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Abstract

Background: Hypertrophic cardiomyopathy (HCM) is one of the 
most prevalent inherited disorders and a common cause of sudden 
heart death. Left atrial (LA) dilatation frequently occurs in patients 
with HCM as a result of impaired left ventricular (LV) relaxation or 
associated involvement of LA myocardium in HCM.

Methods: We enrolled 170 patients known to had HCM (non-ob-
structive type) and 30 healthy subjects (control group). All of them 
underwent two-dimensional (2D) echocardiography to measure LV 
dimensions, function, LA dimension, LA deformations, pulmonary 
artery pressure (PAP) and LV global longitudinal strain (LVGLS). LA 
volumes and mechanics were also measured by three-dimensional 
(3D) echocardiography.

Results: By 2D echocardiography, patient group revealed signifi-
cantly lower all LA functions vs. control group including reservoir 
(26 ± 4 vs. 43 ± 3, P < 0.001), conduit (-14 ± 2 vs. -25 ± 2, P < 0.001), 
and booster pump functions (-12 ± 2 vs. -18 ± 1, P < 0.001). PAP 
was significantly higher in patient group (42 ± 7 vs. 27 ± 4 in control 
group). LVGLS was significantly lower in patient group (-15±1.4% 
vs. -23±2% in control group). Using 3D speckle tracking echocardi-
ography (STE), there were a significantly higher indexed maximum 
LA volume (Vmax indexed) (43.5 ± 5.6 vs. 28.7 ± 3.7, P < 0.001), but 
significantly lower left atrial strain at reservoir function (LASr) (24 ± 
4 vs. 41 ± 3, P < 0.001), left atrial strain at conduit function (LAScd) 
(-13 ± 2 vs. -24 ± 2, P < 0.001), and left atrial strain at contractile 
function (LASct) (-11 ± 2 vs. -18 ± 1, P < 0.001).

Conclusion: Three-dimensional transthoracic echocardiography 
(TTE) is a feasible method for the assessment of LA remodeling, but 
there is adverse LA remodeling in patients with long-standing non-
obstructive HCM including impaired all LA mechanics and with 
increased septal thickness, there are more diastolic dysfunction and 
more reduction of LA mechanics.
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Introduction

Hypertrophic cardiomyopathy (HCM) is one of the most prev-
alent inherited disorders and a common cause of sudden heart 
death with a frequency of up to one case per 500 populations. 
Aberrant left ventricular hypertrophy (LVH), which is caused 
by an aberrant myocardial fiber array, is the hallmark of HCM 
[1]. Diastolic dysfunction develops and myocardial relaxation 
is compromised as a result of LVH. The most prevalent ar-
rhythmia linked to HCM is atrial fibrillation (AF), which is 
strongly correlated with both left atrial (LA) dilatation and el-
evated left ventricular (LV) pressure that reflected back and 
resulted in increased LA pressure [2].

There are three components of LA function: 1) Blood can 
be accumulated close to the closed mitral valve (MV) during 
(LV) systole because the LA functions as a reservoir during 
this time. 2) The LA has a conduit function during the early 
stages of LV diastole, which causes it to shorten. 3) The LA 
functions as a booster pump in late diastole [1].

Prior studies concluded that HCM is associated with im-
paired LA function [3].

Changes in the size or function of the LA have been linked 
to unfavorable cardiovascular outcomes because of its signifi-
cant role. For instance, an increased risk of AF and stroke is 
linked to LA enlargement [4].

Three-dimensional (3D) echocardiography is more accu-
rate than two-dimensional (2D) echocardiography in the as-
sessment of LA volumes because it avoids errors like geomet-
rical assumptions of LA shape and foreshortening in the 2D 
views [5]. The current study aimed at evaluating the impact of 
HCM on LA functions using 2D and 3D echocardiography, as 
well as the relationships between these functions and diastolic 
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function, pulmonary artery pressure (PAP), and interventricu-
lar septum thickness (IVST).

