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Abstract: The intraoperative device closure of the atrial septal defect (ASD) has become an alternative technique to 

surgical procedures. The aim of this study was to assess the immediate, short, and intermediate-term results of the 

intraoperative device closure the secundum ASD in adult. Between September 2012 and November 2014, the 

intraoperative device closure the ASD was attempted in 21 consecutive, adult patients. The mean age of the patients was 

17.25 ±20.41years (range =1-62 years). All the procedures were performed under general anesthesia with transthoracic or 

transesophageal echocardiography guidance. The diameter of the ASD was determined with echocardiography, and 

device selection was based on and matched to the diameter of the septal defect. Transthoracic echocardiography or 

transesophageal echocardiography was performed immediately after the release of the device and before discharge. 

Further follow-up at one month, six months, and yearly thereafter included physical examination, chest X- ray, 

electrocardiography, and transthoracic echocardiography. The mean ASD diameter, as measured by echocardiography, 

was 11.4± 5.3 mm (range = 5- 32 mm). Deployment of the occluder was successful in 21 (91 %) patients and failed in 2 

(9%). Echocardiography at 24 hours, 1 month, 6 months, and 12 months after the procedure showed residual shunts in 0 

(0%), 4(19%), 3(14%), and 2 (9%) patients, respectively.   At the end of the follow-up, 2 (9%) patients had mild residual 

shunts: The shunt was small in the 2 (9%). The overall success rate of the intraoperative device closure of the ASD was 

91% (19 of 21 cases). The intraoperative device closure of the secundum ASD in our adult patient population was 

associated with high degrees of success, minimal procedural complication rates, and excellent short and midterm results. 

Further experience and long-term follow-up are required before a widespread clinical use can be recommended.  
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INTRODUCTION  

Atrial septal defect (ASD) is the common 

congenital cardiac disorder requiring intervention in 

adult patients [1]. ASDs can present at any age. Female 

patients constitute 65% to 75% of patients with 

secundum ASDs [2].  In past several decades, surgical 

closure has been considered the standard method of 

repairing a secundum ASD [3].  Surgical repair has a 

high success rate, negligible mortality, and good 

longterm outcome, but it is associated with morbidity, 

discomfort, and thoracotomy scars [4]. That is why the 

transcather device closure the ASD has more recently 

become an alternative to the surgical procedure [5]. The 

transcather device closure the ASD was first described 

by King et al. in 1976 [6].  Currently, there are multiple 

devices clinically available with variable degrees of 

success 

 

During the last decade, intraoperative device 

closure of ASDs, with its unique design and easy 

handling, has finally replaced surgical ASD repair in 

most adult patients as the standard method of repair for 

the secundum ASD [7]. We herein report our 

immediate, short, and intermediate-term results of the 

ASD use for the non-surgical intraoperative device 

closure the ASD in adults.  

 

PATIENTS AND METHODS 

Between September 2012 and November 2014, 

21 consecutive patients with a significant ASD, as 

demonstrated by initial transthoracic echocardiography 
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(TTE), were considered for intraoperative closure. The 

inclusion criteria for the patients with the ASD were the 

presence of a secundum ASD with a significant left-to-

right shunt; with a suitable septal rim of at least 5 mm 

from the mitral and tricuspid valves. Patients were 

excluded from the analysis for the following reasons: 

(1) there was severe pulmonary artery hypertension 

(pulmonary artery systolic pressure > 80 mmHg and 

pulmonary artery resistance > 8 woods) and   there were 

small superior, inferior, or posterior rims of the ASD 

during the TEE examination. Finally, 19 patients 

underwent the intraoperative device closure the ASD. 

Informed consent was obtained from all the patients or 

their guardians. 

 

Before operation, all the patients were 

evaluated via TTE or TEE was conducted under general 

anesthesia a using a PHLIPS IE33 echocardiography 

device to evaluate the size, location, and margin of the 

defect.  

