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ABSTRACT

Background: This study aimed to compare procedural, early and long-term outcome of
device closure of atrial septal defect (ASD) between large ASD patients and very large ASD
patients.

Methods: We carried a retrospective study of adult large ASD (defined as >25 mm) treated

by percutaneous closure using Amplatzer septal occluder during 12-year period (May
2003-February 2015) at a single tertiary center. A total of 269 patients were divided into 2
groups, according to the pre-procedural maximal ASD diameter; 25 mm<ASD<35mm, group
1 (n=216) and 35 mm=<ASD, group 2 (n=53). We compared procedural parameters, early
complications and long-term follow-up results between 2 groups.

Results: The need of modified implantation techniques (MITs) was higher group 2 (23.6% vs.
37.7%, p=0.034). Procedural success rate was considerably high in both groups (99.1% in group
1vs. 100% in group 2, p=0.620). Major complications were occurred in 4 (1.5%) patients (1.4%
vs. 1.9%, p=0.804). Minor complication rate was not different between 2 groups. During long-
term follow-up (47.2+32.0 months, range, 6.0-135.5), there was one major complication (0.4%)
of stroke. Most common long-term minor event was migraine headache (3.9%) followed by
arrhythmias (1.9%) without statistical difference between 2 groups.

Conclusions: Although MIT was more frequently required in very large ASD groups, the
procedural, early and long-term outcomes after percutaneous ASD closure were similar in
both groups. This suggested that percutaneous ASD closure for very large ASD could be
considered a good treatment option.

Keywords: Atrial septal defect; Septal occluder; Cardiac catheterization; Clinical outcomes

INTRODUCTION

Since King et al.” reported the first percutaneous closure of secundum atrial septal defects
(ASDs), the treatment modality has been improved rapidly for 4 decades,?® and has become
the preferred treatment strategy in most cases now.*® Many studies have demonstrated
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that percutaneous closure of moderate sized ASDs is safe and effective.” Moreover, recent
studies reported the good long-term outcomes and lower late complications.?® However, the
feasibility of a percutaneous approach for very large defects is less clear.

METHODS

Patients and study protocol

A retrospective analysis of patients within a 12-year period, from May 2003 to February

2015, was performed. A total 0of 1,061 patients underwent percutaneous closure of ASD

at Severance Cardiovascular Hospital within this period. Among them, 269 adult patients
with large ASD (defined as ASD >25 mm) underwent device closure with Amplatzer septal
occluder (ASO; St. Jude Medical Inc., Plymouth, MN, USA) were included in this study. This
study was approved by the Institutional Review Board of Severance Hospital (No. 4-2015-
0418) and the informed consensus was waived due to retrospective nature. The patients were
divided into 2 groups according to maximal diameter of ASD, which was measured either by
pre-procedural transthoracic echocardiography (TTE) or by intra-procedural transesophageal
echocardiography (TEE) or intracardiac echocardiography (ICE). Group 1 (n=216) was
patients with large ASD (25 mm=<ASD<35mm) and group 2 (n=53) was patients with very large
ASD (35 mms<ASD). The medical records of these patients were retrospectively analyzed and
the demographic and hemodynamic data, immediate post- procedural, early and long-term
outcomes were compared in each group. Although there was no decided exclusion criteria,
but we usually refer to surgery patients with severe tricuspid regurgitation (TR) and/or
extreme large ASD (>42 mm) except one patient.

Peri-procedural transthoracic echocardiography

TTE was routinely performed using Philips® iE33 echocardiography equipment (Philips,
Amsterdam, The Netherlands). The anatomic ASD features and relationship between the
adjacent structures were fully evaluated. The largest ASD diameter on any view was recorded
as ASD size. Right ventricular size and function were assessed to the American Society of
Echocardiography.'” Right ventricular systolic pressure was estimated using the Bernoulli
equation in patients with TR. In all cases, follow-up TTE was performed in next day after the
procedure.

TEE guidance

In our institution, ASD closure was performed with TEE guidance under general

anesthesia with endotracheal intubation until June 2006, and thereafter selective cases

were performed under TEE guidance for patients with multiple defects or who want

general anesthesia. The proportion of TEE guidance was not different between groups

after June 2006; 15.0% (8 of 53) in very large ASD vs. 15.3 (27 0f 176) in large ASD groups

for TEE, Philips® echocardiography equipment (Philips) was used. All echocardiographic
examinations were performed according to the recommendations of the American Society of
Echocardiography.'

ICE guidance

After June 2006, ASD closure was routinely performed under ICE guidance using previous
described techniques.'” The ACUSON AcuNav™ 8-Fr ultrasound catheter (ACUSON,
Issaquah, WA, USA) with an 8- or 8.5-Fr short sheath catheter introducer was used via left
femoral vein. The ICE catheter was placed at the right atrium through the femoral vein. After
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confirming the tricuspid valve at the home view position, the anatomical characteristics were
confirmed, steering the probe rightward and posterior to bicaval view and long axis view. ICE
views were acquired by guidance according to previously published basic ICE views.")

ASD closure

Percutaneous closure of the ASD was usually performed via femoral vein under local
anesthesia with ICE guidance, and selectively performed under general anesthesia with

TEE guidance, and fluoroscopic guidance in all cases. All patients were pre-medicated

with acetylsalicylic acid (100 mg). Cardiac catheterization was performed to evaluate the
hemodynamic status. Shunt volume was measured by stepwise oximetry measurements

of superior and inferior vena cava, and pulmonary artery blood sample using the Fick
principle, and expressed as the ratio of pulmonary blood flow to systemic flow (Qp/Qs).

