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Introduction

Atrial septal defect (ASD) is the most common congenital heart 
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Background and Objectives: Atrial septal defect (ASD) is the one of most common congenital heart diseases detected in adults. Along 
with remarkable development of device technology, the first treatment strategy of secundum ASD has been transcatheter closure in fea-
sible cases. However, there are only a few publications regarding the results of transcatheter closure of ASD in elderly patients, especially 
those over 60 years of age. We report our results of transcatheter closure of ASD in patients over 60 years old.
Subjects and Methods: Between May 2006 and December 2011, 31 patients over 60 years old (25 female and 6 male; mean 66.7±5.25 
years old, range 61-78 years old) were referred to our center.
Results: A total of 23 patients underwent therapeutic catheterization to close secundum ASD, and the closure was successful in 22 pa-
tients (95.7%). All patients who underwent the procedure survived except for one patient who expired because of left ventricular dys-
function. A small residual shunt was observed in two (9%) of 21 patients before discharge but disappeared at follow-up. All patients 
eventually had complete closure. There were five patients who had coronary problems. One patient underwent percutaneous coronary in-
tervention using a stent at the same time as transcatheter closure of ASD. Atrial arrhythmias were detected in 6 of 23 patients (26.1%) 
before the procedure. One patient was successfully treated by radiofrequency ablation before the procedure. No patients displayed new 
onset arrhythmia during the follow-up period. Follow-up echocardiographic evaluation showed a significantly improved right ventricular 
geometry.
Conclusion: We conclude that transcatheter closure of ASD is a safe and an effective treatment method for patients over 60 years old if 
the procedure is performed under a thorough evaluation of comorbidities and risk factors. (Korean Circ J 2013;43:110-114)
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disease detected in adults, accounting for about 10% of all conge-
nital heart anomalies. Although many patients with ASD are asym-
ptomatic for years, almost all the patients eventually develop symp-
toms, most often dyspnea on exertion, fatigue, and palpitation. Al-
ong with the remarkable developments of device technology, trans-
catheter closure has been preferred as the initial treatment strategy 
of secundum ASD in feasible cases.1-3) Moreover, many clinicians have 
performed transcatheter ASD closure as an alternative to surgery 
and reported excellent results with low complication rates. How-
ever, several factors, such as morphology of ASD, comorbidity, and 
age, can influence the outcome significantly. In particular, in elderly 
patients, prolonged left-to-right shunting results in right ventricular 
(RV) volume overload and subsequent pulmonary hypertension and 
atrial arrhythmia. We report our results of transcatheter ASD closure 
with the Amplatzer Septal Occluder (ASO; AGA Medical Corp., Gold-
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en Valley, MN, USA) in patients over 60 years old, and discuss the 
risk factors of the procedure as well as the strategies to prevent com-
plications in this particular subset of patients.

Subjects and Methods

Study population
Between May 2006 and December 2011, 31 patients over 60 years 

of age (25 female and 6 male; mean 66.7±5.25 years old, range 61-
78 years old) were referred to our center of Grown-Up Congenital 
Heart disease. Of these patients, 8 underwent surgery after diagno-
stic catheterization and 23 underwent transcatheter closure of se-
cundum ASD. The indications for ASD closure were hemodynamical-
ly significant secundum ASD <40 mm in diameter with adequate rims 
(>5 mm in length, except for the anterior superior rim), and RV en-
largement on transthoracic echocardiography (TTE) and/or clinical-
ly symptomatic patients. ASD assessment was done by TTE and/or 
transesophageal echocardiography (TEE). Patients who had evid-
ence of partial anomalous pulmonary venous return and/or ASD size 
>40 mm were excluded from the study. We retrospectively review-
ed the medical records of all patients, and the Institutional Review 
Board approved the study and waived informed consent.

Device closure procedure
The sizes of defects were measured with TEE or intracardiac echo-

