maternal 
and 500,000 fetal deaths annually [7].

Beyond the acute perinatal period, HDP have impor-
tant long-term cardiovascular implications. Women with 
a history of preeclampsia or gestational hypertension face 
increased risks of chronic hypertension, ischemic heart 
disease, stroke, and heart failure later in life [8]. These 
observations have contributed to the growing recognition 
of HDP as an early and sex-specific risk factor for future 
cardiovascular disease, underscoring the importance of 
timely identification and follow-up in this population.

Limitations of conventional echocardiographic markers
Echocardiography is the primary imaging tool for assess-
ing maternal cardiac function during and after preg-
nancy. However, traditional echocardiographic measures 
such as left ventricular ejection fraction (LVEF) and 
Doppler indices may fail to detect subtle myocardial 
or atrial dysfunction associated with HDP. LVEF often 
remains preserved in women with gestational hyperten-
sion or preeclampsia, potentially masking early systolic 
impairment [2]. Diastolic function indicators (e.g., E/A 
ratio, e′ velocities) can suggest elevated filling pressures 
but are relatively insensitive to early-stage changes. 
Structural alterations such as mild LA enlargement or 
LV hypertrophy may occur but typically appear later in 
disease progression and lack specificity [9, 10]. There-
fore, conventional echocardiographic evaluation may 

underestimate the presence of subclinical cardiovascular 
dysfunction in HDP.

Advanced echocardiographic techniques (strain analysis 
and LA function)
Speckle-tracking echocardiography (STE) provides a 
more sensitive assessment of myocardial mechanics by 
measuring myocardial deformation. Global longitudi-
nal strain (GLS) of the left ventricle has been shown to 
decline in preeclampsia despite preserved LVEF, signal-
ing early systolic dysfunction [11, 12]. STE can also be 
used to evaluate left atrial (LA) function across its reser-
voir, conduit, and contraction phases. The LA reservoir 
strain (LASr) reflects LA expansion during ventricu-
lar systole and is a sensitive marker of LA compliance. 
Reduced LASr and LASr/E/e′ ratios—used to estimate 
LA compliance—have been associated with elevated LV 
filling pressures and diastolic dysfunction in hyperten-
sive pregnancies [13]. These advanced parameters may 
detect cardiac changes earlier than traditional echocar-
diographic metrics, allowing for earlier identification of 
patients at risk.

Rationale and objective
Given the hemodynamic demands of pregnancy and 
the cardiovascular risks associated with HDP, there is a 
need for more sensitive tools to detect early cardiac dys-
function. LA strain and compliance assessment through 
speckle-tracking echocardiography may unmask sub-
clinical atrial and myocardial changes not captured by 
conventional imaging. The present study aims to evaluate 
left atrial mechanics—including reservoir strain, conduit 
strain, and compliance (LASr/E/e′)—in pregnant women 
with HDP compared to normotensive controls. Addition-
ally, we aim to assess whether these parameters can serve 
as early indicators of cardiovascular involvement and 
contribute to improved risk stratification in pregnancies 
complicated by hypertension.

Materials and methods
Study design and ethical approval
This was a prospective observational case-control study 
conducted at Vilnius University Hospital Santaros Clin-
ics between December 2021 and November 2023. The 
study was approved by the Biomedical Research Ethics 
Committee of the Vilnius Region (Approval No. 2020/11-
1282-763, dated November 24, 2020). Written informed 
consent was obtained from all participants before 
enrollment.

Study population
Pregnant women from the 20th gestational week onward 
were enrolled and assigned to one of two groups:
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1.	 The hypertensive disorders of pregnancy (HDP) 
group included women diagnosed with gestational 
hypertension, preeclampsia, or eclampsia.

2.	 The control group consisted of women with 
normotensive, uncomplicated pregnancies.

This case-control design enabled direct comparison 
between women with and without HDP. While partici-
pants were not individually matched, the groups were 
assessed for baseline comparability, including maternal 
age, height, weight, and body mass index (BMI). Where 
differences were observed, they were statistically adjusted 
in subsequent analyses.

Exclusion criteria included maternal age under 18 
years, preexisting renal or cardiovascular disease, chronic 
hypertension, multiple pregnancies, and known fetal 
anomalies.

Preeclampsia was diagnosed in accordance with the cri-
teria of the American College of Obstetricians and Gyne-
cologists (ACOG): systolic blood pressure ≥ 140 mmHg 
and/or diastolic blood pressure ≥ 90 mmHg on two sepa-
rate occasions at least 4 h apart in a previously normoten-
sive woman, in combination with proteinuria ≥ 0.3 g/24 h.

