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Effectiveness of the Amplatzer® device for Transcatheter Closure of
an Ostium Secundum Atrial Septal Defect
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Summary
Objective: To evaluate the effectiveness of the Amplatzer® septal occluder in the treatment of ostium secundum atrial
septal defects (OS ASDs).

Methods: Retrospective cohort study conducted between November 1998 and September 2005 involving 101 OS ASD
transcatheter occlusion procedures in our institution. All procedures were conducted in the hemodynamic laboratory
under general anesthesia with transoesophageal echocardiographic monitoring (TEE). Clinical and echocardiography
assessments of the patients were conducted at 30 days, six months and on an annual basis. The results are presented as
averages, standard deviations and percentages. Event-free survival was estimated using the Kaplan-Meier curve.

Results: From the 101 patients, 60 (59.4%) were females. Mean age, weight, height, body mass index and body surface
area were, respectively: 24.3 + 18.31 years, 51.88 * 23.76kg, 140.59 * 39.3cm, 23.18 = 18.9kg/m? and 1.24 = 0.21m>
The prevalence of interatrial septum aneurysms was 4.95%, and 98 cases had an isolated defect. ASD diameters were
21.47 * 6.96mm using an angiography and 21.22 + 7.93 mm using a TEE. The average size of the implanted devices
was 23.92 = 7.25mm, ranging from 9mm to 40mm. The procedure time was 90.47 = 26.67 minutes and the average
hospital stay was 2.51 * 0.62 days. Clinical and echocardiography follow-up was conducted at 12.81 *+ 8.41 months
and all devices were securely anchored without any residual shunts. The procedure success rate was 93% (94/101).
In five cases adequate deployment of the device was not possible and 2 patients presented residual ASD. No major

complications occurred.

Conclusion: The Amplatzer® septal occluder is an effective OS ASD transcatheter treatment device.
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Introduction

Atrial septal defects (ASDs) are one of the most common
cardiac congenital defects, accounting for roughly 5% to
10% of all cases. It predominates in females with a 1.5 -
3.5:1 female/male ratio’. Ostium secundum ASD (OS ASD)
accounts for roughly 75% of this pathology and the remaining
25% are due to ostium primum ASD, sinus venosus ASD and
coronary sinus ASD?. Since 1948, when Murray described the
first atrioseptoplasty?, it has been the gold standard surgical
therapy offering excellent immediate results. Konstantinides*,
Murphy?®, Groundstrem® and Ross-Hessenlink” reported
high success rates and very few complications during late
postoperative follow-up of the surgical closure. During the past
few decades, various devices have been used in percutaneous
OS ASD closure attempts, however the results were not
encouraging. In 1997, Sharafudin and associates® published an
experimental study using a new integrated, self centering and
self-expandable prosthesis called Amplatzer® (AGA Medical
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Corporation, Golden Valley, USA). Subsequently, clinical
studies have been demonstrating that the results with this
device are similar to surgery®'°. In adults with this pathology,
various study series with late postoperative follow-up have
demonstrated favorable clinical evolution"7.

The objective of this study is to evaluate the effectiveness
of the Amplatzer® device (AGA Medical Corporation, Golden
Valley, USA) for transcatheter treatment of OS ASD.

Methods
Delineation - Uncontrolled retrospective cohort study.

Study population - Between November 1998 and
September 2005, 101 OS ASD closure procedures were
performed in the hemodynamic department of our
institution. The inclusion criterion was the presence of OS
ASD confirmed by a transthoracic (TTE) or transesophageal
(TEE) echocardiograph, with indication for defect closure due
to clinical repercussions. Patients with ostium primum ASD,
sinus venosus ASD, coronary sinus ASD or other associated
congenital defects were excluded.

Statistical analysis - The results are expressed as averages,
standard deviations and percentages. The Kaplan-Meier
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survival curve was calculated and differences were considered
statistically significant when p<0.05. The data were analyzed
using the computer program SPSS 11.0.

Amplatzer® Septal Occluder

The Amplatzer® septal occluder (AGA Medical Corporation,
Golden Valley, USA) is made with a 0.004 — 0.0075 inch thick
nitinol metal alloy (55% nickel and 45% titanium) comprised of
two disks linked together by a short connecting waist forming
an integrated unit which is self- expandable and self-centering.
One disk remains attached to the septum on the right atrial
side and the other, which is larger, on the left atrial side. The
size of the prosthesis is determined by the waist of the device
that corresponds to the ASD diameter. The device is available
in various sizes (4 - 40mm) and is filled with polyester fiber
that has high thrombogenic properties.

Transcatheter procedure

The procedures were performed in the hemodynamic
laboratory under general anesthesia and TEE monitoring.
During the femoral vein catheterization, right and left cavity
pressures were recorded; blood samples were taken for
oximetry and to calculate pulmonary and systemic blood flow.
Next a sizing balloon was placed across the defect and the
stretched diameter was measured guided by echocardiography
and cineangiography. The size of the Amplatzer® device was
determined using the stretched balloon echocardiography and
cineangiography measurements plus 1 or 2mm. The device
implantation technique followed the method described by
Fontes and associates'®.

