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The first transcatheter closure of an atrial septal defect (ASD) was performed by King and Mills in 1976. The
Lock Clamshell occluder and the buttoned device are the latest devices to undergo clinical trials. Successful
transcatheter closure has been possible with minimal morbidity and mortality. Small residual shunts may remain,
however, in up to 20% of patients 1 year after the procedure. The clinical significance and natural history of these
small residual atrial communications remains to be determined. This article reviews the history and development of
the current ASD closure techniques, with emphasis on the experience with the Lock Clamshell occluder and the

buttoned device. (J Interven Cardiol 1995;8:533-542)

Introduction

The field of pediatric cardiac catheterization was
expanded to its therapeutic potential in 1966 when
Rashkind and Miller' reported the first balloon atrial
septostomy. Within a decade work was under way on
techniques for catheter closure of atrial septal defects
(ASDs). This article will review the history and devel-
opment of the current ASD transcatheter closure tech-
niques, with emphasis on the experience with the latest
two devices: the Lock Clamshell occluder (USCI An-
giographics, Tewksbury, MA, USA); and the buttoned
device.

Pioneering ASD closure devices, in 1976 King et
al.” reported the first successful transcatheter closure
of an ASD in humans. This original effort was per-
formed in a 17-year-old female using an interlocking
double-umbrella device made of stainless steel and
Dacron delivered via a 22Fr catheter. A total of five
patients underwent ASD closure with this device.® The
size of the delivery system and the fact that only de-
tects < 20 mm in diameter could be closed were major
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drawbacks. During the 1970s, Rashkind developed a
transcatheter closure device for use in patients with a
secundum type ASD.* This device evolved to a single-
disk occluder with hooks designed to anchor the sys-
tem to the septal wall (Fig. 1A). In Rashkind’s original
human study, successful closure of the ASD was ac-
complished in 13 patients, but in six closure was not
adequate. Failure was mainly due to inconsistent posi-
tioning of the device. Four patients required emer-
gency surgery due to improper implantation of the de-
vice.* Similar mixed results were reported by Beek-
man et al.” These authors concluded that because of
its anchoring hooks, the device could not be withdrawn
into the delivery system or repositioned once advanced
out of the delivery pod. Dislodgment from the atrial
septum if all three hooks were not firmly attached to
the atrial septal wall, as well as difficulties with the
delivery system in positioning the device parallel to
the atrial septum, were additional liabilities of the
Rashkind device.

These experiences redirected development efforts in
search of a self-centering device that could be retrieved
into the delivery system if its initial position was unsat-
isfactory. Two new devices with some of these charac-
teristics are presently being evaluated in clinical trials:
the Lock Clamshell device (Figs. 1B and 1D); and the
buttoned device (Fig. 1C).
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Figure 1. (A) Rashkind’s hook fastened occluder. Three of the arms are hooked to anchor the device to the atrial septumt.
The prosthesis has six stainless steel arms that support a polyurethane foam disk. (B) Front and (D) profile of the Lock
Clamshell device. Four steel arms provide the skeleton for the Dacron patch in each umbrella. The lateral view shows how
the arms spring backward providing stability against the atrial septum. (C) The *‘buttoned’’ device. To the left the occluder’s
X-shaped wire skeleton supports the polyurethane foam. Notice the button attached to the delivery wire. To the right the
counter-occluder with a needle passed through the rubber piece which serves as the buttonhole.

The New Generation of Atrial Septal
Defect Closure Devices

The Lock Clamshell Occluder. Disappointing re-
sults with the Rashkind single-umbrella hooked device
led the Boston group to use the Rashkind PDA Oc-
cluder (USCI Angiographics) to close several types of
heart defects, including some interatrial communica-
tions.® This device combined the double-disk concept
of King et al.? with the small profile delivery system
of the Rashkind hooked occluder.

