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Evaluation of Left Atrial Function in Patients 
with Hypertensive Heart Disease and Preserved 
Ejection Fraction Using Real-Time, Three-
Dimensional Speckle Tracking Imaging

Objective	 This research investigated the  application of real-time, three-dimensional speckle tracking imaging 
(RT-3D-STI) to evaluate left atrial (LA) function in individuals suffering from hypertensive heart dis-
ease (HHD) and heart failure with preserved ejection fraction (HFpEF).

Material and methods	 This retrospective study included 100 patients with HHD and HFpEF hospitalized from August 2023 
to June 2024 (HFpEF group). 100 healthy individuals undergoing physical examinations comprised 
the control group. Patient data were collected, and echocardiography was performed to measure LA 
diameter (LAD), left ventricular end diastolic diameter (LVEDD), interventricular septal thickness 
(IVST), left ventricular posterior wall thickness (LVPWT), left ventricular outflow tract diameter 
(LVOTd), early diastolic maximum velocity of mitral valve inflow (MVE), late diastolic maximum 
velocity of mitral valve inflow (MVA), early diastolic and late diastolic velocities of mitral annulus mea-
sured by tissue Doppler ultrasound (e’ and a’), tricuspid annular plane systolic excursion (TAPSE), and 
left ventricular ejection fraction (LVEF). The LA images were analyzed using GE software, and the fol-
lowing parameters were measured: L emptying fraction (LAEF), LA emptying volume (LAEV), LA 
volume at the onset of contraction (LAVpreA), minimum LA volume (LAVmin), maximum LA vol-
ume (LAVmax), LA strain during the reservoir phase (LASr), LA strain during the contraction phase 
(LASct), and LA strain during the  conduit phase (LAScd). ROC curves were adopted to evaluate 
the diagnostic value of LA parameters for HFpEF, and a Pearson correlation analysis examined the rela-
tionship between these parameters and N-terminal pro-B-type natriuretic peptide (NT-proBNP).

Results	 Compared with the control group, the blood pressure in the HFpEF group was significantly higher 
(p<0.05). In the  HFpEF group, NT-proBNP concentrations were significantly greater than those 
observed in the control group (p<0.05). No statistically significant variances were detected in LVEF, 
LVEDD, LVOTd, TAPSE, MVE, MVA, ratio of E wave velocity to A wave velocity (E / A), a’, LAEV, 
LAVmin, or LAVpreA between the two groups (p>0.05). Compared to the control group, the HFpEF 
group had dramatically higher LAD, IVST, and LVPWT (p<0.05). The HFpEF group also had lower 
e’, LAEF, LASr, LAScd, and LASct, while E / e’, maximum LA volume index (LAV Imax), and LAVmax 
were higher (p<0.05). LASr was negatively associated with NT-proBNP (r=–0.255, p=0.016), where-
as no significant correlation was found among LAScd, LASct, and NT-proBNP (P>0.05).

Conclusion	 LA strain parameters can serve as a non-invasive method for quantitatively assessing LA dysfunction in 
patients with HFpEF.
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Introduction
Hypertension has become one of the  most widespread 

chronic conditions across the  globe, impacting more than 
25 % of the world’s population. It can cause serious damage 

to the cardiovascular and cerebrovascular systems and stands 
as a major contributor to the global disease burden [1]. Pro-
longed elevation of systemic blood pressure beyond nor-
mal levels leads to pathophysiological changes in myocardial 
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cells, resulting in geometric alterations of the heart chambers 
and structural changes in myocardial tissues, eventually trig-
gering hypertensive heart disease (HHD) [2, 3]. Consider-
ing the projected increase in the hypertension burden and its 
impact on life expectancy over the next decade, HHD is like-
ly to play an even more significant role in the pathophysiolo-
gy of cardiovascular diseases [4].

The  main clinical characteristics of hypertensive heart 
disease (HHD) involve left ventricular hypertrophy and di-
lation. If these conditions are not effectively addressed, they 
can readily advance to left ventricular failure or even total 
heart failure, potentially resulting in death [5]. Clinical evi-
dence shows that heart failure with preserved ejection frac-
tion (HFpEF) is among the most prevalent forms of heart 
failure, with HHD being a significant contributing factor in 
its onset [6].

