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Objectives: To evaluate the procedural and short-term results of percutaneous atrial septal 

defect (ASD) closure in adults. 

Methodology: We retrospectively analysed 149 consecutive patients with a secundum ASD 

who underwent percutaneous closure from September 2011 to January 2021. Procedural and 

short-term results, including arrhythmia, device embolisation and residual shunt, were assessed 

at 2 days and 4 weeks and 6 months after percutaneous closure of atrial septal defect . 

Results: The patients were 14 to 77 (37.7 ± 15.0) years old and 101 (67.8%) were female. 

Maximum defect size was 18.0 ± 6.3 mm measured on transoesophageal echocardiography. 

The device diameter used in patients who underwent closure was 21.9 ± 6.9 mm (6–38 mm). 

Percutaneous closure procedure success rate was 93.3%. In our study, the rates of device 

embolisation, arrhythmia and residual shunt were 3.6%, 1.4%, and 2.2%, respectively. 

Conclusion: Transcatheter closure of ASDs in adults was feasible in our centre with good 

short-term outcome. The procedure should be performed in experienced centres by 

cardiologists specialised in the treatment of structural heart diseases due to potentially severe 

complications. 
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INTRODUCTION 

Atrial septal defect (ASD) is one of the most common 

congenital heart diseases in adults, accounting for 5–

10% of all congenital heart diseases. ASD manifests 

itself as four types according to location of the ASD: 

the ostium secundum defect, ostium primum defect, 

sinus venosus defect, and coronary sinus defect.1 

Secundum ASD, which emerges as a result of an 

opening in the septum between the atria in the fossa 

ovalis region, accounts for 80% of all ASDs.2 Most 

patients remain asymptomatic until an adult age due to 

the lack of specific clinical signs and physical 

examination findings. If left untreated, complications 

such as atrial arrhythmias, paradoxical embolism, 

right ventricular failure and irreversible pulmonary 

hypertension may develop.2 Closing via the 

percutaneous method has become the first option for 

closing secundum ASDs in appropriate anatomies.3 

Instead of surgery, percutaneous ASD closure is 

preferred due to its easier procedure, less invasive 

nature, low cost, low complication rate, shorter 

hospital stay and long-term successful outcomes. In 

this study, we aimed to evaluate the early results of 

closed percutaneous secundum ASD cases in our 

hospital’s cardiology clinic. 

 

METHODOLOGY 
A total of 149 patients with a secundum ASD who 

underwent percutaneous closure in our hospital 

between September 2011 and January 2021 were 

retrospectively evaluated. Patients who did not have a 

rim (other than the aortic rim) that exceeded 5 mm as 

determined by transoesophageal echocardiogram were 

not included in the study. Patients with a defect 

diameter less than 5 mm, a defect diameter greater than 

40 mm, a primum ASD, a sinus venosus ASD, a 

coronary sinus ASD, Eisenmenger syndrome or 

missing data were excluded from the study. In 

addition, those who were found to have additional 

congenital cardiac disease requiring cardiac surgery 

were not included. Haemodynamic measurements 

were not routinely performed in all patients. 

Hemodynamic measurements were made in patients 

over 65 years of age. Also, hemodynamic data were 

recorded in patients with a defect diameter >25-30 mm 

and whose pulmonary artery pressure was measured to 

be very high by echocardiography. Qp/qs, pulmonary 

capillary wedge pressure, pulmonary vascular 

resistance, systemic vascular resistance, pulmonary 

artery pressures and ventricular pressures were 

calculated by performing right and left heart 

catheterization in these patients, and closure was 

performed in appropriate patients. The study was 
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approved by the Sakarya University Faculty of 

Medicine Ethics Committee (Ethics Committee 

number:71522473/050.01.04-5995/12). 

