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1  | INTRODUCTION

Atrial septal defect (ASD) is the third most common type of con-
genital heart disease, with an estimated incidence of 1.64 per 1000 
live births worldwide.1 Secundum ASD is a defect within the fossa 
ovalis usually due to one or several defects within septum primum.2 
Percutaneous closure for secundum ASD is widely accepted as an 
alternative to surgical repair because of its high successful rate, 
low incidence of complications, and short hospitalizations.3-5 With 

newer device and development of technology, the boundary of 
contraindication has been being constantly broken. However, some 
unsuitable children still are recommended to surgical closure based 
on transthoracic echocardiographic (TTE) diagnosis or cardiac cath-
eterization. With appearance of intraoperative device closure, some 
secundum ASD recommended to surgical repair could be deferred 
to device closure.6,7 The aim of this study was to review our single 
center experience of strategy selection of treating secundum ASD 
not referred to percutaneous closure.
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Abstract
Objective: To evaluate safety and effectiveness of intraoperative device closure for 
secundum atrial septal defect (ASD) not referred to percutaneous closure.
Design and Patients: From April 2010 to December 2018, 231 secundum ASD chil-
dren (≤14 years) directly recommended to surgical repair were enrolled in this study. 
These patients were divided into two groups according to the parents’ choice based 
on surgeons’ recommendation. Follow-up evaluations were adopted at 2 weeks, 
3 months, 6 months, and 12 months after the procedure and yearly thereafter. In 
Group A, 127 patients underwent an initial attempt at device closure. In Group B, 
104 patients underwent a repair procedure under cardiopulmonary bypass.
Results: All patients survived. Group A had lower values of operation time, mechani-
cal ventilation time, cardiac intensive care unit duration and amount of blood transfu-
sion. Nevertheless, postoperative hospitalization time between two groups showed 
no statistical difference. In group A, 109 (85.83%) patients were successfully oc-
cluded, whereas 18 (14.17%) patients were converted to open-heart surgery. No se-
vere complications occurred in the follow-up period.
Conclusion:  Intraoperative device closure is safe, effective procedure for selected 
cases with secundum ASDs which were not referred to percutaneous closure be-
cause of more suitable occluder selection, no “unbutton effect” and stitching 
enhancement.

K E Y WO RD S

children, intraoperative device closure, percutaneous closure, secundum ASD

mailto:
mailto:hushijun@csu.edu.cn


     |  325ZHANG et Al.

2  | MATERIAL AND METHODS

2.1 | Clinic materials

From April 2010 to December 2018, 231 secundum ASD children 
(≤14 years) directly recommended to surgical repair were enrolled 
in this study. The following selection criteria were applied: (1) per-
cutaneous closure was rejected by cardiologist; (2) no other mal-
formations required surgical repair under cardiopulmonary bypass 
(CPB); (3) more than mild atrioventricular valve regurgitation was 
excluded; (4) the existence of aortic valve prolapse with regur-
gitation was excluded; (5) secundum ASD deficient rim (<5 mm) 
was included; (6) posterior-inferior circumferentia of defect was 

detected as deficient rim >1/4 (0°-90°view under transesopha-
geal echocardiography [TEE]) was excluded; (7) diameter of ASD 
>30 mm was excluded.

These patients were divided into 2 groups according to the 
parents’ choice based on surgeons’ recommendation. In Group 
A, 127 patients underwent an initial attempt at device closure. In 
Group B, 104 patients underwent a repair procedure under CPB. 
There were some statistically significant differences in the clinical 
data between the two groups (P > .05). Detailed patient profiles 
are given in Table 1. All risks of two procedures were informed 
to the parents and informed consents were obtained. The study 
was approved by the Committee on Clinical Trials at the Second 
Xiangya Hospital.

