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Abstract 
Introduction: During the last decades, the percutaneous transcatheter device 
(PTD) closure for secundum atrial septal defect (ASD) has acquired signifi-
cant popularity over the conventional median sternotomy (CMS). CMS is the 
classic approach for ASD closure. The major objective of this study was to 
determine whether ASD procedure or CMS surgical closure offers a better 
value proposition for ASD closure. Method: A total of 187 patients have been 
admitted for closure of the secundum ASD either by CMS or PTD in The 
Second Affiliated Hospital of Hainan Medical University from January 2017 
to April 2021. We divided in to two group CMS group (n = 97) and the PTD 
group (n = 90). In CMS group, we excluded 12 patients, and in PTD group, 
we excluded 3 patients, we remained with 172 patients. Results: In PTD 
group out of the 87 patients who underwent device closure, 3 (3.44%) of the 
patients had operations failures and have been done by CMS. In the CMS 
group the 85 patients. The index data on the duration of the operation, the 
infused blood products, the duration in intensive care unit, the postoperative 
hospital length stay, and the morbidity were better in PTD group than in the 
CMS group. The difference between the two groups was statistically signifi-
cant (P < 0.05). Conclusion: Both CMS and PTD for ASD are safe, feasible, 
and effective. PTD has more advantages in shorter duration of operation 
procedure, no requirement of blood products transfusion, no thoracotomy, 
better cosmetic effect, shorter duration in ICU, less morbidity and shorter 
hospital length of stay. PTD is the better choice for patients if the patients 
meet most of the appropriate conditions. CMS closure is still the basic opera-
tion also as an alternative in PTD failure or contraindication. 
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1. Background 

Atrial septal defect (ASD) is one of the most common congenital heart lesions, is 
described as a hole in the inter atrial septum, that separates the left and right 
atrium. The hole between the left and right atrium allows an interatrial commu-
nication responsible for the shunt of blood between the systemic and pulmonary 
venous circulation. ASD is a common congenital heart defect, with an estimated 
birth prevalence of 1.6 per 1000 live births and a 97 % probability of survival into 
adulthood [1]. Patients with an isolated ASD are often asymptomatic until adult-
hood. Treatment of ASDs is generally recommended because increased pulmo-
nary blood flow can lead to pulmonary hypertension, which can become irre-
versible and lead to Eisenmenger syndrome. Other potential complications may 
arise such as dyspnea, atrial arrhythmias, exercise intolerance, right ventricular 
dysfunction, paradoxical embolization, and cerebral abscess.  

In 1976, Mills and King are the first to use device to close an ASD [2] since 
then the transcatheter device closure has become an accepted alternative to sur-
gical repair for ostium secundum atrial septal defects (ASDs) [3] During the last 
decades the PTD closure for secundum ASD has acquired significant popularity 
and served as an alternative to conventional surgical repair [4]. Recently, tran-
scatheter device closure for ASD has been widely performed in mainland China 
[5].  

The aim purpose of this study, therefore, was to compare the early results, ef-
ficacy, safety, closure rates, mortality, morbidity, and complications of PTD clo-
sure of secundum ASD with CMS surgical repair results in our hospital.  

2. Methods 

A total of 187 patients have been admitted for closure of the secundum ASD, in 
The Second Affiliated Hospital of Hainan Medical University from January 2017 
to April 2021. We divided in to two group CMS group (n = 97) and the PTD 
group (n = 90).  

In CMS group, we excluded 12 patients, and in PTD group, we excluded 3 
cases in our study (Figure 1). We remain with 172 patients out of 187 patients at 
the start of our study.  

The patients were divided into PTD group and CMS group.  
Inclusion criteria for both groups included: 
1) Echocardiography showed that the diameter of the ASD defect was ≤38 

mm. 
2) Both groups met the criteria: right ventricular volume overload or left-right  
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Figure 1. Included/excluded graph of patients studied. 
 
shunt, Qp/Qs ratio ≥ 1.5:1. 

3) An additional inclusion criterion for the PTD group was that the echocar-
diography measured distance from the edge of the atrial septal defect to the right 
superior pulmonary vein, atrioventricular valve, and coronary sinus was >5 mm. 
The CMS surgical group is unlimited. 

Exclusion criteria for both groups included: 
1) The presence of other types of ASD (venous sinus or primitive foramen). 
2) The presence of additional cardiac malformations [ventricular septal defect, 

tetralogy of Fallot, tricuspid regurgitation, pulmonary stenosis, etc. can only be 
repaired by surgery. 

3) Patients who have contraindications to aspirin or other anti-platelet drugs, 
and patients who underwent surgical closure of atrial septal defect. 

This study was approved by the medical ethics committee of the hospital, and 
all patients were informed of the surgical plan and complications before surgery, 
and voluntarily signed the informed consent for the surgery. 

