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Abstract

Background Transcatheter device closure is the method of choice for the closure of secundum atrial septal defects
(ASD) with appropriate anatomic characteristics, leading to symptomatic relief, increased survival rates, cardiac
remodeling, and improved cardiac function.

Objective Assessing the impact of transcatheter ASD closure on echocardiographic indices and comparing them
between individuals younger and older than 50.

Method In this retrospective cohort study, 240 patients with isolated secundum ASD and complete documentation
and follow-up data who underwent transcatheter device closure between 2015 and 2019 were included.
Demographic, peri-procedural, and echocardiographic findings were compared before and after the procedure and
among two age groups.

Results A total of 240 patients (68% female, 44% younger than 50) with a median age of 51 underwent transcatheter
ASD closure. ASD closure led to a significant decline in the size of four cardiac chambers and systolic pulmonary
arterial pressure (SPAP), in addition to a significant improvement in biventricular systolic function, LV diastolic function,
and valvular insufficiencies. Although patients aged 50 and older had worse LV diastolic and RV systolic function, in
addition to larger RV size and bi-atrial dimensions at the baseline, the extent of improvement of these parameters
among them was significantly more pronounced than those younger than 50. There were no significant differences in
the extent of the decline in SPAP between the two groups.

Conclusion Transcatheter ASD device closure is a beneficial procedure with high success rates and low complication
rates among older individuals, eventually leading to improvements in cardiac form and function.

Keywords Heart Defects, Congenital, Heart Septal Defects, Atrial, Aged, Transcatheter device closure,
Echocardiography
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Background

Atrial septal defect (ASD), with an estimated prevalence
of 0.88 per 1000 adults, is the most common congenital
heart disease (CHD) diagnosed in adulthood, account-
ing for 25-30% of adult-onset heart diseases [1, 2]. The
majority of patients may remain asymptomatic until their
second to fourth decades of life and present in adulthood
with fatigue, exertional dyspnea, and palpitations that
worsen as the age advances [3]. Delayed diagnosis and
untreated lesions may lead to the development of ASD
complications, including atrial arrhythmias (atrial flut-
ter and atrial fibrillation), paradoxical emboli, and cere-
bral abscesses. A continuous left-to-right shunt may also
lead to right ventricular (RV) volume overload and sub-
sequent RV failure, accompanied by pulmonary vascular
remodeling and pulmonary hypertension (PH), which
can reverse the shunt direction and lead to Eisenmenger
syndrome [4].

ASDs with evidence of right ventricular volume over-
load and no pulmonary arterial hypertension or left ven-
tricular (LV) disease are indicated for closure [5]. ASD
closure can be performed surgically or through a trans-
catheter approach. Transcatheter device closure, first
introduced by King and colleagues in 1974, is consid-
ered the method of choice for the closure of secundum
ASDs with appropriate anatomic characteristics [6, 7].
It is a safe and efficient method with similar efficacy and
mortality rates to surgical closure, in addition to lower
complication rates, shorter hospital stays, and a faster
recovery period [8, 9]. Defect closure leads to symptom-
atic relief, improved functional class, exercise capac-
ity, quality of life, and increased survival rates in all age
groups [10, 11, 12]. It is also associated with right and
left cardiac remodeling that appears as reductions in left
atrial and right heart volumes, improvements in left and
right ventricular function, and increases in left ventricu-
lar filling [6, 13].

Since the extent of cardiac remodeling decreases and
patient morbidity increases as the age at the time of clo-
sure advances, and the 5-year re-intervention rate is also
higher in the transcatheter approach compared to the
surgery, there is an ongoing debate regarding the indi-
cations of ASD closure in older patients, especially in
asymptomatic or mildly symptomatic individuals and
those with normal pulmonary pressure [14], and the
main question is whether they would benefit from defect
closure or not [6, 9]. Recent studies have not yet found
a definitive answer to this question. In the current study,
we aimed to evaluate the effect of transcatheter ASD clo-
sure on cardiac remodeling and improvement of echocar-
diographic indices in ASD patients older than 50 years
old and to compare our findings with patients younger
than 50.
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Material and method

Study design and population

In this retrospective cohort study, all adult patients with
isolated secundum ASD who were indicated for defect
closure and underwent transcatheter device closure
between April 2015 and March 2019 at Rajaie Cardio-
vascular Medical and Research Center, the largest ter-
tiary care center for cardiovascular disorders in Tehran,
Iran, were considered eligible. Patients were divided into
two groups based on age: Group 1 consisted of patients
younger than 50, and Group 2 consisted of those aged 50
and above.

Indications of defect closure included the presence of
a left-to-right shunt, RA, and/or RV enlargement with
pulmonary to systemic blood flow ratio (Q,/Q)>1.5:1
or platypnea-orthodeoxia resulting from ASD. Before the
procedure, each patient underwent transthoracic echo-
cardiography (TTE) and transesophageal echocardiog-
raphy (TEE). The patients’ follow-up after the procedure
was conducted using TTE within a 6+ 1 month period.
All baseline, intraoperative, and follow-up echocardio-
graphic evaluations were performed by two echocardi-
ologists who were specifically trained in ASD assessment.
They both followed standardized imaging protocols and
interpretation criteria, ensuring uniformity and reliability
in data acquisition and analysis. The patient’s echocar-
diographic findings before and after the procedure were
compared. Furthermore, patients’ demographic, peri-
procedural, and echocardiographic findings were com-
pared among two age groups.

