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Abstract. Background: Atrial septal defect (ASD) is a common congenital heart defect (CHD) in children. 
Evaluating right ventricular (RV) function is essential to understand the impact of ASD and its treatment. 
Speckle tracking echocardiography (STE) provides a reliable, non-invasive method for detailed RV function 
assessment. Aims: This study aimed to assess RV function in children with ASD before and after transcath-
eter device closure using STE. Methods: A case-control study was conducted in the catheterization lab at 
Smouha Children’s Hospital, University of Alexandria, Egypt. It included 50 children under 18 years with 
ostium secundum ASD undergoing transcatheter device closure and 50 age-matched controls. Transthoracic 
echocardiography evaluated RV function through parameters such as RV fractional area change (FAC), myo-
cardial performance index (MPI or Tei index), annular pulsed tissue Doppler imaging (TDI), and tricuspid 
annular plane systolic excursion (TAPSE). Right ventricular free wall strain (RVFW strain) was measured 
offline using 2D STE software (TomTec). Results: Significant improvement in RVFW strain was observed 
following ASD closure, with progressive enhancement at one- and three-months post-procedure. Parameters 
such as TAPSE, FAC, and RV MPI also showed improvement, indicating recovery of RV systolic function. 
Conclusion: ASD is associated with reduced RV contractility and myocardial deformation, primarily due to 
volume overload. Following transcatheter device closure, RV function improved significantly over time. STE 
is an effective tool for detecting global and regional myocardial dysfunction and monitoring functional recov-
ery after ASD closure. (www.actabiomedica.it)
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Background

Atrial septal defect (ASD) is among the most 
common congenital heart defects (CHD) in children 
(1), often presenting as an isolated defect or in com-
bination with other congenital cardiac abnormalities 
(2). Most isolated ASDs are asymptomatic during 
childhood and adolescence, with even large ASDs 
sometimes remaining undetected until adulthood (3). 
In rare cases, infants with large ASDs may present 
with symptoms such as heart failure, tachypnea, recur-
rent respiratory infections, or failure to thrive (4). The 

echocardiographic evaluation of right ventricular (RV) 
function employs various parameters. Visual inspec-
tion, or “eyeballing,” is the simplest and most commonly 
used method. However, studies have demonstrated that 
relying solely on visual assessment is insufficient for an 
accurate evaluation of RV function, and its applicabil-
ity in different clinical settings remains unclear (5,6). 
Current guidelines recommend supplementing visual 
assessment with at least one quantitative echocardio-
graphic measure (7). Established parameters include 
tricuspid annular plane systolic excursion (TAPSE), 
tissue Doppler imaging (TDI), fractional area change 
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(FAC), myocardial performance index (MPI), and 
longitudinal strain assessed via speckle tracking echo-
cardiography (STE) (7,8). Myocardial strain, defined 
as the percentage change in the myocardium’s shape 
relative to its original form, offers valuable insights 
into RV function. Using STE, RV longitudinal strain 
(RVLS) can be quantified, specifically focusing on RV 
free-wall longitudinal strain (FWLS) and RV global 
longitudinal strain (GLS) from the apical RV-focused 
four-chamber view (9). Unlike left ventricular func-
tion, RV function is characterized by distinct mechan-
ics, including greater free tricuspid annular motion 
toward the apex, higher longitudinal regional veloci-
ties, and reduced circumferential shortening velocities 
(7,10). Although techniques such as TDI have been 
extensively used to evaluate RV function post-ASD 
device closure, studies employing STE for this purpose 
remain limited (11,12). This study aims to address this 
gap by assessing the short-term effects of transcatheter 
device closure of ASDs on RV function in children 
using STE.

Methods

Study design and sample size

This prospective case-control study was con-
ducted in the catheterization lab unit at Smouha 
Children’s Hospital, University of Alexandria, Egypt. 
The study included 50 patients with ostium secundum 
atrial septal defects (ASDs) undergoing transcatheter 
device closure and 50 age- and sex-matched controls. 
The sample size was determined to achieve a statisti-
cal power of 80% at a 95% confidence level (α = 0.05). 
The statistical analysis indicated that this sample size 
was sufficient to detect significant differences in the 
primary outcomes.