3. Preoperative Characteristics of Patients 

There were 85 patients in the CMS group, 39 males (45.88%) and 46 females 
(54.11%). The age ranged from 1 to 65 years old, with an average of 24.6 ± 16.53 
years old. The average defect size was 22.69 ± 5.77 mm. The average preopera-
tive hospital stay was 6.35 ± 3.42 days. Chronic gastritis was found in 5 cases 
(5.88%), pulmonary hypertension in 32 cases (37.64%), and hypertension in 5 
cases (5.88%). 

There were 87 cases in the PTD group, including 42 males (48.27%) and 45 
females (51.72%). The age ranged from 2 to 67 years old, with an average of 26.2 
± 19.52 years. The average defect size was 21.49 ± 4.5 mm. The average preoper-
ative hospital stay was 5.55 ± 3.57 days. There were 5 cases (5.74%) of chronic 
gastritis, 34 cases (39.08%) of pulmonary hypertension, and 5 cases (5.74%) of 
hypertension (Table 1).  

4. PTD Operating Technique Procedure 

After successful anesthesia, the patient is placed in the supine position, right  
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Table 1. Preoperative details of the patients. 

 CMS PTD P-value 

Patients 85 87  

Male 39 (45.88%) 42 (48.27%)  

Female 46 (54.11%) 45 (51.72%)  

Age (years) 24.6 ± 16.53 26.20 ± 19.52 0.561 

Defect size (mm) 22.69 ± 5.77 21.49 ± 4.5 0.131 

Preoperative hospital stay (days) 6.35 ± 3.42 5.55 ± 3.57 0.135 

Chronic gastritis 5 (5.88%) 5 (5.74%) 0.969 

Pulmonary hypertension 32 (37.64%) 34 (39.08%) 0.847 

Hypertension 5 (5.88%) 5 (5.74%) 0.969 

 
femoral vein puncture, conventional disinfection drape, esophageal ultrasound 
probe is inserted, 5 to 8 Fr vascular sheath is inserted from the right femoral vein 
puncture needle. Patients had been given heparin throughout the procedure us-
ing adequate dosing to keep the activated clotting time (ACT) greater than 200 
seconds, and the sheath is placed along the right femoral vein. Insert the su-
per-hard guide-wire to the right atrium, insert the right heart catheter along the 
super-hard guide-wire and guide the super-hard guide-wire through the atrial 
septal defect to the left upper pulmonary vein to establish a track, exit the venous 
sheath and right heart catheter, and insert the super-hard guide-wire, withdraw 
the super-hard guide-wire, and deliver the occluder to seal the atrial septal de-
fect. Color Doppler ultrasound shows the position of the occluder, the shape is 
satisfactory, the traction test is negative (Figure 2), and the device is released. 
Withdraw the conveyor, press the puncture site and bandage, after the opera-
tion, remove the tracheal intubation, and return to the ward. 

5. Conventional Median Sternotomy Surgical Closure of ASD 

In the CMS group, standard median sternotomy was performed, and the 
usual aortic and bi-caval cannulations were used. Cardioplegia was infused in 
an antegrade manner via the aortic root cannula, and the ascending aorta was 
cross-clamped. The right atrium was opened, and the ASD was closed with peri-
cardial patch.  

6. Statistical Analysis of Data 

Statistical analysis was performed using SPSS for Windows (version 19.0) and 
quantitative data were expressed as mean  ±  standard deviation, minimum and 
maximum ranges where appropriate, Fisher’s test was used for categorical va-
riables. A P value less than (<0.05) was considered as indicating statistical signi-
ficance. 
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Figure 2. (A) percutaneous puncture of the femoral vein. (B) Insertion of the diagnostic 
catheter (arrow) through the ASD into the left atrium and introduce an exchange “J” 
guide-wire into the left atrium. (C) Delivery cable through the loader and screw the de-
vice onto the delivery cable. (D) Deployment of the left atrial disc (arrow) and part of the 
connecting waist. (E) Deployment of the right atrial disc (arrow). 

7. Results 

Criteria for successful surgery: 
CMS surgical success was defined as ASD closure, no residual shunt and no 

postoperative serious complications, PTD surgical success was defined as device 
implantation in the proper location, no residual shunt and no postoperative se-
rious complications such as embolism, cardiac perforation, heart erosion, stroke, 
atrioventricular block. 

Post-operative judgment criteria: After each surgery, a transesophageal 
echocardiogram (TEE) was done to check for any residual shunt or the presence 
of any hemodynamic abnormality. 

The CMS group consisted of 85 patients, 85 (100%) of the patients had been 
successfully operated on. The mean duration of the operation 205.91 ± 52.76 
min (range 130 to 320 min). The mean operation blood loss163.12 ± 125.52 mL, 
max 500 mL, three patients were implanted with the Pacemaker is demonstrated 
in (Table 2). 

