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Introduction
Atrial Septal Defect (ASD) is the most frequent congenital 
heart disease found in adults.1 ASD is a congenital heart dis-
ease that causes Right Ventricle (RV) volume overload and 
decreased Left Ventricle (LV) blood volume.2 These condi-
tions affect the interventricular septum (IVS) position. Mitral 
Regurgitation (MR) was found in less than 10% of ASD 
patients. ASD closure induces right ventricle remodeling and 
could reverse left ventricle geometry, consequently worsening 
MR. ASD closure without MR intervention (repair or replace-
ment) could improve the MR; therefore, in ASD patients with 
mild MR, isolated ASD closure could improve the MR.3,4 
Here, worsening or new MR post-ASD closure is found in 
some cases.

A correlation between Secundum ASD and MV changes is 
already known. Several studies have shown a high incidence 
(37%–70%) of MV prolapse in ASD patients.4 Changes in LV 
geometry in ASD show a correlation with the extent of MV 

prolapse. MV prolapse due to ASD is a risk factor for the 
development of MR in ASD patients.5 RV chronic dilatation 
caused by RV volume overload shifts the position of IVS to the 
left, affecting the LV geometry, including mitral annulus, 
therefore, the MV prolapse could develop. ASD closure can 
restore LV volume and flow to normal, resulting in a stretched 
mitral annulus, which causes MV prolapse to repair, thus 
improving MR severity.6

However, not all ASD closure may attenuate MR degree. 
Chronic RV dilatation resulting from RV volume overload can 
cause a shift in the position of the interventricular septum 
(IVS) to the left, leading to a “D-shaped” left ventricle (LV D 
shape), affecting the LV geometry including the mitral annu-
lus, shortening of papillary muscle, and chordae tendineae. 
Closure of ASD restores normal volume distribution between 
RV and LV. A relatively small LV volume may not be ade-
quately prepared to handle normal blood volume. ASD closure 
can cause stretching of the LV geometry, including the mitral 
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annulus. This stretching can lead to new or worsened MR due 
to MV leaflet non-coaptation.7 Therefore, this study aims to 
identify the risk factors for changes in MV characteristics after 
ASD closure. Hence, the need for MR intervention in patients 
with ASD closure could be decided based on evidence and 
careful evaluation of the individual patient’s condition.

Methods
Ethics approval and consent to participate

The Ethical Committee approved the study of the Faculty of 
Medicine, Public Health and Nursing, Universitas Gadjah 
Mada KE/FK1189/EC 2 November 2021. The research has 
been performed under the Declaration of Helsinki 2013.

Data collections

This study design is an observational retrospective cohort. 
Adult patients with secundum ASD are enrolled in the 
COngenital HeART Disease in Adults and Pulmonary 
Hypertension (COHARD-PH) registry, presented in Dr. 
Sardjito Hospital, Yogyakarta, Indonesia from July 2012 until 
July 2021. Patients’ baseline parameters, including demographic 
and clinical data, were gathered. We recorded pre-ASD closure 
data such as age at the closure intervention (surgery or tran-
scatheter), gender, and atrial arrhythmia (eg, flutter or fibrilla-
tion). MR was evaluated using transthoracic echocardiography. 
We evaluated all patients with ASD closure by surgery and 
transcatheterization without MR intervention. We excluded 
the diagnosis of multiple or complex ASD and ASD patients 
with severe MR who require MV intervention.

Echocardiographic evaluation

Comprehensive echocardiography was conducted preopera-
tively and postoperatively. The grading of MR pre and post-
ASD closure was classified quantitatively as none, mild, 
moderate, or severe. The classification mentioned follows the 
source from Grading of MR Severity by Echocardiography, as 
outlined in the Recommendations for Noninvasive Evaluation 
of Native Valvular Regurgitation, published in the Journal of 
the American College of Cardiology.8 Deterioration of MR is 
defined as an increase of 2 or more degrees of MR after ASD 
closure. No deterioration of MR is defined as no increase in the 
degree of MR or an increase of only 1 degree of MR after ASD 
closure. ASD diameters (defined as large ASD if >2 cm), 
Tricuspid Regurgitation (TR) Velocity (high if >2.8 m/s), RV 
diameters (dilated if >40 mm), any LV D shape, any MV pro-
lapse, LA diameter (dilated if > 40 mm), LVEF (low if <55%), 
Tricuspid annular plane systolic excursion (TAPSE, low if 
<17 mm), Left ventricular internal diameter end diastole 
(LVIDd, high if >52 mm), and tricuspid repair during the 
surgery. RV diameter was calculated by measuring the basal 
diameter at the end-diastolic in the apical 4-chamber view.  