Participants were enrolled from 20 to 38 weeks of ges-
tation, depending on clinical presentation. Mean gesta-
tional age at the time of echocardiographic assessment 
was reported for both groups in the Results section. 
Given the physiological changes in cardiac structure and 
function that occur throughout pregnancy, the variability 
in gestational age at assessment was acknowledged and is 
discussed as a limitation of the study.

In the HDP group, echocardiographic evaluations 
were performed either prior to the initiation of antihy-
pertensive therapy or within the first 24 h following the 
start of treatment. This timing was recorded to mini-
mize the influence of medication on echocardiographic 
parameters, although the potential impact of early treat-
ment cannot be fully excluded and is noted as a study 
limitation.

Blood pressure measurement
Blood pressure (BP) was measured via a validated auto-
mated oscillometric device (Omron) in accordance with 
international guidelines for the management of hyper-
tension during pregnancy. All measurements were taken 
while the participants were in a seated position after at 
least 5 min of rest in a quiet environment, with the arm 
supported at heart level and an appropriately sized cuff 
placed on the upper arm. Two consecutive measurements 
were recorded at 1-minute intervals, and the average was 
used for analysis. A diagnosis of gestational hypertension 
or preeclampsia was made if the SBP was ≥ 140 mmHg 
and/or the DBP was ≥ 90 mmHg on two measurements 
taken at least 4 h apart.

Echocardiographic assessment
Transthoracic echocardiography was performed via a GE 
Vivid E95 ultrasound system with an M5Sc-D phased-
array transducer. Examinations were conducted in accor-
dance with the guidelines of the American Society of 
Echocardiography (ASE) and the European Association 
of Cardiovascular Imaging (EACVI), utilizing partici-
pants in the left lateral decubitus position. All scans were 
performed by an experienced cardiologist blinded to the 
clinical and laboratory data.

Standard two-dimensional (2D), M-mode, pulsed-wave 
Doppler, and tissue Doppler imaging data were obtained. 
Left ventricular (LV) diastolic function was evaluated via 
mitral inflow velocities (E and A), the E/A ratio, decelera-
tion time (DT), and early diastolic myocardial velocities 
(septal and lateral e′). The average E/e′ ratio was calcu-
lated to estimate the LV filling pressure.

Left ventricular end-diastolic pressure (LVEDP) was 
estimated using the Nagueh formula: LVEDP = 1.9 + (1.24 
× E/e′). This formula has been previously validated in 
clinical studies [14].

Assessment of the left atrial strain and compliance
Two-dimensional speckle-tracking echocardiography 
(2D-STE) was utilized to assess left atrial (LA) deforma-
tion. Left atrial reservoir strain (LASr), conduit strain 
(LAScd), and contraction strain (LASct) were quantified 
in the apical four-chamber view, following EACVI rec-
ommendations. LA compliance was determined as the 
ratio of LASr to E/e′ (i.e., LASr/E/e′).

The following reference values were used on the basis 
of prior normative data:

 	– LVEF > 51.7%
 	– LASr > 31%
 	– LA compliance (LASr/E/e′) > 3

Early systolic dysfunction was defined by global longitu-
dinal strain (GLS) < 17.8%. Mild diastolic dysfunction was 
defined as follows:

 	– Septal e′ < 7 cm/s.
 	– Lateral e′ < 10 cm/s.

These parameters were employed to identify subclinical 
cardiac dysfunction in women experiencing hypertensive 
disorders during pregnancy.

Statistical analysis
The normality of the data distribution was tested via the 
Shapiro–Wilk test. Continuous variables are reported 
as either medians and interquartile ranges (IQRs) or 
means ± standard deviations (SDs), depending on their 
distribution. Group comparisons were made via the 
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Mann–Whitney U test for nonnormally distributed vari-
ables and the independent-samples t test for normally 
distributed data. Categorical variables were compared via 
Fisher’s exact test.

Correlation analysis was performed via Spearman’s 
rank correlation for nonparametric data and Pearson’s 
correlation for parametric data. Binary logistic regression 
was utilized to identify independent predictors of hyper-
tensive disorders. A two-tailed p value of < 0.05 was con-
sidered statistically significant. Statistical analyses were 
conducted via IBM SPSS Statistics, version 30.0.

Results
Baseline characteristics of the study population
The baseline characteristics of the study participants 
are presented in Table 1. A total of 73 pregnant women 
were enrolled in the study and divided into two groups: 
the control group (K), consisting of 35 women with 
uncomplicated pregnancies, and the study group (HDP), 
composed of 38 women diagnosed with hypertensive dis-
orders of pregnancy, such as gestational hypertension, 
preeclampsia, or eclampsia.

