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ABSTRACT

Background: Atrial Septal Defect (ASD) is one of the most common congenital heart diseases. Percutaneous 

transcatheter closure (PTC) has become an alternative to surgery, especially in cases of secundum ASD. PTC in 

patients with secundum ASD with speci�c de�ciencies, such as multiple rim de�ciencies and multiple defects, 

remains a signi�cant challenge. There is still considerable debate about whether a single device is su�cient to 

close two or more defects, or whether two or more devices are needed if the defects are not close to each other.

Case presentation: This case is a 41-year-old woman with multiple secundum ASDs and adequate rims where 

the large ASD (1st ASD) was successfully closed with a Lifetech Cera device with zero �uoroscopy, the insertion of 

which was guided by transesophageal echocardiography (TEE) and still left a small defect (2nd ASD) with several 

considerations.

Conclusion: A thorough assessment of the anatomy and hemodynamics of patients with multiple secundum 

ASDs is crucial. Closure of multiple secundum ASD defects using PTC depends on several factors, including the 

presence or absence of pulmonary hypertension, the number of defects, and their size. These factors can in�uence 

the decision to close multiple defects and are also crucial in selecting the appropriate device based on the size of 

the defect to be closed.

Keywords: adult congenital heart disease; multiple atrial septal defects; percutaneous closure of atrial septal 
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INTRODUCTION

�e incidence of congenital heart disease 
(CHD) varies around 4-50 / 1000 live 
births. At the global level, Atrial Septal 
Defect (ASD) is the 4th highest CHD, the 
incidence of ASD is estimated at 56 per 
100,000 live births and 65-70% of ASD 
patients are estimated to have secundum 
ASD.1 In Indonesia, the prevalence of 
CHD is quite signi�cant, namely around 
40,934 cases per year or 8-10 per 1000 live 
births with ASD contributing around 17% 
of the total cases, namely around 5,440 - 
6,800 cases per year.2,3 

If not treated properly, ASD can cause 
complications such as dilation of the 
RA and RV, pulmonary hypertension, 
arrhythmias and right heart failure. 
Clinical manifestations that can occur 
vary greatly depending on the size of 
the ASD and the direction of the �ow or 
shunt present. Symptoms that o�en appear 

in adulthood are shortness of breath, 
palpitations, fatigue, and other signs of 
right heart failure.

�ere are two treatment options 
available for ASD patients, surgical 
techniques and PTC techniques. Surgical 
closure of ASD defects is generally 
safe, but is o�en associated with high 
morbidity, discomfort, signi�cant 
scarring, and prolonged hospital stays. 
Percutaneous transcatheter closure (PTC) 
is an alternative, as it o�ers faster recovery, 
fewer complications, and no scarring.4-6

Echocardiography plays a crucial role 
in diagnosing ASD by assessing the defect 
size, morphology, and rims, as well as 
guiding and evaluating the results of ASD 
closure. Both TTE and TEE, especially 
with �ree-dimensional (3D) imaging, are 
crucial for more accurate assessment and 
the presence or absence of crucial factors 
that determine the feasibility and success 

of PTC.7,8

In patients with multiple ASD defects, 
ASD closure with PTC may be more 
technically challenging and carries a 
higher risk of complications, such as 
device embolization, erosion, or residual 
shunt. �erefore, careful anatomical and 
hemodynamic assessment is necessary 
to determine the appropriate patient for 
PTC.9

CASE REPORT

A 41-year-old female patient was referred 
to the hospital with complaints of 
shortness of breath. Vital signs revealed 
blood pressure of 120/62 mmHg, pulse 
rate of 100x/minute, respiration rate 
of 20x/minute, and saturation of 98%. 
Physical examination revealed a grade 3/6 
midsystolic murmur at intercostal space 
(ICS) II-III parasternal le� line. �ere 

http:/doi.org/10.15562/ijbs.v20i1.667
http:/doi.org/10.15562/ijbs.v20i1.667
http:/doi.org/10.15562/ijbs.v20i1.667
http://ijbs-udayana.org/


19Published by Indonesia Journal of Biomedical Science | IJBS 2026; 20(1): 18-22 | doi: 10.15562/ijbs.i20v1.667

CASE REPORT

were no rhonchi or wheezing. �ere was 
no ascites or swelling in both extremities. 
Electrocardiography (ECG) revealed sinus 
tachycardia of 102x/minute, occasional 
premature ventricular contraction (PVC), 
P Mitral, right ventricular hypertrophy 
(RVH), right axis deviation (RAD). 
Chest X-ray revealed cardiomegaly with 
suspicion of pulmonary hypertension and 
le� pleural e�usion.