More than half of the patients with unexplained exertion-
al dyspnea are ultimately diagnosed with HFpEF after inva-
sive examinations, and this condition shows high rates of 
incidence, mortality, and rehospitalization. The five-year sur-
vival rate is comparable to that of cancer, with a poor prog-
nosis and substantial healthcare burden. Recent studies 

indicate that HFpEF is linked to multiple factors, such as ad-
vancing age, hypertension, coronary heart disease, atrial fi-
brillation, diabetes, obesity, chronic kidney disease, anemia, 
and feminine sex [7–9]. These factors, linked to aging, life-
style, and genetic predisposition, promote a systemic inflam-
matory state, leading to structural and functional abnormali-
ties in the heart and eventually causing HFpEF [10].

Echocardiography is a non-invasive, convenient, accu-
rate, and repeatable method that has tremendous value in as-
sessing cardiac structure and function. It remains the most 
effective tool for diagnosing heart failure and evaluating 
treatment outcomes [11]. Nonetheless, traditional echocar-
diography is characterized by subjectivity, limited views, and 
angle dependency, with measurements highly influenced by 
the  operator’s expertise. To address these limitations, real-
time three-dimensional speckle tracking imaging (RT-3D-
STI) echocardiography, an advanced imaging software tech-
nique for quantifying myocardial strain, has gained clinical 
attention. This technology assesses myocardial deformation 
in longitudinal, radial, and circumferential directions, re-
flecting myocardial contractile state and myocardial diastol-
ic function, blood supply, and viability [12, 13].

LASr, LA strain during the reservoir phase; LAScd, LA strain during 
the conduit phase; LASct, LA strain during the contraction phase.

Table 6. Correlation analysis between LA strain 
parameters and NT-proBNP in HFpEF patients

Variables
NT-proBNP

r p
LASr –0.255 0.016
LAScd –0.168 0.132
LASct –0.203 0.079

Table 2. Comparison of conventional 
echocardiography  parameters between the two groups 

Variable HFpEF group (n=100) Control group (n=100) t p
LAD (mm) 34.65±5.22 28.71±3.48 9.468 <0.001
LVEF (%) 58.85±6.43 59.12±5.24 0.326 0.745
LVEDD (mm) 46.33±3.79 45.97±4.01 0.652 0.515
IVST (mm) 9.76±0.91 8.23±0.85 12.287 <0.001
LVPWT (mm) 9.89±1.22 9.05±1.36 4.600 <0.001
LVOTd (mm) 18.55±1.86 18.49±2.77 0.180 0.858
TAPSE (mm) 18.52±2.23 17.98±1.99 1.807 0.072

Data are mean±SD. LAD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVEDD, 
left ventricular end diastolic diameter; IVST, interventricular septal thickness; LVPWT, left ventricular posterior 
wall thickness; LVOTd, left ventricular out�ow tract diameter; TAPSE, tricuspid annular plane systolic excursion.
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Central illustration. Evaluation of Left Atrial Function in Patients with Hypertensive Heart Disease 
and Preserved Ejection Fraction Using Real-Time, Three-Dimensional Speckle Tracking Imaging
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Since the  early changes in left atrial (LA) function in 

HHD patients are often subtle and since traditional echocar-
diography is better suited for evaluating left ventricular mor-
phology, this study utilized RT-3D-STI to confirm wheth-
er there are accompanying abnormalities in LA myocardial 
function. The goal was to evaluate changes in LA function in 
HHD patients with HFpEF and to further explore the clini-
cal significance of these changes.

Material and methods
Subject selection

This retrospective study incorporated 100 patients di-
agnosed with HHD and HFpEF who were hospitalized in 
the cardiovascular medicine department of our hospital be-
tween August 2023 and June 2024. These patients formed 
the  HFpEF group. From healthy subjects who underwent 
physical examinations during the same timeframe, another 
group of 100, who were age- and risk factor-matched with 
the HFpEF group, was selected as the control group. The re-
search was carried out in compliance with the Declaration of 
Helsinki.

Inclusion and exclusion criteria
Inclusion criteria:

1)	 Patients with a confirmed diagnosis of hypertension 
defined as systolic blood pressure (SBP) ≥140 mmHg 
and / or diastolic blood pressure (DBP) ≥90 mmHg.