Initially, the HDP group was divided into two sub-
groups: women with gestational hypertension (H group, 
n = 7) and women with preeclampsia or eclampsia (P 
group, n = 31). However, as no statistically significant dif-
ferences were found between these subgroups for most 
parameters, they were combined into a single HDP group 
for further analysis.

A statistically significant difference in maternal age was 
observed between the groups (p = 0.040), with women in 
the HDP group being older:

 	– Control group: 30.0 years (26.50–32.00).
 	– HDP group: 32.50 years (29.00–35.00).

Significant differences in blood pressure values were 
observed between the groups for systolic, diastolic, and 
mean arterial pressure (all p < 0.001), with notably greater 
values in the HDP group. Additionally, the heart rate was 
significantly lower in the HDP group (p = 0.021).

Statistical comparisons were performed via the Mann–
Whitney U test for continuous variables.

Echocardiographic parameters
Significant differences in echocardiographic param-
eters were observed between the groups, as presented 
in Table  2. Compared with those in the control group, 
women in the HDP group had a significantly greater left 
ventricular mass index (LVMI) and lower cardiac out-
put. The left atrial area, assessed in both two- and four-
chamber views, was significantly larger in the HDP group 
(p < 0.001 for both).

Although conventional Doppler parameters such as E, 
A, the E/A ratio, and deceleration time did not differ sig-
nificantly between groups, clear distinctions were evident 
in the tissue Doppler indices. The HDP group presented 
significantly lower e′ septal and e′ lateral values, as well 
as higher E/e′ ratios (p < 0.001), indicating impaired dia-
stolic function. Additionally, the estimated pulmonary 
capillary wedge pressure (PCWP) was significantly ele-
vated in the HDP group.

A significant reduction in left ventricular global lon-
gitudinal strain (GLS) was observed in the HDP group 
despite no difference in ejection fraction. With respect 
to left atrial strain, women with hypertensive disorders 
presented significantly lower conduit and reservoir strain 
values, reflecting early alterations in atrial function. The 
maximum left atrial volume (LAVmax) was also signifi-
cantly greater in the HDP group.

Statistical comparisons were performed via the Mann–
Whitney U test.

Analysis of LA compliance and diastolic dysfunction
A statistically significant reduction in left atrial compli-
ance (LASr/E/e′) was observed in the HDP group com-
pared with the control group, indicating that impaired 
atrial mechanical function was linked to elevated filling 
pressures.

Although the prevalence of reduced left ventricular 
ejection fraction (LVEF < 51.7%) was very low and not 
significantly different between groups, subclinical atrial 
dysfunction was more common among women with 
hypertensive disorders. In the HDP group, 47.4% of the 
samples had a reduced LA reservoir strain (LASr < 31%), 
whereas 22.9% of the samples in the control group had 
a reduced LA reservoir strain (p = 0.026). Similarly, a 

Table 1  Baseline characteristics of the study population
Parameter Control group 

(n = 35)
HDP group
(n = 38)

p value

Age, years 30.0 [26.50–32.00] 32.50 [29.00–35.00] 0.040
Systolic blood pressure, mmHg (sBP) 115.0 [103.50–120.00] 150.0 [141.00–161.00] < 0.001
Diastolic blood pressure, mmHg (dBP) 70.0 [65.50–76.50] 92.0 [83.00–100.00] < 0.001
Mean arterial pressure, mmHg (MAP) 84.0 [76.50–91.00] 101.0 [97.00–107.00] < 0.001
Heart rate, bpm (HR) 80.0 [70.00–87.50] 70.0 [62.00–78.00] 0.021
All values are expressed as medians [interquartile ranges]

Abbreviations: sBP systolic blood pressure, dBP diastolic blood pressure, MAP mean arterial pressure, HR heart rate 
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significantly greater proportion of participants in the 
HDP group had low LA compliance (< 3.0) (23.7% vs. 
2.9%, p = 0.010).

Impaired early diastolic tissue velocities (e′) were rare 
in both groups, with only isolated cases noted in the 
HDP group and no statistically significant differences 
observed. These findings suggest that LA compliance and 
strain parameters may serve as sensitive markers of early 
diastolic dysfunction in pregnant women with hyper-
tensive conditions, even in the absence of overt systolic 
impairment or abnormal Doppler velocities.

The data are presented in Table 3. Statistical compari-
sons were conducted via the Mann–Whitney U test and 
Fisher’s exact test.

Logistic regression analysis
According to a stepwise logistic regression model, 
reduced left atrial compliance (LASr/E/e′) was inde-
pendently associated with hypertensive disorders dur-
ing pregnancy (OR = 0.50, 95% CI: 0.33–0.76, p = 0.001), 
indicating that lower compliance was significantly linked 
to increased odds of HDP. Additionally, global longi-
tudinal strain (GLS) was also an independent predic-
tor (OR = 1.49, 95% CI: 1.08–2.03, p = 0.014), suggesting 
that both parameters reflect early subclinical myocardial 
changes in hypertensive pregnancies.