Transthoracic echocardiography 
(TTE) results with atrial situs solitus, 
large ASD secundum (diameter 20 mm) 
bidirectional shunt dominant L-R shunt, 
mitral rim 16 mm, posterior rim 25 mm, 
right atrium (RA) and right ventricle 
(RV) dilation, normal le� ventricle (LV) 
and RV systolic function, severe tricuspid 
regurgitation (TR) with high probability of 
pulmonary hypertension (PH), moderate 
pulmonal regurgitation (PR), mild mitral 
regurgitation (MR).

Transesophageal echocardiography 
(TEE) results with multiple ASD secundum 
L-R shunt, �oppy inter atrial septum 
(IAS; 1st ASD size with 3D measurement 
18.3 mm x 10.7 mm and 2nd ASD size 6 
mm x 3 mm, largest ASD diameter size 
two dimensional-2D 18 mm; Figure 1) 
posterior rim 12.27 mm, mitral rim 15.07 
mm, SVC rim 17.11 mm, inferior vena 
cava (IVC) rim 14.64 mm, Aortic rim 
minimum 3.05 mm), the distance between 
the �rst and second ASD is 1.22 cm, mild 
MR, mild PR, moderate TR with high 
probability of PH, RA and RV dilatation, 
normal LV and RV systolic function (EF 
biplane-BP 69.4%, TAPSE 29 mm).

�e second TEE evaluation was 
performed shortly before the ASD closure 
procedure (Figure 2) with the results 
showing multiple large, oval-shaped ASD 
secundum L-R shunts with a diameter 
of 21 mm x 11 mm for 1st ASD (antero-
inferior) and 3 x 3 mm for 2nd ASD 
(supero-posterior) with adequate rims, so 
it was planned to perform transcatheter 
ASD closure with Cera ASD Lifetech No. 
22 using the zero �uoroscopy method.

A�er administering anesthetic drugs, 
a 6F sheath was inserted through the 
femoral vein, then a 5F MPA2 catheter 
crossed into the le� upper pulmonary vein 
(LUPV) then an extra-sti� Amplatzer wire 
was inserted into the LUPV and the 6F 
sheath was removed. �en a 12F Lifetech 

Figure 1.	 A. 3D size image on 1stASD; B. 3D size image on 2nd ASD

Figure 2.	 3D size image on 1stASD
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SFA delivery sheath was inserted into the 
LUPV, Real-time three-dimensional TEE 
was performed to assess whether the wire 
and sheath entered the defect hole to be 
closed (Figure 3). �en the Lifetech Cera 
ASD closure device no. 22 was inserted 
through the delivery sheath into the 
LUPV then the LA disk was opened in 
the LA and the RA disk was opened in 
the RA. A�er that, a TEE evaluation was 
carried out again along with a wiggle test 
and the device position was seen to be 
stable, no residual shunt was seen in 1st 
ASD, there was a residual shunt in the 
2ndASD with le� to right shunt (Figure 4). 
Next, the patient was scheduled for a TTE 
evaluation one month post-ASD closure 
and periodic evaluations were carried out 
to monitor the patient’s condition where if 
the patient still had complaints related to 
the remaining defect (2ndASD) then ASD 
closure would be considered for 2ndASD.

DISCUSSION

Echocardiography is the primary 
examination for diagnosing ASD. TTE 
provides basic information on chamber 
size, defect size, ASD shunt direction, 
and pulmonary artery pressure. TEE, 
particularly three-dimensional (3D), 
provides more speci�c and comprehensive 
information, including defect size, 
number of defects, defect shape, and rim 
condition.9,10 Adequate ASD rim coverage 
is crucial for PTC treatment of ASD. Rim 
de�ciencies, particularly in the IVC, SVC, 
and posterior rims, can pose a high risk 
of device failure due to device instability, 
embolization, and residual shunt.11-15

ASD closure using PTC is an option 
if no other signi�cant complications are 
found because it has a higher success rate 
and a lower risk of complications in both 
children and adults.16-20

ASD with multiple defects can be found 
in 10% of ASD patients.20 Defect closure 
can be performed using more than one 
device if necessary, with good results.21 