Patient selection

The study included 100 participants selected 
according to predefined inclusion and exclusion 
criteria. Ethical approval was obtained from the Alex-
andria University Ethical Committee (Serial Number: 
0201787, IRB No: 00012098, FWA No: 00018699, 

Year: 2022). Informed consent was obtained from the 
parents or legal guardians of all participating children 
prior to the start of the study, in accordance with the 
principles of the Declaration of Helsinki and its later 
amendments in 2020.

Inclusion criteria

Children under 18 years of age with hemody-
namically significant ostium secundum ASDs eligi-
ble for device closure. Presenting symptoms included 
decreased exercise tolerance, easy fatigability, palpita-
tions, recurrent chest infections, failure to thrive, syn-
cope, and right ventricular (RV) volume overload or 
dilatation. Adequate surrounding rim of ≥5 mm from 
the mitral valve, right upper pulmonary vein, coronary 
sinus, tricuspid valve, inferior vena cava, and supe-
rior vena cava was required for ASD device closure 
(13-15). Percutaneous closure was allowed in cases 
with deficient or absent aortic rim (<5 mm), provided 
the remaining rims were adequate.

Exclusion criteria

Children with other congenital heart defects, si-
nus venosus ASDs, primum ASDs, coronary sinus de-
fects, or atrioventricular rim <5 mm, and patients with 
severe pulmonary hypertension.

Echocardiographic assessment

All participants underwent transthoracic echo-
cardiography (TTE) performed by an experienced 
echocardiographer using the Philips EPIQ 7 C system 
with an X5-1 probe (Philips Medical Systems, Ando-
ver, MA, USA). Echocardiographic evaluations were 
conducted before, during, and after transcatheter ASD 
closure to assess RV function.

Conventional two-dimensional echocardiography 
(2D TTE)

ASD size, surrounding rims, and associated con-
genital heart anomalies were evaluated. RV and left 
ventricular (LV) diameters were measured in the apical 
four-chamber view. The RV/LV ratio was determined 
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from the parasternal short-axis view at the papillary 
muscle level.

RV fractional area change (FAC)

FAC was calculated as (RVEDA−RVESA)/
RVEDA(RVEDA - RVESA) / RVEDA (RVEDA− 
RVESA)/RVEDA, where RVEDA is the end-diastolic 
area and RVESA is the end-systolic area.

Tissue Doppler Imaging (TDI)

Annular pulsed TDI was performed to measure 
the myocardial performance index (MPI or Tei index).

Speckle tracking echocardiography (STE)

A frame rate of 80–100 frames per second was main-
tained. Three continuous cardiac cycles were recorded, 
and images with the clearest myocardial wall delineation 
were selected for analysis. The two-dimensional speckle 
tracking offline analysis software from TomTec was 
used to assess RV strain. Automated RV strain analysis 
tracked the endocardial borders, generating RV longi-
tudinal strain curves for apical, mid, and basal free wall 
segments. The software provided average strain values, 
referred to as global longitudinal strain (GLS), to evalu-
ate overall RV function (16).

Validation of speckle tracking analysis

The validity of the analysis was confirmed through 
visual inspection of the tracking quality and the soft-
ware’s automated outputs. RV longitudinal strain pa-
rameters, including RV free-wall longitudinal strain 
(FWLS) and GLS, were used to evaluate global and 
regional RV function. This revised methods section 
ensures clarity, coherence, and technical accuracy while 
maintaining readability and a professional tone.

Intervention phase

The atrial septal defect (ASD) closures were per-
formed using a percutaneous transcatheter approach 
with devices such as the Amplatzer Septal Occluder, 
Occlutech Septal Occluder, or Lifetech Cera ASD 

Occluder. All procedures were conducted under gen-
eral anesthesia with guidance from fluoroscopy and 
transthoracic echocardiography (TTE). In cases were 
suboptimal echo images were obtained, transesopha-
geal echocardiography (TEE) was used to enhance 
visualization of the ASD rims and aid in device place-
ment. The maximum ASD diameter was measured 
from various views during 2D TTE and 2D TEE. The 
device size was determined by adding 2–6 mm to the 
largest measured diameter. Post-procedure care was 
provided in the post-catheter intermediate care unit 
at Smouha Children’s Hospital. Follow-up included: 
(a) Electrocardiogram (ECG) and chest X-rays 
(postero-anterior and lateral views) to confirm device 
positioning, (b) Echocardiographic evaluation one day 
post-procedure (17).