Echocardiography 

All patients were evaluated by transthoracic and 

transoesophageal echocardiography (TEE) before the 

procedure. Echocardiographic procedures were 

performed with different devices, such as Vivid 3 

(General Electric, Haifa, Israel), Vivid S70 (GE, 

Horten, Norway) and Philips EPIC 7 (Philips Medical 

Systems, Andover, MA). Patients with signs of right 

ventricular overload and dilation, a clear left-right 

shunt and a Qp/Qs>1.5 were decided to close. In 

addition, a decision to close was made in patients with 

paradoxical embolism who did not have signs of right 

ventricular volume overload and dilation. Upon 

examination, defect diameter, total septum length, the 

condition of the rims and their relationship with 

neighbouring structures (mitral and aortic valves, 

coronary sinuses and pulmonary veins) were 

evaluated. Using transoesophageal echocardiography, 

superior and atrioventricular rims from a mid-

esophageal four-chamber view , aortic and posterior 

rims from a mid-esophageal aortic valve long axis 

view and vena cava superior and vena cava inferior 

rims from a bicaval view were displayed. The closure 

device size was determined by adding 1-4 mm to the 

maximum defect diameter measured by 

transoesophageal echocardiography according to the 

condition of the rims. The measurement of the total 

septum was made using the mid-esophageal four-

chamber view. A balloon measurement was not 

routinely performed. A percutaneous closure 

procedure was performed mostly accompanied by 

transthoracic echocardiography, while 

transoesophageal echocardiography was used in 

several selected patients, and the success of the 

procedure and whether there was a residual shunt or 

the device was in place was evaluated. A 24-h follow-

up of the patients after the procedure was performed 

using transthoracic echocardiography. 

After the patients were informed about the 

percutaneous closure procedure and their informed 

consent was obtained, patients were taken to the 

catheter laboratory. Most patients underwent 

percutaneous closure under local anaesthesia under the 

guidance of transthoracic echocardiography. All 

patients underwent endocarditis prophylaxis and 

anticoagulation with 100U/kg heparin before the 

procedure. Some defects were evaluated for suitability 

for closing with a sizing balloon according to the 

operator’s preference. Balloon sizing was performed 

in cases where there was insufficient data for closure 

on echocardiography. In addition, balloon sizing was 

performed in the presence of thin and floppy rims of 

the atrial septal defect. In about half of the patients, the 

defect diameter was measured with the sizing balloon 

and a device 1-4 mm larger than the sizing balloon was 

selected. A stiff guidewire was inserted from the right 

femoral vein into the upper left pulmonary vein with 

the help of a multipurpose catheter. After that, the 

delivery system was advanced through the guidewire, 

and first the device’s left atrial disc was opened in left 

atrium. Then, the right atrial disc was opened under 

the guidance of fluoroscopy and transthoracic 

echocardiography and the device was placed in the 

interatrial septum. Before the device was released 

from the delivery system, transthoracic 

echocardiography was used to check the location of 

the device in the interatrial septum, its placement, 

whether there was residual leakage in the interatrial 

septum, whether the device was pressing on the mitral 

and tricuspid valves and the aorta and whether it 

caused obstruction of the aortic and mitral valves. 

Finally, the Minnesota manoeuvre was used to 

evaluate whether the device was stable in the 

interatrial septum. After all these checks, the device 

was released from the delivery system. Patients were 

followed up in hospital for 24 h after the procedure and 

discharged after undergoing control 

echocardiography. They were asked to come for 

controls on the first, third, sixth and twelfth months. 

All patients were recommended to take clopidogrel 

(75 mg/d) and acetyl salicylic acid (100 mg/d) for 

three months. From the third to the sixth month, 

however, only acetyl salicylic acid (100 mg/d) was 

recommended. 

Statistical evaluation was performed using the SPSS 

16.0 program. Numerical variables were expressed as 

mean ± standard deviation, categorical variables as 

percentages. 