Device closure

All ASD patients underwent a TEE before the procedure
to assess the size of the defect and also the direction of
the shunt. Additionally, a TTE was performed to pro-
vide a general cardiac evaluation, evaluate the presence
of other structural heart abnormalities, and determine
the possibility of catheter device closure. If the patients
were deemed eligible for transcatheter device closure, the
procedure was initiated by an expert interventional car-
diologist, an echocardiologist responsible for performing
the TEE during the procedure, and the catheterization
lab team. The procedure commenced with a femoral
vein access. Once the catheter was inserted into the right
atrium (RA) and the left-to-right shunt was re-evaluated,
the appropriate choice for device type was made between
Amplatzer™ Septal Occluder (Abbott, Chicago, IL, USA)
and the Figulla® ASD Occluder (Occlutech, Jena, Ger-
many), considering the defect size, rim adequacy, septal
morphology, and device availability at the time of the
procedure. Throughout the procedure, the echocardiolo-
gist continuously assessed the accuracy of device place-
ment, checked for any residual shunts, and monitored for
potential adverse effects.
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Follow-up

After device closure, the patients were placed on a six-
month course of aspirin treatment, followed by a TTE to
assess residual shunting and any potential adverse effects.
If any patient needed any procedure that could poten-
tially lead to bacteremia within six months after defect
closure, antibiotics were prescribed for prophylaxis
against infective endocarditis.

Statistical analysis

Numerical data were presented as medians (Q;-Qj),
while categorical data were represented by frequency
(percent). To assess the normal distribution of data, the
One-sample Kolmogorov-Smirnov test was used. Fur-
thermore, to compare the variables before and after ASD
device closure, a Wilcoxon signed-ranks test was applied.
To compare variables across two age groups, Pearson’s
chi-square test (or Fisher’s exact test) was used for quan-
titative data, and the Mann-Whitney U test was applied
for qualitative data. The significance level was defined
at P<0.05. The data analysis was carried out using IBM
SPSS Statistics for Windows, version 22 (IBM Corp.,
Armonk, N.Y., USA). Charts were prepared using Micro-
soft Excel 2016.

Ethical considerations

This study complies with the Declaration of Helsinki and
was approved by the ethics committee of Rajaie Cardio-
vascular Medical and Research Center (Ethical Approval
Code: IRIJUMS.FMD.REC.1400.266). The current study
was conducted in accordance with the latest relevant
guidelines and regulations, and all data gathered during
this study were confidential. After providing a detailed
explanation of the procedure and the aims of the study,
written and verbal informed consent was obtained from
all participants prior to the catheter device closure and
also for using their data in the current study.
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Results

Patient characteristics

Among the 1125 individuals who underwent device clo-
sure for secundum ASD between April 2015 and March
2019, only 240 patients had isolated secundum ASD,
along with complete documentation and follow-up
data, and were included in the current study, of whom
163 (68%) were female. The median age (Q;-Qj) of the
patients was 51 (36-59) years, with 56% (135 patients)
being 50 years or older. Common cardiovascular risk
factors, including hypertension, diabetes mellitus, and
smoking were significantly more prevalent among
patients older than 50. Details of the demographic and
clinical characteristics of the study population are dem-
onstrated in Table 1.

Device and defect characteristics

The participants had an ASD with a median size of
1.8x14 cm, median (Q;-Q;) Q,/Q of 1.9 (1.7-2.2),
and a median (Q;-Q;) implanted device size of 21 mm
(18-27 mm) with no significant differences in two age
groups. The two types of ASD occluder devices used
were Amplatzer™ Septal Occluder (Abbott, Chicago, IL,
USA) and the Figulla® ASD Occluder (Occlutech, Jena,
Germany), which were implanted in 3% and 97% of the
participants, respectively. Details of the anatomic charac-
teristics of the defect and the occluder devices are pro-
vided in Table 2.

Echocardiographic assessment of left ventricular (LV)
parameters
Patients had larger LV sizes prior to ASD closure, and in
the follow-up echocardiography performed six months
after the defect closure, there was a significant reduction
in LV size compared to the baseline echocardiography.
Additionally, other echocardiographic LV parameters,
including LV ejection fraction (LVEF) and LV diastolic
function, showed significant improvements following
ASD device closure (Table 3).

The extent of changes in LV size and function after the
procedure did not significantly differ between the two

Table 1 Baseline demographic and clinical characteristics of the study population

Total (n=240) Age <50 years (n=105) Age =50 years (n=135) P-value

Demographic characteristics

Age (years), median [Q;-Q;] 51 [36-59] 34 [27.5-42] 58 [53-63] <0.001

Sex (Female), n (%) 163 (68%) 72 (68.5%) 91 (67.4%) 0.848
Cardiovascular risk factors

Hypertension, n (%) 79 (33%) 25 (24%) 54 (40%) 0.008

Dyslipidemia, n (%) 27 (11%) 18 (17%) 9 (7%) 0.011

Diabetes mellitus, n (%) 22 (9%) 2 (2%) 20 (15%) 0.001

Smoking, n (%) 11 (5%) 0 (0%) 11 (8%) 0.003

History of CVA/TIA, n (%) 7 (3%) 1(1%) 6 (4%) 0.14

P-values less than 0.05 are shown in bold Abbreviations: CVA:Cerebrovascular accident, SD: Standard deviation, TIA: Transient ischemic attack
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Table 2 Characteristics of the defect anatomy and the implanted occluder device
Total population Age <50 years (n=105) Age =50 years (n=135) P-value