Prescription of oral acetyl salicylic acid 5 mg/
kg/day for six months to prevent thromboembolic 
complications.

Statistical analysis

Data analysis was performed using IBM SPSS 
software (version 20.0; IBM Corp., Armonk, NY). 
Qualitative variables were presented as frequencies and 
percentages. Quantitative data were assessed for nor-
mality using the Shapiro-Wilk test and described us-
ing appropriate measures, including range (minimum 
and maximum), mean and standard deviation, median 
and interquartile range (IQR). A P value < 0.05 was 
considered statistically significant.

Results

As detailed in Table 1, the study population 
comprised 50 pediatric patients who underwent tran-
scatheter ASD closure (46% male, 54% female) and 
50 control subjects (60% male, 40% female). The ages 
of ASD patients ranged from 2 to 16 years (mean: 
5.42 years, range: 3.0–7.0 years), while the ages of the 
control group spanned 3 to 13 years (median: 5.46 
years, range: 3.67–7.0 years). The weight of ASD pa-
tients ranged from 10 to 45 kg (median: 18.5 kg, range: 
14.0–26.0 kg), compared to the control group’s weight 
of 10 to 35 kg (median: 19.5 kg, range: 16.0–22.0 kg).
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Table 1. Comparison between the ASD cases group and control group according to demographic data and echocardiographic param-
eters. Data are presented as mean ± standard deviation (SD) or median (interquartile range, IQR) as appropriate.

Parameter Cases (n=50) Controls (n=50) P-value

TAPSE (cm) 1.62 ± 0.24 1.94 ± 0.12 < 0.001

RV/LV Ratio 0.79 ± 0.18 0.44 ± 0.03 < 0.001

FAC (%) 25.24 ± 5.03 40.28 ± 1.90 < 0.001

RV MPI 0.54 ± 0.06 0.29 ± 0.02 < 0.001

RVFW Strain (%) 21.0 (18.20 – 24.30) 32.0 (29.50 – 33.0) < 0.001

Apical Free Wall Strain (%) 17.78 ± 3.85 24.18 ± 2.04 < 0.001

Mid Free Wall Strain (%) 22.34 ± 5.36 30.23 ± 4.38 < 0.001

Basal Free Wall Strain (%) 26.07 ± 5.28 38.0 ± 4.51 < 0.001

RVGLS (%) 19.69 ± 4.13 28.76 ± 0.91 < 0.001

Abbreviations: TAPSE = Tricuspid Annular Peak Systolic Excursion; RVFW = Right Ventricular Free Wall; RVGLS = Right Ventricular Global 
Longitudinal Strain; Bold P-values indicate statistical significance.

Table 2. Distribution of the ASD cases according to device data 
and procedure characteristics. 

Parameters No. (%)

Device type

Amplatzer 41 (82.0%)

Life tech 6 (12.0%)

Occlutech 3 (6.0%)

Device size

Min. – Max. 10.0 – 38.0

Mean ± SD. 18.26 ± 6.88

Device/ASD size

Min. – Max. 1.0 – 1.50

Mean ± SD. 1.16 ± 0.11

Device/weight

Min. – Max. 0.33 – 2.10

Mean ± SD. 0.97 ± 0.38

Procedure time (min)

Min. – Max. 24.0 – 38.0

Mean ± SD. 29.02 ± 3.25

Fluoroscopy time (min)

Min. – Max. 4.0 – 8.60

Mean ± SD. 6.16 ± 1.11

Abbreviations: SD: Standard deviation.

