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Abstract

Background: Transcatheter and intraoperative device closure for atrial septal defect (ASD) are widely applied to
reduce the incision size and the potential for injury during cardiopulmonary bypass (CPB) in conventional surgical
repair. No studies had been conducted to compare the safety and efficiency of these three treatments.

Methods: From January 2018 to April 2018, 87 patients with an isolated ASD who had undergone transcatheter
device closure (n = 45), intraoperative device closure (n = 22) and surgical repair (n = 20) were retrospectively
reviewed and further analyzed to compare these three treatments.

Results: The successful closure rate was similar in the three groups. There was a significant difference in aortic
cross-clamping time, CPB duration and operative time between the surgical group and the device groups. The
length of intensive care unit stay, postoperative mechanical ventilation time and length of hospital stay were
shorter in the two device groups than in the surgical group. The incision was the most extended in the surgical
group. Regarding major adverse events, no significant differences were found among the three groups.

Conclusions: Transcatheter and intraoperative device closure and surgical repair for ASD are all safe and effective.
Considering their respective disadvantages and advantages, the transcatheter approach may be the first choice for
an isolated secundum ASD, the intraoperative approach may be the second choice, and surgical repair may be the
last resort.
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Introduction
Atrial septal defect (ASD) is a common cardiac malforma-
tion and accounts for approximately 8 to 10% of cases of
congenital heart disease (CHD) [1]. Patients with an iso-
lated ASD may not show symptoms during infancy or
childhood, and thus, the diagnosis may not be made until
adolescence or adulthood. The treatment of ASD is gener-
ally recommended because increased pulmonary blood
flow may lead to pulmonary hypertension. Surgical repair
for ASD under cardiopulmonary bypass (CPB) has been
the standard treatment [2, 3]. With the widespread use
and development of various occluders, transcatheter de-
vice closure for ASD has gradually gained popularity and

served as an alternative to conventional surgical repair [4,
5]. Recently, intraoperative device closure for ASD has
been widely performed in mainland China [6, 7]. In this
study, above three treatments were applied for patients
with an isolated secundum ASD and reviewed the relevant
literature. Few comparative studies of these three ap-
proaches have been performed. Therefore, we report our
experience with and compare these three treatments.

Materials and treatments
Before choosing the treatment, all guardians of the pa-
tients were informed of the indications, contraindications,
advantages, disadvantages and specific risks associated
with each treatment. In particular, the surgical approach
requires CPB and an incision, foreign bodies are im-
planted in the treatments, and the occluder might become
dislodged in the device groups. In addition, while there is
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no incision in the transcatheter approach, there may be
the potential for vascular injury and X-ray exposure,
among others. The guardians considered their own condi-
tion and willingness adequately and communicated with
the doctors; then, they chose the treatment suitable for
their patient and provided written informed consent.
We reviewed the medical records of a total of 87 pa-

tients who had undergone ASD closure in our institu-
tion (Union Hospital, Fujian Medical University) from
January 2018 to April 2018 in this study. The patients
were divided into three groups according to their guard-
ians’ willingness to choose different treatment options.
There were 45 patients in group A (transcatheter device
closure), 22 patients in group B (intraoperative device
closure) and 20 patients in group C (surgical repair). The
patients’ clinical characteristics are shown in Table 1.
Regarding sex, age, and body weight, no significant differ-
ences were found among these three groups. Routine clin-
ical examinations were performed before the procedure,
including a standard lead electrocardiogram, a chest X-ray
examination, and blood and biochemical tests. All patients
in the present study were diagnosed with an isolated
secundum ASD by transthoracic echocardiography (TTE).
The inclusion criteria were a secundum ASD without other
cardiac malformations and significant left-to-right shunting
and atrial overloading, with or without mild pulmonary
hypertension. Patients with idiopathic pulmonary hyperten-
sion, a deficiency in part of the rim, or another concomitant
congenital heart disease requiring surgical intervention were
excluded from this study [7, 8]. We defined successful ASD
closure as the lack of a sizeable residual shunt (< 2mm) as
evaluated by postoperative TTE.