The data are presented in Table  4. Statistical signifi-
cance was determined via binary logistic regression anal-
ysis (stepwise method).

Discussion
LA strain and subclinical diastolic dysfunction in HDP
Our study demonstrated that pregnant women with 
hypertensive disorders of pregnancy (HDP) present sig-
nificantly lower left atrial (LA) reservoir strain (LASr) 

Table 2  Echocardiographic parameters and their comparison between groups
Parameter Control group

(n = 35)
HDP group
(n = 38)

p value

LV mass index (g/m2) 66.20 [62.95–75.15] 76.40 [68.20–78.55] 0.029
Cardiac output (L/min) 5.20 [4.45–5.65] 4.45 [4.03–4.99] 0.012
LVEF (%) 60.00 [58.00–62.50] 60.25 [58.00–62.00] 0.568
LA area, 2-chamber (cm2) 19.00 [17.05–20.25] 21.50 [19.10–22.80] < 0.001
LA area, 4-chamber (cm2) 18.90 [17.50–21.00] 21.95 [19.30–23.40] < 0.001
E velocity (m/s) 0.87 [0.76–0.98] 0.855 [0.73–0.98] 0.497
A velocity (m/s) 0.63 [0.55–0.70] 0.61 [0.56–0.69] 0.864
E/A ratio 1.37 [1.25–1.59] 1.34 [1.14–1.61] 0.500
Deceleration time (ms) 197.00 [168.50–216.00] 193.50 [169.00–235.00] 0.821
e′ septal (cm/s) 11.00 [10.00–12.00] 10.00 [8.00–11.00] < 0.001
e′ lateral (cm/s) 17.00 [15.50–18.00] 12.00 [11.00–14.00] < 0.001
E/e′ lateral 5.11 [4.50–5.78] 6.57 [5.38–8.50] < 0.001
E/e′ septal 7.90 [6.82–9.00] 9.20 [7.50–10.80] 0.017
E/e′ average 6.26 [5.38–7.09] 7.62 [6.47–9.61] < 0.001
PCWP (Nagueh, mmHg) 8.37 [7.62–9.73] 10.04 [8.92–12.44] < 0.001
LV global longitudinal strain (%) 21.00 [19.00–21.00] 19.00 [18.00–20.50] < 0.001
LV stroke volume (mL) 68.00 [62.00–75.00] 65.75 [60.00–71.00] 0.532
LV end-diastolic volume (mL) 108.00 [98.50–119.00] 108.00 [98.00–118.00] 0.799
LV end-systolic volume (mL) 40.00 [39.00–45.50] 43.00 [37.00–48.00] 0.736
LA conduit strain (%) 24.00 [20.00–26.00] 18.00 [15.00–20.00] < 0.001
LA contraction strain (%) 12.00 [9.50–13.50] 13.00 [10.00–15.00] 0.220
LA reservoir strain (%) 35.00 [31.00–39.00] 31.00 [29.00–33.00] 0.002
LA volume (LAVmax, BIP, mL) 49.25 [45.50–54.50] 59.25 [50.00–68.00] 0.008
Strain parameters: conduit strain – passive LA emptying; contraction strain – active LA emptying; reservoir strain – LA filling during ventricular systole. All values are 
expressed as medians [interquartile ranges]

Abbreviations: LV left ventricle, LA left atrium, LVEF left ventricular ejection fraction, MMI myocardial mass index, CO cardiac output, E early mitral inflow velocity, A 
late mitral inflow velocity e′ early diastolic tissue velocity, PCWP pulmonary capillary wedge pressure (estimated by the Nagueh formula), LAVmax maximum left 
atrial volume, BIP biplane method

Table 3  Diastolic dysfunction and left atrial compliance 
parameters
Parameter Control group

(n = 35)
HDP group
(n = 38)