Although the smaller delivery system and the lack
of hooks were significant improvements, this device
proved to be too small for the closure of most ASDs,
and the umbrella design did not sufficiently promote
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apposition of the device edges to the atrial septum.
The Lock Clamshell occluder (Figs. 1B and 1D) was
designed to correct this problem by having the arms
fold back against each other using spring tension,
which fixes the device to the septum.®” During deliv-
ery, arm tension can be overcome, allowing for device
centering and repositioning. The Clamshell device is
made of two opposing umbrellas each composed of
four steel arms; each arm is hinged at the center of
the device and in the mid-portion of the arm. A woven
Dacron patch is sewn to each umbrella. The device is
currently available in diameters ranging from 17-40
mm. The hinged arms are the major strength of the
Clamshell occluder, but have also proved to be a weak-
ness, with a number of instances of late arm fracture
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reported. Modifications have been made to correct this
problem, and clinical trials of the improved Clamshell
device are expected to begin soon.

The Buttoned Device. In 1990, Sideris et al.® de-
scribed their transcatheter ASD occlusion experience
in piglets using a newly designed occlusion device:
the buttoned double-disk device. It is composed of two
parts, the occluder and the counter-occluder (Fig. 1C).
The occluder is made of polyurethane foam, supported
by a Teflon-coated wire skeleton that is X-shaped
when unfolded. A 2-mm string loop is attached to the
center of the occluder, which is closed by a 1-mm
knot, the button. A second button in series has been
added to the newest generation device to reduce the
risk of unbuttoning, a complication observed in the
earlier experiences.” In addition, a radiopaque marker
has been incorporated into the button for better visual-
ization by fluoroscopy. The counter-occluder is a
rhomboid-shaped piece of polyurethane foam contain-
ing a buttonhole made of rubber and a single Teflon-
coated wire skeleton. The buttoned device is currently
available in diameters ranging from 25-50 mm. Re-
ported experiences with these two devices are the basis
of this review article.

Patient Selection

All investigators agree that the ASD of the secun-
dum type is the most suitable for transcatheter closure
due to its central location and circumferential rim of
septal tissue.”'® The devices should be at least twice
the stretched diameter of the defect; consequently the
largest defect currently amenable to transcatheter clo-
sure is approximately 20-25 mm. It should also be
emphasized that the defect must be sufficiently re-
moved from neighboring cardiac structures that could
be obstructed or distorted by the device (i.e., pulmo-
nary veins, atrioventricular valves). The presence of
multiple defects is not a contraindication for transcath-
eter closure, provided that the defects are close Lo-
gether enough so that positioning of the device through
one defect ensures closure of the adjacent ones.!” In
patients with a right-to-left shunt, the device-to-defect
ratio must be larger due to a greater risk of systemic
embolization. The Clamshell device is delivered via
an 11Fr sheath suitable for children weighing > 8-10
kg. The buttoned device requires an 8Fr or 9Fr sheath,
making it more appropriate for younger children and
also less traumatic on the femoral vessels.
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Clinical indications for transcatheter ASD closure
are the same as for surgical closure: atrial left-to-right
shunts large enough to cause right ventricular over-
load; and patent foramen ovale (PFQ) or small ASDs
in patients at risk for paradoxical embolism.

Appropriate patient selection requires careful echo-
cardiographic examination. Rao!! found that the
stretched diameter of the ASD had better correlation
with echocardiographic (ECHO) ASD diameter than
with the angiographic size or Qp:Qs ratio. The for-
mula stretched diameter = 1.05 X ECHO + 5.49
mm was validated in its ability to predict the stretched
diameter with a correlation coefficient of 0.9 (P <
0.001). In this study, two different views were used in
order to detect defects with shapes other than circular.
Averaging the diameter in two views minimized over-
estimation of the size of the defect.