2)	 Laboratory markers of cardiac function, with N-terminal pro-
B-type brain natriuretic peptide (NT-proBNP) >100 pg / ml.

3)	 Echocardiographic measurements showing impaired 
left ventricular diastolic function and a left ventricular 
ejection fraction (LVEF) ≥50 %.
Exclusion criteria: Patients with acute heart failure, seri-

ous valvular heart disease (VHD), arrhythmias, severe sys-
temic illnesses, LVEF <50 %, or with echocardiographic im-
ages of poor quality.

Data collection
General patient and subject data

The  gender, age, body mass index (BMI). resting heart 
rate, SBP, and DBP were recorded. Each measurement was 
taken three times averaged. The  serum T-proBNP was re-
corded.

Ultrasound image acquisition
Prior to the ultrasound examination, blood pressure, heart 

rate, and body surface area (BSA) were recorded for all sub-
jects. The  participants were placed in the  left lateral decubi-
tus position, requested to breath calmly, and connected to 
a  synchronized electrocardiogram instrument. The  imaging 
was performed utilizing an echocardiography device (Vivid 
E90; GE Healthcare) fitted with a X5–1 probe and operating 

at a frequency range of 3.5 to 5 MHz. Patients were instructed 
to hold their breath at the end of exhalation to acquire a clear 
full – volume image of the left ventricular endocardium. Sub-
sequently, they were guided to click to enter the “Multi Beat” 
mode and continuously collect three – dimensional dynam-
ic images spanning four cardiac cycles. Two-dimensional, 
M-mode, pulse and continuous wave Doppler ultrasound 
images, as well as tissue Doppler Imaging (TDI), were ob-
tained from standard parasternal and apical views. Using 
a high frame frequency (60–80 frames / sec), enlarged images 
of the left atrium (LA) were captured from the four-chamber, 
three-chamber, and two-chamber views, with three consecu-
tive cardiac cycles saved. Measurements were conducted fol-
lowing the guidelines and techniques suggested by the Amer-
ican Society of Echocardiography and encompassed 
the  following: LA diameter (LAD), left ventricular end dia-
stolic diameter (LVEDD), interventricular septal thickness 
(IVST), left ventricular posterior wall thickness (LVPWT), 
left ventricular outflow tract diameter (LVOTd), early diastol-
ic maximum velocity of mitral valve inflow (MVE), late dia-
stolic maximum velocity of mitral valve inflow (MVA), TDI-
derived early diastolic and late diastolic velocities of mitral 
annulus (e’ and a’, respectively), tricuspid annular plane sys-
tolic excursion (TAPSE), and LVEF, which was measured us-
ing the biplane Simpson method. Each measurement was re-
peated three times, and the mean value was recorded.

Ultrasound image analysis and processing
After the  images were saved, they were analyzed as fol-

lows by GE’s cardiac ultrasound image analysis software.
1) �LA image analysis of volumes: The minimum LA volume 

indexed to BSA (LAVmin / BSA), maximum LA volume 
indexed to BSA (LAVmax / BSA), and LA volume at 
the onset of contraction indexed to BSA (LAVpreA / BSA) 
were calculated by dividing LAVmin, LAVmax, and 
LAVpreA by BSA respectively. The  LA emptying 
volume (LAEV) was obtained by subtracting LAVmin 
from LAVmax. The  LA emptying fraction (LAEF) was 
calculated by dividing LAEV by LAVmax.

2) The following LA strain parameters were analyzed.
A) �Reservoir phase: During left ventricular systole, the LA 

receives blood from the  pulmonary veins, accounting 
for approximately 40 % of LA stroke volume. The  LA 
strain during the reservoir phase (LASr) was calculated 
by subtracting the strain value at the end-diastole (ED) 
from the strain value at the end-systole (ES). This phase 
includes the periods of isovolumic contraction, ejection, 
and isovolumic relaxation of the left ventricle (LV).

B) �Conduit phase: In healthy individuals, the LA passively 
transfers blood to the  LV during early diastole, 
contributing about 35 % of the  atrial stroke volume. 
The  LA strain during the  conduit phase (LAScd) was 
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calculated by subtracting the  strain value at ES from 
the strain value at LAVpreA.

