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 Introduction
Atrial septal defects are among the

most common congenital cardiac
anomalies in children and adults.
The most common type of atrial
septal defect is the ostium secun-
dum defect, which affects the fossa
ovalis in the midportion of the atrial
septum. Fenestrated defects and
multiple defects sometimes occur.
Although results of surgical closure
have been excellent for many
years, interventional cardiologists
have attempted to close the defect
without open heart surgery. The
AMPLATZER Septal Occluder device

(AGA Medical Corporation, Golden
Valley, Minnesota) was first used in
Europe in 1995 to close ostium se-
cundum defects; and in 1997,
Masura et al1 reported a series of
30 patients (age range 2.9 years to
62.4 years), 97% of whom had com-
plete closure of a secundum defect
and none of whom had complica-
tions. The device was approved by
the FDA for use in the United States
in December 2001.

The Kaiser Permanente (KP)
Southern California Region estab-
lished its own diagnostic cardiac
catheterization laboratory for pedi-

atric and adult patients in 1960. To-
day, many therapeutic interventional
procedures are being done in the
laboratory, often replacing or
complementing those done by sur-
gery. In 1999, anticipating FDA ap-
proval of the AMPLATZER device,
one of the authors (RMR) went to
France on an extended educational
leave, where he was able to learn
how to implant the device. His ex-
perience was very helpful to our
laboratory. Beginning in May 2002,
five months after the FDA approved
use of the AMPLATZER device, we
started our implantation program.
During the next 14 months, 51 pa-
tients (including children and adults)
were identified as candidates for
transcatheter closure of secundum
atrial defects using the AMPLATZER
device. We present this initial ex-
perience using transcatheter closure
of atrial septal defects in these 51
patients.

Methods
Patient Selection

Patients were evaluated by KP car-
diologists, who established the di-
agnosis of secundum atrial septal
defect. These cardiologists also de-
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termined that closure of the defect
was desirable and that the
AMPLATZER device was suitable for
defect closure on the basis of pub-
lished criteria. Except for some older
adults, all patients were asymptom-
atic; and all patients were given their
choice of surgery or transcatheter
closure. Implantation was per-
formed by pediatric cardiologists.

Description of Device Used
We used the AMPLATZER Septal

Occluder, a one-piece device with
three components: A cylinder (or
waist) fits inside the atrial defect like
a stent and is connected on each
end to a saucer-shaped disk in each
atrium, thus completely occluding
the defect. The entire device is made
from a fine nitinol (nickel-titanium
alloy) wire mesh with a preformed
shape. The device can be com-
pressed to fit into a catheter and
then self-expand when released in-
side the atria. A thin, polyester
thrombogenic patch inside each of
the three components prevents
blood flow through the defect after
the device is implanted.

Figure 1 illustrates the device and
its implantation. The waist self-cen-
ters the device in the defect and sta-
bilizes it. The left-sided disk is
slightly larger than the right, and
both disks grip the septal rim after
implantation. The diameter of the
waist determines the size of the
device chosen for each patient. The
device is available in sizes ranging
from 4 mm to 38 mm and can be
used to close a defect with stretched
diameter as large as 38 mm. The
center of the right atrial disk is at-
tached to the end of a long cable
by a screw-in mechanism for device
delivery and is released after satis-
factory positioning. Animal studies
indicate that most of the devices are
completely covered by endothelium
in three months.

phylaxis for six months were pre-
scribed. Patients were seen for chest
x-ray examination about two weeks
postoperatively and again at six weeks
postoperatively. At six months post-
operatively, patients were seen for
transthoracic echocardiography. Fur-
ther follow-up was conducted by the
referring cardiologist.

Results
Forty female and 11 male patients

(age range 2 years to 69 years) were
admitted to the hospital for implan-
tation of the AMPLATZER device. Six
patients were younger than five
years of age, and 24 patients were
younger than 21 years of age. Mean
procedure time for the entire group
was 68 minutes (range 24 to 138
minutes). Mean fluoroscopy time
was 18.6 minutes (range 3 to 52
minutes). Thirty-nine devices were
implanted in 38 patients. Device
sizes ranged from 4 mm to 38 mm;
30 devices had a diameter between
10 mm and 30 mm. One complica-
tion was observed: A 53-year-old
woman had hemopericardial effu-
sion after successful deployment of
the AMPLATZER device.