However, in certain circumstances, 
complications can also arise, the most 
common being device embolization and 
erosion. �erefore, the anatomy of the ASD 
must be thoroughly assessed to determine 
whether there are complications such 
as rim de�ciency or a �oppy septum. In 
some cases, closure of ASDs with multiple 

defects can also be performed with a 
single device if the distance between the 
defects is relatively close (<0.7-1 cm), or 
if the device used has su�cient disc width 
to cover both defects. In multiple ASDs 
with relatively wide distances between the 
defects and severe rim de�ciency, surgical 

closure of the ASD is recommended.18,19

Device measurement and selection are 
crucial for the success of the procedure. 
Device size selection depends on the size 
and shape of the defect. A wiggle test 
(Minnesota test) is also crucial to ensure 
device stability.14,15

Figure 3.	 A. 2D color view from 1st ASD (anteroinferior), 2ndASD (supero-posterior) at 0 
degrees; B. 2D view from 1st ASD (anteroinferior), 2ndASD (supero-posterior)

Figure 4.	 A. 2D color view showed device position was stable, no residual shunt 
on 1st ASD, and residual shunt on the 2nd ASD with le� to right shunt; 
B. 3D view with residual shunt on the 2nd ASD with le� to right shunt
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Balloon sizing is a method that can 
be performed before determining the 
device size, but as technology develops, 
at our center, imaging tools such as TEE 
and 3D echocardiography have become 
increasingly better in quality so that they 
can provide more precise images and 
measurements so that balloon sizing 
examinations are not carried out in this 
case, in addition to that, the procedure will 
be safer and more e�ective. Recent studies 
have shown that ASD closure can now 
be performed without balloon sizing and 
simply by relying on TEE results.21-25 Awad 
et al. reported that selecting a device size 
30-40% larger than the defect size yielded 
good results without complications.22 
Besides that, balloon sizing can sometimes 
overestimate the defect, leading to 
oversized devices, while imaging helps 
identify �rm rims, allowing for more 
accurate device selection and potentially 
smaller devices. However, some operators 
still use this balloon sizing technique to 
identify other, previously unseen defects 
and to determine closure strategies. 
Furthermore, it has been suggested that 
without balloon sizing, PTC procedures 
result in shorter radiation times and a 
lower risk of oversizing.26,27

An ASD less than 1 cm (10 mm) 
usually does not need to be closed if 
it is asymptomatic and does not cause 
signi�cant strain on the heart, so that 
without any complaints and with stable 
hemodynamics, the defect can still be 
observed �rst, but if the symptoms are 
signi�cant and there are hemodynamic 
disturbances, the defect should be closed. 
Closure is generally recommended 
for defects that are considered 
hemodynamically signi�cant, such as there 
is evidence of right heart enlargement or 
volume overload on an echocardiogram, 
the presence of symptoms such as 
shortness of breath, fatigue, or abnormal 
heart rhythms (arrhythmias), regardless 
of the defect size, the risk of long-term 
complications and a history of paradoxical 
embolism (a stroke or transient ischemic 
attack caused by a blood clot passing 
through the hole).26

Hemodynamically signi�cant ASDs, 
typically de�ned as those with a Qp:Qs 
ratio greater than 1.5:1, should be closed 
to prevent long-term complications such 
as right heart enlargement, pulmonary 

hypertension, arrhythmias, and heart 
failure. Symptomatic patients, regardless 
of age, should undergo ASD closure to 
improve exercise tolerance and reduce 
symptoms. Asymptomatic patients with 
signi�cant shunts (Qp:Qs ratio greater 
than 1.5:1) may also bene�t from closure 
to prevent long-term complications, 
provided that systolic PA pressure is less 
than 50% of systolic systemic pressure 
and pulmonary vascular resistance is less 
than one third of the systemic vascular 
resistance.27,28

�e clinical implications of this case 
show that with proper anatomical and 
hemodynamic evaluation, ASD closure 
with the PTC technique can be performed 
safely although it does not apply to certain 
patient conditions. Individual assessment 
remains important, taking into account 
echocardiography results, hemodynamic 
data, and patient-speci�c considerations.

CONCLUSION

PTC in patients with ASDs is a safe and 
e�ective procedure. Comprehensive 
echocardiographic assessment, 
particularly TEE and 3D, is essential to 
evaluate defect size, number, morphology, 
and rim adequacy. In cases of multiple 
secundum ASDs, PTC closure can still be 
performed, with various considerations 
depending on the number and size of 
the defects. Conservative options may 
be considered in cases of very small 
multiple secundum ASDs, in the absence 
of pulmonary hypertension, and with 
relatively normal heart function.

FUNDING 

None.

ETHICS DECLARATIONS

Written and informed consent has been 
obtained from the patient to publish the 
case report.