The PTD group consisted of 87 patients, 84 (96.55%) of the patients had de-
vices successfully deployed across the atrial septum, 3 (3.44%) of the patients 
had operations failures (one of the patients because of the presence of residual 
shunt after deployment of device, and the others because of the deficient rim). 
The mean duration of the operation 53.66 ± 28.3 min (range 19 to 156 min). The 
mean operation blood loss 9.26 ± 9.14 mL, max 50 mL is demonstrated in (Table 
2).  

Postoperative treatment measures: symptomatic and supportive treatment 
such as oxygen inhalation, ECG monitoring, fluid supplement and nutritional  
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Table 2. Operative details of the patients. 

 CMS PTD P-value 

Patients 85 87  

Successful operation 85 (100%) 84 (96.55%) 0.083 

Failure of the operation 0 (0%) 3 (3.44%)  

Duration of the operation (min) 205.91 ± 52.76 53.66 ± 28.3 2.849E−48 

Operating blood loss (mL) 63.12 ± 125.52 9.26 ± 9.14 3.949E−09 

Pacemaker implant 3 0  

 
support. Special attention was paid to observing the blood supply of the lower 
limbs, whether there was blood oozing from the wound, pressing the sandbag on 
the wound for 4 - 6 hours, and keeping the electrolyte stable. Low molecular 
weight heparin anticoagulation was administered intravenously for 1 - 3 days, 
and oral aspirin (3 - 5 mg/kg) continued for 6 months to prevent thrombosis af-
ter surgery. All patients followed the infective endocarditis prophylaxis instruc-
tions for a total of six months after device placement.  

The CMS surgical group consisted of 85 patients, we had zero mortality rate, 
and hundred percent survival rate. The Pericardium mediastinal drainage fluid 
mean 170.48 ± 117.01 mL, max 730 mL. The Infused blood products mean 
159.68 ± 73.17 mL, max 600 mL. The Duration in ICU ranged from 1 day to 4 
days, mean was 1.87 ± 0.5 days. The Postoperative hospital length of stay ranged 
from 5 day to 20 days, mean was 9.33 ± 2.96 days. The Postoperative complica-
tions 24 (28.23%), and none of the patients had significant residual shunt, are 
demonstrated in (Table 3).  

The PTD group consisted of 87 patients, we had zero mortality rate, and hun-
dred percent survival rate, and we had no Pericardium mediastinal drainage flu-
id. The Infused blood products mean 90.44 ± 13.79 mL, max 600 mL. The Dura-
tion in ICU mean was 1.02 ± 0.34 days, max 2 days. The Postoperative hospital 
length of stay mean was 4.48 ± 1.73 days, max 10 days. The Postoperative com-
plications 1 (1.14%), only one of the patients had significant residual shunt, is 
demonstrated in (Table 3).  

We analyzed the data of the relevant surgical indicators in the two groups. 
The index-data on the duration of the operation, the infused blood products, the 
duration in intensive care unit, the postoperative hospital length stays and the 
morbidity was better in PTD group than in the CMS group. The difference be-
tween the two groups was statistically significant (P < 0.05). 

In the PTD group, there were no cases of device embolization, dislocation, 
thrombus formation and groin hematoma in patients. In comparison, the inci-
dence of major complications was higher in the CMS surgical group than PTD 
group. The major complication rate was 1.6% in the device group and 5.2% in 
the surgical group [3]. There were no PTD or CMS surgical deaths in either 
group, all patients were discharged in good conditions from the hospital. 
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Table 3. Postoperative details of the patients. 

 CMS PTD P-value 

Pericardium mediastinal drainage fluid (mL) 170.48 ± 117.01 0 1.158E−08 

Infused blood products (mL) 159.68 ± 73.17 90.44 ± 13.79 0.003 

Duration in ICU (days) 1.87 ± 0.5 1.02 ± 0.34 8.875E−26 

Postoperative hospital length of stay (days) 9.33 ± 2.96 4.48 ± 1.73 1.396E−27 

Residual shunt 0 1  

Postoperative complications 24 (28.23%) 1 (1.14%) 4.132E−05 

Pericardial effusion 6 (7.05%) 1 (1.14%)  

Pleural effusion 12 (14.11%) 0  

Pulmonary infection 5 (5.88%) 0  

Gastrointestinal bleeding 1 (1.17%) 0  

Survivals 85 (100%) 87 (100%)  

8. Discussion 

Even though the CMS patient group had a successful closure, the success rates 
were not significantly higher than in the patients who underwent transcatheter 
percutaneous device closure of their ASDs. This is in accordance with a previous 
report from a single institution with a large experience in surgical and transca-
theter device closure of ASD [6].  