C) �Contraction phase: The LA strain during the contraction 
phase (LASct) was measured in all patients. It was 
obtained by subtracting the  strain value at LAVpreA 
from the strain value at ED.

Statistical analysis
All data were processed and analyzed with SPSS 22.0 

software. Measurement data that met the criteria for normal 
distribution and homogeneity of variance were expressed 
as mean ±standard deviation (SD), and the t-test was used 
for comparisons of the groups. Enumeration data are repre-
sented as percentages and analyzed using the χ2 test. Pearson 
correlation analysis was conducted for evaluation of corre-
lations, and receiver operating characteristic (ROC) curves 

were generated to assess the diagnostic performance of LA 
strain parameters for HFpEF. A p value <0.05 was consid-
ered statistically significant.

Results
General patient and subject data (Table 1)

The HFpEF group consisted of 65 males and 35 females, 
with an average age of 50.6±5.9 yrs. The  average BMI was 
21.45±3.82 kg / m², the average heart rate was 71.2±8.8 bpm, 
the  average SBP was 143.6±15.0 mmHg, and the  average 
DBP was 87.8±6.9 mmHg. In the control group, there were 
71 males and 29 females, with an average age of 51.3±6.9 yrs. 
The average BMI was 22.07±3.61 kg / m², the average heart rate 
was 73.0±7.3 bpm, the average SBP was 127.0±13.8 mmHg, 
and the  average DBP was 69.1±7.2 mmHg. These baseline 
characteristics did not differ significantly between the groups 

Table 1. Comparison of general data between the two groups
Variable HFpEF group (n=100) Control group (n=100) t p

Gender (male / female) 65 / 35 71 / 29 0.827 0.363
Age (yrs) 50.6±5.9 51.3±6.8 0.781 0.436
BMI (kg / m2) 21.45±3.82 22.07±3.61 1.180 0.240
Heart rate (bpm) 71.2±8.8 73.0±7.3 1.559 0.121
SBP (mmHg) 143.6±15.0 127.0±13.8 8.152 <0.001
DBP (mmHg) 87.8±6.9 69.1±7.2 18.769 <0.001
NT-proBNP (pg / ml) 1983±20 71.6±12.0 810.061 <0.001
Data are ratio or mean±SD. BMI, body mass index; SBP, systolic blood pressure;  
DBP, diastolic blood pressure, NT-proBNP, N-terminal pro-B-type brain natriuretic peptide.

Table 2. Comparison of conventional echocardiography parameters between the two groups
Variable HFpEF group (n=100) Control group (n=100) t p

LAD (mm) 34.65±5.22 28.71±3.48 9.468 <0.001
LVEF (%) 58.85±6.43 59.12±5.24 0.326 0.745
LVEDD (mm) 46.33±3.79 45.97±4.01 0.652 0.515
IVST (mm) 9.76±0.91 8.23±0.85 12.287 <0.001
LVPWT (mm) 9.89±1.22 9.05±1.36 4.600 <0.001
LVOTd (mm) 18.55±1.86 18.49±2.77 0.180 0.858
TAPSE (mm) 18.52±2.23 17.98±1.99 1.807 0.072
Data are mean±SD. LAD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end diastolic 
diameter; IVST, interventricular septal thickness; LVPWT, left ventricular posterior wall thickness; LVOTd, left ventricular outflow tract diame-
ter; TAPSE, tricuspid annular plane systolic excursion.

Table 3. Comparison of Doppler ultrasound parameters between the two groups
Variable HFpEF group (n=100) Control group (n=100) t p

MVE (m / s) 0.81±0.53 0.84±0.62 0.378 0.713
MVA (cm2) 0.93±0.21 0.92±0.13 0.405 0.686
E / A 0.83±0.15 0.80±0.12 1.562 0.120
e’ (m / s) 0.06±0.01 0.11±0.03 15.811 <0.001
a’ 0.09±0.04 0.10±0.04 1.768 0.079
E / e’ (m / s) 12.23±1.18 8.25±0.92 26.600 <0.001
LAV Imax (ml / m2) 41.59±5.46 27.68±3.85 20.821 <0.001
Data are mean±SD. MVE, early diastolic maximum velocity of mitral valve inflow; MVA, late diastolic maximum velocity of mitral valve inflow; 
E / A, ratio of E wave velocity to A wave velocity; e’, early diastolic mitral annular velocity; a’ late diastolic mitral annular velocity; E / e’, the ratio 
of the peak velocity of early mitral inflow (E-wave) to the peak velocity of early diastolic mitral annular motion (e’ – wave); LAV Imax, maximum 
LA volume index.