For patients with pulmonary arterial hypertension (PAH), criteria for ASD closure were
pulmonary vascular resistance <8 WU-m?, and persistent left-to-right shunt. Selective
patients with risk factors of coronary artery disease, or had history of stroke or transient
ischemic attack underwent coronary angiography. In case of patient with PAH (defined as
mean pulmonary artery pressure (mPAP) >25 mmHg), PAP was measured again by right
cardiac catheterization 20-30 minutes after device detachment. Before entering the left
atrium, 5,000 IU of intravenous heparin was injected. Native and balloon occlusive diameter
(BOD) using “stop-flow technique” of the ASD were measured by echocardiography, and

by fluoroscopy. A size 2 mm greater than the BOD device was generally chosen, except

in cases with important discrepancies between the size of the defect on different views,
where several sizes of device were attempted and most suitable device was implanted. A
long sheath (9 to 12 Fr) was positioned via the ASD into left atrium, usually near the left
superior pulmonary vein. With extreme caution for preventing air embolism, the device was
introduced through the sheath and deployed under ICE or TEE guidance. After confirming
of device position by gentle pull-and-push, “Minesota wiggle” maneuver, the device was
released. The position of the device and relationship with adjacent structures were evaluated
by ICE or TTE, and by fluoroscopy. Post-interventional treatment consisted of acetylsalicylic
acid (100 mg) once daily for 6 months. For peri-interventional prophylaxis, the patients
were given 3 doses of cefazolin.

Procedural success was defined as successful ASO delivery without peri-procedural major
complications, and well-positioning of the device without migration as assessed by chest
X-ray and TTE on the next day. Procedure- or device-related death, cardiac tamponade,
erosion, thromboembolism, stroke, complete atrioventricular (AV) block, ventricular
arrhythmias were considered major complications. We included vascular damage requiring
surgery into major complication. Other any adverse events were regarded as minor
complications. Late complications were defined as any adverse events occurred after 6
months from device closure.

Follow-up

A physical examination, 12-lead ECG and chest X-ray were performed 2 hours and the next
morning after the procedure. TTE was performed the next day after the procedure in all
cases. A physical examination, 12-lead ECG, chest X-ray and TTE were done 1 week, 1, (3),
6, 12 months, and thereafter every one year. Oral antiplatelet drug was prescribed for 6
months, and routine prophylaxis for infectious endocarditis for 6 months in cases without
complication. Early complications were evaluated at every visit and late complications were
evaluated at any event or at last follow-up.
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Statistical analysis

Statistical analysis was performed using SPSS version 21.0 (SPSS, Chicago, IL, USA).
Continuous variables are expressed as mean+standard deviation. Variables were compared
using Student's t-test or Fisher's exact test, and a p value of <0.05 was considered
statistically significant.

RESULTS

During the period, 1,061 patients were underwent percutaneous closure of ASD. Among
them 735 (69.3%) were adult patients (defined as >18 years of age), of which 269 (36.6%)
patients were adult patients with large ASD. The female-to-male ratio was 2.6, and the mean
age was 39.0+14.2 years (range, 16.0-73.0) (Table 1). There were no statistical differences of
sex, age, weight, and body surface area between 2 groups. The mean follow-up duration was
43.6+33.1 months (range, 3.0-135.5) without statistical difference between 2 groups.

Procedural results

Procedural parameters and outcomes are presented in Tables 2 and 3, respectively.
Understandably, defect size, BOD and device size were significant larger in group 2, and the Qp/
Qs was also significantly higher in group 2 (2.86+0.82 vs. 3.20+1.00, p=0.009). The maximal
diameter of either echocardiographic measurement or BOD in our series was 43 mm, and

the ASO sizes of group 2 were as follow; 34 mm (n=1), 36 mm (n=25), 38 mm (n=24) and 40
mm (n=3). The need of modified implantation techniques (MITs) was higher group 2 (23.6%
vs. 37.7%, p=0.034). Among MIT, left upper pulmonary vein technique was most commonly
applied followed by right upper pulmonary vein technique!® and balloon assisted technique.*
However, procedural time and fluoroscopy time were not different between 2 groups. Among
our 269 patients, 33 (12.3%) had multiple defects which were closed by one device, except one
patient underwent percutaneous closure with 2 devices (25 mm and 17 mm). Eleven cases of
combined procedure were successfully performed in group 1 without complications.

Table 1. Baseline characteristics of ASD device closure patients (n=269)
Variables Group 1(n=216) 25 mm<ASD<35 mm Group 2 (n=53) 35 mm<ASD p value

Sex (F:M) 158:58 (2.7:1) 36:17 (2.1:1) 0.447
Age (years) 39.2+14.3 (16.0-73.0) 38.5+13.8 (16.0-67.0) 0.772