ASD Occluder device
In group A, the Amplatzer ASD device and a domestic
ASD occluder (Shan Dong Visee Medical Apparatus Co.,
Ltd., China) were used, and a standard transfemoral ap-
proach was adopted. In group B, the ASD occluder used
was also manufactured by Shan Dong Visee Medical
Apparatus Co., Ltd., China, which we have described
previously was the same as that in group A. The domes-
tic occluder was made from an alloy of nickel and

titanium. Other components consisted of a sheath and
a pushing rod. The occluder was selected according
to the TTE evaluation as the maximum defect diam-
eter plus 2–6 mm in group B [7].

Operative technique
Transcatheter device occlusion (group a)
The procedure has been previously described and de-
tailed in many papers, and it was performed in the cath-
eter laboratory/operating room under local/general
anesthesia following TTE guidelines (with/without X-ray
guidance) [4, 5, 9, 10]. Catheterization was accomplished
through the femoral vein, and the defect was bypassed
with the guidewire. The ASD diameter was assessed by
TTE and/or angiography, and a corresponding occluder
selected was 1–2 mm larger than the obtained measure-
ment. The occluder was released with TTE guidance.

Intraoperative device closure (group B)
Intraoperative device closure was performed under gen-
eral anesthesia. Patients were placed in a supine position
and then exposed the chest with the right thorax ele-
vated approximately 30°. TTE/transesophageal echocar-
diography (TEE) was applied to assess the situation and
the ASD shape and size, especially its relationship with
the circumferential cardiac structure. A minimal incision
was made via right anterior submammary thoracotomy
(approximately 3 cm). The pericardium was opened and
suspended to expose the right atrium. Through this ap-
proach, a “purse-string” suture approximately 1.5–2.0
cm in diameter was stitched in the right atrium. Heparin
was given intravenously (1 mg/kg body weight) before
the operation. The occluder was loaded into the delivery
sheath, and then an incision was made in the “purse-
string” suture. The delivery sheath was inserted into the
right atrium and then advanced it through the ASD into
the left atrium guided by TTE/TEE. The left and right
discs were carefully deployed in turn by pushing the rod
to close the ASD [6, 7]. Oral dipyridamole or aspirin
was administered (1–2 mg/kg) for 3–6months as an
anticoagulant.

Table 1 Preoperative data comparison among three groups of patients

Item Group A Group B Group C P

N 45 22 20

Age (year) 4.7 ± 2.3 4.4 ± 2.8 4.3 ± 3.1 0.983

Gender(M/F) 24/21 12/10 10/10 0.958

Weight (kg) 16.3 ± 8.2 17.5 ± 7.8 16.7 ± 8.5 0.938

Size of ASD (mm) 18.4 ± 6.2 20.8 ± 5.3 22.1 ± 8.6 0.804

Pulmonary hypertension (mmhg) 26.5 ± 5.6 32.7 ± 5.2 31.4 ± 4.2 0.348

Cardiothoracic ratio 0.51 ± 0.06 0.51 ± 0.08 0.56 ± 0.05 0.579
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ASD surgical repair via median sternotomy (group C)
Three incisions were used, one for median sternotomy,
right anterolateral thoracotomy, and right vertical infra-
axillary thoracotomy, according to the patient’s height,
weight, sex, and needs. A pericardial patch was used in
all cases. All patients required CPB in this group.

Statistical analysis
Continuous variables with a normal distribution are
expressed as x ± s, and T-Test or ANOVA was used to com-
pare continuous variables, while the χ2 or Fisher’s test was
used for categorical variables. A p value< 0.05 was defined as
indicating statistical significance.

