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Abstract

Background: Percutaneous closure of secundum atrial sep-
tal defects (ASDs) under only transesophageal echocardio-
gram (TEE) guidance is less invasive and avoids exposure
to radiation, but the treatment of choice is controversial.
Methods: One hundred and forty-four patients with a se-
cundum ASD were included in this study. The patients re-
ceived percutaneous device closure (PCDC/TEE) (n = 74)
or peratrial device closure (PDC/TEE) (n = 70). A double-
disk ASD occluder was used in both groups. The treatment
was performed under only TEE guidance in both groups.
Physical exams, electrocardiography, and echocardiogra-
phy were performed immediately after device release, and
at discharge, 3, 6, 12 months, and at yearly intervals after
the procedure. Results: In ASD with a maximum diame-
ter less than 20 mm, the successful closure rate was 100%
for all PCDC/TEE and PDC/TEE. When the ASD diame-
ter was between 20 mm and 25 mm, the success rate was
84% for PCDC/TEE and 100% for PDC/TEE. The aver-
age intracardiac manipulation time was 19.4 + 6.4 minutes
for PCDC/TEE and 5.7 + 7.0 minutes for PDC/TEE (p <
0.001). The average procedure time was 23.1 £ 6.8 min-
utes for PCDC/TEE and 51.1 £ 8.2 minutes for PDC/TEE
(p» < 0.001). The postoperative hospital stay was 3 + 1 days
for PCDC/TEE and 5 + 1 days for PDC/TEE (p < 0.001).
For the mean follow-up of 520 & 256 days, there no cardiac
deaths or significant residual shunts were documented in ei-
ther group. Conclusions: In patients with an ASD less than
25 mm, PCDC/TEE is a safe and effective method of ASD
closure. Additionally, PCDC/TEE is less traumatic, pro-
vides better cosmetic results, and decreases hospital stays.
However, when the ASD diameter is greater than 20 mm
and the aortic rim of ASD is less than 3 mm, the peratrial
approach may be a better choice.

transesophageal echocardiogram; percutaneous; peratrial;
device closure; atrial septal defect; early and mid-term

Introduction

Atrial septal defect (ASD) is one of the most common
congenital heart defects, accounting for 25-30% of all con-
genital heart defects in adults. Secundum ASD is the most
common form of ASD in both adults and children, affect-
ing approximately 10.3 individuals per 10,000 live births
[1]. Patients with such defects, if left untreated, may ex-
perience various complications, including right ventricular
(RV) failure, atrial arrhythmias, and systemic embolization.
Despite the high success rate and low complication rates of
surgical closure of ASD, transcatheter closure using devices
is currently considered the preferred method for treating se-
cundum ASD [2,3].

Since the pioneering work of King and Mills ef al. in
1974 [4,5], percutancous closure has proven to be a safe
and effective method for treating secundum ASDs [6-8].
Although percutaneous device closure (PCDC) could avoid
cardiopulmonary bypass (CPB), it has to be operated with
fluoroscopy and angiogram. Both physicians and patients
are exposed to X-ray radiation, which may lead to unnec-
essary physical harm. Additionally, this approach necessi-
tates large and expensive X-ray equipment [9,10]. In recent
years, many cardiac centers have begun performing min-
imally invasive transcatheter closure, especially in some
large cardiac centers in China. This technique combines
percutaneous closure with open surgery [11,12]. Using this
technique, device closure of secundum ASD patients was
performed through right mini thoracotomy without CPB
and fluoroscopy guidance under transesophageal echocar-
diography (TEE). However, it is more invasive than PCDC
and carries surgical risks such as major bleeding, infec-
tion, pleural effusion, pericardial effusion, and hydrothorax
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Table 1. Clinical characteristic data of patient groups.