Qp/Qs, median [Q;-Q;] 1.9[1.7-2.2] 1.901.7-2] 1.8[1.7-24] 0.85
Defect size (cm), median [Q;-Q;]

Largest diameter 1.8[1.5-2.1] 1.7 [1.5-2] 1.8[1.6-2.2] 0.21

Smallest diameter 1411.2-1.6] 1411.2-1.6] 1411.2-1.6] 0.23
Rim (cm), median [Q;-Q;]

Anteroinferior rim 1[0.7-13] 110.7-1.3] 1[0.8-14] 0.15

Posteroinferior rim 1.1[0.8-14] 1.1[0.8-14] 1.2[0.8-1.6] 0.11

Anterosuperior rim 0.7 [04-1.2] 0.7 [0.4-1] 0.7 [0.4-1.3] 0.55

Posterosuperior rim 1[0.8-1.3] 1[0.7-1.2] 1[0.8-14] 0.02

IVCrim 13[1-1.6] 1.3[1-1.6] 1.3[0.9-1.6] 0.44

SVCrim 1.1[0.8-14] 1.2[0.8-14] 1.1[0.7-14] 0.59
Device size (mm), median [Q,-Q;] 21[18-27] 21[18-27] 24 [18-27] 0.71
Device type, n(%) 0.019

Amplatzer Septal Occluder 7 (3%) 0 (0%) 7 (5%)

Figulla ASD Occluder 233 (97%) 105 (100%) 128 (95%)

P-values less than 0.05 are shown in bold Abbreviations: ASD: Atrial septal defect, IVC: Inferior vena cava, Qp/Qs: Pulmonary to systemic blood flow ratio, SVC:

Superior vena cava

age groups. Concerning left ventricular diastolic func-
tion, although LV diastolic dysfunction was significantly
more prevalent among patients older than 50 at baseline
(Supplementary Table S1), the degree of improvement in
LV diastolic function following device closure was signifi-
cantly more prominent in individuals older than 50 com-
pared to those under 50 (Table 4; Fig. 1).

Echocardiographic assessment of right ventricular (RV)
parameters

ASD closure resulted in a significant reduction in RV size
and a significant enhancement in RV function among the
study participants. The median systolic pulmonary arte-
rial pressure (SPAP) and the prevalence of top normal,
mild, and moderate pulmonary hypertension were sig-
nificantly reduced after the procedure (Table 3).

Patients aged 50 and older had larger RV sizes and
worse RV function at the baseline than those younger
than 50 (Supplementary Table S1). However, their
reduction in RV size and improvement in RV function
following the defect closure were significantly more
pronounced than the patients younger than 50 (Table 4;
Fig. 2).

The degree of SPAP reduction was not significantly dif-
ferent in the two age groups (Table 4), and patients aged
50 and older had significantly higher SPAP values and a
greater prevalence of pulmonary hypertension, both at
baseline and follow-up echocardiography, compared to
individuals younger than 50 (Supplementary Table S1).

Echocardiographic assessment of atrial parameters

ASD patients had larger left and right atrium sizes and
a higher prevalence of atrial enlargement at the base-
line. However, after ASD closure, a significant reduction
was observed in their left atrial volume index (LAVi) and

right atrial volume index (RAVi), alongside a significant
decrease in the prevalence of both right and left atrial
enlargement (Table 3).

Although patients aged 50 and older had significantly
larger atrial dimensions and a significantly higher preva-
lence of atrial enlargement at the baseline (Supplemen-
tary Table S1)), their extent of reduction in atrial sizes
and prevalence of atrial enlargement following ASD clo-
sure was significantly more prominent than the patients
younger than 50 (Table 4; Fig. 3).

Echocardiographic assessment of valvular abnormalities
In the follow-up echocardiography conducted 6 months
after the defect closure, the prevalence of valvular abnor-
malities, including mitral regurgitation (MR), tricuspid
regurgitation (TR), and aortic regurgitation (AR) was sig-
nificantly reduced compared to the baseline echocardiog-
raphy, and the amount of reduction in the prevalence of
atrioventricular valves regurgitation (MR and TR) were
more significant than the decline seen in the prevalence
of aortic insufficiency (p-value <0.001 for MR and TR vs.
p-value =0.033 for AR) (Table 3).

There was no significant difference in the amount of
improvement in valvular abnormalities between patients
younger and older than 50 (Table 4).

Complications

Complications of the procedure were more prevalent
among individuals aged 50 and older. One patient had
moderate pericardial effusion in the anterior part of the
right ventricular outflow tract (RVOT), which subse-
quently resolved through conservative treatment. There
was one case of tamponade without cardiac rupture and
one case of hematoma accompanied by collapse in the
anterior part of the RVOT with a size of 2.8 cm that were
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Table 3 Baseline and follow-up echocardiographic findings of the total study population