Weight (kg) 59.3+10.4 (36.7-95.0) 61.8+10.6 (43.5-90.0) 0.136

BSA (kg/m?) 1.63+0.18 (1.08-2.20) 1.68=0.19 (1.37-2.13) 0.078
TR >grade Il 49 (22.7) 13 (24.5) 0.664
MR >grade | 34 (15.7) 8 (15.1) 0.849
Pul. HTN (pre)* 56 (25.9) 95 (47.2) 0.003
Pul. HTN (post) 37 (17.1) 11 (20.8) 0.537
Multiple defects 27 (12.5) 6 (11.3) 0.275
MPAP (pre) 21.8+8.6 (10.0-60.0) 24.6+7.8 (15.0-50.0) 0.043
MPAP (post) 20.6+8.5 (10.0-60.0) 22.1+8.7 (12.0-55.0) 0.986
Defect size (mm) 927.1+3.6 (25.0-34.0) 36.2+2.2 (35.0-43.0) <0.001
BOD (mm) 928.7+3.0 (24.0-34.0) 36.8+2.0 (31.0-42.0) <0.001
Device size (mm) 29.7+3.0 (24.0-36.0) 36.7+2.2 (32.0-40.0) <0.001
Qp/Qs 2.86+0.82 (1.20-4.50) 3.20+1.00 (1.96-5.00) 0.009
Follow-up duration (months) 42.5+32.6 (3.0-135.5) 47.5+35.3 (3.0-119.0) 0.353

Values are presented as mean=standard deviation (range) or number (%o).

ASD = atrial septal defect; BOD = balloon occlusive diameter; BSA = body surface area; mPAP = mean pulmonary
arterial pressure; MR = mitral regurgitation; Pul. HTN = pulmonary hypertension; Qp/Qs = the ratio of pulmonary
blood flow to systemic flow; TR = tricuspid regurgitation.

*Defined as mPAP225 mmHg during catheterization, pre means before device closure and post means after device
closure.
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Table 2. Comparisons of procedural parameters between 2 groups

Procedural parameters Group 1 (n=216) Group 2 (n=53) p value
PT 60.5+12.4 63.2+12.4 0.587
FT 6.0+0.9 5.9+0.7 0.655
Needs of MIT 51 (23.6) 20 (37.7) 0.034
Combined procedures -
PPV 3(1.4) 0 (0.0)
Others? 8 (3.8)} 0 (0.0)

Values are presented as meanzstandard deviation or number (%).

FT = fluoroscopy time; MIT = modified implantation technique; PPV = percutaenous pulmonary valvuloplasty;

PT = procedure time;

*PT was defined as time interval from puncture to completion of hemostasis; ¥4 cases of radiofrequency ablations
for atrial fibrillation (n=2) and wolff-parkinson-white syndrome (n=2), 3 cases of direct current cardioversions,

1 case of coronary angioplasty.

Table 3. Results of device closure

Results Group 1 (n=216) Group 2 (n=53) p value
PSR 214/216™ (99.1) 53/53 (100) 0.620
RSR 3/210" (1.4) 1/53 (1.9) 0.475
In single defects 0/183 (0.0) 0/47 (0.0)
In multiple defects 3/27 (10.0) 1/6 (16.7)
Complication rate 24 (11.1) 6 (11.3) 0.804
Major 3(1.4) 1(1.9)
Minor 21 (9.7) 5(9.4)
Late events$ 13/207 (6.3) 4/49 (8.1) 0.105

PSR = procedural success rate; RSR = residual shunt rate.

*One case of device migration and 1 case of complete atrioventricular block; TTwo cases of device retrieval (1 of
device migration and 1 of complete atrioventricular block), and 4 cases of device closure with fenestration due
to severe pulmonary hypertension were excluded. All of the flow of the fenestrated atrial septal defect closure

remained patent; SLate events were defined as adverse events after 6 months from device closure.

Immediate and short-term procedural successful rate were 99.5% and 99.1%, respectively.
One case of device migration to right ventricle was occurred during device closure in group 1.
The 34 mm device was removed, and the ASD was repaired surgically. One case of complete
AV block was occurred at 2 days after the device closure. The device was retrieved via
catheterization.

The residual shunt rate after 3 months follow-up was 0% in single defect in both groups,
except 4 cases of closure with fenestrated devices due to pulmonary hypertension. The
residual shunt rates of multiple defects after 6 months follow-up were 10% in group land
16.7% in group 2.

Hemodynamic results

Associated hemodynamic phenomenon showed conflicted relationship with size groups
(Table 1). TR more than grade II was not different in 2 groups and mitral regurgitation (MR)
more than grade I was also not different in 2 groups. PAH, defined as mPAP >25mmHg during
catheterization, was more prevalent in group 2 (25.9% vs. 47.2%, p=0.003), and the mean
mPAP was also significantly higher in group 2 (21.8+8.6 vs. 24.6+7.8, p=0.043). However, these
statistical differences were disappeared after the device closure. Regarding to hemodynamic
changes, TR was improved in 54 (87.1%) patients with TR>grade II (Figure 1). There was no
statistical difference of trend of hemodynamic change between 2 groups, maybe due to small
number of significant TR in group 2. In 15 (5.6%) patients, the left atrial disk mildly touched to
mitral valve without encroachment. Nevertheless, there was no newly developed MR or mitral
valve erosion related with the device.
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Before Follow-up

A
5

Figure 1. The fates of TR before procedure and at last follow-up.
TR = tricuspid regurgitation.

Early major and minor complications

In our 269 patients, there was no death, stroke and cardiac tamponade. The overall major
complication rate was 1.5%, and there was no statistical difference between 2 groups (Table 4).
We experienced 2 cases of device migration, one case of femoral arterio-venous fistula, and
one case of complete AV block. One case of device migration during procedure was above
mentioned, who underwent surgical remove of device and repair of ASD. Another 50-year-
old patient, with multiple large ASD (40 mm, 20 mm and 6 mm) with relative short aortic
rim (d=6 mm), underwent device closure. Although careful Minesota wiggle was performed,
device was migrated to left ventricle after deployment. The device was retrieved via femoral
artery access, and another 40 mm ASO was deployed successfully without any complication.
One year after the 1st procedure, 2nd 20 mm ASD device closure was performed and resulted
in complete closure of all defects. This case was regarded as successful procedure, but as
major complication.