2.2 | Procedure

2.2.1 | Group A

All patients underwent general anesthesia. Transoesophageal 
echocardiographic (TEE) (Vivid 7 Dimension; GE, Waukesha, 
Wisconsin) was performed before and through the operation. The 
device and the delivery systems (Shanghai Shape Memory Alloy 
Co., Ltd, Shanghai, China) used in this cohort were specially de-
signed for this procedure and approved by the Food and Drug 
Administration of China. The device is fixed onto a 0.035 in. de-
livery cable made of stainless steel by a microscrew system and 
attached by a 3-0 Prolene suture (Ethicon, Inc, Somerville, New 
Jersey), called a safe wire in the case of detachment of the oc-
cluder from the delivery leader, that is sewn onto the right side 
of the disc for retrieval should occluder dislocation occur and is 
cut and removed after the procedure. The free wall of the right 
atrial (RA) was exposed via a 2-cm incision in the inferior sternum. 
Patients were systemically heparinized by intravenous heparin 
sodium (1 mg/kg). A purse-string suture by 4-0 Prolene (Ethicon, 
Inc) was placed around the chosen puncture site. Thereafter, we 
cut a 2 mm incision on puncture site of RA by scalpel. The loading 
sheath attached to the delivery sheath and the device was pushed 
forward through the incision to LA. The left side of the disc was 
deployed and the occluder was retracted against the septum. The 
delivery sheath was pulled back again, and the waist and right side 
of the disc were subsequently released. TEE was performed to 
ensure that there were no residual shunts or valve regurgitation. 
A prophylactic antibiotic was given during the procedure and the 
day after. Aspirin (3 mg/kg/day) was routinely given for 6 months.

2.2.2 | Size selection of occlude

We adopt area rule instead of diameter rule which was employed in 
most center.

Area rule: foroval ASD: do=
2
√

1.2(�×a×b)

�

(do: diameter of occluder; 
a: semimajor axis; b: semiminor axis); for circular ASD: do=

2
√

1.2�r2

�

(do: 
diameter of occluder; r: radius of circle).

TA B L E  1   Patient profiles of two groups

Group A Group B P value

Total number 127 104

Male/female 65/62 59/45 .400

Mean age (months) 37.5 ± 16.7 39.2 ± 15.8 .216

Mean weight (kg) 15.2 ± 8.3 16.7 ± 9.4 .100

ASD

Large defect,

diameter >25 mm 2 15 <.001

Weight <15 kg 88 76 .528

Age <3 years 91 85 .074

Deficient rim 67 72 .011

IVC rim 21 19 .729

Posterior rim 13 7 .346

IVC and posterior rim 8 16 .024

Aortic and superior rim 25 9 .019

>3 rims 0 21 <.001

Multiple defects 14 32 <.001

Associated with other 
malformation

withVSD 38 29 .734

with PDA 4 8 .122

with PS 17 21 .165

with >2 other 
malformations

2 8 .023

Associated with valve 
regurgitation (≤mild)

Mitral valve 4 7 .204

Aortic valve 6 10 .145

Tricuspid valve 9 8 .861

Associated with 
arrhythmia

IRBBB 16 15 .686

Abbreviations: ASD, atrial septal defect; IVC, inferior vena cava; VSD, 
ventricular septal defect; PDA, patent ductus arteriosus; PS, pulmonary 
stenosis; IRBBB, incomplete right bundle brunch block. P value, between 
group A and group B.
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2.2.3 | Large ASD

Because of the age limitation, we defined ＞25 mm as large ASD. 
Smaller occlude (based on area rule) was employed for larger ASD 
for avoiding atrioventricular block.

2.2.4 | Deficient rim

When the aortic or superior rim was deficient, the small-edge oc-
cluder was employed and area rule was adopted.