Diagnostic Catheterization and Device
Delivery

Routine pressure and oximetry measurements are
performed to quantitate the left-to-right shunt and pul-
monary artery pressure and resistance. Angiocardiog-
raphy in a modified hepatoclavicular view (45° left
anterior oblique with 10° cranial angulation) of the
left atrium permits measurement of the ASD size and
avoids foreshortening of the distance between the ASD
and the orifice of the right upper pulmonary vein.!°
The technique used to size the ASD has been well-
described by several authors.®%'?> A balloon-tipped
catheter is advanced into the left atrium filled with
diluted contrast material (3:1), and then withdrawn
gently across the defect. Defects << 20 mm may be
sized with a septostomy catheter or a 7Fr bailoon end-
hole catheter, and larger defects are sized with an 8Fr
occlusion balloon catheter (Meditech, Watertown,
MA, USA). Care must be taken not to tear the rim of
the defect and to {ind the minimum balloon size that
completely occludes the ASD. The position of the bal-
loon across the defect can be well-visualized with
transesophageal echocardiography (TEE) (Fig. 2), and
color flow Doppler is used to confirm that the balloon
has completely eliminated the left-to-right shunting.
TEE is also valuable in assessing the relationship of
the ASD to neighboring structures, and in ruling out
the presence of other ASDs (i.e., fenestrated sep-
tum).'>'* Closure of the ASD with the Clamshell oc-
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Figure 2. A balloon cathcter can be seen across the atrial septal defect. The presence of residual shunting when sizing the
*“stretched diameter™” of the defect can be visualized when color flow Doppler is applied. LA = left atrium; RA = right

atrium. (With permission from the publisher.)'*

cluder is attempted with a device that exceeds the
stretched diameter of the defect by 70% in patients
with left-to-right shunts, and by 80%-90% in those
with significant right-to-left shunts.'® A 110% device
to stretched diameter ratio is recommended for the but-
toned device. No attempts have been reported to close
right-to-left shunts with the buttoned device. Since the
counter-occluder is smaller than the occluder, investi-
gators have felt that patients with right-to-left shunts
may be at higher risk for device embolization. A new
buttoned device with a reversed design is being devel-
oped for this type of defect.

Delivery of the Clamshell Occluder. The delivery
of the Clamshell device according to Lock’s technique
begins with the placement of an exchange wire across
the defect and into the left upper pulmonary vein,%’-'°
An 11Fr sheath and dilator is then advanced into the
left atrium (Fig. 3). During the subsequent withdrawal
of the wire and dilator, special care must be taken to
prevent air embolism. The device is then loaded into
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the sheath and advanced to the left atrium, allowing
the distal arms to open freely and completely. With
the right atrial umbrella still collapsed in the delivery
sheath, both device and sheath are gently pulled back
until the arms of the left atrial umbrella flex back,
engaging the septal rim. The sheath is then withdrawn
so that the proximal arms open in the right atrium.
Given the acute angle between the atrial septum and
the device, extra traction from the long sheath to force
apposition of all four left atrial arms against the septal
wall increases the risk for dislocation of the device
across the defect. The device will self-center if the
superior arms are securely engaged and the inferior
arms are free as visualized by TEE. The device main-
tains an eccentric position while attached to the deliv-
ery system. This is responsible for significant residual
shunts that may improve or disappear once the device
has been released (Fig. 4A)."°

Delivery of the Buttoned Device. The buttoned de-
vice requires an 8Fr long sheath (a 9Fr sheath is needed

Vol. 8, No. 5, 1995
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Figure 3. Diagram of the delivery of the Clamshell device. (With
permission from the publisher)’ (see text for description.)

for 50-mm devices) positioned across the defect into
the left atrium (Fig. 5)*'? The occluder is then ad-
vanced into the left atrium with the help of an end-
hole catheter (pusher), which is inserted over the deliv-
ery wire. By gently withdrawing the delivery sheath,
the occluder is freed in the left atrium, where it springs
open and assumes its square shape (Fig. 5A). The oc-
cluder is pulled back against the atrial septum and the
pusher catheter is withdrawn. The counter-occluder is
now loaded by passing the delivery wire though the
latex buttonhole. The pusher catheter is once again
used to advance the counter-occluder through the
sheath to the right atrium. Free in the right atrium, the
counter-occluder assumes a position perpendicular o
the sheath (Fig. 5B). While maintaining gentle traction
on the delivery wire, and so keeping the occluder ap-
posed to the left side of the septum, the counter-oc-
cluder is pushed to the right side of the septum by
the delivery sheath (Fig. 5C). Further traction on the
delivery wire and advancement of the sheath causes
the button to pass through the button-hole, thus secur-
ing the system. The device is then released from the
delivery wire (Fig. 4B, Fig. 5D).