Variable PCDC/TEE (n=74) PDC/TEE (n=70) p value
Sex (F/M) 18:56 21:49 0.460
Weight (kg) 56.2 + 18.2* 549 £ 16.7 0.660
Median age (years) 33.2 + 16.8* 312+ 15.6 0.450
Age (years) 0.591
<10 (n) 13 10
>11 (n) 61 60
PASP (mmHg) 0.898
<40 (n) 59 55
40-70 (n) 12 11
>70 (n) 3 4
Diameter of ASD (mm) 0.626
5 <D < 20mm (n) 49 49
20 <D <25 mm (n) 25 21
Aortic rim 0.558
<3 mm (n) 22 24
>3 mm (n) 52 46
*p > 0.05. PCDC, patients received percutaneous device closure; TEE, trans-

esophageal echocardiogram; PDC, peratrial device closure; F, Female; M, Male; PASP,

pulmonary arterial systolic pressure; ASD, atrial septal defect.

[11-13]. Percutaneous closure of a secundum ASD guided
by transesophageal echocardiography avoids X-ray expo-
sure and the need for large and expensive X-ray equipment,
and avoids thoracic incisions, resulting in less trauma and a
more aesthetic outcome.

This study retrospectively compares the safety and
efficacy of PCDC/TEE versus PDC/TEE in treating
secondary atrial septal defects in a single-center non-
randomized controlled setting.

Patients and Methods

Patients’ Clinical Details

From August 2020 to July 2023, 74 secondary ASD
patients underwent PCDC/TEE at our institution. These pa-
tients were allocated to the PCDC/TEE group. During the
same period, 480 consecutive secondary ASD patients un-
derwent PDC/TEE via a right anterior mini thoracotomy.
Among them, 70 matched control patients were determined
based on patient age and ASD size. These patients were
assigned to the PDC/TEE group.

The inclusion criteria for device closure included: (1)
Patient’s age greater than 2.5 years old, (2) an isolated se-
cundum ASD (measured by TTE) and anatomically ade-
quate for device therapies, (3) hemodynamically signifi-
cant left-to-right shunt. Exclusion criteria were: (1) Pa-
tient’s age less than 2.5 years, (2) primary atrial septal de-
fect, (3) patients with multiple defects, (4) associated con-
genital heart anomalies requiring surgical correction, (5)
severe pulmonary arterial hypertension, atrial-level right-
to-left shunt, (6) recent myocardial infarction, (7) unsta-

E&76

ble angina and decompensated congestive heart failure pa-
tients, as well as those with right and/or left ventricular de-
compensation, ejection fraction <30%, (8) history of recur-
rent pulmonary infections, (9) any type of severe infection
<1 month before surgery, (10) intracardiac thrombus, (11)
unable to obtain informed consent, (12) contraindications
to antiplatelet therapy.

Upon admission, routine examinations were per-
formed, including standard electrocardiography (ECG),
chest X-ray, and transthoracic echocardiography. Blood
tests were conducted to rule out coagulation disorders.

Informed consent regarding PDC/TEE or PCDC/TEE
was obtained from the patients and/or their guardians. This
study was approved by our hospital’s ethics committee and
conducted in accordance with the principles of the Helsinki
Declaration. Baseline characteristics data for both groups
are presented in Table 1.

Transesophageal Echocardiography (TEE) and Device

Selection

A PHILIPS 1E33 echocardiography instrument
(SZ022B0409, Philips Healthcare (Suzhou) Co., Ltd.,
Suzhou, China) with a 2.0 to 7.0 MHz frequency conver-
sion probe was used.

The PCDC/TEE group underwent the procedure under
sedation and local anesthesia, whereas the PDC/TEE group
underwent it under general anesthesia. All patients were
placed in a supine position, and TEE was performed at the
initiation of the procedure to assess the position and size of
the ASD as well as the suitability for device closure.

The device selection was determined according to the
maximum diameter of the defect by TEE and the age of the
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patients. In the PCDC/TEE group, the closure device was
oversized by 6-8 mm compared to the maximum diameter
of the defect. However, if the patient was less than 10 years
old, the device selected was 4—6 mm larger than the defect.
The device selection in PDC/TEE group has been described
in the previous reports, the size of the device chosen ex-
ceeded the maximum diameter of the defect by 4-6 mm;
if the patient was less than 10 years old, the device chosen
was 2—4 mm larger than the maximum diameter.

Procedure

A double-disk septal occluder (Starway Medical Tech-
nology, Inc. Beijing, China), based on the Amplatzer septal
occluder, was utilized to close the ASD.