RESULTS 

Approximately two-thirds of the patients were female 

(67.8%), and the mean age was 37.7 ± 15 years. Four 

of the patients had a history of cerebrovascular 

accident due to paradoxical embolism. Three of the 

patients had coexisting congenital heart disease. Two 

of the patients had concomitant pulmonary stenosis 

and one had concomitant ventricular septal defect. 

Percutaneous closure was performed in another 

session to the patient with accompanying ventricular 

septal defect. Patients without severe pulmonary 

stenosis were followed up. Demographic 

characteristics of the patients are presented in Table 1. 

Of the patients, 93.3% had a successful percutaneous 

closure. Defect diameter was measured with balloon 

sizing in 84 of the patients. The device diameter used 

in patients who underwent closure was 21.9 ± 6.9 mm 
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(6–38 mm). Table 2 contains data on the success of the 

operation and the devices used. 

Table 1: Baseline clinical characteristics of the 

patients with atrial septal defect 
Age (years) 37.7 ± 15.0 

Gender (female), n (%) 101 (67.8) 

Hypertension, n (%) 13 (8.7) 

Diabetes mellitus, n (%) 3 (2.0) 

Coronary artery disease, n (%) 5 (3.4) 

Cerebrovascular accident, n (%) 4 (2.7) 

Coexisting congenital heart diseases, n (%) 3 (2.0) 

Table 2: Procedural data for the percutaneous 

closure of atrial septal defect 
Procedural success, n (%) 139 (93.3) 

Balloon use, n (%) 84 (57.4) 

Defect size (mm) 18.0 ± 6.3 

Device diameter (mm) 21.7 ± 6.9 

Device embolism was observed in five patients. In 

these patients, three of the devices were embolised to 

the pulmonary artery, while two were embolised to the 

aorta. Three device embolisms were observed during 

the procedure, whereas there were two device 

embolisms over the course of the 24-h post-procedural 

monitoring. One of the devices that fell into the aorta 

during the procedure was recovered by the 

percutaneous method, while the other was removed by 

a surgical method. One of the three devices embolised 

the pulmonary artery during the procedure, and the 

other two were found to be embolised during the 24-h 

monitoring. Patients with device embolism in the 

pulmonary artery were referred to surgery. Only one 

of the defects in patients in whom devices embolized 

was treated with the percutaneous method. Atrial 

fibrillation developed in two patients during the 

procedure. Arrhythmias resolved with medical 

cardioversion. In addition, three patients with a 

residual shunt were observed to have lost it during 

follow-up. The complications associated with 

percutaneous closure are presented in Table 3. 

Table 3: Periprocedural complications after 

percutaneous closure of the atrial septal defect 
Arrhythmia, n (%) 2 (1.4) 

Device embolisation, n (%) 5 (3.6) 

Aorta, n (%) 2 (1.4) 

Pulmonary artery, n (%) 3 (2.2) 

Residual shunt, n (%) 3 (2.2) 

 

 

DISCUSSION 

This retrospective study showed a high success rate 

with very low complications for percutaneous ASD 

closure in a single center. 

In the literature, the success rate of percutaneous ASD 

closure is above 90%.4-6 In a study of patients of 

similar average age and device diameter, the 

procedure success was found to be 94.2%.7 In our 

study, the success rate was 93.3%, compatible with the 

literature. 

One of the most important complications of 

percutaneous closure is device embolisation. Its 

incidence can range from 0.5% to 3.5%.8,9 Although it 

may occur at a later time, most device embolisms are 

observed within the first 24 h. There are many risk 

factors associated with device embolisation, which can 

be grouped under four headings: defect-related, 

device-related, operator-related and related to acute 

changes in intracardiac pressure due to physical strain. 