Vol. 8, No. 5. 1995

Results

The Clamshell Occluder. In 1990 Rome et al.® and
Lock et al.” published their initial clinical experience
with four different double-umbrella devices for trans-
catheter closurc of ASD. (A) The Rashkind PDA oc-
cluder (n = 12); (B) a modified PDA umbrella (n =
2); (C) a prototype Clamshell occluder (n = 3); and (D)
the Lock Clamshell occluder (n = 17).!" Out of 40 pa-
tients enrolled in the study, 34 had successful placement
of the device, and 31 were discharged from the hospital
with a device in place. Ages ranged from 10 months to
82 years. The anatomical lesions included 19 patients
with secundum ASD, 3 PFO, 3 sinus venosus ASD, and
the rest had complex heart defects with residual shunts
after Fontan or Glenn procedures.'® Twenty-seven pa-
tients had a right-to-left and 11 had a left-to-right shunt.
Echocardiographic studies at an average of 6 months
after device placernent were obtained in 19 patients.
Twelve patients were found to have no residual shunts,
5 had periumbrella leaks, and in 2 patients a previously
unrecognized additional ASD was found. Two patients
suffered from device embolization. In the first case a
device to diameter ratio of approximately 1:6 was uti-
lized in a patient with right-to-left shunt. The second
cmbolization occurred in a patient with a sinus venosus
ASD.

There was one death in this study due to a cerebral
embolus from a deep venous thrombus dislodged
while advancing the delivery sheath. The conclusion
from this heterogeneous group of patients and devices
was that transcatheter closure of ASD is possible. The
need for a complete rim of tissue for secure anchoring
of the device, a larger device-to-stretched diameter
ratio in patients with right-to-left shunt, and a 4-mm
separation between the ASD perimeter and neighbor-
ing cardiac structures became apparent.

In 1991, Latson et al."® reported the results of a
multicenter trial of the Clamshell device. Four hundred
patients were enrolled in the clinical trial with ages
ranging from 21 days to 78 years and weights ranging
from 4.19-~129 kg. The clinical indications included:
a significant left-to-right shunt (n = 191); a right-to-
left shunt (n = 103); bidirectional shunts (n = 69);
or history of previous stroke (n = §). Devices were
placed and released in 393 cases. Follow-up echocar-
diographic evaluation at 1 month was available in 218
patients. In 71 paticnts (33%), small residual interatrial
leaks were found.'® There were 28 complications
(7%), and 4 late deaths (1%), none directly related to
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Figure 4. Transesophageal cchocardiographic images of (A) the Clamshell device (with permission from the publisher.)!*

the procedure. In 17 patients (4%), the device embo-
lized after release. Eleven of these embolizations oc-
curred upon release of the device and six becamc ap-
parent during the month after placement. Two devices
embolized to the right atrium, 3 to the right ventricle,
5 to the pulmonary artery, 2 to the left atrium, 1 to
the left ventricle, and 4 to the aorta. Ten of these de-
vices were retrieved by catheter techniques and 7 were
removed surgically. In addition, 3 patients experienced
systemic thromboemboli with stroke, 3 patients had
air emboli, and 2 suffered vessel damage.lO

More recent studies have reported use of the Clam-
shell occluder in other clinical scenarios: strokes asso-
ciated with PFO and occlusion of Fontan baffle fenes-
trations. An association between stroke and the pres-
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ence of a PFO in young patients without any other
identifiable etiology has been suggested by early re-
ports and supported by recent TEE studies.'®!” In
1992, Bridges et al.'® reported their experience with
transcatheter closure of PFO in such patients after pre-
sumed paradoxical thrombo-embolic stroke. Thirty-
six patients underwent transcatheter closure of their
ASDs. In 35 patients, the lesion was consistent with
the morphological characteristics of a PFO; one patient
had a true secundumn type ASD. The average age was
394 years (median 39.1 years, range 1.4—64 years).
The mean stretched diameter of the interatrial commu-
nication was 12.3 mm. A Clamshell device was suc-
cessfuily placed in each case. One patient had multiple
septal fenestrations that were occluded with a single
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Figure 4. (conrinued) (B) the **buttoned’” device, across the atrial septal defect once released from the delivery system.

device. Color Doppler studies showed complete clo-
sure of the PFO in 28 patients (82%), 5 had a << [-mm
residual defect, and 1 patient had a 2- 3~mm residual
defect. No new strokes were reported during & mean
follow-up time of 8.4 months in 34 patients.