Pre-closure comparisons between ASD patients 
and controls revealed significant differences in echo-
cardiographic parameters. Tricuspid annular plane 
systolic excursion (TAPSE) was significantly lower in 

ASD patients than in controls (P: <0.001). The right 
ventricular to left ventricular (RV/LV) ratio was sig-
nificantly higher in ASD patients (P: <0.001) indicat-
ing RV enlargement. Additionally, RV fractional area 
change (FAC) was markedly reduced in ASD patients 
compared to controls (P: <0.001). RV myocardial per-
formance index (MPI) was significantly elevated in the 
ASD group (P: <0.001) reflecting impaired RV func-
tion. Similarly, strain parameters derived from speckle 
tracking echocardiography (STE), including RV free-
wall longitudinal strain (RVFW strain), apical RVFW 
strain, mid RVFW strain, basal RVFW strain, and 
RV global longitudinal strain (RVGLS), were signifi-
cantly lower in ASD patients compared to controls  
(P: <0.001). These findings underscore the adverse im-
pact of ASD on RV function and highlight the utility 
of both conventional and advanced echocardiographic 
measures in assessing myocardial performance in this 
population. Table 2 shows type of ASD device and its 
size and its relation to patient weight with the mean 
device size: 18.26± 6.88, mean device size to ASD 
size ratio: 1.16± 0.11 and mean device size to patient 
weight ratio: 0.97 ±0.38.

As reported in Table 3, while there was a notable 
improvement in RVMPI following the closure of the 
ASD device, the ASD group displayed significantly 
higher levels three months post-closure in compari-
son to the control group (P: < 0.001). Furthermore, 
three months after closure, the ASD group exhibited 
considerably lower RVFW longitudinal strain, apical 
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Table 3. Comparison between ASD cases 3 months after device closure and control group regarding echocardiographic parameters. 
Data are presented as mean ± standard deviation (SD) or median (interquartile range, IQR) as appropriate.

Parameter Cases (n = 50) Controls (n = 50) P-value

TAPSE (cm) < 0.001

Min – Max 1.67 – 2.50 1.80 – 2.30

Mean ± SD 2.05 ± 0.17 1.94 ± 0.12

RV/LV Ratio < 0.001

Min – Max 0.37 – 0.62 0.38 – 0.49

Mean ± SD 0.48 ± 0.06 0.44 ± 0.03

FAC (%) < 0.001

Min – Max 35.0 – 58.0 37.0 – 43.0

Mean ± SD 44.38 ± 5.77 40.28 ± 1.90

RV MPI < 0.001

Min – Max 0.29 – 0.50 0.25 – 0.32

Mean ± SD 0.40 ± 0.05 0.29 ± 0.02

RVFW Strain (%) < 0.001

Min – Max 23.50 – 39.20 28.30 – 38.20

Median (IQR) 28.6 (26.5 – 32.2) 32.0 (29.5 – 33.0)

Apical Free Wall Strain (%) 0.027

Min – Max 15.60 – 30.40 20.80 – 29.20

Mean ± SD 22.83 ± 3.70 24.18 ± 2.04

Mid Free Wall Strain (%) 0.496

Min – Max 21.30 – 39.50 26.0 – 43.50

Mean ± SD 29.60 ± 4.86 30.23 ± 4.38

Basal Free Wall Strain (%) 0.140

Min – Max 24.70 – 47.10 31.0 – 48.0

Mean ± SD 36.54 ± 5.26 38.0 ± 4.51

RVGLS (%) < 0.001

Min – Max 20.0 – 38.80 27.0 – 31.30

Mean ± SD 26.85 ± 3.30 28.76 ± 0.91

Abbreviations: TAPSE =Tricuspid annular peak systolic excursion; RV/LV ratio = right ventricle/left ventricle ratio; RVFW strain = right ventricular 
free wall strain; RVGLS = right ventricular Global longitudinal strain; Bolded P-values clearly mark statistical significance.

RVFW strain, and RVGLS when compared to the 
control group (P: < 0.001).