One patient underwent repair of right femoral vessels due to arterio-venous fistula.
Retroperitoneal hematoma was not occurred.

Regarding to life threatening arrhythmias, there was no ventricular arrhythmia in our case.
Above mentioned, one patient complained chest discomfort and dizziness 2 days after device
closure with 32-mm ASO. He was diagnosed as complete AV blocks and underwent retrieval
of the ASO via catheterization. He was treated with dexamethasone for 7 days and recovered
normal sinus rhythm. He underwent surgical repair of ASD and had been doing well without
complete AV block.

Most common minor complications were arrhythmias, followed neurological problems.

There was no statistical difference between 2 groups (Table 5). Arrhythmias were occurred
in similar frequency in both groups (4.2% vs. 5.6%, p=0.238). One case of junctional

Table 4. Major complications of atrial septal defect device closure

Major complications Group 1 (n=216) Group 2 (n=53) p value
Death 0 (0.0) 0 (0.0) NS
Ischemic/hemorrhagic stroke 0(0.0) 0 (0.0) NS
Cardiac tamponade 0 (0.0) 0 (0.0) NS
Device embolization 1(0.5) 1(1.9) 0.548
Vascular complications 1(0.5) 0 (0.0) 0.620
Retroperitoneal hematoma 0 0
Femoral arteriovenous fistula 1 0
Arrhythmias 1(0.5) 0 (0.0) 0.620
Ventricular tachycardia (o] 0
Complete atrioventricular block 1 0

NS = not significant.
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Table 5. Minor complications

Minor complications Group 1 (n=216) Group 2 (n=53) p value
Neurologic complications 5(2.3) 1(1.9) 0.785
Minor infarction/TIA 0 0
Migraine 2 0
Brachial plexopathy 3 (0]
Lidocaine toxicity 0 1
Arrhythmias 9 (4.2) 3(5.6) 0.238
PSVT 1 6]
Junctional tachycardia 1 0
Atrial flutter 1 0
Atrial fibrillation 6 3
Hematoma and oozing 3(1.4) 1(1.9) 0.895
Allergic reactions 4 (1.9) 0(0.0) 0.108
Contrast related 3 0
Nickel related 1 0

PSVT = paroxysmal supraventricular tachycardia; TIA = transient ischemic attack.
*All of 3 patients underwent device closure under general anesthesia via transesophageal echocardiography-guided.

tachycardia was terminated spontaneously. One case of paroxysmal supraventricular
tachycardia and one case of atrial flutter underwent successful radiofrequency ablation
(RFA). Nine cases of atrial fibrillation (AF) were treated as below: 4 cases were spontaneously
resolved, 3 cases occurred before the deployment of the device underwent direct current (DC)
cardioversion followed by successful detachment, and 2 cases were treated with medication
as warfarin. Minor neurologic complications were occurred 5 (2.3%) in group 1, and 1 (1.9%)
in group 2, respectively. Minor infarction or transient ischemic attack was not occurred. Two
cases of migraine were occurred in group 1, and one case of lidocaine toxicity complained

of dizziness was occurred in group 2. Three cases of brachial plexopathy due to shoulder
traction were occurred in our early experiences related with general anesthesia for TEE
guidance. Hematomas were occurred in 4 patients without statistical difference between 2
groups. Allergic reactions were occurred 4 patients in group 1. Three patients experienced
contrast-related skin erythema and itching sensation. Suspicious allergic reaction was
occurred in previously known nickel-allergy patient. Vague chest discomfort and mild
dyspnea was occurred one day after the device closure. Electrocardiography, cardiac enzyme,
and chest X-ray were all normal findings. She was treated with antihistamine and low dose
steroid, and was observed during 4 days for concerning of delayed hypersensitivity. There was
no other event and she had been doing well with the device for 5 years.

Late events

Thirteen patients less than 6 months after percutaneous closure were excluded in this
analysis. During long-term follow-up (46+32.1 vs. 52.5+33.1 months, p=0.215), there was no
procedure- or disease-related death, device erosion, device fracture, or cardiac tamponade
(Table 6). During follow-up, there was one non-cardiac death, 58-year-old female died of
cholangiocarcinoma 3 years after the device closure. There was one (0.4%) major adverse
event in our study. Middle cerebral infarction was occurred 8 years after device closure in one
patient, who had a persistent AF before device closure and had taken a warfarin. Because

the extent of infarction was not severe and immediate treatment was taken, he has been well
doing without major disability.

There was no statistical difference of minor late events in both groups. Newly developed

migraine headache (3.9%) was most common problem, followed by AFs (1.9%). Patients
with AFs were treated as below; one was spontaneously resolved, one treated with medical
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Table 6. Late adverse events at least 6 months after atrial septal defect device closure (n=256)

Adverse event Group 1 (n=207) Group 1 (n=49) p value
Related death 0 (0.0) 0 (0.0) NS
Not related death 1" (0.5) 0 (0.0) 0.620
Device erosion 0 (0.0) 0 (0.0) NS
Device fracture 0(0.0) 0(0.0) NS
Neurologic events 9 (4.3) 2 (4.1) 0.668
Infarction 1t 0
Migraine 8 2
Arrhythmias 3(1.4) 2 (4.1) 0.562
Sinus node dysfunction 0 0
Newly developed AF 2 2
Non-sustained AT 1 0
Follow-up duration (months) 46+32.1 (6.0-135.5) 52.5+33.1 (7.4-119.0) 0.215

AF = atrial fibrillation; AT = atrial tachycardia; NS = not significant.
*One patient died of cholangiocarcinoma 3 years after device closure; TOne patient had a persistent atrial
fibrillation before atrial septal defect device closure, and had taken a warfarin.

treatment, 2 patients treated with DC cardioversion resulted in normal sinus rhythm in one
case, while other patient treated subsequent RFA resulted in normal sinus rhythm.