However, when the posterior-inferior was deficient, the normal oc-
cluder was implanted. Then once occluder was implanted, the stability 
and safety were evaluated by TEE. Unstable occlusion was defined as 
posterior–inferior circumferenence of defect was detected as deficient 
rim ≥1/8 (0°‐90°view under TEE). More than 2‐mm residual shunt was 
defined as unacceptable residual shunt. Then we sewed 1-2 stitches 
through the RA free wall and posterior rim of occluder with 2/0 (>10 kg) 
or 3/0 prolene (≤10 kg) (Ethicon, Inc) (Figure 1).

2.2.5 | Multiple ASDs

Bigger occluder (usually larger than diameter of ASD 4-6 mm) was 
employed in the biggest defect or small-waist-big-edge occluder was 
employed for covering smaller defect.

2.2.6 | Associated with other closable cardiac 
malformation

The technical details regarding closure of the multiple congenital 
heart defects have been described in the previous reports.7

Upon occlusion failure, the patients’ incision in the inferior ster-
num was lengthened and a median sternotomy was made. The pa-
tients then underwent the same surgical procedure as in Group B.

2.2.7 | Group B

All patients underwent open-heart surgery with partial sternotomy. 
The ASDs were closed using continuous suture with pericardial 
patch.

2.2.8 | Follow‐up

Follow-up evaluations were adopted at 2 weeks, 3 months, 
6 months, and 12 months after the procedure and yearly thereafter. 
Follow-up visits included electrocardiograms and TTE.

2.3 | Statistical analysis

SPSS 22.0 (IBM, Armonk, New York) was used for the data analyses. 
Continuous variables are expressed as mean ± standard deviation. 
Differences between the 2 groups were analyzed using independ-
ent-samples t test for continuous variables and chi-square test for 
categorical variables. Paired-samples t test was used to compare dif-
ferences of variables pre- and postprocedurally. A P value <0.05 was 
statistically significant.

3  | RESULTS

All patients survived no acute procedural complications or severe 
adverse events (death, valve injury, complete atrioventricular block, 
or embolism) occurred.

Group A had lower values of operation time, mechanical ven-
tilation time, cardiac intensive care unit duration and amount 
of blood transfusion. Nevertheless, postoperative hospitaliza-
tion time between two groups showed no statistical difference 
(Table 2).

3.1 | Occlusion

One hundred nine (85.83%) patients were successful occluded, 
whereas 18 (14.17%) patients were converted to open-heart surgery 
after occlusion attempt failure. The average occluded ASD diameter 
was 17.19 ± 4.98 mm (8-30 mm) and the average occluder diameter 
was 19.06 ± 5.77 mm (12-32 mm). About 103 patients were com-
pletely closed and 6 (5.50%) were detected as trivial residual shunt 
(width ≤2 mm) at the moment of closure. Four cases with residual 
shunt of them disappeared when discharging from hospital.

F I G U R E  1   Stitching enhancement for cases with deficient posterior or inferior rim. 1-2 stitches through the RA free wall and posterior 
rim of occluder with 2/0 (>10 kg) or 3/0 prolene (≤10 kg)
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Binary logistic regression showed that none of the indices (gender, 
age, weight, distance to every rim, multiple ASD, with VSD, and diame-
ter of ASD/atrial septum) showed significant differences in the closure 
failure rates. Distance to posterior–inferior rim ≤2 mm was a predictor 
for residual shunt (odds ratio, 1.9; 95% confidence interval, 1.41-2.69; 
P = .029) and other indices was not related with complications.

3.2 | Surgical repair

The average diameter of ASD in surgery repair was 18.06 ± 5.33 mm 
(P = .202). Trivial residual shunt was detected in two patients (1.92%) 
upon discharge (P = .362). Binary logistic regression showed that 
none of the indices (gender, age, weight, distance to posterior–infe-
rior rim, multiple ASD, with VSD, and diameter of ASD/atrial septum) 
showed significant differences in complication rates.

3.3 | Converting to surgery

Eighteen patients in group A underwent converting to surgery were 
closed successfully and had no severe adverse events. The reasons 
of 13 converting were unacceptable residual shunt (width ≥2 mm, 
velocity ≥2 m/s) and 5 were atrioventricular block. No complication 
occurred after surgery and 5 atrioventricular blocks recovered after 
operation. No severe complications occurred in these 18 patients in 
the follow-up period.