CONFLICT OF INTEREST

�e authors declare no con�ict of interest.  

AUTHOR CONTRIBUTION

All authors have a proportional 
contribution to this study.

GENERATIVE AI DISCLOSURE 

STATEMENT

�e authors declare that no generative 
Arti�cial Intelligence (AI) tools were 
used in the preparation, writing, data 
analysis, interpretation, or editing of this 
manuscript. �e entire content of this 
article is the original work of the authors. 
�e authors take full responsibility for the 
integrity and accuracy of the manuscript.

REFERENCES

1.	 Liu Y, Chen S, Zühlke L, Black GC, Choy M-K, 

Li N, et al. Global birth prevalence of congenital 

heart defects 1970-2017: updated systematic 

review and meta-analysis of 260 studies. Int J 

Epidemiol. 2019;48(2):455–63. Available from: 

https://pubmed.ncbi.nlm.nih.gov/30783674 

2.	 Indonesia Ministry of Health. Indonesia Helath 

Pro�le. Jakarta: Indonesia Ministry of Health; 

2011

3.	 Ho�man JIE, Christianson R. Congenital 

heart disease in a cohort of 19,502 births 

with long-term follow-up. Am J Cardiol. 

1978;42(4):641–7. Available from: http://dx.doi.

org/10.1016/0002-9149(78)90635-5 

4.	 Dickinson DF, Arnold R, Wilkinson JL. 

Congenital heart disease among 160 480 

liveborn children in Liverpool 1960 to 1969. 

Implications for surgical treatment. Heart. 

1981;46(1):55–62. Available from: http://dx.doi.

org/10.1136/hrt.46.1.55 

5.	 Silvestry FE, Kerber RE, Brook MM, Carroll 

JD, Eberman KM, Goldstein SA, et al. 

Echocardiography-Guided Interventions. J 

Am Soc Echocardiogr. 2009;22(3):213–31. 

Available from: http://dx.doi.org/10.1016/j.

echo.2008.12.013 

6.	 Boccalandro F, Baptista E, Muench A, Carter 

C, Smalling RW. Comparison of intracardiac 

echocardiography versus transesophageal 

echocardiography guidance for percutaneous 

transcatheter closure of atrial septal 

defect. Am J Cardiol. 2004;93(4):437–40. 

Available from: http://dx.doi.org/10.1016/j.

amjcard.2003.10.037 

7.	 Silversides CK, Dore A, Poirier N, Taylor 

D, Harris L, Greutmann M, et al. Canadian 

Cardiovascular Society 2009 Consensus 

Conference on the management of adults 

with congenital heart disease: Shunt lesions. 

Can J Cardiol. 2010;26(3):e70–9. Available 

from: http://dx.doi.org/10.1016/s0828-

282x(10)70354-8 

8.	 Cowley CG, Lloyd TR, Bove EL, Ga�ney D, 

Dietrich M, Rocchini AP. Comparison of results 

of closure of secundum atrial septal defect by 

surgery versus amplatzer septal occluder. 

Am J Cardiol. 2001;88(5):589–91. Available 

from: http://dx.doi.org/10.1016/s0002-

9149(01)01750-7 

9.	 Sahn DJ. Moss and Adams’ Heart Disease in 

Infants, Children, and Adolescents, Including 

the Fetus and Young Adult, 6th Ed. Circulation. 

http:/doi.org/10.15562/ijbs.v20i1.667
https://pubmed.ncbi.nlm.nih.gov/30783674
http://dx.doi.org/10.1016/0002-9149(78)90635-5
http://dx.doi.org/10.1016/0002-9149(78)90635-5
http://dx.doi.org/10.1136/hrt.46.1.55
http://dx.doi.org/10.1136/hrt.46.1.55
http://dx.doi.org/10.1016/j.echo.2008.12.013
http://dx.doi.org/10.1016/j.echo.2008.12.013
http://dx.doi.org/10.1016/j.amjcard.2003.10.037
http://dx.doi.org/10.1016/j.amjcard.2003.10.037
http://dx.doi.org/10.1016/s0828-282x(10)70354-8
http://dx.doi.org/10.1016/s0828-282x(10)70354-8
http://dx.doi.org/10.1016/s0002-9149(01)01750-7
http://dx.doi.org/10.1016/s0002-9149(01)01750-7


22 Published by Indonesia Journal of Biomedical Science | IJBS 2026; 20(1): 18-22 | doi: 10.15562/ijbs.i20v1.667

CASE REPORT

2001;104(24). Available from: http://dx.doi.

org/10.1161/circ.104.24.e139 

10.	 Hanley PC, Tajik AJ, Hynes JK, Edwards WD, 

Reeder GS, Hagler DJ, et al. Diagnosis and 

classi�cation of atrial septal aneurysm by 

two-dimensional echocardiography: Report 

of 80 consecutive cases. J Am Coll Cardiol. 