Our study finding shows that the duration of the operation of the PTD group 
is much shorter than that of the CMS group. We do not need pericardial me-
diastinal drainage in the PTD group compared to the CMS group which does 
and has a significant amount of mediastinal volume drainage. The PTD group 
required less infused blood products than patients in the CMS group. The dura-
tion in intensive care is much shorter for patients in the PTD group compared to 
the CMS group. The patients in the PTD group had a shorter postoperative hos-
pital length stay than patients in the CMS group, and the PTD group patients 
had less morbidity after surgery compared to CMS group of patients, all these 
findings have been also reported in other studies [7]. Successful device implanta-
tion rate of ASD closure was 97.9% - 98.7% [8].  

Our study describes the advantages disadvantages and complications of both 
surgical techniques, from previous studies showed that both surgical procedures 
were all safe and effective for ASD closure with their own advantages and disad-
vantages. Besides the fact that in both groups we had zero mortality rate, this 
finding is in accordance with the previous reports in the other studies [9]. 

There was a thorough analysis of the sample data for both of CMS and PTD 
ASD closure, and studies comparing transcatheter and surgical repair have been 
reported [10] Berger F. and his co-workers published a series of 61 patients who 
underwent ASD surgical repair at a median age of 20 years (0.5 - 74 years) and 
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61 patients who underwent transcatheter Amplatzer device closure for ASD at a 
median age of 12 years (0.8 - 77.7 years). Their results showed that similar com-
plete closure and complication rates in both groups, short duration of hospital 
stay with less morbidity in the device group. The results showed that device clo-
sure for ASD was a safe and feasible technique in select patients, this approach 
has the advantages of a lower cost, better cosmetic results, and less trauma than 
surgical closure [5]. The relatively lower cost of transcatheter group likely re-
flects shorter length of hospitalization and shorter/lack of intensive care unit 
stays, these lead to a subsequent reduction of pharmacy, respiratory, nursing, 
radiology, laboratory and transfusion costs [11].  

In our study, 3.44% of patients within the percutaneous transcatheter device 
group had a failed procedural attempt for different reasons. Two of these failures 
were due to the insufficient of the rims, the other because of the significant 
presence of residual shunt after deployment of device. A residual shunt is a 
common complication of device closure for ASD, especially for patients with a 
large ASD, trivial or small residual shunts (<2  mm) occurring immediately after 
the occluder deployment can be ignored since they usually disappear during the 
follow-up period [12]. All these patients underwent successful CMS surgical 
closure of their ASD. Anatomical conditions such as insufficient rims or the 
presence of abnormal pulmonary drainage are limitations for closure of the ASD 
device. According to previous reports and clinical observations, occluder dis-
lodgment or embolization is a rare but severe complication of device closure 
procedures [12]. Therefore, although transcatheter closure of an ASD has similar 
effectiveness to surgical closure, surgery will still be necessary for patients with 
ASD not suitable for device closure. The PTD closure is sometimes limited by 
the weight of the patient and peripheral vascular access.  

9. Follow up 

There were no PTD or CMS surgical deaths in either group; all patients were 
discharged in good conditions from the hospital. The follow-up period was 3 - 6 
months. All patients underwent a physical examination, and electrocardiogra-
phy. In both PTD and CMS groups we observed, no significant residual shunt, 
endocarditis, cerebral embolism, malignant arrhythmia, severe complications or 
death. In PTD group no cardiac perforation, aortic laceration, cardiac valve dis-
tortion, or device dislodgment was observed during the follow-up period.  

10. Limitations of This Research 

First, this study is limited by its retrospective nature. There may be a selection 
bias in the data collection, which may have reduced the reliability of the conclu-
sions, the sample size of the study population was small, also this was a single 
institution study, and a multi-center study is needed to gain further evidence.  

Second, we relied on the advanced experience of our domestic and foreign 
counterparts and our own clinical experience to determine the surgical plan; it is 
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therefore not a randomized controlled study, but it still has some clinical signi-
ficance.  

Third, the choice of surgical procedures for some patients was decided by the 
wishes of the patients, their parents or relatives. The cardiovascular surgery de-
partment of our hospital also performs ASD closure by intraoperative closure of 
the device, this group of patients is not included in this study.  

fourth, lack of data on mid-term and long-term follow-up. We aim to contin-
ue monitoring this group of patients from a multi-angle observation to compare 
whether there is a difference in medium and long-term efficacy.  

11. Conclusion 

CMS and PTD for ASD are safe, feasible, and effective. With more advantages 
like shorter duration of operation procedure, no requirement of blood products 
transfusion, no thoracotomy, better cosmetic effect, shorter duration in ICU, less 
morbidity and shorter hospital length of stay PTD for ASD is the best choice for 
patients, who meet all the appropriate conditions to benefit from this procedure. 
In case patients do not qualify for PTD procedure, CMS closure can be per-
formed as an alternative. 
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