Thirteen of the 51 patients had no
implantation of the device. In eight
of these 13 patients, complex lesions
or excessively large defects pre-
cluded deployment of the device;
in the other five patients, the de-
vice was withdrawn after attempted
deployment, either because the de-
fect was too large or because the
device could not be safely posi-
tioned. Complete closure of the
defect was defined as absence of
any shunt across the defect, as de-
termined by echocardiography done
at the end of the procedure or be-
fore the patient was discharged from
the hospital.

In 2002, 19 patients were brought
to the KP Southern California Re-
gional Cardiac Catheterization
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Description of Implantation
Procedure

Most patients receiving the
AMPLATZER device had general
anesthesia, tracheal intubation, and
transesophageal confirmation of
defect size, location, and anatomy.
Most recently, intracardiac
echocardiography guidance has
been used in nonintubated, fully
awake patients. The entire procedure
was done percutaneously through
the femoral vein. Angiography con-
ducted from the right-upper-lobe
pulmonary vein excluded presence
of an anomalous right pulmonary
vein and showed the defect. A siz-
ing balloon catheter was advanced
through the atrial defect over a wire,
and the balloon was expanded with
a dilute solution of contrast medium
to completely occlude the defect.
The diameter of the stretched de-
fect was measured to determine ap-
propriate device size.

A long delivery sheath was ad-
vanced over the wire into the up-
per left pulmonary vein. The device
was then loaded into the delivery
sheath and advanced into the left
atrium. The sheath was withdrawn,
allowing the left atrial disk to self-
expand in the left atrium, the waist
to expand within the defect, and the
right atrial disk to expand in the
right atrium. Echocardiography was
used to confirm the position of the
device and to assess residual shunt-
ing across the defect. (At this point
in the procedure, the device can be
recaptured and repositioned if nec-
essary.) Once occlusion was as-
sured, the cable was unscrewed
from the right disk and withdrawn
with the sheath.

Patients were discharged that
evening or were kept in the hospital
overnight. A chest x-ray film and tran-
sthoracic echocardiogram were ob-
tained before patients were discharged,
and daily aspirin and endocarditis pro-
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Laboratory for closure of an atrial
septal defect using the AMPLATZER
device. Deployment of the device
was not attempted in five (26%) of
these 19 patients and was attempted
in 14 (74%) of the 19 patients.
Among these 14 patients, deploy-
ment was successful in 10 (71%) and
resulted in complete closure. Com-
plete closure using the AMPLATZER
device was thus accomplished in 10
(53%) of our first 19 patients for
whom deployment of the device
was intended.

In 2003, 32 patients with atrial sep-
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A: Left-side disk is delivered, via sheath, through atrial septal defect into left atrium. Disk is shown expanded. B: Right-side disk
is withdrawn into right atrium. Disk is shown expanded, with waist stenting the defect. C: Securing disks are positioned against
rim of defect. D: Delivery cable is released from right-side disk, with disks completely occluding defect. (Illustrations are
reproduced by permission of AGA Medical Corporation and remain their sole property.)

Figure 1. Schematic diagrams show implantation of the AMPLATZER Septal Occluder device

A. B.

C. D.

tal defects were brought to the Re-
gional Cardiac Catheterization Labo-
ratory for deployment of the
AMPLATZER device. Deployment
was not attempted in two (6%) of
these 32 patients and thus was at-
tempted in 30 (94%) of the 32 pa-
tients. Among these 30 patients,
deployment was successful in 28
(93%) and resulted in complete clo-
sure. Complete closure using the
AMPLATZER device was thus ac-
complished in 28 (88%) of the 32
patients for whom deployment of
the device was intended.

Discussion
The advantages of the

AMPLATZER Septal Occluder device
include durable construction; a
simple placement technique; use of
small introducing sheaths; a self-
centering mechanism that maxi-
mizes closure of the defect and mini-
mizes the likelihood of device
movement and embolization; use-
fulness for closing larger defects;
and ability to be withdrawn or re-
positioned before its release. In our
Southern California Region, intro-
duction of new technology has of-
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ten been a result of individual phy-
sician initiative, an example of
which is the initiative shown for
timely, successful introduction of
transcatheter closure of secundum
atrial septal defects. Collaboration
between cardiologists in our adult
and pediatric departments also was
required, as was the support given
by our cardiac surgeons and anes-
thesiologists.

To evaluate our performance, we
reviewed published outcomes, start-
ing with “intent-to-treat” data. The
latter are influenced by selection cri-
teria and by the experience of those
conducting the intervention. The per-
centage of previously described pa-
tients for whom AMPLATZER device
implantation was intended but, for
various reasons, was not deployed
ranged from 3.0% to 43.5%.2-5 Our
rate for this measure in 2002 was 26%
and decreased to 6% in 2003. We be-
lieve that this result represents sub-
stantial improvement achieved with
increased experience and was a
good outcome.