cardiography (ICE) in all patients in the catheterization laboratory. 
One dose of cephazolin was administered 30 minutes before the 
procedure and 2 doses were administered 8 hours apart after the 
procedure. We used ASO in all patients. The procedure was per-
formed under local anesthesia, ICE and fluoroscopic guidance, ex-
cept for two patients who requested the procedure be done under 
general anesthesia. A 24 or 34 mm sizing balloon (AGA medical 
Corp., Golden Valley, MN, USA) was used to measure the diameter of 
the defect. Baseline hemodynamic assessment was performed in 
every patient prior to closure except in 1 patient who was evaluated 
for the hemodynamic state at another hospital and referred to our 
hospital. We used the stop-flow technique in general to avoid ov-
ersizing the defect. Before deployment of the device, we performed 
the “Minnesota wiggle”(reference) procedure gently to confirm the 
stability of the device. All patients received aspirin (100 mg) for 6 
months and were checked by chest X-ray, electrocardiography and 
TTE before discharge. We recommended prophylactic antibiotics 
for infective endocarditis for 6 months. We performed test occlusion 
of the defect in 3 patients to evaluate the left ventricular compli-
ance in case of high left atrial pressure. One patient’s left atrial pres-
sure was 23 mm Hg and the increase of left atrial pressure from 
baseline was lower than 3 mm Hg. Therefore, we occluded the de-

fect. Another case also involved test occlusion because of high left 
ventricular end diastolic pressure of 19 mm Hg, which increased to 
21 mm Hg on test occlusion. In the 3rd case, test occlusion was per-
formed for left ventricular diastolic dysfunction on TTE. The left ven-
tricular end-diastolic pressure increased from 10 mm Hg to 15 mm 
Hg after test occlusion and we occluded the defect with heart fail-
ure medications after the procedure.

Follow-up
We performed history taking, physical examination, electrocar-

diography, chest X-ray and TTE at the first post-procedure day, at 1 
month, 6 months, 1 year and annually thereafter to assess the symp-
toms and detect any complications or residual shunt. Residual sh-
unt was classified according to the color jet width described by Bou-
tin et al.4) as trace <1 mm, small >1 mm and <2 mm, moderate >2 
mm and <4 mm, large if >4 mm.

Statistics
The results are presented as mean and range. Differences between 

pre- and post-closure parameters were compared using Statistical 
Package for the Social Sciences (SPSS) 13.0 (SPSS Inc., Chicago, IL, 
USA). Null of no difference were rejected if p were less than 0.05. In pa-
tients with multiple ASDs, the largest defect size was used for analysis.

Results

Twenty-two patients had single ASD and 1 patient had two ASDs. 
The baseline clinical data are presented in Table 1 and the hemody-
namic data and related conditions are listed in Table 2.

Percutaneous transcatheter closure was tried in 23 patients and 
was successful in 22 patients (95.7%). The mean fluoroscopy time 
was 26.7±13.7 minutes (range 7.6-67 minutes). There was no fen-
estration case of ASO.

The procedure was successful in all patients except in one who 
failed due to encroachment of the mitral valve (MV) by the ASO de-
vice and was sent to surgery. All patients survived except for one 
patient who expired the next day of the procedure because of sus-
picious left ventricular dysfunction that developed after the trans-
catheter closure of ASD.

A small residual shunt was observed in 2 (9%) of 21 patients on 
the first follow-up TTE before discharge but disappeared later during 
the follow-up period. All patients eventually had complete closure.

We used a single ASO in all cases. In one patient with multiple 
ASD, we occluded the larger one but left the smaller one (2 mm) be-
cause of high left atrial pressure (mean 11 mm Hg) and high left ven-
tricular end diastolic pressure (14 mm Hg).

The mean size of ASDs measure by ICE (n=21) or TEE (n=2) was 
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18.0 mm (range, 11-34 mm), and the mean ASD balloon-stretched 
diameter (stop-flow technique) (n=18) was 17.8 mm (range, 12-28 
mm). The mean of mean pulmonary artery pressure (mean PAP) was 
28.3 mm Hg (range, 17-49 mm Hg). The mean pulmonary blood 
flow to systemic flow ratio as calculated using the Fick’s principle 
was 2.28 : 1 (range, 1.4-4.3 : 1). The mean device size used on all pa-
tients (n=22) was 19.9 mm (range, 12-32 mm).

Pulmonary arterial hypertension (mean PAP ≥25 mm Hg) was ob-
served in 15 patients (65.2%). Of these, 3 patients had significant 
pulmonary hypertension (mean PAP ≥40 mm Hg). All patients with 
pulmonary hypertension underwent transcatheter closure of ASD 
with successful results except for 1 patient who underwent surgical 
closure because the device encroached on the MV. There were no 
significant complications except pain, bruising or hematoma at the 

site of venous puncture. However, a patient who showed successful 
results in immediate post-procedural assessment developed cardi-
ac arrest after one day of the procedure and expired despite repeat-
ed resuscitation efforts.

There were 5 patients with coronary problems, thus they were re-
ferred to adult cardiologist. 4 patients underwent medical therapy 
and 1 patient underwent percutaneous coronary artery intervention 
using a stent because of 90% stenosis of the right coronary artery 
at the same time of transcatheter closure of ASD.