DISCUSSION

In our study, percutaneous closure of very large ASD proved safe and effective as well as large
ASD did. There is no universal definition of large ASD, thus the interpretation of success
rate of percutaneous closure of large ASDs needs caution. Varma et al."¥ reported 91%
success rate in 34 large ASD patients using a definition of large>25 mm (mean 3043 mm)
diameter on balloon stretched diameter (BSD). Rodriguez et al.™® reported 74% success rate
in 31 large ASD patients using a definition of large>30 mm (mean 33+3.4 mm, range, 30—-40
mm) diameter on BSD. Romanelli et al.’? reported 97% success rate in 36 large to very large
ASD patients, defined as maximal pre-procedural TEE ASD diameter in the range 20-39
mm, while only 17% in 6 extreme large ASD patients (>40 mm). Recently, Baruteau et al.2%)
reported the largest study of the feasibility and safety of percutaneous closure in both adult
and pediatric large ASD patients. Using a definition of large>34 mm on BSD in 175 adults,
they reported 89.7% successful rate. In our study, the procedural success rate was 99.1% in
large ASD group and 100% in very large ASD group. It is one of the highest successful rates,
with acceptable major complication rate of percutaneous closure using ASO for large ASD
patients. In our study, there was no cardiac death and the early and late major complication
rate was 1.5%. This is consistent with previous studies not focused large ASDs.?”” Abaci et
al.? reported 1.0% of peri-procedural major complication of percutaneous closure of ASD in
13,526 patients by their meta-analysis, including 0.7% of device embolization.

In our study, 2 cases (0.7%) of device migrations were treated via catheterization (n=1) or
surgery (n=1) without further complications. Although extreme caution to avoid device
migration is essential, we agree with Baruteau et al.?” that the morbidity related with ASO
migration is rare and easily managed without complication. A recent multicenter cohort study
reported that ten devices (1.5%) embolization were treated successfully via catheterization
(n=7) or surgery (n=3) without further complications.?? Large ASDs with posterior or inferior
rim deficiency were known the risk factors for device migration.?¥ In our study, the procedural
success rate using the 40 mm ASO was excellent; 3 of 3 patients, although one patient with
multiple ASDs complicated device embolization described before who finally underwent
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successful device closure. However, we did not found any association between rim deficiency
and device migrations, which might be due to small case of migration. We suggested that
percutaneous closure of the extreme large ASDs could be attempted in experienced center as
others reported.!?*)

We experienced one case of complete AV block above mentioned. The exact mechanism of
complete AV block after percutaneous closure of ASD is not clear. Mechanical pressure on AV
node may result in inflammatory response and could lead to AV block.?® Although, there had
been report of spontaneous resolution or successful treatment with steroids,?” it is usually
recommended that surgical or percutaneous removal of the devise, when the block was not
resolved in one week.?

For vascular complications, there were no relationship between intra-procedural
echocardiographic modalities and vascular complications, although one more venous access
was required for ICE guidance. This was consistent with our previous report of the safety of
ICE guidance including small children."?

After a median follow-up of 48 months, there was no cardiac death, and no long-term major
complication was occurred, except one case (0.4%) of stroke in above-mentioned patient
with permanent AF. Long-term follow-up data reported 0.4% of cerebrovascular events, 0.1%
of device embolization, 0.1% of device erosion and 0.1% of device related death.?” Our study
showed the incidence of AF after percutaneous closure of ASD as 5.5% (3.7% in early and

1.8 in late), which was higher than previous report not focused on arrhythmias,?” although
most of AFs were resolved spontaneously or medically well treated as other reported.?”
However, a recent study focused on AF and stroke showed a higher incidence rate of 11.8%
after ASD closure and higher risk of stroke even after ASD closure which was related with
AF,? although the incidence rate of AF was 23.7 in unclosed ASD patients. ASD closure could
reduce the incidence of atrial tachycardia.* Nevertheless, comprehensive evaluation and
long-term follow-up of atrial tachycardia is necessary, thus we routinely performed 24-hour
Holter monitoring in adult large and elderly ASD patients. In this article, we did not analysis
of pre-existed atrial tachycardia.

For migraine headache, we reported 4.4% of incidence (0.7% in early and 3.7% in late) after
percutaneous closure, which is compatible to a study focused on migraine headache after
transcathter closure of ASD and patent foramen ovale.>® While other previous studies, which
conducted all complication in together, reported lower incidence of migraine headache. Other
reports supported new onset of migraine headache after percutaneous closure of ASD,3)3?
whereas percutaneous closure of ASD resulted in significant reduction of migraine headache.

There was gap of incidence of atrial tachycardia, migraine headache between studies focused
on the complications and studies did not. Thus, further investigation for these complications
is warranted.