Materials and Methods

Study design and populations

One hundred and seventy patients (patient group) and 30 
healthy patients (control group) were included in the present 
study. All members of the control group had no chronic illness 
and their age was less than 40 years to eliminate any factors 
affecting LA functions. All patients were known to have non-
obstructive HCM. Diagnosis was done either by genotyping, 
first-degree relative of HCM patients or by cardiac magnetic 
resonance (CMR) and all of them had asymmetrical septal wall 
hypertrophy, referred for follow-up echo-Doppler assessment. 
The study was conducted at the Islamic Center of Cardiology 
and Alzahraa Hospital, Al Azhar University, Egypt. This study 
was ethically approved by Al Azhar University’s Research 
Ethics Committee (2367/14-05-2024). The study protocol 
conformed to the Helsinki Declaration, the ethical norm of the 
World Medical Association for human testing. Data were col-
lected between January 2022 and March 2024.

The current study excluded patients with poor echocar-
diography window and patients with known chronic illness 
that may affect LA functions (such as hypertension, diabetes), 
significant aortic stenosis (AS) or aortic regurgitation (AR), 
and mitral regurgitation (MR) or mitral stenosis (MS). Patients 
with ischemic, pericardial, or congenital heart disease as well 
as those with AF or frequent ectopics were also excluded.

All patients underwent complete history taking, clinical 
examination, and resting 12-lead electrocardiogram.

Transthoracic echo-Doppler scan

A 2.5 multi-frequency 1.7 - 4 MHz transducer (GE Vivid 95 
Ultrasound Machine) was used for the examination, and GE 
Echo pack 204 software was used for the offline analysis of 
the 2D and 3D speckle tracking echocardiography (STE). The 
ensuing information was acquired: 1) Measurement of the fol-
lowing parameters using 2D-guided M-mode: left ventricular 
end-systolic dimension (LVESD) and left ventricular end-dias-
tolic dimension (LVEDD) (mm2), left ventricular ejection frac-
tion (LVEF, %), fractional shortening (%), end-diastolic diam-
eter (mm) of the interventricular septum (IVSD), end-diastolic 
diameter (mm) of the LV posterior wall (LVPWDD), and LA 
dimension (mm). 2) Assessment of the E/A ratio and mitral E 
and A wave velocities (cm/s) using a conventional pulsed wave 
(PW) Doppler. 3) Assessment of MR’s degree and presence 
using a conventional continuous wave Doppler; estimation of 
systolic PAP (mm Hg) using the Bernoulli equation derived 
from the velocity of tricuspid regurgitation (TR). 4) Measure-
ment of S wave velocity, Ea wave velocity, Aa wave velocity, 
and E/Ea ratio using tissue Doppler imaging.

Using 2D STE, apical LV three-chamber images, apical 
four-chamber, two-chamber were recorded at high frame rates 

(range: 59 - 82 frame/s; mean 72 + 6 frame/s) in order to quan-
tify LV longitudinal strain. Three successive cardiac cycles were 
recorded in each plane while the patient was on breath hold, and 
the data were digitally saved on a hard drive for later examina-
tion. PW Doppler echocardiography was used to record the LV 
input and outflow velocities to record the cardiac events timing.

Furthermore, we quantified LA strain using 2D STE. 
Using high frame rate acquisitions of apical four-chamber 
and two-chamber data (range: 59 - 82 frame/s; mean 72 + 6 
frame/s), we determined planar LA strain in the reservoir, con-
duit, and contraction stages.

With 3D transthoracic echocardiography (TTE), an apical 
four-chamber image was captured at high frame rates (up to 
more than 25 frames per second), using a multi-beat modality 
to increase the frame rate as the patient was exhaling, and the 
image was digitally stored on a hard drive for offline use. In the 
reservoir, conduit, and contraction function, we quantified the 
left atrium ejection fraction (LAEF), LA strain, and LV volumes 
(maximum, indexed, minimum, and pre-A LA volumes).

Statistical methods

IBM (SPSS version 28, Armonk, New York, USA) was used for 
data administration and statistical analysis. Using direct data 
visualization techniques and the Shapiro-Wilk test, quantita-
tive data were evaluated for normalcy. The means and standard 
deviations were used to summarize the quantitative data. Num-
bers and percentages were used to summarize the categorical 
data. The independent t-test was utilized to compare quantita-
tive data among the groups under investigation. To compare 
categorical data, the Chi-square test was employed. Pearson’s 
correlation was used for correlation analyses. Each and every 
statistical test has two sides. Significant P values were those 
with a value of less than 0.05.