3.4 | Follow‐up results

The patients were followed by clinical examination, echocardiogra-
phy and TTE at the 2nd week, 1st month, 3rd month, 6th month, 
1st year, 2nd year, 3rd year, and 4th year. The follow-up rates at the 
2nd week, 1st month, 3rd month, 6th month, 1st year, 2nd year, 3rd 
year, and 4th year were 100%, 100%, 100%, 100%, 100%, 100%, 
95.12%, and 91.42%, respectively. No severe adverse events (em-
bolism, complete atrioventricular block, valve injury, or death) were 
noted during the period of 3-96 months (median, 40.54 months). All 
trivial residual shunts disappeared in the follow-up period.

3.5 | Complications

No severe complications occurred in the follow-up period. However, 
some complications needed expectant treatment occurred after 

operation and in the follow-up period. The most frequent complica-
tions were hydropericardium and incomplete right bundle (IRBBB). 
All complications occurred in first month after operation and were 
cured by conservative treatment (such as hydropericardium by diu-
retics and poor wound healing bywound dressing) or remain harm-
lessness (such as IRBBB). Detailed complications are given in Table 3.

4  | DISCUSSION

Closure for ASD, especially in childhood may improve survival in 
ASD patients.8 Evidence clearly suggested that untreated large se-
cundum defects are associated with a reduced lifespan. Campbell 
reported a low annualized mortality rate in the first two decades of 
life (0.6% and 0.7% per year, respectively), increasing to 4.5% per 
year in the fourth decade and 7.5% per year in the sixth decade.9

Percutaneous closure guided by digital subtraction angiography 
(DSA) was the first choice for secundum ASD.10 We also reported 
that using a modified delivery system and a reestablished procedure, 
the percutaneous closure of ASD without fluoroscopy is a possible 
alternative treatment.11 Our center had established a whole strategy 
for treating ASD and the flow chart is showed in Figure 2.

Too large defect is the first major reason for no percutaneous 
closure. Especially large defect often accompanied with soft rim. 

TA B L E  2   Comparison of occlusion (Group A) and open-heart surgery (Group B)

Time of 
operation (min)

Time of mechanical 
ventilation (min) Time in ICU (min)

Length of stay after 
surgery (day)

Amount of blood 
transfusion RBC plasma

Group A 48.21 ± 6.72 112.37 ± 7.30 321.24 ± 36.21 4.59 ± 1.31 0.13 ± 0.23u 0 ml

Group B 98.22 ± 29.13 159.68 ± 12.96 352.56 ± 54.15 4.77 ± 1.56 0.72 ± 0.18u 23.57 ± 12.25 ml

P value <.01 <.01 <.01 .36 <.01 <.01

Values are mean ±standard deviation.
Abbreviations: ICU, intensive care unit; RBC, red blood cell; Group A, patients underwent device closure; Group B, patients underwent repair proce-
dure. P value, between group A and group B.

TA B L E  3   Complications of 2 groups

Group A Group B P value

Total number 127 104

Discharge

Hydropericardium 3 4 .512

New IRBBB 13 18 .116

Poor wound healing 1 1 .698

2nd week

Hydropericardium 1 2 .690

New IRBBB 3 2 .735

Poor wound healing 0 1 .880

1st month

Hydropericardium 0 1 .880

Poor wound healing 1 0 .881

Abbreviation: IRBBB, incomplete right bundle brunch block. P value, 
between group A and group B.
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F I G U R E  2   The flowchart of treating ASD

F I G U R E  3   Unbutton effect. A, When loading sheath is vertical to defect in intraoperative device closure, left disc was evenly pulled and 
held. B, when loading sheath is angulate to defect inpercutaneous closure, left disc was easy to be pulled out like unbutton



     |  329ZHANG et Al.