The baffle fenestration after the Fontan procedure
was proposed as way of maintaining cardiac output
via a right-to-left shunt for patients in whom pulmo-
nary flow might be compromiscd in the early postoper-
ative period. Bridges et al.'® reported their experience
with transcatheter closure of such fenestrated Fontan
baffles in the early postoperative period. This study
reported 20 patients in whom a fenestrated Fontan pro-
cedure was performed because of the presence of at
least one of the following: elevated pulmonary vascu-
lar resistance; a ventricular end diastolic pressure of
12 mmHg or more; pulmonary artery distortion; mild-
to-moderate atrioventricular valve regurgitation; sys-
temic ventricular outflow tract obstruction; and dimin-
ished ventricular systolic function and/or anomalous
venous connection requiring concurrent surgical cor-
rection. The fenestration was closed at a postoperative
cardiac catheterization if after 10 minutes of balloon
occlusion there was no significant increase in right

Vol. 8, No. §, 1995

atrial pressurc or decrease in right atrial saturation.
Nineteen patients underwent a postoperative catheteri-
zation, and 11 patients underwent transcatheter closure
of the fenestration with a 17-mm Clamshell device
(within 20 days of surgery). Color Doppler studies
showed complete fenestration closures in ten and triv-
ial residual leaks in two patients. The occlusion re-
sulted in an acute decrease in cardiac output of 21%,
an increase in systemic oxygen saturation of 8%, and
an increase in mixed venous saturation of 2%. Four
patients failed carly fenestration occlusion due to a
marked fall in cardiac output (31%—56%). Three of
these four patients underwent successful fenestration
closure at a later date.

The Buttoned Device. In 1990, Sideris et al.® pub-
lished the first report in which the buttoned device was
used for transvenous ASD occlusion. The device was
placed successfully in 17 piglets. Angiographic and
color Doppler studies showed that the defects were
fully closed. The devices were found to be endotheli-
alized in 13 of 15 animals sacrificed 2 weeks or more
after the procedurc.?

Lloyd and colleagues® reported in 1994 the multi-
institutional trial results of ASD occlusion with the
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Figure 5. Diagram of the delivery of the ‘‘buttoned’’ device. (A) The occluder is released into the left atrium; (B) the
occluder is pulled against the septal wall and the counter-occluder is released into the right atrium; (C) using the delivery
sheath and holding gentle tension to the delivery wire the counter-occluder is advanced against the right atrial septal wall.
Pulling gently the delivery wire the button is passed through the buttonhole securing the system; and (D) the device is

released.

buttoned device. Fifty-seven patients were enrolled in
this study. Forty-eight patients had a significant left-
to-right shunt and nine had a persistent PFO and pre-
sumed paradoxical embolism. Ages and weights
ranged from [-62 years {(median 4), and from 10-105
kg (median 18 kg), respectively. Patients were ex-
cluded if other cardiac defects were present that would
require surgical correction, if there was a dominant
right-to-left shunt at the ASD level, if the stretched
diameter of the defect was > 25 mm, if there was
insufficient rim of atrial tissuc to secure the device,
and/or the iliofemoral veins or inferior vena cava were
interrupted or obstructed.