Results
The rate of successful device closure was 97.7% immedi-
ately after the operation and 100% in the one year’s fol-
low-up appointment in group A, which was not
significantly different from that in group B (95.6 and
100%, respectively). One patient in group A was converted
to surgical repair due to occluder dislodgement during the
procedure, this patient was excluded from the correspond-
ing follow-up data and was also not enrolled as part of the
surgical group. Surgical repair was performed in group C,
and was achieved successful closure in all patients.
Regarding the postoperative length of hospital stay, no

significant differences were found between group A and
group B. Only a few patients in the laboratory in group A
needed fluoroscopy. The postoperative pulmonary infec-
tion rate was higher in group B and group C than in group
A. Patients in group C required the longest operative time,
mechanical ventilation time, postoperative hospital stay
and ICU stay. Meanwhile, patients in this group also
needed the most blood product. Cardiopulmonary bypass
with/without aortic cross-clamping was only required in
the surgical group. The length of the different incisions
was nearly 6–9 cm in the surgical group, while the incision
length in group B was approximately 2–3 cm (Table 2).
The occurrence rate of transient perioperative arrhythmia

among these three procedures was similar. There
were no instances of death, low cardiac output syn-
drome, atrioventricular block, other relative organ
dysfunction, other comparable complications requiring
reoperation, or cerebrovascular events recorded in the
present study (Table 3).
The follow-up period was 12–15 months. All patients

underwent a physical examination, electrocardiography,
and TTE. No severe complications, such as sudden
death, cerebral embolism, cardiac perforation, aortic la-
ceration, cardiac valve distortion, endocarditis, or malig-
nant arrhythmia, were observed in the follow-up period.

Discussion
Conventional surgical repair under CPB via the median
sternotomy approach is the standard treatment for ASD
[2, 3]. Other surgical incisions, including right anterolat-
eral thoracotomy and right axillary thoracotomy, are used
to obtain better cosmetic results [11–14]. However, these
surgical treatments are all associated with operative
trauma, the potential risk of CPB, visible scar formation,
postoperative discomfort and the possible need for blood
transfusion. Transcatheter device closure for ASD has
been widely used with satisfactory early and mid-term re-
sults. With the development of technology and devices,
transcatheter device closure for ASD has gradually be-
come the first choice in select patients [15–17]. Intraoper-
ative device closure for ASD has also been widely applied
in China and has the advantages of no X-ray exposure,
ease of operation, ease of learning and mastering, and a
relatively minimal cosmetic incision [6, 7]. From previous
studies showed that the three treatments were all safe and
effective for ASD closure with their own advantages and
disadvantages.
There has been extensive sample data analysis for these

three treatments for ASD closure, and studies comparing
transcatheter or intraoperative device closure and surgical
repair have been reported [18–21]. Berger F. and his co-
workers published a series of 61 patients who underwent