Atrial arrhythmias were detected in 6 of 23 patients (26.1%, 5 at-
rial fibrillation, 1 atrial flutter) before the procedure. 1 of 6 patients 
was successfully treated by radiofrequency ablation before transca-
theter closure of ASD and 5 patients were managed with antiarrhy-
thmic medications. 2 patients were reported to have persistent at-
rial fibrillation in the follow-up period. No patients had new onset ar-
rhythmia during the follow-up period.

We followed-up on 21 of 23 patients. 1 patient expired the next 
day of the procedure and 1 patient underwent operation. The mean 
follow-up interval was 21.6±18.5 months (range, 2.4-59 months). 
Patients were reassessed for New York Heart Association (NYHA) 
functional class and we discovered that 18 (85.7%) of 21 patients sh-
owed improvement. 3 patients showed no change but they showed 
NYHA functional class I before the procedure (Table 3).

We evaluated geometric changes in the RV by measuring tricuspid 
valve (TV) diameter and TV/MV diameter ratio (TV/MV ratio) and we 
found a statistically significant improvement of RV geometry after 
closure of the defect. The mean TV/MV ratio was decreased from 
1.31±0.2 before transcatheter closure of ASD to 1.10±0.17 after 
transcatheter closure. The mean TV diameter was decreased from 
38.3±3.63 mm before transcatheter closure to 34.4±4.83 mm after 

Table 1. Baseline clinical characteristics of the patients with secundum 
atrial septal defect

Characteristics Total=23

Sex Male : Female=3 : 20 (86.9%)

Age 67.2±5.6 year (range, 61-78 years old)

Body weight (kg) 55±9.7 (range, 37-72)

Symptoms Asymptomatic  n=1

Dyspnea on exertion n=10

Dyspnea n=10

Palpitation n=1

Hemoptysis n=1

NYHA functional class I n=3

II n=16

III n=4

Rhythm Sinus rhythm n=15

Atrial fibrillation n=5

Atrial flutter n=1

Paroxysmal ventricular tachycardia  n=2

NYHA: New York Heart Association

Table 2. Cardiac catheterization and hemodynamic data

Mean (±SD) Minimum Maximum

meanPAP (mm Hg) 28.3 (±8.50) 17 49

Qp/Qs 2.28 (±0.80) 1.4 4.3

FT (minutes) 26.7 (±13.7) 7.6 67

ASD size (TTE, mm) 16.5 (±6.30) 8 30

ASD size (TEE or ICE, mm) 18.0 (±6.50) 11 34

BSD size (mm) 17.8 (±5.20) 12 28

Device size (mm) 19.9 (±5.90) 12 32

SD: standard deviation, meanPAP: mean pulmonary artery pressure, Qp/Qs: 
pulmonary blood flow/systemic flow, FT: fluoroscopy time, ASD: atrial sepal 
defect, TTE: transthoracic echocardiography, TEE: transesophageal echocardiog-
raphy, ICE: intracardiac echocardiography, BSD: balloon stretched diameter

Table 3. Assessment of symptoms according to NYHA functional class

NYHA functional 
class

Preclosure (n=23), 
n (%)

Postclosure (n=21), 
n (%)

I 3 (13) 19 (90.5)

II 16 (69.6) 2 (9.5)

III 4 (17.4)

IV

Two patients were excluded: 1 patient due to death and 1 patient due to fail-
ure of transcatheter closure. NYHA: New York Heart Association

Table 4. Decrease of right ventricular volume before and after transcath-
eter closure of atrial septal defect

Preclosure (n=21)
mean±SD

Postclosure (n=21)
mean±SD

p

TV/MV ratio 1.31±0.20 1.10±0.17 0.000

TV diameter (mm) 38.3±3.63 34.4±4.83 0.001

SD: standard deviation, TV: tricuspid valve, MV: mitral valve
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transcatheter closure (Table 4). These changes in the RV geometry 
did not include patients who underwent operation or expired.