The procedure was monitored by TEE in order to compare
the defect size, guide the device positioning in the septum,
verify defect occlusion, evaluate residual flow and assess
any possible risk to the adjacent structure. The margins, the
distance between the ASD margins and the atrioventricular
valves, inferior and superior vena cava, coronary sinus and
aorta, were considered ideal when they exceeded 5 mm.

All patients were given a 5 mg/kg dose of acetylsalicylic
acid (ASA) before the procedure and prophylactic antibiotic
therapy with cefazolin (50 mg/kg) upon closure as well as 8
and 16 hours after closing, in addition to the recommendation
of prophylactic treatment for infectious endocarditis and use
of ASA for 6 months after the implant.

On the following day, the patients were clinically evaluated
with electrocardiogram, chest x-ray and TEE. After discharge,
clinical and echocardiographic assessments were conducted
at 30 days, 6 months and 1 year.

The patients or their designated representatives were
briefed on the procedure and signed a consent form approved
by the research and ethics committee of our institution.

Results

In this study 101 patients underwent Amplatzer® septal
occluder implantations to treat OS ASD in our institution. The
clinical characteristics of the patients are shown in Table 1.

The electrocardiography findings before the procedure
demonstrate that 96.03% (97/101) of the patients presented
sinus rhythm, 2.97% (3/101) atrial fibrillation and 0.99%

Table 1 - Clinical characteristics of OS ASD patients who
underwent transcatheter correction. (n=101)

Characteristic Value*
Gender — Females 60 (59.4%)
Age (years) 24.3 = 18.31
Weight (kg) 51.88 = 23.76
Height (cm) 140.59 = 39.3
Body mass index (kg/m2) 23.18 = 18.9
Body surface area (m2) 1.24 = 0.21
Procedure indication

Murmur during clinical examination 45 (44.55%)
NYHA [** 5 (4.95%)
NYHA [1** 16 (15.84%)
NYHA [11** 14 (13.86%)
NYHA [V** 6 (5.94%)
Encephalitic Stroke 2 (1.98%)
Transient Ischemic Attack 2 (1.98%)
Chest pain 8 (7.92%)
Syncope 1 (0.99%)
Palpitation 2 (1.98%)

OS ASD - ostium secundum atrial septal defect; *Values expressed as
averages = standard deviation; **NYHA - New York Heart Association
functional class.

(1/1071) atrial flutter. In relation to conduction, 29.7% (30/101)
presented normal conduction, 12.87% (13/101) complete
right bundle branch block and 57.42% (58/101) right bundle
branch conduction disorders.

The TEE, during the procedure, revealed that 98 (97.02%)
of the patients presented isolated OS ASD and only five
patients (4.95%) had septal aneurysms.

Using cardiac catheterization it was confirmed that the
mean pulmonary artery systolic pressure was 23.83 = 1.15
mmHg, the mean pulmonary artery diastolic pressure was
11.27 = 7.14 mmHg, and the pulmonary to systemic blood
flow ratio (Qp/Qs) was 4.93.

Procedure, fluoroscopy and hospital stay durations are
shown in Table 2.

Mean septal occluder size was 23.92 = 7.25 mm, of
which the smallest was 9mm and the largest 40mm. Defect

Table 2 - Characteristics of the transcatheter procedure (n=101)

Variable Value*
Procedure duration (minutes) 90.47 + 26.67
Fluoroscopy time (minutes) 10.67 = 7.72
Hospital stay (days) 2.51 = 0.62

94/101(93%)

*Values expressed as averages + standard deviation.

Success rate (%)
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size was estimated by the stretched balloon size using TEE
and cineangiography and the respective sizes were 21.22 +
7.93 mm and 21.47 £ 6.96 mm. There was no significant
statistical difference in relation to the measurements taken
by the echocardiography technician and the hemodynamic
technician (p=0.89).

During deployment there were no immediate complications
such as death, perforations, embolization of the device or
neurological complications. Three patients (2.97%) had a
hematoma at the femoral puncture site and 1 presented
supraventricular tachycardia that was reverted with adenosine
during the procedure. The success rate was 93% (94/101)
with 7 unsuccessful procedures. In 2 cases, the device did
not completely occlude the defect leaving a slight residual
ASD and in 5 other cases the device did not deploy due to
coronary sinus or vena cava compression. In these cases, the
devices were removed with no complications and the patients
were referred for subsequent surgery. One of the 2 patients
that had a residual shunt after closure was referred to surgery
and the other was given clinical treatment. Three patients
suffered from headaches during the first 30 postoperative days,
a known symptom after implantation of this type of device,
that was spontaneously resolved thereafter. Immediate and
late complications are shown in Table 3.