67ISSN 0022-9040. Кардиология. 2025;65(8). DOI: 10.18087/cardio.2025.8.n2856

ОРИГИНАЛЬНЫЕ СТАТЬИ§

(p>0.05). The NT-proBNP concentration in the HFpEF co-
hort was 1983±20 pg / ml, notably higher (p<0.05) than that 
of the  control cohort, 71.62±11.98 pg / ml. Compared with 
the control group, both SBP and DBP in the HFpEF group 
were significantly higher (p<0.05).

Conventional echocardiography parameters (Table 2)
No statistically significant differences were detected be-

tween the two cohorts in terms of LVEF, LVEDD, LVOTd, 
or TAPSE (p>0.05). Compared to the control group, LAD, 
IVST, and LVPWT were significantly elevated in the  HF-
pEF cohort (p<0.05). These findings demonstrate that, as 
opposed to healthy individuals, HFpEF patients exhibited 
more pronounced abnormalities in conventional echocar-
diographic parameters.

Doppler ultrasound parameters (Table 3)
No statistically significant differences were found 

between the  two cohorts for MVE, MVA, E / A, and a’ 
(p>0.05). Within the  HFpEF group, the  e’, E / e’, and LAV 
Imax values were (0.06±0.01) m / s, (12.23±1.18) m / s, and 
(41.59±5.46) ml / m², respectively. Compared with the con-
trol group, the e’ value was lower, while the E / e’ and LAV 
Imax values were higher within the  HFpEF cohort, with 
these differences being statistical significant (p<0.05). These 
Doppler parameters. confirmed that, compared to the  con-
trol group, the HFpEF group underwent abnormal decreases 
in e’ and increases in E / e’ and LAV Imax.

LA strain parameters
No statistically significant differences were detected be-

tween the  two cohorts in LAEV, LAVmin, and LAVpreA 

(p>0.05). LAEF, LASr, LAScd, and LASct were all lower 
in the  HFpEF group versus the  control cohort (p<0.001), 
whereas LAVmax was higher, (p<0.05) (Table 4). These out-
comes demonstrated that the  LA strain parameters in HF-
pEF patients showed substantial differences compared with 
the healthy control subjects, and, importantly, these abnor-
malities could effectively indicate left ventricular dysfunc-
tion in patients.

ROC curve for LA parameters (Table 5, Figure 1)
Using LA strain parameters LASr, LAScd, and LASct 

as independent variables and HFpEF occurrence as the de-
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Figure 1. Analysis of ROC curve results for LA strain parameters

Table 4. Comparison of LA strain parameters between the two groups
LA strain variables HFpEF group (n=100) Control group (n=100) t p

LAEF (%) 43.65±5.33 54.69±4.97 15.149 <0.001
LAEV (ml) 23.71±2.16 23.15±2.05 1.880 0.062
LAVmax (ml) 66.94±5.74 42.83±5.23 31.048 <0.001
LAVmin (ml) 20.83±2.03 20.45±1.85 1.384 0.168
LAVpreA (ml) 35.27±3.11 34.91±3.56 0.762 0.447
LASr (%) 30.61±2.88 38.45±2.97 18.951 <0.001
LAScd (%) 16.33±1.54 20.14±1.89 15.628 <0.001
LASct (%) 15.70±1.26 18.22±1.74 11.730 <0.001
Data are mean ± SD. LAEF, LA emptying fraction; LAEV, LA emptying volume; LAVmax, maximum LA volume; LAVmin, minimum LA vol-
ume; LAVpreA, LA volume at the onset of contraction; LASr, LA strain during the reservoir phase; LAScd, LA strain during the conduit phase; 
LASct, LA strain during the contraction phase.