Baseline Follow-up P-value
LV parameters
LV size (mm), mean [min-max] 45 [40-50] 40 [37-45] <0.001
LV size category, n (%) <0.001
Normal 220 (92%) 234 (97%)
Mild enlargement 14 (6%) 5 (2%)
Moderate enlargement 6 (2%) 1 (1%)
LVEF, n (%) <0.001
Normal 86 (36%) 165 (69%)
Mild dysfunction 138 (57%) 75 (31%)
Moderate dysfunction 16 (7%) 0 (0%)
LV diastolic dysfunction, n (%) <0.001
Normal 139 (58%) 199 (83%)
Mild dysfunction 90 (37%) 39 (16%)
Moderate dysfunction 9 (4%) 2 (1%)
Severe dysfunction 2 (1%) 0 (0%)
RV parameters
RV size (mm), mean [min-max] 34 [30-38] 30 [28-34] <0.001
RV size category, n (%) <0.001
Normal 111 (46%) 172 (72%)
Mild enlargement 65 (27%) 57 (24%)
Moderate enlargement 53 (22%) 11 (4%)
Severe enlargement 11 (5%) 0 (0%)
RV function, n (%) <0.001
Normal 91 (38%) 187 (78%)
Mild dysfunction 131 (55%) 53 (22%)
Moderate dysfunction 18 (7%) 0 (0%)
SPAP (mmHg), median [Q;-Q;] 34 [30-38] 27 [24-32] <0.001
SPAP category, n (%) <0.001
Normal 132 (55%) 196 (82%)
Top normal 56 (23%) 27 (11%)
Mild PH 45 (19%) 16 (6%)
Moderate PH 7 (3%) 1 (1%)
Atrial parameters
LAVi (mL/m2), mean [min-max] 34 [29-39] 30 [25-34] <0.001
LA size category, n (%) <0.001
Normal 131 (55%) 187 (78%)
Mild enlargement 74 (31%) 47 (19%)
Moderate enlargement 27 (11%) 5(2%)
Severe enlargement 8 (3%) 1(1%)
RAVi (mL/m2), mean [min-max] 30 [27-35] 26 [24-30] <0.001
RA size category, n (%) <0.001
Normal 98 (41%) 174 (72%)
Mild enlargement 88 (37%) 52 (22%)
Moderate enlargement 42 (17%) 12 (5%)
Severe enlargement 12 (5%) 2 (1%)
Valvular parameters
MR, n (%) <0.001
No MR 13 (5%) 196 (82%)
Mild MR 207 (86%) 44 (18%)
Moderate MR 20 (9%) 0 (0%)
TR, n (%) <0.001
No TR 15 (6%) 121 (50%)

Mild TR 177 (74%) 118 (49%)
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Table 3 (continued)
Baseline Follow-up P-value
Moderate TR 48 (20%) 1 (1%)
AR, n (%) 0.033
No AR 183 (76%) 190 (79%)
Mild AR 55 (23%) 49 (20%)
Moderate and severe AR 2 (1%) 1 (1%)

P-values less than 0.05 are shown in bold Abbreviations: AR: Aortic regurgitation, LA: Left atrium, LAVi: Left atrial volume index, LV: Left ventricle, LVEF: Left
ventricular ejection fraction, MR: Mitral regurgitation, PH: Pulmonary hypertension, RA: Right atrium, RAVi: Right atrial volume index, RV: Right ventricle, SPAP:

Systolic pulmonary artery pressure, TR: Tricuspid regurgitation

both treated successfully by pericardiocentesis. More-
over, a single case of complete atrioventricular (AV)
block occurred one month after the procedure and was
treated properly by implanting a permanent pacemaker.
An isolated case of arteriovenous fistula was also identi-
fied at the procedure site, which was closed using a stent
graft. In patients younger than 50, there were only two
reported cases of mild pericardial effusion that were both
resolved by conservative treatment.

There were no reports of residual shunt, arrhythmia,
pleural effusion, device embolization, or erosion among
the study participants.

Discussion

According to the existing controversies concerning the
benefits of ASD closure in older patients, this study was
designed to assess the impact of transcatheter ASD clo-
sure on echocardiographic indices and compare the
findings between individuals younger and older than 50.
This study revealed that ASD closure can lead to a sig-
nificant decline in the size of four chambers and also
SPAP, in addition to a significant improvement in biven-
tricular systolic function, LV diastolic function, and val-
vular insufficiencies, with the decrement of the RV and
bi-atrial sizes, and improvement of the RV systolic and
LV diastolic function being significantly more prominent
among the patients aged 50 and above.

Our findings are compatible with Salehian et al’s
study on 25 patients who underwent transcatheter ASD
device closure and showed a significant improvement in
both RV and LV function and a reduction in LA volume
[15]. In Fang et al’s study, the RA size was significantly
decreased, and LVEF increased after a 3-month follow-
up of 44 patients with ASD device closure [16].

This study demonstrated that the degree of increase
in LV size and decrease in LVEF was not significantly
different between the two groups. Older patients ben-
efited from transcatheter ASD closure as much as the
younger group did regarding LV size and LVEF. However,
the improvements in RV size and function, LAVi and
RAVi, and LV diastolic function were significantly more
prominent in the second group despite these parameters
being worse at baseline among these patients. These
results align with Khan et al’s study, which revealed the

beneficial effect of ASD closure even in old age (43-92),
with a return of RV size and function [11]. In the study
by Humenberger et al., RV size was significantly higher
in the older group and reduced significantly after ASD
closure, and the changes were significant between the
age groups (younger than 40 and older than 60) [17].
Stroker and colleagues’ study revealed an increase in
LVEF, LVEDD, and E/A ratio and a significant decrease
in RV and RA dimensions in patients older than 60 [18].
RVEDD and LVEDD were significantly reduced in all the
age groups of patients in the study of Takaya and col-
leagues, showing that cardiac remodeling improved even
in older patients, which is consistent with our findings
[12].