The loading sheath was vertical to defect in intraoperative device 
closure but angulate in percutaneous closure. “Unbutton effect” 
may occur in percutaneous closure with the same size of occluder 
(Figure 3). So oversize occluders were more often selected in per-
cutaneous closure. Oversize occluders were associated with em-
bolization and erosion which are the most feared consequences in 
percutaneous closure.12,13 Moreover, balloon sizing for defect is 
golden standard in traditional percutaneous closure14 which results 
in increased risk of tearing of septum, and excess irradiation.15,16 TEE 
sizing had been proved same accuracy with almost noninvasive.17 
In this study, we adopted area rule instead of diameter rule which 
was employed in most center. The average occluded ASD diameter 
was 17.19 ± 4.98 mm (8-30 mm) and the average occluder diameter 
was 19.06 ± 5.77 mm (12-32 mm). Smaller but suitable occluder can 
avoid embolization and erosion to the full extent. Smaller occluder 
means more rapid endothelialization and this could avoid complica-
tion from incomplete endothelialization like occluder displacement 
and so on. In the 8 years follow up, no embolization, erosion or oc-
cluder displacement occurred.

Deficient rim, especially deficient posterior–inferior rim is the 
another major reason for suggesting to surgery. Only a few previ-
ous reports validated percutaneous closure in cases with deficient 
rims.18-21 Deficient aortic or superior rim may cause erosion of aor-
tic valve and deficient posterior or inferior rim may cause displace-
ment of occluder. However, using more accurate assessment tools 
is the only way to improve the success rate in percutaneous closure 
procedure.21 In this study, small-edge occluder (right disc＞waist 
3 mm different from normal occluder right disc > waist 5 mm) was 
employed and area rule was adopted for cases with deficient aortic 
or superior rim because of no “unbutton effect” in intraoperative 
device closure. Stitching enhancement for cases with deficient pos-
terior or inferior rim strengthens the stability of occluder to avoid 
from displacement.

Multiple ASDs remains a challenge for percutaneous closure be-
cause of residual shunt.22 Zhu et al23 had introduced a new atrial 
septum remodeling technique by breaking the rim between multiple 
ASDs for intraoperative device closure. In this study, bigger occluder 
(usually larger than diameter of ASD 4-6 mm) was employed in the 
biggest defect or small-waist-big-edge occluder (right disc-waist 7 m 
different from normal occluder right disc > waist 5 mm) was em-
ployed for covering smaller defect.

For some cases with other cardiac malformation, sometimes 
the ASD can be closed by percutaneous closure but other cardiac 
malformation cannot be closed. Nonetheless, intraoperative device 
closure also expanded indications for other cardiac malformation, 
especially for some ventricular septal defects.7,24-27

In this study, all patients underwent intraoperative device clo-
sure got satisfactory results and avoided cardiopulmonary bypass. 
For secundum ASD, our center had established whole closure strat-
egy including percutaneous closure,11 intraoperative device closure 
and surgical repair by TEE guiding merely. TEE guiding platform may 
become the supplement of DSA guiding for treating structural heart 
disease.

All patients got appropriate therapy in this study. Even though 
device closure group had lower values of operation time, mechanical 
ventilation time, cardiac intensive care unit duration, and amount of 
blood transfusion, the postoperative hospitalization times were sim-
ilar between two groups. In conclusion, the curative effects between 
two methods were the same but patients of group A had avoided 
CPB.

The feasibility of device closure for secundum ASDs which were 
not referred to percutaneous closure had been proven in this study. 
However, longer term follow-up and larger samples in multicenter 
are needed.

5  | CONCLUSION

For secundum ASDs which were not referred to percutaneous 
closure, surgical repair is not the only way to close the defect. 
Intraoperative device closure is safe, effective procedure for se-
lected cases because of more suitable occluder selection, no “un-
button effect” and stitching enhancement.
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