The quantitative echocardiographic parameters with specific 
cut-off values are determined based on the guidelines provided 
in Recommendations for Cardiac Chamber Quantification by 
Echocardiography in Adults: An Update from the American 
Society of Echocardiography and the European Association of 
Cardiovascular Imaging.9 We evaluated the MR status after 
ASD closure within 6 months after ASD closure (depending 
on the existing data).

Statistical analysis

The data was subjected to observational retrospective cohort 
study analysis. The continuous data were displayed as mean 
and standard deviation (SD) or median and interquartile range 
(IQR) after being evaluated with the Shapiro Wilk or 
Kolmogorov Smirnov tests for the normality tests. A bivariate 
analysis was performed to assessed the independent predictors 
that significantly worsened MR progression. Depending on 
the type of data, the comparison between 2 groups were done 
using bivariate analysis Student T test or Chi-square test. The 
predictors with P value <.25 were considered to run a multi-
variate analysis with logistic regression. The P value <.05 were 
considered statistically significant. The statistical analysis was 
performed by using IBM SPSS 21 software package.

Results
From January 2012 until June 2021, we registered 1040 patients 
with ASD during this study; 878 patients were secundum 
ASD. Of the 358 patients underwent ASD closure, 180 were 
closure by surgery and other 178 were closure by device. After 
data cleaning, 242 patients post ASD closure were divided into 
2 groups. The first group consist of patients with no MR dete-
rioration (n = 180), and the second with MR deterioration 
(n = 62), as shown in Figure 1.

The clinical characteristic of the patients are shown in 
Table 1. We analyzed the variable that was suggested as a risk 
factors and confounding factor. On bivariate analysis (Table 2), 
large ASD diameter, large LA diameter, low LVEF, closure by 
surgery, and MV regurgitation included as a risk factors of MR 
deterioration with RR consecutively 1.566 (95% CI: 0.853-
2.873), 1.885 (95% CI; 1.100-3.230), 4.355 (95% CI; 1.271-
14.926), 1.587 (95% CI; 1.013-2.488), 2.115 (95% CI; 
1.252-3.572) consecutively, and P value <.25. On the contrary, 
mitral valve prolapse are protective factor with RR 0.654 (95% 
CI: 0.365-1.172) and P-value .136.

Sex as confounding factors (Table 3) suspected did not show 
significant relationship with MR deterioration (P-value .839). 
Risk factors with a P-value below .25 will proceed to multivari-
ate logistic regression analysis. This study identified closure by 
surgery, LA diameter >40 mm, Low LVEF (<55%), and MV 
regurgitation were significant risk factors of MR deterioration 
after ASD closure patients, with OR consecutively 2.103 (95% 
CI 1.124-3.937) P-value .02; 2.871 (95% CI 1.032-7.985) 
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P-value .043; 5.531 (95% CI 1.368-22.366); and OR 2.490 
(95% CI 1.339-4.630), as shown in Table 4.

Discussion
The correlation between atrial septal defect (ASD) and mitral 
regurgitation (MR) has been studied and described previ-
ously.3,10-13 However, to our knowledge, the study to examine 
MR changes and its risk factors remains limited. In this study, 
we examined 242 post-ASD closure patients. We analyzed sev-
eral variables that have been proposed as risk factors for MV 
deterioration after ASD closure.

The first significant risk factor in our study is ASD closure 
by surgery. In our study, closure by surgery parameter is a sig-
nificant predictor of MR deterioration ASD closure with OR 
2.103 (95% CI 1.124-3.937), and P-value .02. In this study, 
31.2% of patients undergoing surgery were experiencing MR 
worsening, compared to patients who underwent transcatheter 
closure (19.7%). In contrast, another study from Toyono, et al 
(2008) showed improvement of MR in (3 of 5) patients with 
ASD closured by surgery without MV surgery (P < .05).10 In 
this study, from 125 patients who underwent surgery, 42 (33.6 
%) patients had tricuspid repair (eg, tricuspid annuloplasty and 
De Vega procedures). This is similar to Park et al (2011) study 
that identified an association between tricuspid valve repair 
and deterioration of MR in older age (OR 1.058; 95% CI 

1.025-1.092, P = .0005).11 Corrective procedures for TR can 
pull on the mitral annulus and may cause new onset or MR 
exacerbation. Therefore, compared to transcatheter closure, 
surgery had worse remodeling conditions.