1985;6(6):1370–82. Available from: http://

dx.doi.org/10.1016/s0735-1097(85)80228-x 

11.	 Bhaya M, Mutluer FO, Mahan E, Mahan 

L, Hsiung MC, Yin W, et al. Live/Real 

Time �ree‐Dimensional Transesophageal 

Echocardiography in Percutaneous Closure 

of Atrial Septal Defects. Echocardiography. 

2013;30(3):345–53. Available from: http://

dx.doi.org/10.1111/echo.12106 

12.	 Mathewson JW, Bichell D, Rothman A, Ing FF. 

Absent posteroinferior and anterosuperior atrial 

septal defect rims: factors a�ecting nonsurgical 

closure of large secundum defects using the 

amplatzer occluder. J Am Soc Echocardiogr. 

2004;17(1):62–9. Available from: http://dx.doi.

org/10.1016/j.echo.2003.09.018 

13.	 Podnar T, Martanovič P, Gavora P, Masura J. 

Morphological variations of secundum‐type 

atrial septal defects: Feasibility for percutaneous 

closure using Amplatzer septal occluders. 

Catheter Cardiovasc Interv. 2001;53(3):386–

91. Available from: http://dx.doi.org/10.1002/

ccd.1187 

14.	 Berger F, Ewert P, Abdul‐Khaliq H, Nürnberg 

J, Lange PE. Percutaneous Closure of Large 

Atrial Septal Defects with the Amplatzer 

Septal Occluder: Technical Overkill or 

Recommendable Alternative Treatment? J 

Interv Cardiol. 2001;14(1):63–7. Available from: 

http://dx.doi.org/10.1111/j.1540-8183.2001.

tb00714.x 

15.	 Kijima Y, Akagi T, Takaya Y, Taniguchi M, 

Nakagawa K, Kusano K, et al. De�cient 

Surrounding Rims in Patients Undergoing 

Transcatheter Atrial Septal Defect Closure. 

J Am Soc Echocardiogr. 2016;29(8):768–76. 

Available from: http://dx.doi.org/10.1016/j.

echo.2016.04.010 

16.	 Poppy S, et al. National guideline for the 

management of congenital heart disease in 

pediatric patients. Indonesian Society of 

Cardiovascular Specialists; 2024.

17.	 McMahon CJ, Feltes TF, Fraley JK, Bricker JT, 

Gri�a RG, Tortoriello TA, et al. Natural history 

of growth of secundum atrial septal defects and 

implications for transcatheter closure. Heart. 

2002;87(3):256–9. Available from: http://dx.doi.

org/10.1136/heart.87.3.256 

18.	 Cho MJ, Song J, Kim SJ, Choi EY, Lee SY, Shim 

WS. Transcatheter Closure of Multiple Atrial 

Septal Defects With the Amplatzer Device. 

Korean Circ J. 2011;41(9):549. Available from: 

http://dx.doi.org/10.4070/kcj.2011.41.9.549 

19.	 Cao Q. Transcatheter closure of multiple 

atrial septal defects. Initial results and 

value of two- and three-dimensional 

transoesophageal echocardiography. Eur Heart 

J. 2000;21(11):941–7. Available from: http://

dx.doi.org/10.1053/euhj.1999.1909

20.	 Du Z-D, Hijazi ZM, Kleinman CS, Silverman 

NH, Larntz K. Comparison between 

transcatheter and surgical closure of secundum 

atrial septal defect in children and adults. J Am 

Coll Cardiol. 2002;39(11):1836–44. Available 

from: http://dx.doi.org/10.1016/s0735-

1097(02)01862-4 

21.	 Diab KA, Cao Q-L, Bacha EA, Hijazi ZM. 

Device closure of atrial septal defects with 

the Amplatzer septal occluder: Safety and 

outcome in infants. J �orac Cardiovasc Surg. 