The PCDC/TEE procedure was monitored under bi-
atrial view of TEE. After percutaneous puncture of the
femoral vein, a 5 F (1 F catheter diameter approximately
equal to 0.33 mm) or 6 F right heart catheter was manipu-
lated through the ASD into the left atrium under TEE guid-
ance. Subsequently, a 260 cm exchange guidewire was in-
troduced into the left atrium via catheterization. Depend-
ing on the patient’s age, an 8-14 F long delivery sheath
was passed over the guidewire and advanced into the left
atrium. The tip of the delivery sheath was positioned to
align as closely as possible with the plane of the atrial sep-
tal defect (Fig. 1A). The delivery cable with the occluder
is inserted into the delivery sheath. The operator secures
the delivery sheath and advances the delivery cable to de-
ploy the left atrial disc. By gently pulling on the left atrial
disc with the delivery cable, the atrial septum is engaged
(Fig. 1B), which can be sensed by the operator through the
delivery cable and observed via TEE imaging. By apply-
ing gentle tension to the delivery sheath while keeping the
delivery cable fixed, the sheath can be withdrawn, and the
right atrial disc can be deployed (Fig. 1C,D). Proper manip-
ulation of the fully deployed occluder is done using the de-
livery cable to ensure secure positioning. Subsequent TEE
examination is performed to assess for any residual hemo-
dynamic shunting, potential obstruction of venous return,
or damage to the atrioventricular valve. Once the optimal
position is achieved, the occluder is released.

The PDC/TEE delivery system only included a short
plastic sheath with a sidearm and a delivery cable (Fig. 2).
Details of the procedure have been described in previous
reports. In brief, following induction of general anesthesia,
a 2.5-3 cm incision is made at the right sternal border in
the right anterior third or fourth intercostal space. A deliv-
ery sheath is inserted into the right atrium and secured with
purse-string sutures. Under guidance of TEE, the delivery
sheath is advanced through the ASD into the left atrium,
and the delivery cable with the occluder is pushed into the
sheath and deployed to expand the left atrial disc within the
left atrium, ensuring the left atrial disc remains parallel to
the atrial septum (Fig. 1E). The delivery cable is then se-
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cured, and the delivery sheath is withdrawn to position the
waist and the right atrial discs, followed by withdrawal of
the delivery sheath and cable after confirming optimal po-
sitioning and stability of the occluder via TEE (Fig. 1F—
H). Sutures are used to close the puncture site on the right
atrium. This small thoracotomy incision is closed without
placement of a drainage tube.

After release, TEE was performed for further demon-
stration of the device position, shape and residual shunts in
two groups. After release, TEE examination is performed
on both groups of patients to further confirm the position,
shape, and residual shunting of the device.

Patient Follow-Up

During the procedure, a suitable antibiotic dose was
given, followed by two additional doses given at 8-hour
intervals afterwards. Aspirin (3—4 mg/kg/day) (XBO1AC,
Bayer Healthcare Co., Ltd., Beijing, China) was consis-
tently taken for a period of 6 months.

Twenty-four hours after the procedure, an electrocar-
diogram and a TTE were performed. Follow-up evaluations
were done 3 months, 6 months, 12 months and yearly af-
ter discharge. All visits involved routine physical examina-
tions, electrocardiograms, and TTEs. The parameters that
were evaluated during the follow-up included maximal de-
fect diameter measured by TTE, device size, intracardiac
manipulation time, procedure time, postoperative hospital
stay, and residual shunting. Routine physical examination,
TTE and electrocardiograms were used to identify poten-
tial complications: major bleeding, infection, pleural effu-
sion, pericardial effusion, arrhythmias, the complete clo-
sure rate after device release, cardiac deaths and other po-
tential related complications. Furthermore, when compli-
cations arose, the management and outcomes of these com-
plications were also included in the follow-up. Attention
was also given to residual shunting, arrhythmias, and valve
dysfunction. Residual shunting was categorized as trivial
(jet width <1 mm), small (jet width <2 mm), moderate (jet
width 2—4 mm), or large (jet width >4 mm) [14].