Table 2 Intraoperative and post-operative data comparison among three groups

Item Group A Group B Group C P

Occluder size (mm) 22.3 ± 4.2 26.5 ± 6.4 / 0.569

Operative time (min) 46.2 ± 9.5 34.5 ± 10.3 75.6 ± 18.8 0.024

Cardiopulmonary bypass (min) / / 36.6 ± 8.2

Fluoroscopic time (min) 1.2 ± 1.1 / /

Mechanical ventilation time(h) / 3.9 ± 1.7 10.6 ± 7.2 0.045

Intensive care unit time(h) / 5.8 ± 1.8 12.2 ± 5.1 0.028

Drainage (ml) / 21.6 ± 9.5 56.6 ± 27.5 0.038

Blood transfusion (ml) 0 0 245 ± 35 0.000

The incision length (cm) / 2.2 ± 1.3 7.6 ± 1.1 0.013

Postoperative hospital stay(d) 2.2 ± 1.1 3.2 ± 1.7 6.6 ± 4.0 0.047
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ASD surgical repair at a median age of 20 years (0.5–74
years) and 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
complete closure and complication rates in both groups,
but the duration of hospital stay was shorter with less
morbidity in the device group. Thus, they prefer the de-
ployment of an Amplatzer septal occluder to surgical re-
pair whenever possible [22]. Qiang Chen and his
colleagues previously reported on 252 patients who under-
went secundum ASD closure, including 182 patients who
underwent intraoperative device closure and 72 patients
who underwent surgical repair with a follow-up period
ranged from 1 to 5 years. The results showed that intraop-
erative device closure for ASD was a safe and feasible
technique in select patients. This approach has the advan-
tages of a lower cost, better cosmetic results, and less
trauma than surgical closure [7]. As there have not been
studies focusing on comparing these three treatments, we
examined the three treatments and reported our
experience.
Compared with the surgical group, the two device

groups had similar rates of success and complications
and faster recovery in terms of the operative time and
postoperative hospital stay. Both device approaches were
less invasive than the surgical approach and showed sat-
isfactory early and mid-term results. No patients re-
quired a drainage tube, blood transfusion, ICU stay, or
mechanical ventilation in group A. In this study, one pa-
tient from group A underwent surgical repair due to
occluder dislodgement back into the right atrium in the
operating room. During the operation, the inferior rim
of the ASD was confirmed to be deficient in this case.
Additionally, the mortality rate of surgical closure for
ASD is close to zero, and significant morbidity is rare in
our institution.
Compared with approach A, approach B has broader

indications with fewer limitations based on weight, age,

and ASD size. Although recent reports have shown that
operators tend to have more experience in large ASD
closure using the transcatheter device approach, it is still
a technical challenge for most operators, especially for
those with a lack of experience [23, 24]. Lairakdomrong
K. et al. reported that 30 patients with an ASD size equal
to or greater than 30mm and 32 patients with an ASD
size less than 30mm all underwent transcatheter clos-
ure. The complication rate was higher in patients with a
large ASD and treated with a device ≥30 mm, especially
during the learning curve period [23]. Fraisse A. et al.
emphasized that patients with large ASDs (> 38mm)
and defects with deficient rims are usually referred for
surgical closure rather than transcatheter closure [25].
An intraoperative approach could provide satisfactory
clinical results and eliminate the risk of occluder dis-
lodgement from large ASDs [26]. Hongxin L. and his co-
workers reported on 67 patients with a large secundum
ASD, approximately of which had one short rim, who
underwent intraoperative device closure; they concluded
that their method was a safe and feasible technique for
closing large ASDs [27].
In our opinion, we think that the indications for ap-

proach B could be broader, for the following reasons.
First, the shorter delivery system offers a relatively per-
pendicular angle with respect to the atrial septum, and
the learning curve is short, which could allow for easier
manipulation. Second, the operator could perform a dir-
ect push-pull test to check and confirm the stability of
the occluder. Third, the percutaneous approach is some-
times limited by a patient’s weight and peripheral vascu-
lar access. Fourth, a ‘left atrium-occluder-right atrium’
suture can be placed via the incision to fix the occluder
in the intraoperative approach, which is especially suit-
able for large ASDs with a deficient rim [21]. Addition-
ally, both surgeons and patients can avoid X-ray
exposure because TTE/TEE is used to guide the entire
process in approach B.
According to previous reports and clinical observa-

tions, occluder dislodgement or embolization is a rare
but severe complication of device closure procedures
[28]. Fortunately, only one patient in group A suf-
fered occluder dislodgement in the perioperative
period and underwent surgical repair. 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 immedi-
ately after the occluder deployment can be ignored
since they usually disappear during the follow-up
period [26, 27]. This first residual shunt occurred in
the free links between the occluder and the rim of
the defect or the occluder itself. Endothelialization
would cover the surface of the occluder and then
close the residual shunt.