Discussion

Percutaneous transcatheter closure of secundum ASD with the 
ASO in pediatric and adult patients has a high success rate and ex-
cellent results which have been documented in many studies.2)3) 
Moreover, lower rates of mortality and perioprative complications 
are observed in patients less than 40 years of age.5) However, there 
are only a few available data on elderly patients of age older than 60 
years. Surgical closure of ASD in patients over 60 years old can re-
sult in significant mortality and morbidity.6) A study showed that 
patients who underwent surgical therapy had improved functional 
class and better survival rate than those treated with conservative 
therapy.7-9)

One of the most difficult problems for treatment of ASD in elder-
ly patients is co-morbid disease. More than one third of patients 
have systemic hypertension and other systemic diseases such as 
diabetes mellitus or cerebral infarction. Cardiac comorbidities such 
as pulmonary hypertension, ventricular dysfunction, atrial arrhyth-
mia and ischemic heart disease are known to make the problem 
more complicated.10-14)

This retrospective study was performed to evaluate the immedi-
ate and midterm results of transcatheter closure of ASD with ASO 
in patients over 60 years of age and to analyze symptomatic im-
provement, RV dimension, associated comorbidities and complica-
tions. The procedure was successful in all patients except in one who 
failed due to encroachment of the MV by the ASO device. All pa-
tients survived except for one patient who expired the day after the 
procedure due to a suspicious left ventricular dysfunction that de-
veloped after the transcatheter closure of ASD. As with many au-
thors, we recommend test occlusion of the defect in patients with 
baseline mean left atrial pressure ≥15 mm Hg or left ventricular 
end-diastolic pressure ≥18-20 mm Hg for 15-20 minutes, and then 
recheck the mean left atrial pressure or left ventricular end-diasto-
lic pressure. If the pressure is increased by more than 5 mm Hg, clo-
sure of ASD should be performed with ASO with a small fenestration 
or treatment should begin with heart failure medications. Unfor-
tunately, the patient in the study that has expired had mildly high 
left atrial pressure (11-12 mm Hg) and left ventricular end-diastolic 
pressure (17 mm Hg) and thus we did not perform test occlusion. 
The accurate cause of death of this patient is not known. She had 
mild pulmonary hypertension with a severely enlarged right ven-
tricle (TV diameter=45.7 mm) but no coronary artery problem and 
no arrhythmia. Therefore, we cannot exclude the possibility of 
masked restriction of the left ventricle. In such cases, prolonged left 

to right shunting may result in RV volume overload and mask the 
restriction of the left ventricle. Therefore, we recommend careful 
hemodynamic assessment in elderly patients with moderate to large 
ASDs for potential left ventricular dysfunction as well as tempo-
rary balloon test occlusion of ASD before transcatheter closure es-
pecially in cases of more than 10 mm Hg of left atrial pressure, and 
we also recommend the commencement of anticongestive medi-
cations in high risk patients.9-11)15-19)

In this study, we used ICE in 21 (91.3%) of 23 patients. The femo-
ral vein was punctured in 2 separate sites, 1 for the device delivery 
system and 1 for the ICE catheter. We usually use ICE as an imaging 
guidance tool because there is no need for endotracheal intuba-
tion and general anesthesia. There were no ICE-associated complic-
ations except pain, bruising or hematoma at the site of venous pu-
ncture, and we obtained images of superior quality. Therefore, if 
available and familiarized, ICE provides better images during trans-
catheter closure of ASD.20)21)

In this study, 6 (26%) of 23 patients had documented atrial fibril-
lation or flutter prior to ASD closure. The occurrence of arrhythmia 
in this group may be due to prolonged right atrial dilatation caused 
by prolonged left-to-right shunting. Chessa et al.22) reported arrhy-
thmic problems after transcatheter closure of ASD due to stretching 
of the interatrial septum by the central waist of the device. In this 
study, however, we had no new onset of atrial fibrillation or flutter.

Some reports have documented that substantial reverse remod-
eling of the heart after closure improves the symptoms and func-
tional status.11)12)16) From this study, we found a statistically signifi-
cant decrease in TV dimension and TV/MV ratio which suggest de-
crease in RV volume after transcatheter closure of ASD as well as 
improved functional status despite the old age of the patients.

This study has some limitations such as the retrospective nature 
of the study, small sample size and relatively short follow-up period. 
A study with a larger sample may produce a larger number of ad-
verse events.

In conclusion, even in patients over 60 years of age, transcatheter 
closure of ASD is a safe and an effective treatment method if the 
procedure is performed under a thorough evaluation including co-
morbidities, risk factors and possibility of left ventricular dysfunc-
tion. Thus, we recommend the temporary balloon test occlusion of 
ASD and careful observation in the change of left atrial pressure or 
left ventricular end-diastolic pressure. Also, physician must follow 
their patients for serious complications such as arrhythmia, pulmo-
nary hypertension, and right and left ventricular failure. We can also 
expect right heart remodeling in patient over 60 years old.
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