Statistical Analysis

Analysis was conducted using SPSS 26.0 (SPSS Inc.,
Chicago, IL, USA). Results were reported as mean =+ stan-
dard deviation. Intracardiac operation time was defined as
the duration from the introduction of the delivery sheath
into the right atrium to the withdrawal of the delivery sheath
and guidewire from the right atrium. Intracardiac operation
time, procedure time, defect and device size were compared
between the 2 groups with the independent samples ¢ test.
Statistical comparisons of proportions were analyzed using
a chi-square test. A probability value of less than 0.05 was
defined as statistically significant.
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Fig. 1.

TEE images of the procedure of PDC/TEE and PCDC/TEE. The procedure of PCDC/TEE(A-D). The procedure of

PDC/TEE(E-H). A: the tip of the delivery sheath was adjusted to be as perpendicular as possible to the plane of the atrial septal de-
fects; B: the left atrial disc was deployed; C—D: the sheath was withdrawn and the right atrial disc was deployed. E: the sheath was
advanced through the ASD into the left atrium and positioned parallel to the atrial septum; F-H: the right disc was deployed and the

sheath was withdrawn. LA = left atrium, RA = right atrium.

Intraoperative Results

The procedural defects measured by TEE were 16.7
4 4.7 mm in the PCDC/TEE group and 16.7 + 4.8 mm in
the PDC/TEE group (p = 0.880), and the implanted occlud-
ers were 22.6 + 5.2 mm in PCDC/TEE group and 21.2 +
5.7 mm in PDC/TEE group (p = 0.131). The intracardiac
manipulation time was 19.4 & 6.4 minutes for PCDC/TEE
and 5.7 £ 7.0 minutes for PDC/TEE (p < 0.001); the pro-
cedure time was 23.1 £ 6.8 minutes for PCDC/TEE and
51.1 £ 8.2 minutes for PDC/TEE (p < 0.001). When the
maximum diameter of ASD was <20 mm, the success rate
of both groups was 100%. When the ASD diameter was
between 20 mm and 25 mm, the success rate was 84% in
the PCDC/TEE group and 100% in the PDC/TEE group. 4
patients experienced recurrence after PCDC/TEE but were
treated successfully with PDC/TEE. The common reasons
for failure were that the aorta rim of ASD was deficient for
the left disk placing (Table 2).

E878

Postoperative and Follow-Up Results

After the procedure, the TEE found residual shunts
in 10/70 (14%) patients in the PDC/TEE group and 13/70
(18%) patients in the PCDC/TEE group (p = 0.443); the
postoperative hospital stay was 5 £+ 1 days for PDC/TEE
and 3 + 1 days for PCDC/TEE (p < 0.001). In
the PDC/TEE group requiring diuretics, 4 patients were
recorded to have pleural effusion, while no pleural effu-
sion was observed in the PCDC/TEE group (p = 0.128).
Among untreated patients in the PDC/TEE group, 2 were
recorded to have pericardial effusion, whereas no pericar-
dial effusion was documented in the PCDC/TEE group. 7
patients in the PDC/TEE group were documented to have
transient arrhythmias during the perioperative period, with
no permanent arrhythmias observed. Among them, 2 pa-
tients were documented to have first-degree atrioventricu-
lar block (AVB) and frequent ventricular premature beats,
respectively. One patient was documented to have atrial
flutter, and two patients were documented to have atrial fib-
rillation (AF). All of these were transient and did not require
treatment. In the PCDC/TEE group, six patients were docu-
mented to have arrhythmias during the perioperative period,
including two with atrial fibrillation, one with atrial tachy-
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Fig. 2. Direct delivery system. The PDC/TEE delivery system included a short plastic sheath with a sidearm and a delivery cable.

cardia, one with atrial flutter, and two with frequent ven-
tricular premature beats (p = 0.777). Most were transient
and did not require treatment, except for one case of persis-
tent atrial fibrillation requiring amiodarone treatment. Both
groups of patients had no other complications (Table 2).

All patients in both groups underwent TEE and ECG
follow-up ranging from 86 to 740 days (median 726 days).
No other complications were observed during this period.