Table 3 Post-operative complications comparison among three
groups

Item Group A Group B Group C P

Significant Residual shunt 0 0 0

Pulmonary infection 0 2 5 0.001

Surgical wound bad healing 0 1 2

Pneumothorax 0 1 0

Thoracic deformity 0 0 1

Pericardial effusion 0 0 0

Pleural effusion 0 1 0

Transient Arrhythmia 11 5 3 0.776

Device embolization 1 0 /

Hematoma at access site 0 0 0
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Reports have shown that radiation exposure, even at
low doses, could increase the risk of cancer [29]. It is es-
sential to avoid unnecessary radiation exposure, espe-
cially in special populations. Considering the limited
medical resources in our circumstance, we have mainly
performed intraoperative device closure for ASD over
the past 5–10 years [7]. Recently, we began to use TTE
as the only guiding tool in transcatheter device closure
for ASD, and we have also reported our initial experi-
ence with this method [9].
In summary, for select patients with a secundum ASD

who would be suitable for device closure, transcatheter
device closure completely guided by TTE can be used as
the first choice, followed by intraoperative device closure
as the second choice and surgical repair as the last re-
sort. In some patients with insufficient rims who may be
not suitable for transcatheter device closure, intraopera-
tive device closure can be as the first choice. However,
surgery is still preferred for patients who reject foreign
implants and are unsuitable for device occlusion. In
addition to communication with the guardians, individu-
alized treatment options are also important. It is worth
mentioning that the operating room can be a “one-stop
shop” for ASD treatment, in which these three treat-
ments would be easy to generalize and apply.
This study is limited by its retrospective nature. There

may be selection bias in the collection of data, which
may have reduced the reliability of the conclusions, But
it still has some clinical significance. This was a single-
institution study, and a multicenter study is necessary to
obtain further evidence. Furthermore, more extended
follow-up periods are required in subsequent studies.

Conclusion
Transcatheter and intraoperative device closure and sur-
gical repair for ASD have been shown to be safe and ef-
fective. Considering their respective disadvantages and
advantages, we recommend the following sequence of
treatment options: a transcatheter approach, an intraop-
erative approach, and surgical repair.

Abbreviations
ASD: atrial septal defects; CHD: congenital heart disease;
CP: cardiopulmonary bypass; TEE: transesophageal echocardiography;
TTE: transthoracic echocardiography

Acknowledgements
We highly acknowledge the contribution by the participating doctors: Dao-
zhong Chen, Feng Lin, Qi-min Wang, Dong-shan Liao, Xiao-fu Dai, Zeng-
chun Wang.

Ethical approval and consent to participate
The present study was approved by the ethics committee of Fujian Medical
University, China and adhered to the tenets of the Declaration of Helsinki.
Additionally, written informed consent was obtained from the relatives of
the patients.

Authors’ contributions
H-fQ, QC and X-sH designed the study, performed the statistical analysis,
participated in the operation, and drafted the manuscript. Z-nH collected
the clinical data. L-wC participated in the operation. All authors read
and approved the final manuscript.

Funding
Chinese national and Fujian provincial key clinical specialty construction
programs sponsored this research.

Availability of data and materials
Data sharing not applicable to this article as no data sets were generated or
analyzed during the current study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 6 June 2019 Accepted: 15 July 2019

References
1. Muta H, Akagi T, Egami K, Furui J, Sugahara Y, Ishii M, Matsuishi T. Incidence

and clinical features of asymptomatic atrial septal defect in school children
diagnosed by heart disease screening. Circ J. 2003;67(2):112–5.

2. Siddiqui WT, Parveen S, Siddiqui MT, Amanullah MM. Clinical outcomes
of surgically corrected atrial septal defects. J Pak Med Assoc. 2013 May;
63(5):662–5.

3. Ak K, Aybek T, Wimmer-Greinecker G, Ozaslan F, Bakhtiary F, Moritz A,
Dogan S. Evolution of surgical techniques for atrial septal defect repair in
adults: a 10-year single-institution experience. J Thorac Cardiovasc Surg.
2007;134(3):757–64.