 

          All the procedures were performed under 

general anesthesia. Then they were placed in a supine 

position and draped for exposure of the entire chest, 

with the right hemithorax elevated approximately 30 

degrees. A 3-cm incision was made through the fourth 

intercostal space. The exact location of the incision was 

chosen according to the chest film where the most 

prominent part of the right atrium was projected. For 

the female patients, a right submammary incision was 

used. A small rib spreader was used in this 

manipulation incision to facilitate instrumentation. The 

pericardium was incised and suspended to expose the 

right atrium. The opened pericardium was sutured with 

five 2/0 sutures stay sutures to expose the right atrium. 

Two parallel purse-string sutures of 4-0 Prolene 

(Ethicon, Inc) were placed on the right atrium, with a 

diameter of about 10 mm. Heparin was then 

administered at 1.0 mg/kg to achieve an activated 

clotting time of greater than 250 seconds at the time of 

device deployment. The delivery system included a 

short plastic sheath with a side arm and a delivery 

cable. The delivery sheaths were used in the operation. 

The sheath was allowed to draw blood from the side 

arm to ensure there was no air entrapment. Under 

continuous echocardiography guidance, the sheath was 

advanced through the ASD into the left atrium. The left 

disc was deployed first by pushing the rod. Adjusting 

the left disc to be parallel to the atrial septum, then 

sheath was withdrawn, and the right disc was deployed 

on the other side to occlude the ASD. A to-and-fro 

motion of the sheath was made to ensure a secure 

position across the defect. Care was taken to ensure that 

the device did not obstruct the coronary sinus, 

pulmonary veins, caval veins, or the mitral valve. Any 

residual shunt was evaluated by two-dimensional color-

flow Doppler. The residual shunt was defined as a leak 

traversing or passing between the two discs of the ASO 

or around the device edges to the right atrium and was 

detected by two-dimensional color-flow Doppler. The 

residual shunts were classified as mild, moderate, and 

severe, respectively. The thread was cut and the sheath 

was withdrawn with the suture snugly tied. Final 

assessment of the position of the device was made via 

TTE. The chest was closed routinely with no drainage 

tube placement.  Oral aspirin or dipyridamole was taken 

for three months as anticoagulation. 

 

As a matter of routine, after ASD closure, the 

patients remained in ICU of the hospital for one night. 

Standard bacterial endocarditis prophylaxis was 

recommended for three days. Repeat TTE was 

performed one, six, and twelve months after the 

procedure and yearly thereafter. 

 

RESULT 

Between September 2012 and November 2014, 

the intraoperative device closure the ASD was 

conducted in 19 of 21 consecutive patients who 

presented at our institution. On account of the fact that 

there were small superior or inferior rims of the ASD 

were considered unstable or unsuitable after 

implantation, these two devices were not released and 

were withdrawn. 

 

The mean age of the study population was 

17.25±20.41 years (range =1-62years). On 

echocardiography, the mean defect diameter was 11.4± 

5.3 mm (range = 5- 32 mm). The average procedure 

time was 64.51 ± 28.71 minutes (range = 33 - 135 

minutes), with a tendency to shorter procedural and 

screening time after the learning curve. The follow-up 

period range was 21-48 months.  

 

At the end of the procedure, on color flow 

Doppler, residual shunting (including foaming through 

the wire mesh of the device.) was seen in 0 patients. By 

the time of discharge, the rate of the residual shunt had 

decreased to 19% (four patients). The residual shunt 

remained persistent, however, 6 months after the 

procedure in three patients. At the end of the follow-up, 

the residual shunt was detected in two patients. Two 

patients with a mild residual shunt at the time of 

discharge; the shunt was no change one month after the 

procedure and this mild shunt persisted at one year’s 

follow-up. 

  

        There were two major procedure-related 

complications:  There was no cardiac death during the 

study.   Another patient developed transient atrial 

fibrillation and was reverted in the other case with 

amiodarone. Two patients presented with 

supraventricular tachycardia, which was spontaneously 

resolved in one patient and was reverted in the other 

case with verapamil. 
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 At the end of follow-up, all the defects, with 

the exception of two cases with moderate and small 

shunts, were completely closed and remained closed 

afterwards. Also, the integrity of the occliuder was 

evaluated using echocardiography in all the cases. No 

one late device wire fracture was observed. 