This study showed that ASD closure leads to a signifi-
cant decrement of baseline MR, TR, and AR, with the
improvement being more prominent in atrioventricu-
lar valves than the aortic valve. There was no signifi-
cant difference in the level of improvement of valvular
abnormalities between subjects younger and older than
50 years old. Our findings regarding TR are compatible
with the results of previous studies that demonstrated
ASD closure, even in the elderly, can lead to a significant
reduction in the severity of TR by decreasing right ven-
tricular preload and improving its geometric abnormal-
ity [19, 20, 21, 22]. Yalonetsky et al. compared changes in
TR after transcatheter ASD closure in a group of adults
(40-59 years old) and elderly (older than 60 years old)
and revealed that although at the baseline, TR was more
prevalent among the elderly, there were no cases of sig-
nificant TR in either group one year after the defect clo-
sure [23]. Our results concerning MR are consistent with
the findings of Yew et al., which reported no cases of
new-onset or deterioration of pre-existing MR in a 5-year
follow-up of patients with transcatheter ASD closure
[24]. In contrast, some previous studies have reported
some degrees of MR worsening. Nakagawa et al. reported
a slight increase in the degree of MR following transcath-
eter ASD closure in 37% of the elderly individuals with no
impact on their NYHA function class, mainly attributable
to the senile degenerative changes in mitral valve leaflets
[25]. Wilson et al. reported MR aggravation in 10% of
194 patients [26], and Hiraishi et al. reported it in 37% of
patients with transcatheter ASD closure, who were more
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Table 4 Changes in echocardiographic findings in the follow-up echocardiography compared to the baseline

Age <50 years (n=105) Age =50 years (n=135) P-value
LV parameters
LV size (mm), median [Q;-Q;] 3[2-5] 3[2-5] 0.077
LV enlargement, n (%) 0.565
2 stages worsen 0 (0%) 2 (2%)
No change 96 (91%) 122 (90%)
1 stage better 9 (9%) 10 (8%)
2 stages better 0 (0%) 1 (1%)
LVEF, n (%) 0.118
1 stage worsen 2 (2%) 3 (2%)
No change 67 (64%) 70 (52%)
1 stage better 35 (33%) 61 (45%)
2 stages better 1(1%) 1(1%)
LV diastolic dysfunction, n (%) <0.001
No change 88 (84%) 81 (60%)
1 stage better 17 (16%) 54 (40%)
RV parameters
RV size (mm), median [Q;-Q;] 2[0-5] 4[2-5] <0.001
RV enlargement, n (%) 0.003
No change 61 (58%) 54 (40%)
1 stage better 43 (41%) 76 (56%)
2 stages better 1 (1%) 5 (4%)
RV function, n (%) <0.001
No change 79 (75%) 47 (35%)
1 stage better 26 (25%) 88 (65%)
SPAP (mmHg), median [Q;-Q;] 6[3-10] 7 [3-10] 0.621
SPAP category, n (%) 0.302
2 stages worsen 3 (3%) 3 (3%)
1 stage worsen 1(1%) 7 (5%)
No change 67 (64%) 69 (51%)
1 stage better 22 (21%) 34 (25%)
2 stages better 12 (11%) 21 (16%)
3 stages better 0 (0%) 1 (1%)
Atrial parameters
LAVi (mL/m2), median [Q;-Q;] 3[2-4] 4 [2-5] <0.001
LA enlargement, n (%) <0.001
1 stage worsen 2 (2%) 0 (0%)
No change 78 (74%) 75 (56%)
1 stage better 24 (23%) 52 (38%)
2 stages better 1(1%) 8 (6%)
RAVi (mL/m2), median [Q;-Q;] 3[2-4] 4 [3-6] <0.001
RA enlargement, n (%) <0.001
No change 84 (80%) 49 (37%)
1 stage better 21 (20%) 69 (51%)
2 stages better 0 (0%) 15 (11%)
3 stages better 0 (0%) 1 (1%)
Valvular parameters
MR, n (%) 0.113
No change 22 (21%) 18 (13%)
1 stage better 82 (78%) 115 (85%)
2 stages better 1 (1%) 2 (2%)
TR, n (%) 0.807
1 stage worsen 0 (0%) 1(1%)

No change 39 (37%) 47 (35%)
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Table 4 (continued)
Age <50 years (n=105) Age =50 years (n=135) P-value
1 stage better 66 (63%) 86 (64%)
2 stages better 0 (0%) 1 (1%)
AR, n (%) 0.563
No change 105 (100%) 134 (99%)
1 stage better 0 (0%) 1(1%)

P-values less than 0.05 are shown in bold Abbreviations: AR: Aortic regurgitation, LA: Left atrium, LAVi: Left atrial volume index, LV: Left ventricle, LVEF: Left
ventricular ejection fraction, MR: Mitral regurgitation, RA:Right atrium, RAVi: Right atrial volume index, RV: Right ventricle, SPAP: Systolic pulmonary artery pressure,

TR: Tricuspid regurgitation

120

Prevalence of LV diastolic dysfunction (%)

Age<50 Age>50 Age<50 Age>50
Baseline Follow-up
ENormal OMild LV dysfunction ®Moderate LV dysfunction ®Severe LV dysfunction