4. Moore J, Hegde S, El-Said H, Beekman R 3rd, Benson L, Bergersen L, Holzer
R, Jenkins K, Ringel R, Rome J, Vincent R, Martin G. Transcatheter device
closure of atrial septal defects: a safety review. JACC Cardiovasc Interv. 2013
May;6(5):433–42.

5. Kazmouz S, Kenny D, Cao QL, Kavinsky CJ, Hijazi ZM. Transcatheter closure
of secundum atrial septal defects. J Invasive Cardiol. 2013 May;25(5):257–64.

6. Hongxin L, Wenbin G, Lijun S, Zhengjun W, Hao L, Chengwei Z, Liang D,
Guidao Y. Intraoperative device closure of secundum atrial septal defect
using a right anterior minithoracotomy in 100 patients. J Thorac Cardiovasc
Surg. 2007;134:946–51.

7. Chen Q, Cao H, Zhang GC, Chen LW, Chen DZ. Safety and feasibility of
intra-operative device closure of atrial septal defect with intraoperative
minimal invasion. Eur J Cardiothorac Surg. 2012;41(1):121–5.

8. Suchon E, Pieculewicz M, Tracz W, Przewlocki T, Sadowski J, Podolec P.
Transcatheter closure as an alternative and equivalent method to the
surgical treatment of atrial septal defect in adults: comparison of early and
late results. Med Sci Monit. 2009;15:CR612–7.

9. Cao H, Chen Q, Zhang GC, Chen LW, Qiu ZH, Lu H. Percutaneous device
closure of atrial septal defect with totally intraoperative echocardiography
guide, without x-ray machine. Medicine (Baltimore). 2016;95(44):e5256.

10. Pan XB, Ou-Yang WB, Pang KJ, Zhang FW, Wang SZ, Liu Y, Zhang DW, Guo
GL, Tian PS, Hu SS. Percutaneous closure of atrial septal defects under
intraoperative echocardiography guidance without fluoroscopy or
intubation in children. J Interv Cardiol. 2015;28(4):390–5.

11. Naik MJ, Chua YL. Minimally invasive repair of atrial septal defects--a case
series. Ann Acad Med Singap. 2000;29(6):735–9.

12. Xiao C, Gao C, Yang M, Wang G, Wu Y, Wang J, Wang R, Yao M. Totally
robotic atrial septal defect closure: 7-year single-institution experience and
follow-up. Interact Cardiovasc Thorac Surg. 2014;19(6):933–7.

13. Vida VL, Tessari C, Fabozzo A, Padalino MA, Barzon E, Zucchetta F, Boccuzzo
G, Stellin G. The evolution of the right anterolateral thoracotomy technique
for correction of atrial septal defects: cosmetic and functional results in
prepubescent patients. Ann Thorac Surg. 2013;95(1):242–7.

14. Gil-Jaurena JM, Zabala JI, Conejo L, Cuenca V, Picazo B, Jiménez C, Castillo R,
Ferreiros M, de Mora M, Gutiérrez de Loma J. minimally invasive pediatric
cardiac surgery. Atrial septal defect closure through axillary and
submammary approaches. Rev Esp Cardiol. 2011;64(3):208–12.

Qiu et al. Journal of Cardiothoracic Surgery          (2019) 14:136 Page 5 of 6



15. Slavin L, Tobis JM, Rangarajan K, Dao C, Krivokapich J, Liebeskind DS. Five-
year experience with percutaneous closure of patent foramen ovale. Am J
Cardiol. 2007;99:1316–20.

16. Grohmann J, Höhn R, Fleck T, Schmoor C, Stiller B. Transcatheter closure of
atrial septal defects in children and adolescents: single-center experience with
the GORE® septal occluder. Catheter Cardiovasc Interv. 2014;84(6):E51–7.

17. Kim MS, Klein AJ, Carroll JD. Transcatheter closure of intracardiac defects in
adults. J Interv Cardiol. 2007;20:524–45.