In follow-up patients among the patients followed up,
the complete closure rate was 82% at immediately after de-
vice release, 90% at discharge, 96% at the 3-month, 98%
at the 6-month, 100% at 12-month, and 100% at the 2-year
in the PCDC/TEE group and the complete closure rate was
86% at immediately after device release, 94% at discharge,
97% at the 3-month, 98% at the 6-month, 100% at 12-month
and at the 2-year in the PCDC/TEE group (Table 3).

Discussion

Our current research indicates that the PCDC/TEE
method is a safe and effective treatment for ASD [15].

Heart Surgery Forum

PCDC requires fluoroscopy and its associated side effects.
Previous reports have found an association between ioniz-
ing radiation and an increased incidence of malignant tu-
mors. This effect is increased in children [16]. In PCDC,
children often need to be exposed to radiation multiple
times. And cath lab staff, including interventional car-
diologists, is consistently exposed to ionizing radiation,
which poses inherent health risks [17]. Increased use of
PCDC/TEE can eliminate exposure to ionizing radiation,
reduce the use of hospital resources, and potentially save
money. Additionally, it is safer, as the procedure is per-
formed in a standard operating room, allowing for immedi-
ate conversion to surgical closure if device closure fails.

The feasibility of TEE-guided ASD occlusion has
also been confirmed [18], transesophageal echocardiogra-
phy has several advantages. TEE can display the position,
size, and surrounding rims of the ASD, which fluoroscopy
cannot. Additionally, TEE can be used to observe hemo-
dynamic shunting before and after closure. However, be-
cause TEE provides a narrow field of view, it cannot dis-
play the left upper pulmonary vein and atrial septum in a
single view.
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Table 2. The immediate, short-term and middle-term clinical outcomes of successful patients in the two groups.

Variable PCDC/TEE Group (n=70) PDC/TEE Group (n = 70) p value
Median diameter of ASD (mm) 16.7 +£ 4.7 16.7 + 4.8 0.880
Device size (mm) 22.6+5.2 21.2+5.7 0.131
D value 59+1.5 44 +1.7 <0.001
ICMT (min) 194+ 6.4 57+70 <0.001
Procedure time(min) 23.1 £6.8 S51.1 £82 <0.001
Postoperative hospital stay (days) 341 541 <0.001
Residual shunting, n (%) 13 (18) 10 (14) 0.493
Trivial, n (%) 6(7) 4(6)

Small, n (%) 5(7) 34)

Moderate, n (%) 2(3) 1(1)

Large, n (%) 0(0) 0(0)

Major bleeding, n (%) 0(0) 0(0) -
Infection, n (%) 0(0) 0(0) -
Pleural effusion, n (%) 0(0) 4(6) 0.128
Arrhythmias, n (%) 6(9) 7 (10) 0.777
Pericardial effusion, n (%) 0(0) 203) 0.496
Cardiac deaths, n (%) 0(0) 0(0) -

D value: difference between the device size and the maximum diameter of ASD. ICMT, intracardiac ma-
nipulation time; PCDC, percutaneous device closure; TEE, transesophageal echocardiogram; PDC, peratrial

device closure.

Table 3. The shunt closure rates between PCDC/TEE group and PDC/TEE group.

Variable PCDC/TEE Group (n) PDC/TEE Group (n) p value
RS at immediately after device release (%) 13/70 (18) 10/70 (14) 0.493
RS at discharge (%) 7/70 (10) 4/70 (6) 0.345
RS at 3-month (%) 3/70 (4) 2/70 (3) 1.000
RS at 6-month (%) 1/63 (2) 1/64 (2) 0.484
RS at 12-month (%) 0/50 (0) 0/54 (0) -

RS, residual shunting.