Fig. 1 Comparing the prevalence of LV diastolic dysfunction before and after the defect closure in two age groups. LV: left ventricle

likely to be older, with larger ASD sizes and smaller hori-
zontal-to-vertical ratio of basal-RV at end-systole [27]. It
seems that in older patients with long-term volume and
pressure overload due to ASD, the inability of the mitral
valve annulus to adapt to the cardiac geometric changes
following defect closure may affect the configuration of
the mitral annulus and lead to worsening of MR. Other
possible explanations for MR aggravation following ASD
closure include an increase in the left ventricular preload
and elevation of LV filling pressure, atrial malfunction
due to the stiffness caused by the occluder device, config-
urative alterations in the mitral ring, or the impingement
of the device on the ring [28]. Our findings about AR are

in accordance with the results of Loar et al., that reported
percutaneous ASD device closure doesn’t increase the
incidence or severity of AR over a mean follow-up of 1.2
years [29] and has a marked difference with Shoen et al.
study that reported new-onset or deterioration of AR in
9% of patients who underwent ASD closure, probably as
a result of geometric changes in the septum and device-
induced traction on the non-coronary aortic valve sinus
[30].

In the current study, a significant decline was observed
in the median SPAP, and the prevalence of pulmonary
hypertension following defect closure, but the extent of
changes wasn'’t significantly different among the two age
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groups, and patients aged 50 and older had higher PAPs
both at baseline and 6 months after defect closure com-
pared to those younger than 50. Our findings were con-
sistent with the findings of Humenberger and colleagues
in 2010 that detected a significant and similar decrease
in PAP after ASD closure in all age groups, and older
patients with higher PAPs at the baseline ended up with
significantly higher PAPs after the defect closure com-
pared to the younger individuals [17]. Yalonetsky et al.
also ended up with similar results in their study com-
paring changes in PAP following transcatheter ASD
closure in 2 groups of adults and elderly. He discovered
that although both groups experienced a marked reduc-
tion in PAP after defect closure and the changes in the
elderly group were non-significantly more prominent
than the adult group, patients older than 60 had signifi-
cantly higher PAPs both at baseline and one year after
the procedure [23]. Yong et al’s study also confirms our
findings that although patients with more advanced PH
experienced a larger extent of reduction in their PAP,
they were less likely to reach normal PAP after defect clo-
sure [31]. While Gabriels and colleagues found out that
as the age at the time of closure advances, especially in
those above 55 years old, the risk of persistence of PH or

new occurrence of PH despite normal PAP before defect
closure increases and the clinical outcome may also be
worse compared to those who underwent defect closure
in younger ages [32].

Following a 6-month follow-up in this study, none
of the patients required surgical repair, and there were
no instances of residual shunt during the follow-up
period, resulting in a success rate of 100%. ASD clo-
sure in patients with LV dysfunction may carry the risk
of pulmonary edema due to rapid changes in left-sided
pressure [33]. However, in this study, with 63% of par-
ticipants having systolic dysfunction and 40% with dia-
stolic dysfunction, we did not observe any instances of
pulmonary edema in either group. According to Snijder
et al’s researches, the most common complications of
ASD device closure include device embolization, AV
block, device thrombosis, and pericardial effusion [34].
In the group aged below 50 years old, only two patients
experienced mild pericardial effusion, which was man-
aged through conservative treatment. In the group aged
over 50 years, five patients encountered adverse effects,
including moderate pericardial effusion, tamponade,
complete AV block after 1-month, arteriovenous fistula at
the procedure site, and hematoma in the anterior RVOT.
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These complications were sequentially managed with
conservative treatment, pericardiocentesis, permanent
pacemaker (PPM) implantation, stent closure, and peri-
cardiocentesis. Adverse effects were more frequent in the
individuals aged over 50 years. However, all of these com-
plications were successfully treated and did not result in
any mortality.

This study has several limitations that should be
acknowledged. First, the study’s retrospective design may
introduce inherent biases in data collection and interpre-
tation, limiting the ability to establish causality. Second,
the single-center nature of the study and the predomi-
nance of female participants may limit the generalizabil-
ity of our findings. However, since the gender distribution
was similar between both age groups, the internal valid-
ity of our comparisons remains intact. The COVID-19
pandemic during our study period was another limita-
tion that resulted in a decline in the number of patients
undergoing ASD closure at our center due to decreased
non-emergency interventions to prioritize patient well-
being during the pandemic. Moreover, limited access to
patients for extended follow-up posed another limita-
tion attributable to the center’s role as a tertiary facility,
attracting patients from various regions of the country.
Furthermore, the absence of complete NYHA (New
York Heart Association) function class information for
all patients presented a constraint, making it difficult to

accurately assess their clinical symptoms before and after
the intervention. Finally, future multi-center studies with
larger sample sizes, more balanced gender distribution,
and longer follow-up durations are warranted to validate
and extend our findings.

Conclusion

ASD device closure leads to a significant decline in the
size of four chambers and SPAP, in addition to a signifi-
cant improvement in biventricular function and valvular
insufficiencies. Reductions in the bi-atrial and RV dimen-
sions and improvements in the RV systolic and LV dia-
stolic function were significantly more prominent in the
individuals aged 50 and older. The findings of this study
demonstrate that transcatheter ASD device closure is
a beneficial procedure with a high success rate and low
complication rate among older individuals, leading to
improvements in cardiac form and function.