In a study comparing various timeframes before 
and after the closure of the ASD device regarding the 
dimensions of the right atrium’s long and short axes, as 
shown in Table 4, there was a significant reduction in 
the long axis width of the right atrium from before the 
ASD device closure to day 1 following the procedure 
(P: < 0.001), one month post-closure (P: < 0.001), and 
three months post-closure (P: < 0.001). Additionally, 

the long axis diameter of the right atrium also expe-
rienced a significant decrease from pre-ASD device 
closure to day 1 after the procedure (P: < 0.001), one 
month later (p < 0.001), and three months after the 
closure (P: < 0.001). Table 4 presents a comparison of 
the various assessed time points before and after the 
ASD device closure regarding the long and short axis 
diameters of the RV. There was a marked reduction 
in the long axis diameter of the RV from the pre-
ASD device closure measurement to day 1 following 
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pre-closure values to 1 day, 1 month, and 3 months 
post-closure. The reductions were statistically signifi-
cant across all time points (P:< 0.001). The greatest 
reductions were observed at 3 months post-closure, 
indicating progressive improvement over time. Based 
on data recorded in Table 5, the comparison between 
the different studied periods before and after ASD de-
vice closure regarding TAPSE (n = 50) revealed that 
there was significantly higher TAPSE over time from 

the closure (P: < 0.001), as well as at one month (P: < 
0.001) and three months (P: < 0.001) after the ASD 
device closure. Additionally, the long axis diameter of 
the RV showed a significant decrease from pre-ASD 
device closure to day 1 post-closure (P: < 0.001), one 
month after the procedure (P: < 0.001), and three 
months post-closure (P: < 0.001).

All measured parameters (RA and RV long and 
short axis diameters) decreased significantly from 

Table 4. Comparison of right atrium (RA) and right ventricle (RV) axis diameters before and after ASD device closure.

Parameter
Pre

(mean ± SD)
1 day

(mean ± SD)
1 month

(mean ± SD)
3 months

(mean ± SD) P-value

RA Long Axis Diameter (cm) 3.37 ± 0.34 3.17 ± 0.34 3.03 ± 0.37 2.89 ± 0.39 < 0.001

RA Short Axis Diameter (cm) 2.89 ± 0.31 2.69 ± 0.32 2.54 ± 0.31 2.40 ± 0.30 < 0.001

RV Long Axis Diameter (cm) 4.41 ± 0.47 4.22 ± 0.45 4.07 ± 0.43 3.96 ± 0.42 < 0.001

RV Short Axis Diameter (cm) 2.99 ± 0.29 2.80 ± 0.26 2.64 ± 0.26 2.52 ± 0.25 < 0.001

Table 5. Comparison of TAPSE, FAC and RVMPI before and after ASD device closure.

Parameter Pre 1 day 1 month 3 months P-value

TAPSE (cm)

Min – Max 1.20-2.30 1.20 – 1.90 1.50 – 2.30 1.67 – 2.50 < 0.001

Mean ± SD 1.62 ± 0.24 1.48 ± 0.20 1.88 ± 0.20 2.05 ± 0.17

P0 - 0.001 <0.001 <0.001

Significance between periods P1: < 0.001
P2:< 0.001
P3: < 0.001

FAC (%)

Min – Max 17.0 – 35.0 21.0 – 42.0 24.0 – 49.0 35.0 – 58.0 < 0.001

Mean ± SD 25.24 ± 5.03 32.02 ± 4.83 38.64±5.15 44.38 ± 5.77

P0 - <0.001 <0.001 <0.001

Significance between periods P1: < 0.001
P2:< 0.001
P3: < 0.001

RVMPI

Min – Max 0.42 – 0.69 0.46– 0.72 0.31 – 0.58 0.29 – 0.50 <0.001

Mean ± SD 0.54 ± 0.06 0.58 ± 0.06 0.47 ± 0.06 0.40 ± 0.05

P0 - <0.001 <0.001 <0.001

Significance between periods P1: < 0.001
P2: < 0.001
P3: < 0.001

Abbreviations: P0: Significance of comparison to pre-closure values; P1: Comparison between pre-closure and 1 day post-closure; P2: Comparison 
between pre-closure and 1 month post-closure; P3: Comparison between pre-closure and 3 months post-closure; TAPSE=Tricuspid annular peak 
systolic excursion; FAC= fractional area change; RV MPI= right ventricular myocardial performance index.
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on RV function, followed by robust recovery over time. 
RV strain parameters (free-wall, apical, mid, and basal) 
showed a transient decrease immediately after ASD 
device closure on day 1. However, significant recov-
ery and progressive improvement were observed at 1 
month and continued at 3 months post-closure. This 
suggests an initial impact on RV function, followed by 
robust recovery over time.