p value

LA compliance (LASr/E/e′) 5.57 [5.07–6.74] 3.87 [3.09–5.10] < 0.001
LVEF < 51.7% 1 (2.9%) 1 (2.6%) 0.732
LASr < 31% 8 (22.9%) 18 (47.4%) 0.026
LA compliance < 3.0 1 (2.9%) 9 (23.7%) 0.010
Septal e′ < 7 cm/s 0 (0%) 1 (2.6%) 0.521
Lateral e′ < 10 cm/s 0 (0%) 2 (5.3%) 0.268
Abbreviations: LASr left atrial reservoir strain, E/e′ estimated LV filling pressure, 
LVEF left ventricular ejection fraction, e′ early diastolic tissue velocity
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and conduit strain than normotensive controls do. This 
reduction in LA strain parameters, along with preserved 
ejection fraction, suggests the presence of subclinical 
diastolic dysfunction. LA reservoir strain serves as a sen-
sitive indicator of left ventricular (LV) filling pressure 
and compliance, and a decrease in LASr often reflects 
increased LA stiffness or elevated LV end-diastolic pres-
sure [15, 16]. In the context of HDP, a lower LASr implies 
that the left atrium (LA) is less able to expand during 
ventricular systole, which is consistent with higher filling 
pressures despite the absence of overt heart failure symp-
toms. The significantly reduced LA compliance (assessed 
as LASr/E/e′) in the HDP group further supports this 
interpretation. LA compliance reflects the ability of the 
left atrium (LA) to accommodate blood (strain) for a 
given filling pressure; a decrease in this ratio serves as 
an early sign of diastolic dysfunction. Our findings align 
with this pathophysiology: even though conventional 
Doppler measures (E/A ratio, E/e′) may still fall within 
normal ranges for many HDP patients, the depressed 
LA strain and compliance indicate that the myocardium 
is already under strain from elevated pressures. This is a 
hallmark of “heart failure with preserved ejection frac-
tion (HFpEF)-like” changes occurring at a subclinical 
stage. Practically, HDP appears to induce early myocar-
dial remodeling, wherein the LA becomes stiffer and 
less efficient as a reservoir, reflecting the hemodynamic 
burden of hypertension during pregnancy. This subclini-
cal diastolic dysfunction has been noted in prior studies 
of preeclampsia, where the severity of diastolic dysfunc-
tion correlated with disease severity [17]. Our results 
reinforce that HDP, even before clinically evident cardiac 
dysfunction, is associated with measurable impairments 
in cardiac function. This underscores the need for vigi-
lant cardiovascular evaluation in these patients, as subtle 
diastolic dysfunction may progress if unrecognized.

In addition, recent findings suggest that left atrial 
mechanics may also be altered in normotensive preg-
nancies that later develop fetal growth restriction (FGR). 
Vasapollo et al. demonstrated that left atrial function was 
reduced at mid-gestation in women who subsequently 
developed FGR, even in the absence of hypertension [18]. 
This observation reinforces the notion that advanced 
echocardiographic parameters may unmask early sub-
clinical dysfunction with higher sensitivity and specific-
ity than conventional measures, not only in HDP but also 

in pregnancies considered normotensive at the time of 
evaluation.

Comparison with previous studies on LA mechanics in HDP
Our observations align with emerging evidence that 
hypertensive pregnancy disorders negatively impact 
left atrial (LA) function. A recent systematic review and 
meta-analysis by Sonaglioni et al. examined eight stud-
ies (566 HDP patients vs. 420 controls) and revealed 
that the LA reservoir strain was significantly lower in 
women with hypertensive disorders during pregnancy 
(mean ~ 34% vs. ~ 43% in controls) [17]. Similarly, the LA 
conduit strain was reduced (~ 23% vs. ~32% in controls) 
[19]. Notably, a meta-analysis revealed that LA contrac-
tile strain (the active booster pump function) was not 
significantly different between HDP and normotensive 
pregnancies [19]. This finding suggests that in hyper-
tensive pregnancies, the passive phases of LA filling and 
emptying (reservoir and conduit) are primarily impaired, 
whereas active contraction (which is often augmented as 
a compensatory mechanism) may be relatively preserved. 
Our study also did not find a significant change in LA 
contractile function, in line with these findings.

In addition to these aggregate findings, Sonaglioni 
et al. also demonstrated in a separate prospective study 
that reduced global LA peak reservoir strain (LASr) in 
women with new-onset gestational hypertension was 
independently associated with the persistence of hyper-
tension at one-year postpartum [20]. This highlights the 
prognostic value of LASr, suggesting it not only reflects 
acute hemodynamic impairment but may also identify 
patients at risk of long-term cardiovascular morbidity. 
These results align with our observations and reinforce 
the role of LA strain as both a diagnostic and prognostic 
marker in HDP.