Our study showed the co-incidence of moderate TR was approximately 23% and it of mild-
to-moderated MR was 15% without statistical difference between 2 size groups. The TR was
improved in most (87.1%) cases, which may reflect the reduction of right atrial and ventricle
size.>¥¥ Our study showed that percutaneous closure of large ASD with moderate TR was effective
for both anatomic and hemodynamic results. However, we preferred surgical treatment in large
ASD with severe TR (grade IV), thus further investigation for these patients is still needed.
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PAH assessed by cardiac catheterization was more prevalent in very large ASD group,
however, this phenomenon was disappeared after the device closure. This showed that the
hyperkinetic pulmonary blood flow is not sole mechanism of development of PAH, and
multifactorial factors were related with PAH.> Nevertheless, early transcatheter closure of
large ASD is important because mild-to-moderate PAH could be reversed without permanent
PAH. In our study, the incidence of residual PAH was approximately 20% after percutaneous
closure, which was higher than previous reports,*>” may be related that we evaluated the
PAH with cardiac catheterization rather than echocardiography using the estimated right
ventricular systolic pressure, and our patient had large ASD than other study did. We planned
further investigation of detailed hemodynamic status of ASD percutaneous closure with our
various clinical groups.

This was a non-randomized retrospective study with its inherent limitations. The number of
device migration was small, thus we could not analyzed the risk factors in our study. Detailed
analysis of hemodynamic assessment was not performed, and the comprehensive evaluation
of quality of life or survey for migraine headache was not obtained. Cardiopulmonary function
tests were performed in recent cases, thus we did not include the analysis in this study.

Nevertheless, our study is one of the largest studies for percutaneous closure of adult large ASD
patients with detailed information of various complications, which were usually not mentioned
in other articles. Long-term follow-up is mostly achieved in our patients, thus our data could
show comprehensive information about long- term events and hemodynamic changes.

In conclusion, our study demonstrated the effectiveness and safety of transcathter closure in
very large ASD patients as well as large ASD patients. The procedural success rate was 99.1%
in large ASD group and 100% in very large ASD group with acceptable early (1.5%) and late
(0.4%) major complication rate. Long-term follow-up of transcathter closure of large ASD

is important, especially for late complication and hemodynamic results. And lastly further
investigation of extreme large ASD using 40 mm ASO is still needed.

REFERENCES

1. King TD, Thompson SL, Steiner C, Mills NL. Secundum atrial septal defect. Nonoperative closure during
cardiac catheterization. JAMA 1976;235:2506-9.
PUBMED | CROSSREF

2. DuZD, Hijazi ZM, Kleinman CS, Silverman NH, Larntz K; Amplatzer Investigators. Comparison between
transcatheter and surgical closure of secundum atrial septal defect in children and adults: results of a
multicenter nonrandomized trial. ] Am Coll Cardiol 2002;39:1836-44.
PUBMED | CROSSREF

3. Thomson JD, Aburawi EH, Watterson KG, Van Doorn C, Gibbs JL. Surgical and transcatheter (Amplatzer)
closure of atrial septal defects: a prospective comparison of results and cost. Heart 2002;87:466-9.
PUBMED | CROSSREF

4. Geva T, Martins JD, Wald RM. Atrial septal defects. Lancet 2014;383:1921-32.
PUBMED | CROSSREF

5. Feltes TF, Bacha E, Beekman RH 3rd, et al. Indications for cardiac catheterization and intervention
in pediatric cardiac disease: a scientific statement from the American Heart Association. Circulation
2011;123:2607-52.
PUBMED | CROSSREF

6. Kazmouz S, Kenny D, Cao QL, Kavinsky CJ, Hijazi ZM. Transcatheter closure of secundum atrial septal
defects. ] Invasive Cardiol 2013;25:257-64.
PUBMED

https://e-kcj.org https://doi.org/10.4070/kcj.2018.0391 984


http://www.ncbi.nlm.nih.gov/pubmed/946659
https://doi.org/10.1001/jama.1976.03260490024013
http://www.ncbi.nlm.nih.gov/pubmed/12039500
https://doi.org/10.1016/S0735-1097(02)01862-4
http://www.ncbi.nlm.nih.gov/pubmed/11997423
https://doi.org/10.1136/heart.87.5.466
http://www.ncbi.nlm.nih.gov/pubmed/24725467
https://doi.org/10.1016/S0140-6736(13)62145-5
http://www.ncbi.nlm.nih.gov/pubmed/21536996
https://doi.org/10.1161/CIR.0b013e31821b1f10
http://www.ncbi.nlm.nih.gov/pubmed/23645053
https://e-kcj.org