Table 3 - Immediate and late complications related to the procedure

Complication Immediate  Late follow-up
Death

Cardiac perforation 0 0
Arrhythmias requiring 1(0.99%) 0
treatment

Eml?olization of the 0 0
device

Hematomz.i at 3 (2.9%) 0
puncture site

Blood Transfusion 0 0
Headache 3 (2.9%)

Thrombus or 0 0

endocarditis

Long term follow-up is currently at 12.81 = 8.41 months
and 98.9% (100/101) of the patients are asymptomatic
(Figure 1). One patient that was 70 years old at the time
of the implantation with pulmonary artery hypertension
has been admitted to the hospital twice for heart failure
decompensation. Echocardiographic monitoring showed
adequate device positioning, without a residual shunt and
complete occlusion of the defect. In our series, no cases of
thrombi, endocarditis or other late complications related to
the Amplatzer® device were observed.

Discussion

Even though this study was a cohort with a small number
of patients, it demonstrated that occlusion of OS ASD using
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the Amplatzer® device is very safe and effective. From the 101
patients included in the study, there were no deaths, cardiac
perforations or other serious complications during the hospital
phase, which is consistent with the reports in literature' .
During the late evolution, currently at 12.81 + 8.41 months,
no cases of thrombi, embolization or endocarditis related to the
device have been recorded even though these complications
have been reported in literature?'*. The Amplatzer® prothesis
has proven to be a safe and effective device and currently
can be considered an alternative to surgical treatment for
selected patients.

Another important and essential aspect is TEE monitoring
during the procedure. This guidance offers adequate
visualization of the margins and safe deployment of the device
as well as confirmation that the vital structures such as vena
cavae, coronary sinus and aortic rim are not compressed. It
has been often reported in medical literature that deficient
rims are intimately related to the success of the procedure
and adequate attachment of the device to the septum?*>.
If the device is deployed without this critical evaluation the
chance of incomplete defect occlusion or embolization of
the prosthesis increases significantly. In our study, five devices
were not deployed due to compression of the vital heart
structures and were removed without harming the patients.
This approach confirms that the adequate visualization during
device implantation using TEE, is extremely important.

Our series confirmed medical literature findings that the
Amplatzer® prosthesis is a safe alternative to treat ostium
secundum atrial septal defects. The procedure presents
a low rate of hospital complications, reduced hospital
stays and safety, based on late follow-up?*-2®. Besides the
device’s proven safety, the transcatheter procedure avoids
a thoracotomy and offers the benefit of not submitting the
patient to aortic clamping and extracorporeal circulation,
crucial timeframes in atrioseptoplasty. These timeframes are
directly related to surgical morbidity. In a prospective study
comparing the Amplatzer® device with surgical treatment in
children, Bialbowski and associates*® found similar closure
success rates (95.5% surgery vs. 97.9% transcatheter, p=NS),
however the hospital stays for surgery were longer (7.5 vs.
2.2 days, p<0.001). In addition, all surgical complications
(pericardial hemorrhage, arrhythmias, bleeding, pneumonia
and repeat surgery) were observed in 68.2% of the patients
in comparison to 6.4% in the Amplatzer® group. Blood
transfusion requirements were 40.9% in the surgical group and
2.12% in the transcatheter group (p<0.001). In another study,
Zhong-Dong DU and associates*® also compared surgical and
transcatheter closure results for OS ASD treatment and found
a success rate of 100% for surgery in comparison to 95.7%
for Amplatzer® (p=0.006). In regard to outcomes, major
complication rates (cerebral embolism, cardiac perforation,
endocarditis, repeat surgery, death related to the procedure,
embolization of the prosthesis or permanent pacemaker
requirements) were 0.2% for the transcatheter procedure and
5.2% for surgery (p<0.001). The surgical group presented
greater anesthesia times (159.7 = 54.1 vs. 105.7 = 43.2
minutes, p<0.001) and hospital stays (3.4 = 1.2 vs. 1T =
0.3 days, p<0.001). No differences were found in regard to
mortality during the hospital stay or late follow-up. The results
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Fig. 1 - Event-free survival curve of the patients who underwent transcatheter closure with the Amplatzer® prosthesis (n=101).

from our cohort coincide with surgical outcomes reported in
international literature.

Studly limitations - The present study presents limitations that
should be considered. This was an uncontrolled retrospective
cohort study of a group submitted to surgery. Even though our
results are similar to the surgical results published in literature
(in relation to success rates, complications and late success),
we cannot confirm that one method is superior to the other
since the ideal delineation would be a randomized clinical
trial (RCT). Additionally, the Single Health Care System (SUS)
does not cover the prosthesis and only patients with private
health care plans have access to this type of treatment.

Future prospects - The use of OS ASD transcatheter
closures has been on the rise in our area since it offers
similar success rates, lower morbidity and less expressive
complications than surgery. Additionally, in the majority of
cases the procedure is corrective and less aggressive for the
patient. In some developed countries, the percutaneous
procedure has surpassed surgery. However, in developing
countries cost is a limiting factor for routine use. Vladimiro
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