Results

General characteristics

As shown in Table 1, age was significantly higher in the patient 
group (35 ± 10 years) than in the controls (28 ± 5) (P < 0.001). 

Table 1.  General Characteristics of Studied Groups

Patients (n = 170) Controls (n = 30) P-value
Age (years) 35 ± 10 28 ± 5 < 0.001*
Sex
  Male 90 (52.9) 16 (53.3) 0.782
  Female 80 (47.05) 14 (46.7)
BMI 27.6 ± 1.6 27.2 ± 1 0.201
BSA 1.76 ± 0.09 1.76 ± 0.11 0.910

Data are presented as mean ± SD or number (%). *Significant P-value. 
BMI: body mass index; BSA: body surface area; SD: standard devia-
tion.
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In patient group, 90 were males (52.9%) and 80 were female 
(47.05%). One hundred and forty patients had New York Heart 
Association (NYHA) I and 30 patients had NYHA II. In both 
groups, there were no significant differences regarding sex (P 
= 0.782), body mass index (BMI) (P = 0.201), and body sur-
face area (BSA) (P = 0.910), as shown in Table 1.

2D echo parameters

The mean LVEDD and LVESD were 45 ± 4 and 27 ± 5, respec-
tively. The mean IVSD and interventricular septal diameter in 
systole (IVSS) were 33 ± 7 and 36 ± 6, respectively. The mean 
left ventricular posterior wall diameter in diastole (LVPWDD) 
and left ventricular posterior wall diameter in systole (LVP-
WDS) were 13 ± 1 and 10 ± 1, respectively. Regarding aortic 
root dimension (AORD) and LA dimension, the mean values 
were 26 ± 3 and 43 ± 4, respectively. Regarding pressure gra-
dient (PG), the mean was 10 ± 1 (resting) and 13 ± 2 (with 
Valsalva) as shown in Table 2.

PAP and EF

The patient group demonstrated significantly higher PAP (42 
± 7 mm Hg) than controls (27 ± 4 mm Hg). In contrast, no 
significant difference in EF was detected (P = 0.223) as shown 
in Table 3.

LA mechanics by 3D echo (volumetric and strain indices)

There were significantly higher maximum LA volume (Vmax) 
(80 ± 9 vs. 50 ± 5, P < 0.001), indexed maximum LA volume 

(Vmax indexed) (43.5 ± 5.6 vs. 28.7 ± 3.7, P < 0.001), mini-
mum LA volume (Vmin) (56 ± 10 vs. 30 ± 4, P < 0.001), and 
pre-LA contraction volume (Vpre-A) (69 ± 10 vs. 41 ± 6, P < 
0.001). In contrast, there were significantly lower total LAEF 
(33 ± 5 vs. 45 ± 4, P < 0.001), left atrial strain at reservoir func-
tion (LASr) (24 ± 4 vs. 41 ± 3, P < 0.001), left atrial strain at 
conduit function (LAScd) (-13 ± 2 vs. -24 ± 2, P < 0.001), and 
left atrial strain at contractile function (LASct) (-11 ± 2 vs. -18 
± 1, P < 0.001) as shown in Table 4 and Figure 1.

PW transmitral inflow and tissue Doppler E/e

The peak A wave was significantly lower in patient group (0.58 
± 0.09) than in controls (0.94 ± 0.11) (P < 0.001). In contrast, 
the patients had a significantly higher E/e ratio (17.3 ± 4.3 vs. 
8 ± 1, P < 0.001) as shown in Table 5.

2D STE

The patient group demonstrated significantly lower LV global 
longitudinal strain (LVGLS) (-15 ± 1.4 vs. 22.5 ± 2, P < 0.001), 
peak LA strain at reservoir function (pLASRr) (26 ± 4 vs. 43 
± 3, P < 0.001), peak LA strain at conduit function (pLASRcd) 
(-14 ± 2 vs. -25 ± 2, P < 0.001), and peak LA strain at con-
tractile function (pLASRct) (-12 ± 2 vs. -18 ± 1, P < 0.001) as 
shown in Table 6 and Figures 2 and 3.