18. Ooi YK, Kelleman M, Ehrlich A, Glanville M, Porter A, Kim D, Kogon B, Oster
ME. Transcatheter versus surgical closure of atrial septal defects in children:
a value comparison. JACC Cardiovasc Interv. 2016;9(1):79–86.

19. Mylotte D, Quenneville SP, Kotowycz MA, Xie X, Brophy JM, Ionescu-Ittu R,
Martucci G, Pilote L, Therrien J, Marelli AJ. Long-term cost-effectiveness of
transcatheter versus surgical closure of secundum atrial septal defect in
adults. Int J Cardiol. 2014;172(1):109–14.

20. Chen Q, Cao H, Chen ZY, Zhang GC, Chen LW, Xu F, He JJ. Comparative
study of the transcatheter and intraoperative device closure treatments for
atrial septal defect: a Chinese single-institution experience. Medicine
(Baltimore). 2017;96(11):e6316.

21. Wei X, Yi W, Xu X, Zhang J, Li J, Yu S, Yi D. Intraoperative occlusion for
secundum atrial septal defects unsuitable for transcatheter occlusion
approach. J Thorac Cardiovasc Surg. 2011;142(1):113–9.

22. Berger F, Vogel M, Alexi-Meskishvili V, Lange PE. Comparison of results and
complications of surgical and Amplatzer device closure of atrial septal
defects. J Thorac Cardiovasc Surg. 1999;118(4):674–8.

23. Lairakdomrong K, Srimahachota S, Lertsapcharoen P, Chaipromprasit J,
Boonyaratavej S, Kaewsukkho P. Clinical results of large secundum atrial
septal defect closure in adult using percutaneous transcatheter cocoon
atrial septal occluder. J Med Assoc Thail. 2013;96(9):1127–34.

24. Houeijeh A, Hascoët S, Bouvaist H, Hadeed K, Petit J, Godart F, Fraisse A.
Transcatheter closure of large atrial septal defects (ASDs) in symptomatic
children with device/weight ratio ≥1.5. Int J Cardiol. 2018;267:84–7.

25. Fraisse A, Trivedi KR. Transcatheter closure of atrial septal defects: how large
is too large? Cardiovasc Diagn Ther. 2014;4(3):213–4.

26. Chen Q, Chen LW, Cao H, Zhang GC, Chen DZ, Zhang H. Intraoperative device
closure of atrial septal defects with inferior vena cava rim deficiency: a safe
alternative to surgical repair. J Thorac Cardiovasc Surg. 2011;141(3):631–6.

27. Hongxin L, Lijun S, Wang ZJ, Zi J, Zhang WL, Zhang HZ, Wenbin G, Zou CW.
Intraoperative device closure of large secundum atrial septal defects; a safe
alternative to transcatheter closure. Eur J Cardiothorac Surg. 2008;33(6):
1055–60.

28. Lee WC, Fang CY, Huang CF, Lin YJ, Wu CJ, Fang HY. Predictors of atrial
septal defect Occluder dislodgement. Int Heart J. 2015;56(4):428–31.

29. Mathews JD, Forsythe AV, Brady Z, Butler MW, Goergen SK, Byrnes GB, Giles
GG, Wallace AB, Anderson PR, Guiver TA, McGale P, Cain TM, Dowty JG,
Bickerstaffe AC, Darby SC. Cancer risk in 680,000 people exposed to
computed tomography scans in childhood or adolescence: data linkage
study of 11 million Australians. BMJ. 2013;346:f2360.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Qiu et al. Journal of Cardiothoracic Surgery          (2019) 14:136 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and treatments
	ASD Occluder device
	Operative technique
	Transcatheter device occlusion (group a)
	Intraoperative device closure (group B)
	ASD surgical repair via median sternotomy (group C)

	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Ethical approval and consent to participate
	Authors’ contributions
	Funding
	Availability of data and materials
	Consent for publication
	Competing interests
	References
	Publisher’s Note