Figures 1, 2 and 3 illustrate the progressive 
changes in right ventricular (RV) global and segmen-
tal strain measured by 2D speckle tracking echocar-
diography before and after atrial septal defect (ASD) 
device closure.

Discussion

In this study, we observed a significant reduc-
tion in right atrial and ventricular dimensions starting 
24  hours post-transcatheter ASD closure, with pro-
gressive improvements noted over three months. These 
findings are consistent with prior studies (18-20). 
Pascotto et al. (20) also documented reductions in RV 
dimensions following ASD device closure due to de-
creased RV overload and dilation. Veldtman et al. (21) 
observed RV dimensional improvement within one 
month, while Ozturk et al. (22) and Yilmazer et  al. 
(23) similarly reported reductions in RV size post-
closure. Improvements in TAPSE at one- and three-
months post-closure align with the observations of 
Vaidya et al. (24), indicating enhanced RV contractil-
ity and systolic function. These findings underscore the 
restoration of RV function following ASD closure and 
its positive impact on RV performance. The reduced 

before ASD device closure to 24 hours after ASD de-
vice closure (P: <0.001) to one month after ASD de-
vice closure (P: <0.001) to 3 months after ASD device 
closure (P: < 0.001). Table 5 confirmed that there was 
significantly lower RV MPI over time from pre-ASD 
device closure to 1-month post-ASD device closure 
(P: <0.001) to 3 months after ASD device closure (P: 
<0.001). There was a significantly higher RV MPI 24 
hours post-ASD device closure compared to pre-ASD 
device closure (P: <0.001) with the mean decrease from 
pre-device closure to 3 months’ post-closure being 0.13 
± 0.06. As clarified in Table 5, there was significantly 
lower RV MPI over time from pre-ASD device clo-
sure to 1-month post ASD device closure (P: <0.001) 
to 3 months after ASD device closure (p<0.001). There 
was a significantly higher RV MPI Day 1 post ASD 
device closure compared to pre-ASD device closure 
(P: <0.001) with the mean decrease from pre device 
closure to 3 months’ post closure is (0.13 ± 0.06).

Table 6 demonstrates significant changes in 
speckle tracking echocardiography (STE) parameters 
over time before and after ASD device closure (n = 
50). RV strain parameters (free-wall, apical, mid, and 
basal) showed a transient decrease immediately after 
ASD device closure on day 1. However, significant re-
covery and progressive improvement were observed at 
1 month and continued at 3 months post-closure. This 
suggests an initial impact on RV function, followed 
by robust recovery over time. RV strain parameters 
(free-wall, apical, mid, and basal) showed a transient 
decrease immediately after ASD device closure on day 
1. However, significant recovery and progressive im-
provement were observed at 1 month and continued at 
3 months post-closure. This suggests an initial impact 

Table 6. Comparison of RV speckle tracking echocardiography parameters before and after ASD device closure.

Parameter
Before ASD closure 

 (Mean ± SD)
3 months after closure  

(Mean ± SD)
Significance  

(P-value)

RV free-wall strain (%) 21.60 ± 4.18 29.53 ± 3.93 < 0.001

Apical free-wall strain (%) 17.78 ± 3.85 22.83 ± 3.70 < 0.001

Mid free-wall strain (%) 22.34 ± 5.36 29.60 ± 4.86 < 0.001

Basal free-wall strain (%) 26.07 ± 5.28 36.54 ± 5.26 < 0.001

RV GLS (%) 19.69 ± 4.13 26.85 ± 3.30 < 0.001

Abbreviations: RV GLS: right ventricular global longitudinal strain.
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Figure 1. Shows RV global and segmental strain using 2D speckle tracking echocardiography before ASD device closure with right 
ventricular free wall longitudinal strain (RVFWSL)= 25.6%, right ventricular four chamber longitudinal strain (RV4CSL)=-21.3% , 
apical free wall longitudinal strain=-15.4%, mid-wall free wall longitudinal strain=-24.3%, basal free wall longitudinal strain=-35.9%.