Table 5. Analysis of ROC curve results for LA strain parameters
Variables AUC 95 %CI Sensitivity (%) Specificity (%) Cut-off Youden index p

LASr 0.959 0.934~0.985 92.00 88.00 ≤34.65 0.800 <0.001
LAScd 0.849 0.796~0.902 83.00 73.00 ≤17.85 0.560 <0.001
LASct 0.925 0.891~0.959 93.00 77.00 ≤17.02 0.700 <0.001
AUC, area under the ROC curve; CI, confidence interval.
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pendent variable, a ROC curve was plotted. The  results 
showed that the diagnostic efficacy for HFpEF was optimal 
when LASr ≤34.65 %, LAScd ≤17.85 %, and LASct ≤17.02 % 
(p<0.001 for each). The areas under the curve (AUC) were 
0.959, 0.849, and 0.925, respectively.

Correlation analysis between LA strain 
parameters and NT-proBNP in HFpEF (Table 6)

A significant negative correlation existed between LASr 
and NT-proBNP (r=–0.255, p=0.016). No significant corre-
lations were observed between LAScd and LASct with NT-
proBNP (p=0.132 and p=0.079, respectively).

Discussion
This study conducted RT-3D-STI to assess LA function 

changes in patients with HHD HFpEF and their impact 
on the disease. The findings demonstrated that the HFpEF 
group had lower values of e’, LAEF, LASr, LAScd, and LAS-
ct compared with the control cohort. In contrast, LAD, IVST, 
LVPWT, E / e’, LAV Imax, and LAVmax were heightened in 
the  HFpEF group. Additionally, a negative correlation was 
observed between LASr and NT-proBNP. Our outcomes 
align with those of previous studies. For instance, Meng et al. 
[14] noted that RT-3D-STI echocardiography could detect 
subtle myocardial dysfunction in patients with gout, despite 
normal ejection fractions.

HFpEF is particularly prevalent among individuals aged 
65 yrs and older, and it represents the most frequent type of 
heart failure in this age group [15]. Patients often experience 
frequent hospitalizations due to symptoms such as short-
ness of breath, significant decline in physical strength, and 
edema, which severely impact their quality of life and lifes-
pan [7, 16]. Despite the high incidence and mortality rates 
associated with HFpEF, which impose considerable stress 
on patients, families, and society at large, a clear pathophys-
iological mechanism has yet to be identified. Researchers 
generally believe that diastolic dysfunction of the  LV may 
be central to the pathophysiological mechanism of HFpEF, 
which is often accompanied by left ventricular systolic dys-
function, LA dysfunction, and pulmonary hypertension [8, 
17]. Nevertheless, the variability in clinical phenotypes and a 
limited understanding of the underlying pathophysiological 
mechanisms of HFpEF continue to obstruct identification 

of effective treatment strategies. Therefore, there is an imme-
diate need for a straightforward and precise diagnostic meth-
od for HFpEF, so that its early treatment would improve pa-
tient prognosis and quality of life.

Echocardiography is a widely used, convenient, effective, 
and non-invasive method for evaluating and understand-
ing cardiac structure and hemodynamics in patients with 
heart disease [18]. RT-3D-STI technology is a supplemen-
tary technique that enhances traditional echocardiography. 
It tracks the movement of ultrasound speckles in myocardi-
al tissues based on the scattered myocardial images generat-
ed by the ultrasound beam. During the LV cardiac cycle, re-
gions of interest are selected to generate motion patterns 
using software capable of measuring degrees of rotation and 
twist gradients. This method serves as a means for the visu-
al assessment and measurement of the  contraction and re-
laxation movements of the myocardium [19, 20]. However, 
RT-3D-STI has limitations due to the  complex anatomical 
structure of the LA, such as being restricted to analyzing de-
formation in apical four-chamber and two-chamber views, 
making it difficult to track the  true cross-plane motion of 
the myocardium.