Outcomes after Device Closure of Large ASD

C

Korean Circulation Journal

https://e-kcj.org

7. Everett AD, Jennings J, Sibinga E, et al. Community use of the Amplatzer atrial septal defect occluder:
results of the multicenter MAGIC atrial septal defect study. Pediatr Cardiol 2009;30:240-7.
PUBMED | CROSSREF
8. Masura]J, Gavora P, Podnar T. Long-term outcome of transcatheter secundum-type atrial septal defect
closure using Amplatzer septal occluders. ] Am Coll Cardiol 2005;45:505-7.
PUBMED | CROSSREF
9. Moore ], Hegde S, El-Said H, et al. Transcatheter device closure of atrial septal defects: a safety review.
JACC Cardiovasc Interv 2013;6:433-42.
PUBMED | CROSSREF
10. Masura]J, Gavora P, Formanek A, Hijazi ZM. Transcatheter closure of secundum atrial septal defects
using the new self-centering Amplatzer septal occluder: initial human experience. Cathet Cardiovasc Diagn
1997;42:388-93.
PUBMED | CROSSREF
11. Hellenbrand WE, Fahey JT, McGowan FX, Weltin GG, Kleinman CS. Transesophageal echocardiographic
guidance of transcatheter closure of atrial septal defect. Am J Cardiol 1990;66:207-13.
PUBMED | CROSSREF
12. Kim NK, Park SJ, Shin JI, ChoiJY. Eight-French intracardiac echocardiography — safe and effective
guidance for transcatheter closure in atrial septal defects —. Circ J2012;76:2119-23.
PUBMED | CROSSREF
13.  Asrress KN, Mitchell AR. Intracardiac echocardiography. Heart 2009;95:327-31.
PUBMED | CROSSREF
14. Varma C, Benson LN, Silversides C, et al. Outcomes and alternative techniques for device closure of the
large secundum atrial septal defect. Catheter Cardiovasc Interv 2004;61:131-9.
PUBMED | CROSSREF
15. Dalvi B, Pinto R], Gupta A. New technique for device closure of large atrial septal defects. Catheter
Cardiovasc Interv 2005;64:102-7.
PUBMED | CROSSREF
16. Pillai AA, Rangaswamy Balasubramanian V, Selvaraj R, Saktheeswaran M, Satheesh S, Jayaraman B.
Utility of balloon assisted technique in trans catheter closure of very large (=35 mm) atrial septal defects.
Cardiovasc Diagn Ther 2014;4:21-7.
PUBMED
17. Narin N, Baykan A, Argun M, et al. New modified balloon-assisted technique to provide appropriate
deployment in the closure of large secundum atrial septal defect using Amplatzer septal occluder in
children. J Invasive Cardiol 2014;26:597-602.
PUBMED
18. Rodriguez M, Sudrez de Lezo J, Pan M, et al. Percutaneous closure of large atrial septal defects. Rev Esp
Cardiol 2003;56:888-93.
PUBMED
19. Romanelli G, Harper RW, Mottram PM. Transcatheter closure of secundum atrial septal defects: results in
patients with large and extreme defects. Heart Lung Circ 2014;23:127-31.
PUBMED | CROSSREF
20. Baruteau AE, Petit J, Lambert V, et al. Transcatheter closure of large atrial septal defects: feasibility and
safety in a large adult and pediatric population. Circ Cardiovasc Interv 2014;7:837-43.
PUBMED | CROSSREF
21. Abaci A, Unlu S, Alsancak Y, Kaya U, Sezenoz B. Short and long term complications of device closure of
atrial septal defect and patent foramen ovale: meta-analysis of 28,142 patients from 203 studies. Catheter
Cardiovasc Interv 2013;82:1123-38.
PUBMED | CROSSREF
22. El-Said H, Hegde S, Foerster S, et al. Device therapy for atrial septal defects in a multicenter cohort: acute
outcomes and adverse events. Catheter Cardiovasc Interv 2015;85:227-33.
PUBMED | CROSSREF
23. Wahab HA, Almossawy A, Al Bitar I, Hijazi ZM. Tips and tricks to prevent prolapse of the Amplatzer
septal occluder through large atrial septal defects. Catheter Cardiovasc Interv 2011;78:1041-4.
PUBMED | CROSSREF
24. Amin Z. Transcatheter closure of secundum atrial septal defects. Catheter Cardiovasc Interv 2006;68:778-87.
PUBMED | CROSSREF
25. Lopez K, Dalvi BV, Balzer D, et al. Transcatheter closure of large secundum atrial septal defects using
the 40 mm Amplatzer septal occluder: results of an international registry. Catheter Cardiovasc Interv
2005;66:580-4.
PUBMED | CROSSREF
https://doi.org/10.4070/kcj.2018.0391 985


http://www.ncbi.nlm.nih.gov/pubmed/19015911
https://doi.org/10.1007/s00246-008-9325-x
http://www.ncbi.nlm.nih.gov/pubmed/15708695
https://doi.org/10.1016/j.jacc.2004.10.066
http://www.ncbi.nlm.nih.gov/pubmed/23702008
https://doi.org/10.1016/j.jcin.2013.02.005
http://www.ncbi.nlm.nih.gov/pubmed/9408617
https://doi.org/10.1002/(SICI)1097-0304(199712)42:4%3C388::AID-CCD7%3E3.0.CO;2-7
http://www.ncbi.nlm.nih.gov/pubmed/2371953
https://doi.org/10.1016/0002-9149(90)90590-W
http://www.ncbi.nlm.nih.gov/pubmed/22975637
https://doi.org/10.1253/circj.CJ-11-1286
http://www.ncbi.nlm.nih.gov/pubmed/19176565
https://doi.org/10.1136/hrt.2007.135137
http://www.ncbi.nlm.nih.gov/pubmed/14696173
https://doi.org/10.1002/ccd.10700
http://www.ncbi.nlm.nih.gov/pubmed/15619315
https://doi.org/10.1002/ccd.20248
http://www.ncbi.nlm.nih.gov/pubmed/24649421
http://www.ncbi.nlm.nih.gov/pubmed/25364001
http://www.ncbi.nlm.nih.gov/pubmed/14519276
http://www.ncbi.nlm.nih.gov/pubmed/24012104
https://doi.org/10.1016/j.hlc.2013.07.020
http://www.ncbi.nlm.nih.gov/pubmed/25423959
https://doi.org/10.1161/CIRCINTERVENTIONS.113.001254
http://www.ncbi.nlm.nih.gov/pubmed/23412921
https://doi.org/10.1002/ccd.24875
http://www.ncbi.nlm.nih.gov/pubmed/25257700
https://doi.org/10.1002/ccd.25684
http://www.ncbi.nlm.nih.gov/pubmed/22072530
https://doi.org/10.1002/ccd.23182
http://www.ncbi.nlm.nih.gov/pubmed/17039536
https://doi.org/10.1002/ccd.20872
http://www.ncbi.nlm.nih.gov/pubmed/16216021
https://doi.org/10.1002/ccd.20468
https://e-kcj.org