Several individual studies support our findings. Li et 
al. investigated LA strain in preeclampsia patients and 
reported significantly decreased LASr and LA conduit 
strain in PE patients compared with healthy pregnant 
controls [13]. Importantly, they also reported a signifi-
cant reduction in the LA compliance index (LASr/E/e′) in 
preeclampsia [13], which aligns with our results. Cong et 
al. similarly reported decreased LA strain in women with 
preeclampsia, along with increased LV mass, indicating 
concentric remodeling in response to hypertension [21]. 
These studies collectively reinforce that LA functional 

Table 4  Logistic regression analysis for predicting hypertensive disorders during pregnancy
Variable B SE Wald p value OR (Exp(B)) 95% CI for OR
LA compliance (LASr/E/e′) −0.685 0.211 10.560 0.001 0.504 0.333–0.762
GLS (Global Longitudinal Strain) 0.395 0.160 6.077 0.014 1.485 1.084–2.033
Constant 11.322 3.371 11.279 < 0.001 82654.820 –
Abbreviations: B regression coefficient, SE standard error, Wald Wald chi-square test, Exp(B) odds ratio (OR), CI confidence interval, GLS global longitudinal strain, LA 
left atrium, LASr left atrial reservoir strain, E/e′ estimated LV filling pressure
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impairment is a consistent feature of HDP, even if stan-
dard echocardiographic measures appear normal.

With respect to left ventricular (LV) function, our find-
ing of lower global longitudinal strain (GLS) in the hyper-
tensive disorders of pregnancy (HDP) group, despite 
preserved ejection fraction, is well supported by the liter-
ature. Numerous investigations have shown that LV GLS 
is significantly reduced in preeclampsia and gestational 
hypertension, reflecting subtle systolic dysfunction. In a 
systematic review of speckle-tracking echocardiography 
in hypertensive pregnancies, 12 of 13 studies reported 
decreased GLS in women with HDP compared with nor-
motensive controls [22]. For example, one study reported 
that women with preeclampsia presented significantly 
worse longitudinal, radial, and circumferential strain 
than normotensive pregnant women did despite no dif-
ference in LVEF [23]. These decreases in GLS reflect our 
data and highlight the notion that HDP can induce dif-
fuse myocardial dysfunction that is not apparent in con-
ventional measures such as EF. Moreover, some of these 
impairments may continue after pregnancy: women 
with a history of severe or early-onset preeclampsia have 
been found to have persistent reductions in strain indi-
ces from months to years postpartum [22]. O’Driscoll et 
al. recently demonstrated that, at six months postpar-
tum, women who experienced preterm preeclampsia 
still presented significantly reduced left atrial (LA) res-
ervoir and conduit strain, as well as increased LA stiff-
ness, compared with those of postpartum controls [15]. 
Interestingly, those LA abnormalities were observed even 
in women without postpartum hypertension or overt 
ventricular dysfunction [15]. This lasting impact high-
lights that the cardiac changes associated with HDPs are 
not just acute effects of pregnancy but may indicate an 
underlying myocardial phenotype that presents long-
term risk.

Overall, our findings align with the broader context of 
HDP-related cardiac remodeling: a pattern of subclinical 
diastolic dysfunction (impaired left atrial function, ele-
vated filling pressures) combined with subtle systolic dys-
function (decreased global longitudinal strain, GLS) has 
been consistently reported in the literature [22, 23]. We 
contribute to this body of evidence by demonstrating that 
these changes occur early in the progression of HDP and 
can be detected in vivo via advanced echocardiographic 
techniques.

Diagnostic value of LA strain and compliance vs. 
conventional markers
The notable changes in left atrial (LA) strain and com-
pliance in hypertensive disorders of pregnancy (HDP) 
underscore the diagnostic superiority of these metrics 
over traditional echocardiographic markers for detecting 
early cardiac dysfunction. Conventional Doppler indices 

of diastolic function (E/A ratio, deceleration time, E/e′) 
and even LA size often remain within normal ranges 
during pregnancy, or alterations may be too subtle to 
indicate an abnormality. In our cohort, standard mea-
sures suggested “preserved” systolic and diastolic func-
tion according to guideline criteria, yet strain analysis 
revealed significant functional impairment. This phe-
nomenon is well documented: strain imaging can reveal 
cardiac dysfunction that may be overlooked by ejection 
fraction or Doppler measures [23]. Shahul et al. dem-
onstrated that women with preeclampsia exhibited sig-
nificantly reduced LV strain despite having a normal EF, 
indicating that speckle-tracking strain is more sensitive 
than EF for the early detection of systolic dysfunction 
[23]. Similarly, early-stage diastolic dysfunction may not 
meet formal diagnostic thresholds; however, LA strain 
can still be abnormal despite “normal” filling pressure 
estimates. Jarasūnas et al. demonstrated that hyperten-
sive patients, even those with intermittent atrial fibril-
lation, exhibited reduced left atrial (LA) reservoir and 
conduit strain, even in the absence of any Doppler evi-
dence of diastolic dysfunction. Furthermore, worsening 
diastolic function correlated with progressively lower 
LA strain [16]. These findings suggest that LA strain is 
an earlier marker of impaired relaxation and increased 
chamber stiffness than conventional Doppler parameters.