RT-3D-STI, developed in recent years and based on full-
volume scanning, offers a new ultrasound technique that 
synchronously displays three-dimensional images of myo-
cardial motion and can comprehensively assess alterations 
in myocardial function in a short time [21–23]. Compared 
with two-dimensional speckle tracking technology, it can 
obtain three-dimensional motion images of the myocardium 
simultaneously, and its analysis software provides richer and 
more comprehensive data, enabling earlier and more accu-
rate detection of myocardial abnormalities [24]. According 
to Nemes et al. [25], the overall longitudinal strain parame-
ter of the LV derived from RT-3D-STI serves as a robust in-
dependent predictor of cardiovascular survival in healthy 
adults, and it also acts as an independent factor indicative 
of long-term event-free survival rates within this group. Ad-
ditionally, research by Mutluer et al. [26] suggests that RT-
3D-STI is a promising new approach for evaluating myocar-
dial function, showing effective assessment of left ventricular 
strain and a strong correlation with LVEF.

Substantial changes were observed in overall longitudinal 
strain, radial strain, and circumferential strain parameters, in-
dicating left ventricular remodeling and subclinical deforma-
tion. Similarly, Dogdus et al. [27] discovered that in patients 
with isolated coronary artery ectasia and embolization, over-
all longitudinal, radial, and circumferential strains were vig-
orously abated compared with healthy individuals, highlight-
ing the substantial impact of this condition on left ventricular 
function. Both these studies and our research demonstrate 
that abnormalities in LA strain can be detected in HFpEF pa-
tients even when LA size appears normal, suggesting that LA 

Table 6. Correlation analysis between LA strain 
parameters and NT-proBNP in HFpEF patients

Variables
NT-proBNP

r p
LASr –0.255 0.016
LAScd –0.168 0.132
LASct –0.203 0.079
LASr, LA strain during the reservoir phase; LAScd, LA strain during 
the conduit phase; LASct, LA strain during the contraction phase.
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function may be subtly impaired prior to any visible remod-
eling. Several factors may contribute to this phenomenon:
1.	 LA myocardial fibrosis may be a key contributor to LA 

dysfunction;
2.	 Since the  LA and LV are connected through the  mitral 

valve annulus, any reduction in annular displacement 
speed or ventricular shifts could affect atrial motion. 
Consequently, left ventricular systolic dysfunction may 

trigger LA dysfunction through atrioventricular coupling 
[28]. Furthermore, during mitral valve opening, the  LA is 
exposed to left ventricular diastolic pressure during.

In the  early stages of heart failure in HFpEF patients, 
LVEF may not yet change, but elevated end-diastolic pres-
sure can increase LA pressure, resulting in increased mechan-
ical stress and attenuated pulmonary venous drainage. As 
this process evolves and deteriorates, LA diastolic function 
and compliance become notably impaired, leading to de-
creased LA filling and ultimately culminating in LA enlarge-
ment and failure [29]. The ROC curve analysis demonstrat-
ed that when LASr ≤ 34.65 %, LAScd ≤ 17.85 %, and LASct 
≤ 17.02 %, the areas under the curves for diagnosing HFpEF 
was remarkedly high at 0.959, 0.849, and 0.925, respective-
ly. Correlation analysis further showed a negative correlation 
between LASr and NT-proBNP, further reinforcing the sig-
nificant importance of LA strain parameters for identifying 
early HHD HFpEF.

This study has several limitations. It is a retrospective clin-
ical investigation conducted at a single center, and it involved 
a relatively small sample size. The diagnosis of patients was 

based solely on their signs and symptoms, NT-proBNP con-
centrations, and imaging outcomes. The  diagnoses lacked 
support from invasive diagnostic procedures. Additionally, 
there is currently a lack of guidelines regarding atrial myocar-
dial strain analysis software and normal strain value ranges 
for the atria. Moreover, the strain calculation methods used 
by data analysis systems from different manufacturers may 
vary, potentially leading to discrepancies between the result-
ing data and that reported here.

Conclusion
This study demonstrated that analysis of LA strain param-

eters can serve as a non-invasive method for quantitatively 
assessing LA dysfunction in patients with HFpEF. The  im-
portance of evaluating comprehensive echocardiographic 
parameters, particularly those related to LA function and di-
astolic mechanics, in HFpEF patients is discussed. These LA 
strain parameters may provide valuable insights into the un-
derlying pathophysiological processes, and they may help 
guide treatment strategies aimed at improving outcomes in 
this challenging patient population.
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