Outcomes after Device Closure of Large ASD

C

Korean Circulation Journal

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Amoozgar H, Ahmadipoor M, Amirghofran AA. Complete heart block following transcatheter closure of
atrial septal defect due to growth of inflammatory tissue. Pediatr Cardiol 2014;35:1301-3.
PUBMED | CROSSREF

Rohit MK, Puri K, Vadivelu R. Reversible complete atrioventricular block after percutaneous ASD device
closure in a child <15 kg. Indian Heart ] 2014;66:366-9.
PUBMED | CROSSREF

Nyboe C, Olsen MS, Nielsen-Kudsk JE, Hjortdal VE. Atrial fibrillation and stroke in adult patients with
atrial septal defect and the long-term effect of closure. Heart 2015;101:706-11.
PUBMED | CROSSREF

Wang C, Zhao SH, Jiang SL, et al. Prevalence and risk factors of atrial tachyarrhythmia before and after
percutaneous closure of secundum atrial septal defect in patients over 40 years of age. Zhonghua Xin Xue
Guan Bing Za Zhi 2007;35:797-801.

PUBMED

Rodés-Cabau J, Mineau S, Marrero A, et al. Incidence, timing, and predictive factors of new-onset
migraine headache attack after transcatheter closure of atrial septal defect or patent foramen ovale. Am ]
Cardiol 2008;101:688-92.

PUBMED | CROSSREF

Rodés-Cabau J, Molina C, Serrano-Munuera C, et al. Migraine with aura related to the percutaneous
closure of an atrial septal defect. Catheter Cardiovasc Interv 2003;60:540-2.

PUBMED | CROSSREF

Mortelmans K, Post M, Thijs V, Herroelen L, Budts W. The influence of percutaneous atrial septal defect
closure on the occurrence of migraine. Eur Heart ] 2005;26:1533-7.
PUBMED | CROSSREF

Du ZD, Cao QL, Koenig P, Heitschmidt M, Hijazi ZM. Speed of normalization of right ventricular
volume overload after transcatheter closure of atrial septal defect in children and adults. Am J Cardiol
2001;88:1450-3, A9.

PUBMED | CROSSREF

Veldtman GR, RazackV, Siu S, et al. Right ventricular form and function after percutaneous atrial septal
defect device closure. ] Am Coll Cardiol 2001;37:2108-13.
PUBMED | CROSSREF

Balint OH, Samman A, Haberer K, et al. Outcomes in patients with pulmonary hypertension undergoing
percutaneous atrial septal defect closure. Heart 2008;94:1189-93.
PUBMED | CROSSREF

Steele PM, Fuster V, Cohen M, Ritter DG, McGoon DC. Isolated atrial septal defect with pulmonary
vascular obstructive disease--long-term follow-up and prediction of outcome after surgical correction.
Circulation 1987;76:1037-42.

PUBMED | CROSSREF

Cherian G, Uthaman CB, Durairaj M, et al. Pulmonary hypertension in isolated secundum atrial septal
defect: high frequency in young patients. Am Heart [1983;105:952-7.

PUBMED | CROSSREF

https://e-kcj.org https://doi.org/10.4070/kcj.2018.0391 986


http://www.ncbi.nlm.nih.gov/pubmed/25096905
https://doi.org/10.1007/s00246-014-0986-3
http://www.ncbi.nlm.nih.gov/pubmed/24973847
https://doi.org/10.1016/j.ihj.2014.03.013
http://www.ncbi.nlm.nih.gov/pubmed/25691512
https://doi.org/10.1136/heartjnl-2014-306552
http://www.ncbi.nlm.nih.gov/pubmed/18070469
http://www.ncbi.nlm.nih.gov/pubmed/18308022
https://doi.org/10.1016/j.amjcard.2007.10.034
http://www.ncbi.nlm.nih.gov/pubmed/14624438
https://doi.org/10.1002/ccd.10713
http://www.ncbi.nlm.nih.gov/pubmed/15746154
https://doi.org/10.1093/eurheartj/ehi170
http://www.ncbi.nlm.nih.gov/pubmed/15746154
https://doi.org/10.1093/eurheartj/ehi170
http://www.ncbi.nlm.nih.gov/pubmed/11419895
https://doi.org/10.1016/S0735-1097(01)01305-5
http://www.ncbi.nlm.nih.gov/pubmed/17932093
https://doi.org/10.1136/hrt.2006.114660
http://www.ncbi.nlm.nih.gov/pubmed/3664992
https://doi.org/10.1161/01.CIR.76.5.1037
http://www.ncbi.nlm.nih.gov/pubmed/6858843
https://doi.org/10.1016/0002-8703(83)90396-4
https://e-kcj.org

	Procedural, Early and Long-term Outcomes after Percutaneous Closure of Atrial Septal Defect: Comparison between Large and Very Large Atrial Septal Defect Groups
	INTRODUCTION
	METHODS
	Peri-procedural transthoracic echocardiography
	TEE guidance
	ICE guidance
	ASD closure
	Follow-up
	Statistical analysis

	RESULTS
	Procedural results
	Hemodynamic results
	Early major and minor complications
	Late events

	DISCUSSION
	REFERENCES