The second significant risk factor in our study is the large 
LA diameter. A large LA diameter is a significant risk factor 
for MR deterioration, with a cut-off >40 mm increasing the 
risk by 2.871 times than small LA diameter (<40 mm), with 
a P-value of .043. It is evident in 45% of ASD patients with 
deterioration of MR. This finding is similar to Nishimura, et 
al (2017) who proposed LA dilatation (>40 mm) as an 
aggravating factor of MR after ASD closure with P = .007.3 
Large LA size indicates MR chronicity prior to surgery. As 
the LA is dilated, the posterior wall extends behind the pos-
terior basal wall of the left ventricle, and the posterior annu-
lus is displaced into the crest of the left ventricular inlet. 
Therefore, the posterior mitral leaflet will be retracted to the 
posterior wall of the left ventricle. Dilatation and retraction 
of the mitral annular of the posterior mitral leaflet can lead 
to poor coaptation of the mitral leaflet and result in MR 
deterioration.14

Another significant risk factor in this study is low LVEF. 
The accepted cut off value for low LVEF was <55%. A low 
LVEF indicates reduced pumping ability of the left ventricle. 
This can lead to an accumulation of blood in left ventricle 

Figure 1. The flowchart of patient enrollment. Total subjects that eligible in this study were 242 and divided into groups with and without MR deterioration. 

No deterioration of MR defined as no increase degree of MR or an increase of only 1 degree of MR after ASD closure.
Abbreviations: ASD, Atrial septal defect; MR, Mitral regurgitation.
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Table 1. Baseline characteristic of 242 adults patients with atrial 
septal defects.

VARIABLE N %

Age (years old) (n = 242)

 ⩾40 84 34.7

 <40 158 65.3

Gender (n = 242)

 Male 49 20.2

 Female 193 79.8

ASD diameters (cm) (n = 242)

 Large (⩾2 cm) 186 76.9

 No (<2 cm) 56 23.1

Mitral prolapse (n = 242)

 Yes 60 24.8

 No 182 75.2

TR V (m/s) (n = 242)

 Hight >2.8 m/s 150 62

 No ⩽2.8 m/s 92 38

LA diameters (mm) (n = 242)

 Large (>40 mm) 20 8.3

 Normal (<40 mm) 222 91.7

RV diameters (mm) (n = 242)

 Large (>40 mm) 134 55.4

 Normal (<40 mm) 108 44.6

LV D shape (n = 242)

 Yes 162 66.9

 No 80 33.1

LVEF (n = 242)

 Normal 232 95.9

 Low 10 4.1

TAPSE (n = 242)

 Normal 237 92.7

 Low 5 2.1

LVIDd (n = 242)

 Normal 240 99.2

 High 2 0.8

(Continued)

VARIABLE N %

Atrial arrhytmia (n = 242)

 Yes 35 14.5

 No 207 85.5

Closure method (n = 242)

 Surgery 125 51.7

 Transcatheter 117 48.3

Other procedures in surgery (n = 91)

 Closure only 49 39.2

 Tricuspid repair 42 33.6

Mitral valve (n = 242)

 No regurgitation 139 57.5

 Mild regurgitation 98 40.5

 Moderate regurgitation 5 2.0

Abbreviations: ASD, Atrial septal defect; LA, Left atrial; LV, Left ventricle; LVEF, 
Left ventricular ejection fraction; LVIDd, Left ventricular internal diameter end 
diastole; MR, Mitral regurgitation; RV, Right ventricle; TAPSE, Tricuspid annular 
plane systolic excursion; TR V, Tricuspid regurgitation velocity.