In our study, multivariate logistic regression identified 
LA compliance (LASr/E/e′) and LV GLS as independent 
predictors of HDP, whereas traditional markers did not 
exhibit such robust associations. This highlights that LA 
compliance and GLS provide additive diagnostic infor-
mation. LA compliance appears to capture the inter-
play between LA function and filling pressure in a single 
measurement. Recent research suggests that LA compli-
ance may outperform LASr alone in the early detection 
of cardiac alterations in conditions such as preeclamp-
sia. Sun et al. reported that in preeclamptic women 
with otherwise “normal” echocardiograms (normal EF 
and no gradable diastolic dysfunction), the proportion 
with abnormal LASr/E/e′ was significantly greater than 
that with abnormal LASr alone [13]. In other words, the 
LASr/E/e′ ratio indicated subtle dysfunction earlier than 
LASr alone, suggesting that a mild elevation in filling 
pressure (increasing E/e′) combined with a mild reduc-
tion in strain can create an abnormal compliance index, 
even when each component is individually borderline. 
This finding aligns with our results: many HDP patients 
may have an E/e′ in the upper “normal” range and a mod-
erately reduced LASr; this combination yields a low com-
pliance index, identifying patients with “occult” diastolic 
dysfunction. Thus, the LA strain and compliance serve 
as early warning signs. They integrate information about 
myocardial deformation and filling pressure that single 
conventional metrics cannot provide. In practical terms, 
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these advanced indices could enable clinicians to detect 
cardiac involvement in HDPs more reliably and sooner 
than relying on, for example, an E/e′ cutoff or the pres-
ence of symptoms.

Notably, LA strain and compliance can potentially be 
used to track disease severity. Li et al. reported that LA 
compliance (LASr/E/e′) progressively worsened with 
increasing diastolic dysfunction grade in preeclampsia 
patients, and very low compliance (LASr/E/e′ < 3.4) was 
an independent predictor of acute cardiac complications 
in these patients [13]. This finding indicates a role not 
only in diagnosis but also in risk stratification: patients 
with the most depressed left atrial (LA) function are more 
likely to experience pulmonary edema, severe hyperten-
sive crises, or other cardiac events during hypertensive 
disorders of pregnancy (HDP). Conventional markers 
alone (e.g., blood pressure values or proteinuria levels) 
may not capture that risk as directly as a targeted cardiac 
functional measure does. Taken together, these findings 
emphasize that incorporating LA strain and compliance 
into echocardiographic assessments offers a more com-
prehensive evaluation of cardiovascular health during 
pregnancy. These findings enhance our diagnostic tool-
kit, revealing subclinical myocardial changes that hold 
prognostic significance. By detecting HDP-related car-
diac dysfunction earlier and more accurately, LA strain 
and global longitudinal strain (GLS) could enable timely 
interventions (e.g., intensifying blood pressure control 
and adjusting delivery timing) to prevent progression to 
overt heart failure or other complications.

Clinical implications for early screening and monitoring
The observed reductions in left atrial (LA) strain, 
LA compliance, and global longitudinal strain (GLS) 
in women with hypertensive disorders of pregnancy 
(HDP) have significant clinical implications for man-
aging pregnancies complicated by hypertension. First, 
these parameters could be utilized for early screening 
of cardiovascular involvement in pregnant women at 
risk. For example, in a woman with new-onset ges-
tational hypertension or mild preeclampsia, a tar-
geted echocardiogram assessing LA strain and GLS 
may reveal subclinical dysfunction. Identifying such 
changes could lead to closer monitoring and proactive 
management. Patients who show significantly impaired 
LA strain or compliance might require more aggres-
sive antihypertensive treatment or more frequent 
maternal–fetal assessments, as they could be at greater 
risk for worsening cardiac stress or pulmonary edema. 
As Sonaglioni et al. reported, strain echocardiogra-
phy can aid in identifying HDP patients who would 
benefit from tighter blood pressure control and closer 
follow-up to mitigate adverse outcomes [19]. This 

personalized approach could enhance maternal safety 
by detecting early signs of cardiac decompensation.