 

DISCUSSION 

ASD is one of the most of congenital heart 

anomalies adult patients with ASD have benefited from 

important recent advances in the diagnosis, evaluation, 

and management of their conditions. Surgical ASD 

closure requires cardiopulmonary bypass(CPB) and 

median sternotomy, which provides generous operative 

exposure and cardiac access. Nowadays, percutaneous 

occlusions of ASD have gradually become the first 

choice.  Now many ASDs are closed percutaneously, 

but it is harmful for patients and surgeons to be exposed 

to X-rays for a long time. Moreover, percutaneous 

closure is limited to a maximal defect size of 34 or 36 

mm [8, 9]. The largest defect in this group was 32 mm, 

the largest size of occluder was 34 mm. Patients who 

have 2 defects are easy to treat with this technique, all 

ASDs were occluded successfully. 

 

Arrhythmia is a common complication of 

surgery. Reducing intraoperative stimulus was also 

beneficial for transient arrhythmias. Pneumothorax is a 

common complication. Of the 3 patients with 

pneumothorax, one patient underwent closed thoracic 

drainage, and the others needed no treatment [10].  

 

The sheath diameter was 6–11 F, which was 

selected according to the size of the occluder. The purse 

string suture in the right atrial wall should be close to 

the atrioventricular groove.  

 

The cases must be selected carefully 

preoperatively; patients who simultaneously have other 

heart diseases such as mitral valve prolapse with 

moderate to severe regurgitation and infective 

endocarditis should be operated normally with CPB. 

Thorough preoperative evaluation to get an exact 

anatomical diagnosis is necessary to be able to decide 

whether patients are suitable for the minimally invasive 

approach. This includes excellent echocardiographic 

images to complete the anatomical diagnosis, including 

the anatomy of the pulmonary veins [11]. 

 

Our study was conducted in a low-income 

country, where health care resources were limited. The 

high cost was a challenge in popularizing a 

percutaneous approach in developing countries. We 

chose a domestically made device to maximally reduce 

the medical costs [10].  In our institution, the 

intraoperative device group was still cheaper in 

comparison with the percutaneous close of ASDs. This 

technique did not need an X-ray machine and also could 

be easily mastered. However, given these 

circumstances, the cost-effective intraoperative device 

closure should be the treatment of choice to allow the 

secundum ASD infants to be treated effectively. 

 

This minimally invasive method of secundum 

ASD closure is safe and cosmetically superior to 

conventional surgery. Avoidance of CPB can reduce 

recovery time and complications. The indications are 

more extensive than percutaneous transcatheter closure, 

and the results are encouraging. 

 

In our cases, we did use intraoperative device 

closure of ASDs with small superior, inferior, or 

posterior rims. But Chen Q and his colleagues report 

that intraoperative device closure of atrial septal defects 

with inferior vena cava rim deficiency is a safe and 

feasible technique [12]. We need to accumulate more 

experience. Our strict inclusion criteria may partly 

explain such a low incidence of complications in our 

series.   

 

A limitation of this study is that some variables 

used in this study, such as length of intensive care unit 

stay and hospital stay, were determined largely by the 

speed of the patient’s recovery from surgery, which can 

be influenced by subjective factors. In addition, a 

postoperative assessment of the quality of life was not 

performed. 

 

CONCLUSION 

In summary, operative occluder can be used 

successfully to close selected secundum ASDs in most 

adult patients with low complication rates and good 

short and intermediate-term outcomes. Be that as it 

may, the utilization of this device requires careful 

attention in that the procedure may be unsuccessful. 

Strict case selection criteria, expertise, and careful 

device selection may help reduce the incidence of 

complications. The device may show short and 

intermediate-term good results but further experience 

and long-term observation of adult treated with the 

operative close is needed in order to draw definite 

conclusions. 
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