A wide defect, insufficient rims, the presence of a 

floppy interatrial septum and a defect not in a central 

location are factors related to the defect. Operator-

related factors include improper placement of the 

device or insufficient experience. Device-related 

factors include large devices, small devices or type of 

device. Finally, physical strain, such as coughing and 

straining, can lead to acute changes in intracardiac 

pressure, causing embolisation.10 Percutaneous 

closure devices most often embolise to the main 

pulmonary artery.11 Although they may be 

asymptomatic, symptoms of cough and shortness of 

breath may be seen.11-12 It is recommended to remove 

the embolism immediately, as the device embolism 

can cause bleeding obstruction and erosion in the 

pulmonary artery.13 

There is no standard treatment approach for device 

embolism; it may vary depending on the location of 

the dislodged device, the experience of the 

interventional cardiologist, the laboratory materials 

and time. Basic treatment options include 

endovascular and surgical methods.8 Catheter 

techniques, such as a gooseneck snare, a basket 

catheter and a forceps biopsy catheter, can be used to 

retrieve the device. If the embolised device cannot be 

retrieved, surgery is needed. If the device is very large 

and there are floppy rims, then surgery should be 

considered.8 In addition, surgery should also be 

considered in case of embolisms that occur in the first 

24 h after successful instalment or later since the 

heparin effect may be lost and thrombus may occur. 

Percutaneous ASD closure devices can 

intracardiacally embolise the right atrium, right 

ventricle, left atrium or left ventricle, as well as 
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embolise the arcus aorta or abdominal aorta by passing 

into systemic circulation.14-18 

In a previous study of a series of 15 patients in which 

the devices were embolised or misplaced, five of the 

embolised devices were retrieved using catheter 

techniques, while 10 of them were surgically 

removed.8 In a study conducted by Levi et al., 21 of 

3821 patients had device embolism, and 15 of the 

devices were retrieved by transcatheter approach and 

six by surgical method.9 In our study, two of the five 

embolisms among our patients had embolisation 24 h 

after the procedure, and another two of them had an 

embolism that could not be retrieved by the 

transcatheter method; thus, surgery was necessitated to 

retrieve them. In one patient, the device was 

successfully retrieved by the transcatheter method. In 

our study, a slightly higher rate was found than in the 

literature. Since we performed ASD closure under the 

guidance of transthoracic echocardiography, we may 

have had a higher incidence of device embolism. The 

fact that one of our patients had a defect diameter of 

greater than 30 mm and two had floppy rims may 

explain our slightly higher device embolism rate. 

One of the common complications in the treatment of 

percutaneous ASD closure is arrhythmias, with 

supraventricular arrhythmia and atrial fibrillation 

being the most common types. These arrhythmias are 

associated with increased age and diameter of the left 

atrium. It has been reported that the incidence of 

arrhythmia can be up to 5–10% during the procedure 

and during follow-up.19-23 In our study, atrial 

fibrillation was observed in two (1.4%) patients and 

was found to be similar to the literature. 

Residual shunt rates after percutaneous closure can 

reach 19–21.4%.24,25 In our study, the residual shunt 

rate was found to be 2.6%, which is low compared to 

previous studies. We performed percutaneous closure 

mostly under the guidance of transthoracic 

echocardiography. Therefore, we may have missed 

residual shunts at a clinically insignificant level. 

Limitations of the study: The retrospective research 

design and the small number of patients are the most 

important limitations of our study. Also, patients have 

not been evaluated with intraoperative TEE. In 

addition, since there was no comparison with surgery, 

it was not possible to assess whether the studied 

technique was superior to surgery. Furthermore, the 

inability to compare between different closing devices 

provides another limitation to our study. As a final 

limitation, examinations were made at an early period 

and lacked along follow-up period after closing 

occurred, which led to the inability to evaluate late 

complications that may have taken place, such as 

device erosion and valve deficiencies. 

CONCLUSION 

Transcatheter closure of ASDs in adults was feasible 

in our center, with good short-term outcome. The 

procedure should be performed in experienced centres 

by cardiologists specialised in the treatment of 

structural heart diseases due to potentially severe 

complications. 
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