2007;134(4):960–6. Available from: http://

dx.doi.org/10.1016/j.jtcvs.2007.06.018 

22.	 Awad SM, Garay FF, Cao Q, Hijazi ZM. Multiple 

Amplatzer septal occluder devices for multiple 

atrial communications: Immediate and long‐

term follow‐up results. Catheter Cardiovasc 

Interv. 2007;70(2):265–73. Available from: 

http://dx.doi.org/10.1002/ccd.21145 

23.	 Ko S-F, Liang C-D, Yip H-K, Huang C-C, Ng S-H, 

Huang C-F, et al. Amplatzer Septal Occluder 

Closure of Atrial Septal Defect: Evaluation of 

Transthoracic Echocardiography, Cardiac CT, 

and Transesophageal Echocardiography. Am 

J Roentgenol. 2009;193(6):1522–9. Available 

from: http://dx.doi.org/10.2214/ajr.09.2854 

24.	 Kitano M, Tsukada M, Fujino M. Wire 

Atrial Septostomy: A New Technique to 

Create a Large Defect in a �ickened Atrial 

Septum. World J Pediatr Congenit Hear Surg. 

2017;11(4):NP18–21. Available from: http://

dx.doi.org/10.1177/2150135116686929 

25.	 Gupta S, Sivasankaran S, Bijulal S, �arakan 

J, Harikrishnan S, Ajit KVK. Trans-catheter 

closure of atrial septal defect: Balloon sizing or 

no balloon sizing - single centre experience. Ann 

Pediatr Cardiol. 2011;4(1):28. Available from: 

http://dx.doi.org/10.4103/0974-2069.79619 

26.	 Fraisse A, Latchman M, Sharma S-R, Bayburt S, 

Amedro P, di Salvo G, et al. Atrial septal defect 

closure: indications and contra-indications. 

J �orac Dis. 2018;10(S24):S2874–81. 

Available from: http://dx.doi.org/10.21037/

jtd.2018.08.111 

27.	 Hasan BS, Kumar RK. Adapting the 2025 

ACC/AHA/HRS/ISACHD/SCAI Guideline 

for Management of Adults With Congenital 

Heart Disease to Low Resource Settings. JACC. 

2026;87(7):809–12. Available from: http://

dx.doi.org/10.1016/j.jacc.2025.12.062 

28.	 Grygier M, Sabiniewicz R, Smolka G, Demkow 

M, Araszkiewicz A, Sorysz D, et al. Percutaneous 

closure of atrial septal defect: a consensus 

document of the joint group of experts from the 

Association of   Cardiovascular Interventions 

and the Grown-Up Congenital Heart Disease 

Section of the Polish Cardiac Society. Kardiol 

Pol. 2020;78(10):1066–83. Available from: 

http://dx.doi.org/10.33963/kp.15629 

http:/doi.org/10.15562/ijbs.v20i1.667
http://dx.doi.org/10.1161/circ.104.24.e139
http://dx.doi.org/10.1161/circ.104.24.e139
http://dx.doi.org/10.1111/echo.12106
http://dx.doi.org/10.1111/echo.12106
http://dx.doi.org/10.1016/j.echo.2003.09.018
http://dx.doi.org/10.1016/j.echo.2003.09.018
http://dx.doi.org/10.1002/ccd.1187
http://dx.doi.org/10.1002/ccd.1187
http://dx.doi.org/10.1111/j.1540-8183.2001.tb00714.x
http://dx.doi.org/10.1111/j.1540-8183.2001.tb00714.x
http://dx.doi.org/10.1016/j.echo.2016.04.010
http://dx.doi.org/10.1016/j.echo.2016.04.010
http://dx.doi.org/10.1136/heart.87.3.256
http://dx.doi.org/10.1136/heart.87.3.256
http://dx.doi.org/10.4070/kcj.2011.41.9.549
http://dx.doi.org/10.1016/s0735-1097(02)01862-4
http://dx.doi.org/10.1016/s0735-1097(02)01862-4
http://dx.doi.org/10.1016/j.jtcvs.2007.06.018
http://dx.doi.org/10.1016/j.jtcvs.2007.06.018
http://dx.doi.org/10.1002/ccd.21145
http://dx.doi.org/10.2214/ajr.09.2854
http://dx.doi.org/10.1177/2150135116686929
http://dx.doi.org/10.1177/2150135116686929
http://dx.doi.org/10.4103/0974-2069.79619
http://dx.doi.org/10.21037/jtd.2018.08.111
http://dx.doi.org/10.21037/jtd.2018.08.111
http://dx.doi.org/10.1016/j.jacc.2025.12.062
http://dx.doi.org/10.1016/j.jacc.2025.12.062
http://dx.doi.org/10.33963/kp.15629