The definition of “successful clo-
sure” in the device literature varies
from absence of a shunt (ie, com-
plete closure; this is the definition
we used) to presence of a residual,
trivial, or small shunt. Citing results
of 17 reports, Harper et al6 con-
cluded that “in the order of 98%” of
defects in patients are closed com-
pletely by 12 months after success-
ful deployment of the AMPLATZER
device. A large, prelicensure FDA
study2 reported technical failure in
only 4.3% of attempted deploy-
ments; by our calculation, their clo-
sure rate in patients who had suc-
cessful deployment (including
patients with small residual shunts)
was 98.8% at 12 months and was
90.8% among patients for whom
deployment was initially intended.
Our technical results thus show sub-
stantial improvement in results for

vice closure has been estimated vari-
ously as 37%,3 50%,5 or 83%.8

In the FDA study,2 defect closure
using the AMPLATZER device was
compared with surgical closure of
secundum atrial septal defects in
children and adults; and the report
concluded that the device is a safe,
effective alternative to surgery. Ad-
vantages of the device included a
much lower complication rate than
surgery, avoidance of thoracotomy
and cardiopulmonary bypass
(which may cause cognitive im-
pairment in adults and possibly in
children), and many other obvi-
ous advantages of a nonoperative
procedure, both to patients and to
their families.

A clear implication drawn from
our results is that for most pediatric
and adult patients with secundum
defects and major left-to-right atrial
shunts who meet inclusion and ex-
clusion criteria, transcatheter closure
with the AMPLATZER device is pref-
erable to surgery. Occasionally, clo-
sure of the defect is required in an
infant or young child with a large
left-to-right shunt or growth failure.
Vogel et al9 concluded that for pa-
tients younger than two years, the
success rate with the AMPLATZER
device is lower and the procedure
time longer than in older patients;
this observation suggests that sur-
gery may be preferable for this
younger age group. Secundum de-
fects diagnosed in patients younger
than two years and which have a
diameter less than 6 mm frequently
close spontaneously.10-11 Therefore,
we would agree with Harper at al6

that if the child is asymptomatic and
is growing normally, treatment
should be postponed until the child
is older; and that if the shunt is then
clinically significant and all implan-
tation criteria are met, closure
should be attempted using the
AMPLATZER device.
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this deployment and are compa-
rable to those published in the FDA
study.

The FDA study2 reported 7 major
complications and 27 minor com-
plications among the 442 patients
treated with AMPLATZER device im-
plantation. No deaths have been
observed. Only one complication
was observed in our series of pa-
tients. Concerns about future en-
docarditis, nickel-related toxicity,
and harm from excessive fluoros-
copy have been mentioned, but
these possible complications are
believed to be remote. However,
long-term follow-up is not yet avail-
able. In the FDA study,2 mean fluo-
roscopy time was 20.7 minutes
(range 3.3 minutes to 75.5 minutes);
mean fluoroscopy time in our study
was 18.6 minutes. The FDA mean
procedure time was 105.7 minutes,2

whereas mean procedure time in
our study was 68 minutes.

Clinical Implications
The diagnosis of secundum atrial

septal defects is often not made until
older childhood or adulthood; and
life expectancy in untreated adults
with these defects begins to de-
cline substantially between ages 40
and 50 years. Surgery has greatly
improved this poor prognosis and
has been shown superior to medi-
cal treatment, even in highly symp-
tomatic older adults. The high suc-
cess rate and low complication
rate in patients treated with the
AMPLATZER Septal Occluder de-
vice have important clinical impli-
cations for management of pediatric
and adult patients with secundum
atrial septal defects. According to the
AMPLATZER manufacturer, approxi-
mately 30,000 of these devices have
already been implanted worldwide.7

The percentage of unselected pa-
tients of all ages with secundum
defects who are candidates for de-
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Conclusion
Transcatheter closure of secun-

dum atrial septal defects for pediat-
ric and adult patients with this very
common congenital cardiac anomaly
is a major therapeutic advance and
is now readily available to patients
in the KP Southern California Region.
Use of this technology in our Region
is one example of how acquisition
of new technology has been facili-
tated by the initiative of Permanente
physicians and by their commitment
to evaluate critically the clinical out-
comes of using new procedures. ❖
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The Heart and Mind
To understand the heart and mind of a person, look not at
what he has already achieved, but at what he aspires to.

— Kahlil Gibran, 1883-1931, mystic, poet, and artist