Table 2.  2D Echo Doppler Dimensions of Studied Cases

Dimensions
LVEDD 45 ± 4
LVESD 27 ± 5
IVSD 33 ± 7
IVSS 36 ± 6
LVMI (3D echo) 98 ± 8
LVPWDS 13 ± 1
LVPWDD 10 ± 1
AORD 26 ± 3
LA dimension 43 ± 4
PG resting 10 ± 1
PG Valsalva 13 ± 2

Data are presented as mean ± SD. 2D: two-dimensional; 3D: three-
dimensional; LVEDD: left ventricular end-diastolic dimension; LVESD: 
left ventricular end-systolic dimension; IVSD: interventricular septal 
dimeter in diastole; IVSS: interventricular septal dimeter in systole; 
LVMI: LV mass index; LVPWDS: LV posterior wall dimeter in systole; 
LVPWDD: LV posterior wall dimeter in diastole; AROD: aortic root di-
mension; LA: left atrial; PG: pressure gradient; SD: standard deviation.

Table 3.  PAP and EF in Studied Groups

Patients  
(n = 170)

Controls  
(n = 30) P-value

PAP (mm Hg) 42 ± 7 27 ± 4 < 0.001*
EF by Simpsons 66 ± 4 65 ± 4 0.223

Data are presented as mean ± SD. *Significant P-value. PAP: pulmo-
nary artery pressure; EF: ejection fraction; SD: standard deviation.

Table 4.  3D LA Volumetric Indices of Studied Groups

Patients  
(n = 170)

Controls  
(n = 30) P-value

Vmax 80 ± 9 50 ± 5 < 0.001*
Vmax indexed 43.5 ± 5.6 28.7 ± 3.7 < 0.001*
Vmin 56 ± 10 30 ± 4 < 0.001*
Vpre-A 69 ± 10 41 ± 6 < 0.001*
Total LAEF 33 ± 5 45 ± 4 < 0.001*
LASr 24 ± 4 41 ± 3 < 0.001*
LAScd -13 ± 2 -24 ± 2 < 0.001*
LASct -11 ± 2 -18 ± 1 < 0.001*

Data are presented as mean ± SD. *Significant P-values. 3D: three-di-
mensional; LA: left atrial; Vmax: maximum LA volume; Vmax indexed: 
indexed maximum LA volume; Vmin: minimum LA volume; Vpre-A: pre-
LA contraction volume; LAEF: left atrium ejection fraction; LASr: left atrial 
strain at reservoir function; LAScd: left atrial strain at conduit function; 
LASct: left atrial strain at contractile function; SD: standard deviation.
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Correlation between IVSD and other parameters of pa-
tient group

IVSD showed significant positive correlations with E/e ratio 
(r = 0.513, P < 0.001), PAP (r = 0.903, P < 0.001), LVGLS (r 
= 0.754, P < 0.001), Vmax indexed (r = 0.806, P < 0.001), and 
Vmax (r = 0.859, P < 0.001) as shown in Table 7 and Figure 4.

Discussion

By acting as a conduit and promoting LV filling through atrial 
contraction, the LA is a crucial tissue that sits between the LV 
and the pulmonary circulation. Additionally, it protects the 
pulmonary system against recurrent oscillations of LV pres-
sure, which occur when MR occurs.

There are three components of LA function: 1) Blood can 
be accumulated close to the closed MV during (LV) systole 

because the LA functions as a reservoir during this time. 2) 
The LA has a conduit function during the early stages of LV 
diastole, which causes it to shorten. 3) The LA functions as a 
booster pump in late diastole [1].

LA remodeling, demonstrated by increased LA size, im-
paired LA contractility, and interstitial fibrosis causing stiff-
ness and reduced compliance results in increasing incidence 
of AF (up to four times in HCM patients more than general 
population) and also contributes to the development of post 
capillaries pulmonary hypertension related to left side heart 
disease. A combination of post- and pre-capillary pulmonary 
hypertension (CpcPH) results from pulmonary vasculature 
abnormalities such as intimal fibrosis and medial hypertrophy 
resulting in reduced vasodilator response, pulmonary vasocon-
striction, and elevated pulmonary vascular resistance (PVR) 
with subsequent persistent changes in LA pressure [6, 7].