Abbreviations

AR Aortic regurgitation

ASD Atrial septal defect

AV Atrioventricular

CHD Congenital heart disease
LAVi Left atrial volume index

Lv Left ventricle

LVEF LV ejection fraction

MR Mitral regurgitation

NYHA  New York Heart Association
PH Pulmonary hypertension



Kiani et al. Echo Research & Practice (2025) 12:10

PPM Permanent pacemaker

Q,/Q,;  Pulmonary to systemic blood flow ratio
RA Right atrium

RAVi Right atrial volume index

RV Right ventricle

RVOT  Right ventricular outflow tract

SPAP Systolic pulmonary arterial pressure
TEE Transesophageal echocardiography
TR Tricuspid regurgitation

TTE Transthoracic echocardiography

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/544156-025-00074-3.

[ Supplementary Material 1 ]

Acknowledgements
Not applicable.

Author contributions

RK: performing ASD closure for the patients, writing the draft, PF: literature
search, writing the draft, statical analysis, N.D: literature search, writing the
draft, A.A: Performing echocardiography for the patients, H.B: statical analysis,
AF: performing ASD closure for the patients, A.Z: performing ASD closure

for the patients, M.D: Performing echocardiography for the patients and final
revisionAll authors reviewed the manuscript.

Funding
Not applicable.

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate

This study complies with the Declaration of Helsinki and it was approved by
the ethics committee of Rajaie Cardiovascular Medical and Research Center
(Ethical Approval Code: IRIUMS.FMD.REC.1400.266).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 14 December 2024 / Accepted: 17 March 2025
Published online: 05 May 2025

References

1. Marelli AJ, lonescu-Ittu R, Mackie AS, Guo L, Dendukuri N, Kaouache M. Life-
time prevalence of congenital heart disease in the general population from
2000 to 2010. Circulation. 2014;130(9):749-56.

2. Lindsey JB, Hillis LD. Clinical update: atrial septal defect in adults. Lancet.

2007,369(9569):1244-6.

Bradley EA, Zaidi AN. Atrial septal defect. Cardiol Clin. 2020;38(3):317-24.

. Menillo AM, Lee LS, Pearson-Shaver AL. Atrial septal defect. 2018.

5. Baumgartner H, De Backer J, Babu-Narayan SV, Budts W, Chessa M, Diller G-P,
et al. 2020 ESC guidelines for the management of adult congenital heart
disease: the task force for the management of adult congenital heart disease
of the European society of cardiology (ESC). Endorsed by: association for
European paediatric and congenital cardiology (AEPC), international society
for adult congenital heart disease (ISACHD). Eur Heart J. 2021;42(6):563-645.

> w

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 11 of 12

Brida M, Chessa M, Celermajer D, Li W, Geva T, Khairy P, et al. Atrial septal
defect in adulthood: a new paradigm for congenital heart disease. Eur Heart
1.2022;43(28):2660-71.

King TD, Milk NL. Nonoperative closure of atrial septal defects. Surgery.
1974;75(3):383-8.

Butera G, Biondi-Zoccai G, Sangiorgi G, Abella R, Giamberti A, Bussadori C, et
al. Percutaneous versus surgical closure of secundum atrial septal defects: a
systematic review and meta-analysis of currently available clinical evidence.
Eurolntervention. 2011;7(3):377-85.

Kotowycz MA, Therrien J, lonescu-Ittu R, Owens CG, Pilote L, Martucci G, et
al. Long-term outcomes after surgical versus transcatheter closure of atrial
septal defects in adults. JACC: Cardiovasc Interventions. 2013;6(5):497-503.
Brida M, Diller G-P, Kempny A, Drakopoulou M, Shore D, Gatzoulis MA, Uebing
A. Atrial septal defect closure in adulthood is associated with normal survival
in the mid to longer term. Heart. 2019;105(13):1014-9.

Khan AA, Tan J-L, Li W, Dimopoulos K, Spence MS, Chow P, Mullen MJ. The
impact of transcatheter atrial septal defect closure in the older population: a
prospective study. JACC: Cardiovasc Interventions. 2010;3(3):276-81.

Takaya Y, Akagi T, Kijima Y, Nakagawa K, Sano S, Ito H. Long-term outcome
after transcatheter closure of atrial septal defect in older patients: impact of
age at procedure. JACC: Cardiovasc Interventions. 2015;8(4):600-6.

Salehian O, Horlick E, Schwerzmann M, Haberer K, McLaughlin P, Siu SC, et

al. Improvements in cardiac form and function after transcatheter closure of
secundum atrial septal defects. J Am Coll Cardiol. 2005;45(4):499-504.

Attie F, Rosas M, Granados N, Zabal C, Buendia A, Calderdn J. Surgical treat-
ment for secundum atrial septal defects in patients > 40 years old. A random-
ized clinical trial. J Am Coll Cardiol. 2001;38(7):2035-42.

Salehian O, Horlick E, Schwerzmann M, Haberer K, McLaughlin P, Siu Samuel
C, etal. Improvements in cardiac form and function after transcatheter clo-
sure of secundum atrial septal defects. J Am Coll Cardiol. 2005;45(4):499-504.
Fang F, Yu CM, Sanderson JE, Luo XX, Jiang X, Yip GW, Lam YY. Prevalence
and determinants of incomplete right atrial reverse remodeling after device
closure of atrial septal defects. Am J Cardiol. 2011;108(1):114-9.
Humenberger M, Rosenhek R, Gabriel H, Rader F, Heger M, Klaar U, et al.
Benefit of atrial septal defect closure in adults: impact of age. Eur Heart J.
2011,32(5):553-60.