Moreover, these findings strengthen the argument 
for integrating cardiovascular surveillance into routine 
care for women with HDPs. Current obstetric prac-
tices focus on blood pressure control and symptom 
monitoring; however, our data (and other data) suggest 
that adding an echocardiographic evaluation of heart 
function can reveal important risk information. In an 
era in which preeclampsia is recognized as a predic-
tor of future heart disease, pregnancy can be viewed 
as a “stress test” for the mother’s heart. Abnormal LA 
strain or GLS during pregnancy might not only predict 
immediate peripartum complications but also iden-
tify women who require long-term cardiometabolic 
follow-up after delivery. For example, persistent LA 
strain reduction postpartum, as observed by O’Driscoll 
et al.​ [15], might suggest a persistent vulnerability that 
could develop into heart failure or chronic hyperten-
sion years later. Indeed, epidemiological studies indi-
cate that women with a history of preeclampsia face a 
significantly increased risk of cardiovascular disease 
postpartum, including a fourfold greater risk of heart 
failure later in life​ [24]. By incorporating LA strain 
and compliance measures into post-HDP evaluations, 
clinicians may be able to identify which women are 
at greatest risk and require preventive interventions, 
such as lifestyle modifications, cardiology referrals, 
or closer blood pressure monitoring. It is conceivable 
that one day, LA strain could be utilized similarly to 
how obstetricians currently apply certain biomark-
ers as part of a risk score for maternal cardiovascular 
health outcomes.

Another clinical implication is guiding the timing 
of delivery or escalation of care. In cases of severe 
preeclampsia, if echocardiography reveals severely 
depressed left atrial (LA) compliance or evolving sys-
tolic dysfunction (despite maximal medical therapy), 
this may support a decision for early delivery to pre-
vent maternal cardiac decompensation. Conversely, 
reassuring strain values could instill confidence in 
continuing the pregnancy with careful observation. 
Furthermore, these parameters can inform anesthetic 
management; for example, anesthesiologists may 
choose specific techniques if they are aware that the 
patient has diastolic dysfunction to avoid fluid over-
load. In summary, the use of LA strain and global 
longitudinal strain (GLS) enhances our ability to holis-
tically manage hypertensive pregnancies, extending 
beyond mere blood pressure treatment. Early detec-
tion of cardiac changes enables obstetricians and car-
diologists to collaborate more effectively, implement 
interventions to reduce cardiac workload, and plan 
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safe delivery and postpartum strategies tailored to the 
mother’s cardiovascular status.

Conclusions	
This study demonstrated that pregnant women with 
hypertensive disorders exhibit subclinical cardiac dys-
function, which is characterized primarily by reduced 
left atrial (LA) compliance and impaired myocardial 
deformation. Although conventional echocardiographic 
parameters such as ejection fraction and Doppler indi-
ces remained within normal limits, LA reservoir strain 
(LASr), LA compliance (LASr/E/e′), and global longitu-
dinal strain (GLS) were significantly altered in the hyper-
tensive group.

Stepwise logistic regression analysis revealed that both 
reduced LA compliance and impaired GLS were inde-
pendent predictors of hypertensive disorders during 
pregnancy. These findings suggest that speckle-tracking 
echocardiography may serve as a sensitive tool for the 
early detection of cardiovascular alterations in this popu-
lation, even before overt systolic or diastolic dysfunction 
becomes apparent.

Advanced echocardiographic parameters, particu-
larly LA compliance and strain, may offer added clinical 
value for early risk stratification and individualized man-
agement of women at risk for preeclampsia and related 
complications.

In conclusion, our study contributes to a growing body 
of evidence that hypertensive disorders during preg-
nancy are associated with early, subclinical cardiovascu-
lar changes. LA strain and compliance have emerged as 
powerful tools for detecting and quantifying subclinical 
cardiac involvement, offering advantages over conven-
tional echocardiographic markers. These findings not 
only deepen our understanding of the cardiac effects of 
HDP, supporting the concept of pregnancy as a stress test 
for the maternal heart but also have tangible implications 
for improving maternal care through early detection, per-
sonalized management, and postpregnancy follow-up to 
reduce future cardiovascular risk.

Limitations
This study has several limitations, including the small 
size of some subgroups, particularly those with gesta-
tional hypertension (n = 7), and the limited subgroup 
analysis. The fact that the study was conducted at a single 
center may reduce the generalizability of the findings. 
The observational, cross-sectional design prevents con-
clusions about the causality or progression of cardiac 
changes. The lack of postnatal follow-up or perinatal 
outcomes limits the assessment of the predictive value 
of echocardiographic findings for maternal or neonatal 
prognosis.

Additionally, participants were enrolled across a 
broad gestational age range (20–38 weeks), which 
may have influenced left atrial size and function due 
to physiological changes occurring throughout preg-
nancy. Although mean gestational age was reported 
and groups were statistically compared, this variability 
should be considered when interpreting the findings. 
Furthermore, although echocardiographic evaluations 
in the HDP group were performed prior to or shortly 
after the initiation of antihypertensive treatment, early 
pharmacological intervention may have influenced 
strain or compliance values and should be considered 
when interpreting the results.

Despite these limitations, this study offers crucial 
insights into early cardiovascular changes in pregnant 
women with hypertensive disorders and emphasizes the 
potential role of LA compliance and myocardial strain in 
clinical assessment.
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