According to current standards, 3D TTE LA volume is 

Table 6.  Speckle Tracking Parameters in Studied Groups

Patients (n = 170) Controls (n = 30) P-value
LVGLS -15 ± 1.4 22.5 ± 2 < 0.001*
pLASRr 26 ± 4 43 ± 3 < 0.001*
pLASRcd -14 ± 2 -25 ± 2 < 0.001*
pLASRct -12 ± 2 -18 ± 1 < 0.001*

Data are presented as mean ± SD. *Significant P-values. LVGLS: LV 
global longitudinal strain; pLASRr: peak LA strain at reservoir function; 
pLASRcd: peak LA strain at conduit function; pLASRct: peak LA strain 
at contractile function; SD: standard deviation.

Figure 1. LA mechanics (volumetric and strain indices) by 3D echo. 3D: three-dimensional; LA: left atrial.

Table 5.  PW Transmitral Inflow and Tissue Doppler E/e’ in 
Studied Groups

Patients (n = 170) Controls (n = 30) P-value
Peak E wave 0.93 ± 0.12 0.96 ± 0.12 0.254
Peak A wave 0.58 ± 0.09 0.94 ± 0.11 < 0.001*
E/e’ ratio 17.3 ± 4.3 8 ± 1 < 0.001*

Data are presented as mean ± SD. *Significant P-values. PW: pulsed 
wave; SD: standard deviation.
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the suggested parameter. The linear antero-posterior LA meas-
urement, which can be derived from the parasternal long-axis 
view using M-mode or 2D TTE, has been the most often re-

ported metric for years. This is because, when the LA enlarges, 
the antero-posterior diameter expects that all of its dimensions 
change in a similar way. However, this is frequently not the 

Figure 2. Global longitudinal strain by 2D speckle tracking echo. 2D: two-dimensional.

Figure 3. LA peak strain at reservoir, conduit and contractile functions by 2D speckle tracking echo. LA: left atrial.
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case during LA remodeling, particularly when the growth is 
eccentric. As a result, the LA size should not be determined 
exclusively by the antero-posterior linear dimension [5].

2D echocardiography and, more accurately 3D echocardi-
ography, have gained large popularity as noninvasive modality 
for assessments of LA size and mechanical function. Since ad-
verse LA remodeling is linked to an increased incidence of AF 
and cardiovascular adverse events, as demonstrated by Yang et 
al’s analysis of 104 HCM patients reporting serious cardiovas-
cular complications and LA enlargement (LAVImax > 34 mL/
m2) as well as greater LVH, and more diastolic dysfunction [8].

Regarding LA volumes measured by 3D TTE, the present 
study showed increased indexed LA maximum volume, pre-A 
LA volume (pre-LA contraction), and LA minimum volume 

compared to control group, and also there were decreased LA 
active emptying fraction and EF% compared to control group. 
These results were similar to those concluded by Shin et al, 
in spite of the small number of his study group [9]. But these 
results were discordant to those concluded by Kim et al, which 
showed increased indexed LA maximum volume and no sta-
tistically difference in LA active emptying fraction between 
patient and control groups [10]. This may be because they used 
2D TTE for evaluation of LA volumes which is less accurate 
than 3D TTE. They also showed older age in their study group 
than the present study, which (older age) per say may affect the 
LA dimension and volumes.

LV filling pressures, LV elastic recoil, LVGLS, and LA 
pumping function are some of the factors that affect different 
components of LA functions. For example, the LA reservoir 
function measures the expansion of LA during systole while 
accounting for the initial volume of the atrium at the begin-
ning of systole. The LA contractile function is directly reli-
ant on the LA systolic function and is influenced by both LA 
systolic function and LA afterload. The LA conduit function 
measures the change in LA volume during early diastole and is 
influenced by LV early diastolic recoil as indicated by mitral 
annulus e’ velocity [11].