In our study, the maximum diameter closed using
PCDC/TEE was 25 mm. Treating large ASDs (>25 mm) is
challenging, limiting the application of PCDC/TEE. From
the analysis above, it can be seen that the defect diameter
and aortic margin are two important factors for surgical suc-
cess. In patients undergoing PCDC/TEE, the overall suc-
cess rate was 94.6%; it was 100% when the defect diameter
was less than 20 mm and 84% when the defect size was be-
tween 20 mm and 25 mm. The 4 PCDC/TEE failure cases
had ASD diameters of 20 mm, 23 mm, 24 mm, and 25 mm,
respectively, and aortic margins of 0 mm, 1 mm, 2.5 mm,
and 2.8 mm, respectively. Common reasons for failure were
insufficient aortic margins, and difficulty in placing the left
atrial disc during deployment. We believe that when the
ASD diameter is less than 20 mm, the aortic margin does
not determine success. However, when the ASD diameter
is 20-25 mm, a longer aortic margin is needed. In the cur-
rent study, if the aortic margin was greater than 3 mm, the
closure rate was 100%. Difficulty in positioning the deliv-
ery sheath tip perpendicular to the plane of a larger ASD
may result in less secure placement of the left atrial disc
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(Fig. 1A). However, all 4 patients who experienced failure
with PCDC/TEE subsequently achieved successful closure
with PDC/TEE.

The safety and effectiveness of utilizing PDC/TEE
have been demonstrated [12,13,19,20]. Compared to
PCDC and PCDC/TEE, the advantages of PDC/TEE in-
clude: (1) ease of handling instruments, (2) applicability to
large diameter or complex ASDs that cannot be closed per-
cutaneously, (3) instrument stability, (4) PDC/TEE is not
limited to infants (the percutaneous approach is not appli-
cable in infants whose femoral arteries cannot accommo-
date sheaths large enough to deliver larger closure devices).
Specifically, because the delivery cable is perpendicular to
the atrial septum after device deployment (Fig. 1H), sur-
geons can better assess the stability of the device through
push-pull maneuvers.

Although the intracardiac time was longer for
PDC/TEE than for the PCDC/TEE group, the operation
time was shorter for the PDC/TEE group. All patients un-
dergoing PDC/TEE required tracheal intubation and gen-
eral anesthesia with ventilation, while patients undergoing
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PCDC/TEE did not require this. Compared to the PDC/TEE
group, the hospital stay for the PCDC/TEE group was sig-
nificantly shorter (Table 2).

The mortality rate for both groups was zero, consis-
tent with previous research findings indicating a low mor-
tality rate for device closure of ASDs [21]. Compared to
PCDC/TEE, PDC/TEE was more invasive and associated
with more surgery-related complications, such as pleural
effusion (6%, pericardial effusion (3%), wound infections,
and bleeding. To date, arrhythmias have only been reported
early post-implantation, are mostly transient, and do not re-
quire treatment [3,22—24]. The incidence of thrombus for-
mation during the device closure process is low, consistent
with previous relevant research findings [3,12]. During the
follow-up period, we did not observe thrombus formation or
systemic embolic events in our patient group. Aside from
pleural and pericardial effusions, and arrhythmias, no other
significant complications were observed during follow-up,
which also demonstrates the safety of PCDC/TEE. This
may also relate to the small sample size and short follow-up
duration of our study. Therefore, we will continue to reg-
ularly follow our patient cohort and are prepared to report
any related complications.

Additionally, residual shunting is a common compli-
cation of ASD closure devices [3]. It is generally consid-
ered that mild or tiny residual shunts detected immediately
after device release can be ignored, as they usually resolve
during the follow-up process. In our study, we observed
that the shunt closure rate improved over time.

Study Limitations

The first limitation of this study is that it is a single-
center, non-randomized study comparing PCDC/TEE and
PDC/TEE. Conducting randomized studies for ASD clo-
sure is challenging due to numerous logistical and ethical
reasons, leading to potential biases in comparing these two
surgical approaches. The second limitation is the small
sample size of the study, comprising only 70 patients, which
limits the conclusions regarding complication rates and clo-
sure success rates. Additionally, these patients were only
followed up for 2 years, making the long-term prognosis
for any group of patients unclear. Despite these limitations,
the current study highlights the safety and efficacy of both
surgical approaches and lays the groundwork for future ran-
domized trials in larger patient populations.

Conclusions

For the patients whose diameter of secundum ASD is
less than 25 mm, PCDC/TEE is safe and efficacious. How-
ever, when the ASD diameter was greater than 20 mm and
the aortic rim was less than 3 mm, the peratrial approach
may provide an increased rate of closure.
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