TAPSE in ASD patients before closure compared to 
controls, as observed in our study, is consistent with 
Wang et al. (25), reflecting impaired RV systolic func-
tion due to volume overload. On the contrary, Balc et 
al. (26) reported unchanged TAPSE over follow-up, 
possibly due to residual RV impact in adults under-
going closure. Our findings of RV remodeling, in-
cluding significant reductions in RV dimensions and 
MPI post-closure, align with results of Du et al. (19) 
and O’Byrne et al. (27). The improvements reflect fa-
vorable structural reverse remodeling and normaliza-
tion of RV geometry due to reduced volume overload. 
Other studies similarly demonstrated maladaptive RV 
remodeling in pediatric ASD patients’ pre-closure, 
followed by reverse remodeling post-closure (28-30). 
Elevated RV MPI in pre-closure ASD patients in our 
study aligns with Xu et al. (28), indicating impaired 
global RV function. Acute increases in MPI 24 hours 
post-closure may reflect transient changes in RV 
hemodynamics, while significant improvement at one 

and three months aligns with findings by Ding et al. 
(31) and Dhillon et al. (32).

RV Free-Wall Strain (RVFWLS) was signifi-
cantly reduced in ASD patients before closure com-
pared to controls, consistent with the other reports 
(33,34). Acute reductions in RVFWLS 24 hours 
post-closure, as observed in our study and others  
(28, 35), may result from sudden changes in RV hemo-
dynamics. The gradual improvement in RVFWLS over 
three months reflects RV functional recovery, in line 
with Ghaderian et al. (36). Segmental RV Free-Wall 
Longitudinal Strain (FWLS) showed significantly im-
paired apical, mid, and basal strain in ASD patients 
pre-closure, with gradual improvement post-closure. 
These findings align with studies by Eroglu et al. (30) 
and Ko et al. (33). However, at three months, mid and 
basal FWLS normalized, while apical FWLS and 
global RV strain (RVGLS) remained impaired, con-
sistent with Ghaderian et al. (36) and Ebaid et al. (37) 
studies. RVGLS, reduced in ASD patients pre-closure, 
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Figure 2. Shows improvement of RV global and segmental strain using 2D speckle tracking echocardiography 1-month after ASD 
device closure compared to before ASD closure with right ventricular free wall longitudinal strain (RVFWSL)=-28.7% , right ven-
tricular four chamber longitudinal strain (RV4CSL)=-25.7%, apical free wall longitudinal strain=-16%, mid-wall free wall longitudi-
nal strain=-31.9%, basal free wall longitudinal strain=-38.9%.

improved significantly post-closure over time. The 
transient decline in RVGLS 24 hours post-closure, as 
noted by Xu et al. (28) and Saedi et al. (38), may be 
due to acute hemodynamic changes. The subsequent 
recovery aligns with findings by Castaldi et al. (39) and 
Ozturk et al. (22). Despite improvements in RV strain 
parameters, RVFWLS and RVGLS did not fully nor-
malize at three months post-closure, highlighting the 
need for longer follow-up. STE proves essential for de-
tecting subtle myocardial dysfunction and assessing re-
verse remodeling, as demonstrated by Agha et al. (34). 
Substantially, our study adds the following findings:

1.	 A progressive improvement in RV global and 
segmental strain over time after closure.

2.	 Basal and mid-wall longitudinal strain of the 
RV returned to normal three months after 
ASD closure, whereas RV free-wall longitu-
dinal strain (RVFWLS), apical RVFW strain, 

and global longitudinal strain (RVGLS) re-
mained impaired at three months post-closure.

3.	 Continued assessment of RV STE parameters 
after ASD closure is recommended until normal-
ization of all global and segmental RV functions.

Study limitations

This study focused on short-term follow-up of RV 
function after ASD device closure. Future studies with 
mid- and long-term follow-up are needed to evaluate 
the full extent of reverse remodeling and functional 
normalization.

Conclusion

Speckle tracking echocardiography (STE) effec-
tively detects improvements in global and segmental 
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