The present study showed reduced LVGLS either by 2D 
TTE or 3D TTE, concordant with the results of Shin et al [9] 
and Kim et al [10].

By using 3D STE, the present study showed marked re-
duction in the LA strain during reservoir function and this is 
because in HCM there are marked reduction in LV elastic re-
coil and reduction in LVGLS and this result was concordant 

Figure 4. Correlation between IVSD and (a) E/e, (b) PAP, (c) LVGLS, (d) Vmax indexed, and (e) Vmax. IVSD: interventricular 
septal dimeter in diastole; LVGLS: LV global longitudinal strain; PAP: pulmonary artery pressure; Vmax: maximum LA volume; 
Vmax indexed: indexed maximum LA volume.

Table 7.  Correlation Between IVSD and Other Parameters

IVSD
r P

E/e ratio 0.513 < 0.001*
PAP 0.903 < 0.001*
LVGLS -0.754 < 0.001*
Vmax indexed 0.806 < 0.001*
Vmax 0.859 < 0.001*

r: correlation coefficient. *Significant P-values. IVSD: interventricular 
septal dimeter in diastole; LVGLS: LV global longitudinal strain; PAP: 
pulmonary artery pressure; Vmax: maximum LA volume; Vmax in-
dexed: indexed maximum LA volume.
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with that concluded by Yang et al [3], which showed marked 
reduction in LA strain during reservoir function of LA in non-
obstructive HCM. Also there was a marked reduction in LA 
strain during conduit function in the present study and this is 
due to marked reduction of mitral annular velocity in HCM 
and this result was similar to that conducted by Yang et al [3].

Also in our study, there was a marked reduction in LA 
strain during contractile function in patient group in compari-
son to control group due to increased LA afterload in HCM 
patients, concordant with that conducted by Shin et al [9] and 
discordant with that conducted by Yang et al [3] and Kim et 
al [10] that showed booster pump function of LA in the non-
obstructive HCM patients was not significantly different than 
normal controls, and this may be due to the difference in the pa-
tient group between our study and their studies. Patient group in 
our study had more septal thickness and higher LV mass index 
(LVMI), and all of these parameters indicate higher LA after-
load than their patient population that leads to impaired pump 
function after time. Another explanation to the impaired LA 
strain during LA contraction is direct involvement of atrial car-
diomyocytes in sarcomeric disease and this result was similar 
to that conducted by Ramos et al [12] that concluded impaired 
LA strain in all components of LA function including contrac-
tile function in HCM patients more than hypertensive patients 
even in absence of diastolic function or LA dilatation.

There was a positive correlation between interventricular 
septal wall thickness and the ratio between peak MV inflow 
velocity/MV annular velocity (E/e’ ratio), and this is due to 
more septal thickness associated with marked reduction of 
MV annular motion and less LV elastic recoil. This results in 
more diastolic dysfunction, more increase in LA pressure and 
more congestive symptoms and this explains that most patients 
in the study group had NYHA III despite of apparent normal 
LVEF and no significant MR, concordant with that concluded 
by Aggul et al [13] that showed positive correlations between 
the development of pulmonary edema in HCM with reduced 
LA reservoir strain and increased LVMI.

Also there was a positive correlation between interven-
tricular septal wall thickness and the development of pulmo-
nary hypertension and this is due to the increase in LA pressure 
due to development of diastolic dysfunction plus marked im-
pairment of LA reservoir, conduit and pump functions reflect-
ed to increase pulmonary venous congestion and development 
of post capillary pulmonary hypertension.

Conclusion

3D TTE is a feasible method for the assessment of LA remod-
eling. There are adverse LA remodeling in patients with long-
standing non-obstructive HCM including impaired all LA 
mechanics and with increased septal thickness, there are more 
diastolic dysfunction and more reduction of LA mechanics.

Limitation

Despite the feasibility of 3D TTE in the assessment of LA re-

modeling, absence of the gold standard method for the assess-
ment of LA remodeling (CMR) is one of the major limitations 
in this study. Another recommendation in future researches is 
to detect the incidence and the correlations of AF and the se-
verity of LA dysfunction.
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