Stroker E, Van De Bruaene A, De Meester P, Van Deyck K, Gewillig M, Budts W.
Transcatheter device closure of atrial septal defects in patients above age 60.
Acta Cardiol. 2013;68(2):127-32.

Martin-Garcia AC, Dimopoulos K, Boutsikou M, Martin-Garcia A, Kempny A,
Alonso-Gonzalez R, et al. Tricuspid regurgitation severity after atrial septal
defect closure or pulmonic valve replacement. Heart. 2020;106(6):455-61.
Chen L, Shen J, Shan X, Wang F, Kan T, Tang X, et al. Improvement of tricus-
pid regurgitation after transcatheter ASD closure in older patients. Herz.
2018;43(6):529-34.

Toyono M, Krasuski RA, Pettersson GB, Matsumura Y, Yamano T, Shiota T. Per-
sistent tricuspid regurgitation and its predictor in adults after percutaneous
and isolated surgical closure of secundum atrial septal defect. Am J Cardiol.
2009;104(6):856-61.

Baroutidou A, Arvanitaki A, Farmakis IT, Patsiou V, Giannopoulos A, Efthimiadis
G, et al. Transcatheter closure of atrial septal defect in the elderly: a system-
atic review and meta-analysis. Heart. 2023;109(23):1741-50.

Yalonetsky S, Lorber A. Comparative changes of pulmonary artery pressure
values and tricuspid valve regurgitation following transcatheter atrial septal
defect closure in adults and the elderly. Congenit Heart Dis. 2009;4(1):17-20.
Yew G, Wilson NJ. Transcatheter atrial septal defect closure with the
amplatzer septal occluder: five-year follow-up. Catheter Cardiovasc Interv.
2005;64(2):193-6.

Nakagawa K, Akagi T, Taniguchi M, Kijima Y, Goto K, Kusano KF, et al. Trans-
catheter closure of atrial septal defect in a geriatric population. Catheter
Cardiovasc Interv. 2012;80(1):84-90.

Wilson NJ, Smith J, Prommete B, O'Donnell C, Gentles TL, Ruygrok PN.
Transcatheter closure of secundum atrial septal defects with the amplatzer
septal occluder in adults and children—follow-up closure rates, degree of
mitral regurgitation and evolution of arrhythmias. Heart Lung Circulation.
2008;17(4):318-24.

Hiraishi M, Tanaka H, Motoji Y, Sawa T, Tsuji T, Miyoshi T, et al. Impact of right
ventricular geometry on mitral regurgitation after transcatheter closure of
atrial septal defect. Int Heart J. 2015,56(5):516-21.

Takaya Y, Kijima Y, Akagi T, Nakagawa K, Oe H, Taniguchi M, et al. Fate of mitral
regurgitation after transcatheter closure of atrial septal defect in adults. Am J
Cardiol. 2015;116(3):458-62.


https://doi.org/10.1186/s44156-025-00074-3
https://doi.org/10.1186/s44156-025-00074-3

Kiani et al. Echo Research & Practice

29.

30.

32.

(2025) 12:10

Loar RW, Johnson JN, Cabalka AK, Cetta F, Hagler DJ, Eidem BW, Taggart

NW. Effect of percutaneous atrial septal defect and patent foramen ovale
device closure on degree of aortic regurgitation. Catheter Cardiovasc Interv.
2013,81(7):1234-7.

Schoen SP, Boscheri A, Lange SA, Braun MU, Fuhrmann J, Kappert U, Strasser
RH. Incidence of aortic valve regurgitation and outcome after percuta-
neous closure of atrial septal defects and patent foramen ovale. Heart.
2008,94(7):844-7.

Yong G, Khairy P, De Guise P, Dore A, Marcotte F, Mercier L-A, et al. Pulmonary
arterial hypertension in patients with transcatheter closure of secundum
atrial septal defects: a longitudinal study. Circulation: Cardiovasc Interven-
tions. 2009;2(5):455-62.

Gabriels C, De Meester P, Pasquet A, De Backer J, Paelinck BP, Morissens M, et
al. A different view on predictors of pulmonary hypertension in secundum
atrial septal defect. Int J Cardiol. 2014;176(3):833-40.

33.

34.

Page 12 of 12

Tadros V-X, Asgar AW. Atrial septal defect closure with left ventricular dysfunc-
tion. Eurolntervention. 2016;12(Suppl X):X13-7.

Snijder RJ, Renes LE, Bosshardt D, Suttorp MJ, ten Berg JM, Post MC. Percuta-
neous atrial septal defect closure using the occlutech figulla device in adults:
more than 800 patient-years of follow-up. Journal of Interventional Cardiol-
ogy. 2020;2020.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Comparing the impact of transcatheter ASD closure on echocardiographic indices in adults below and above 50 years
	﻿Abstract
	﻿Background
	﻿Material and method
	﻿Study design and population
	﻿Device closure
	﻿Follow-up
	﻿Statistical analysis
	﻿Ethical considerations

	﻿Results
	﻿Patient characteristics
	﻿Device and defect characteristics
	﻿Echocardiographic assessment of left ventricular (LV) parameters
	﻿Echocardiographic assessment of right ventricular (RV) parameters
	﻿Echocardiographic assessment of atrial parameters
	﻿Echocardiographic assessment of valvular abnormalities
	﻿Complications

	﻿Discussion
	﻿Conclusion
	﻿References