Table 1. (Continued)

which could result in diastolic dysfunction and increase the 
end-diastolic volume of left ventricle.15 In our study, this 
parameter presents in 6 (60%) patients with MR deterioration 
after ASD closure, with the highest OR of 5.531 (95% CI 
1.368-22.366) among all parameters in multivariate analysis. 
The study of left ventricular dysfunction after ASD closure is 
well established13,16, however the study on MR aggravation 
caused by ASD closure in low LVEF pre-operative patients is 
still limited. In this study, both univariate and multivariate 
analyses demonstated significant results of low LVEF as inde-
pendent risk factor for MR worsening after ASD closure with 
P values of .011 and .016, respectively. Closure of an ASD may 
result to an abundant volume of left ventricular preload, poten-
tially overburden the ventricle while its pumping function is 
already compromised. Therefore, can lead to left atrial volume 
overload.17 The combination of left ventricular dysfunction, 
increased left atrial volume, and altered hemodynamics after 
ASD closure can collectively contribute to the deterioration or 
new onset of mitral regurgitation.

In our population, the degree of MR is one of the risk fac-
tors in deterioration of MR in ASD closure patients. MV 
regurgitation has been attributed to abnormal left ventricle 
geometry in response to right ventricular dilatation.13 Our 
study identified that this parameter had OR 2.490 (95% CI 
1.339-4.630) with a P value of .004. This finding supported the 
data from Lee, et al. (2019) who showed significant changes in 
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Table 2. Bivariate analysis.

VARIABLE OUTCOME RR 95% CI P

MITRAL DETERIORATION (N = 62) NO (N = 180) MIN MAx

N % N %

Age

 ⩾40th 23 27.4 61 72.6 1.109 0.885 1.216 .647

 <40th 39 24.7 119 75.3  

ASD diameter

 Large ⩾ 2 cm 52 28.0 134 72.0 1.566 0.853 2.873 .129

 No < 2 cm 10 17.9 46 82.1  

Mitral prolapse

 Yes 11 18.3 49 81.7 0.654 0.365 1.172 .136

 No 51 28.0 131 72.0  

TR V

 High ⩾2.8 m/s 40 26.7 110 73.3 1.056 0.849 1.313 .634

 No < 2.8 m/s 22 23.9 70 76.1  

LA diameters

 Large > 40 mm 9 45.0 11 55.0 1.885 1.100 3.230 .038

 Normal ⩽ 40 mm 53 23.9 169 76.1  

RV diameters

 Large >40 mm 38 28.4 96 71.6 1.276 0.819 1.989 .277

 Normal ⩽40 mm 24 22.2 84 77.8  

LV D shape

 Yes 20 25.0 60 75.0 0.964 0.845 1.154 .877

 No 42 25.9 120 74.1  

LVEF

 Low 6 60.0 4 40.0 4.355 1.271 14.926 .011

 Normal 56 24.1 176 75.9  

TAPSE

 Low 1 20.0 4 80.0 1.287 0.152 12.645 .771

 Normal 61 25.7 176 74.3  

LVIDd

 High 1 50.0 1 50.0 2.903 0.184 45.721 .428

 Normal 61 25.4 179 74.6  

Atrial arrhytmia

 Yes 10 28.6 25 71.4 1.137 0.641 2.020 .665

 No 52 25.1 155 74.9  

(Continued)
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degree of MR after surgery (P < .001).12 Another previous 
study reported that 82 of 286 (29%) adult ASD patients who 
underwent surgery showed deterioration or new onset of MR, 
including 18 patients whose MR degree increased by grade 2 
or more.11 Moreover, Yoshida et al. reported 16.2% and 10.8% 
of patients experienced an increased degree of MR one grade 
and 2 or more grades after ASD closure, respectively.18

Conclusion
ASD closure by surgery, Large LA diameter (>40 mm),  
low LVEF (<55%), and MV regurgitation degree are the inde-
pendent significant risk factors of MR deterioration in 

post-secundum ASD closure patients. In adult ASD patients 
with reduced LV function, it is recommended to perform bal-
loon testing and consider fenestrated closure, as low LVEF 
<55% has the highest risk of causing new or deteriorating MR.

Limitation of the study: Limitation of this study was being 
conducted in a single-center hospital. The study results may be 
influenced by specific characteristics of the hospital, such as 
patient demographics, available resources, and clinical prac-
tices, which may not be applicable to other hospitals or regions. 
There may be less variation in treatment approaches, health-
care practices, and patient populations. This can limit the abil-
ity to assess the impact of different factors or interventions, 
reducing the study’s internal validity. Another limitation of this 
study is that there may be other confounding factors that can 
influence MR deterioration.
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