Echocardiographic assistance was used to help
guide device placement in 45 cases (32 transthoracic
and 13 transesophageal). In 14 patients, percutancous
device removal was nccessary before release from the
delivery system. In eight of these patients a second
device was successfully delivered, and in six patients
further transcatheter occlusion attempts were aban-
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doned. Forty-six patients had successful implantation
of the device. The stretched ASD diameter was 14
4 mm and Qp:Qs ratio before occlusion was 1.8 =
0.6. After placement of the buttoned device the
Qp:Qs ratio decreased to 1.1 + 0.2 (P < 0.0001).
Only 2 patients had a moderate residual shunt (Qp: Qs
1.5-2.0).

The prevalence of small or moderate residual shunts
as confirmed by color flow Doppler was 15% shortly
after the procedure, 7% 1 month after, 3% at 6 months,
and 0% at 12 months. Twelve months after the proce-
dure, 81% of the patients had no shunt detected by
color flow Doppler and 19% had only trivial residual
shunts (Fig. 6). In four patients the device either *‘un-
buttoned’’ or embolized from the atrial septum upon
delivery or within the first 24 hours after release. In
three patients the device ‘‘unbuttoned”” with emboli-
zation of the counter-occluder to the low right atrium
(n = 1) or to the distal pulmonary arteries (n = 2).
In the fourth patient the entire device embolized into
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Figure 6. Residual shunts by clinical examination and Doppler
echocardiography after implantation of the buttoned device. Open
bars represent the number of patients with no shunt; hatched bars
are the number of patients with trivial residual shunts; stippled bars
are the number of patients with small residual shunts; solid bars are
the number of paticnts with moderate residual shunts. The preva-
lence of residual shunts, which are of potential clinical significance
(small or moderate), decreased from 15% immediately after implan-
tation to 0% at 12 months. The prevalence of complete closure
increased from 30%—81% at 12 months. Reduction in prevalence
and size of residual shunts during follow-up was statistically signifi-
cant (P < 0.0001, Spearman’s rank correlation test). (With permis-
sion from the publisher.)”

the main pulmonary artery upon release. All four de-
vices were retrieved surgically and the ASD repaired
without incident. There was one late ‘‘unbuttoning’’
with migration of the counter-occluder to the tricuspid
valve that was discovered at 1-month follow-up. The
authors point out that during this trial a button device
with an eccentric radiopaque button was used. In the
newer devices the button is less eccentric, and pres-
ently a new generation device with a double button
for better lock between occluder and counter-occluder
is under evaluation. These device modifications may
diminish the incidence of unbuttoning in future cascs.

Discussion

Since the early 1950s surgery has been the modality
of choice for the treatment or palliation of patients
with major congenital heart defects. Surgery for ASD
in the current era has approached zero mortality and
very low morbidity with negligible incremental risk
factors regardless of ASD morphology or age.? Over
the last decade, parallel to the growth and sophistica-
tion in surgical techniques, the pediatric catheteriza-
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tion laboratory has expanded beyond its diagnostic
role to include its therapeutic potential. Advances in
minimally invasive transcatheter occlusion techniques
have been made. The Clamshell double-umbrella and
the buttoned device appear to provide effective thera-
pies for the nonsurgical closure of ASD with a low
degree of morbidity and mortality. In the multi-institu-
tional trial, effective clinical closure of ostium secun-
dum ASD (< 25 mm in diameter) was obtained in
98% of the patients in whom the buttoned device was
successfully implanted.® The experience with the
Clamshell device showed similarly good results, with
low morbidity and mortality. '

An ongoing concern is the presence of residual
shunts after transcatheter ASD occlusion. Small resid-
ual shunts were found in 33% of the cases 1 month
after ASD occlusion in the Clamshell multicenter ex-
perience, and in 19% of the patients 1 year after the
buttoned device had been implanted. In contrast, a re-
cent study found residual shunts in 7.8% of patients
4 months after surgical ASD repair.?' The clinical sig-
nificance of these residual shunts remains unknown.
In the buttoned device trial, the residual shunts were
of no significant hemodynamic consequence, and there
were no instances of bacterial endocarditis or systemic
thromboembolism in 350 paticnt-months of tollow-
up.® A cardiac catheterization was performed 6-12
months after occlusion in 11 patients with trivial resid-
ual shunts by color Doppler studies. In nine patients,
no shunt could be detected by oximetry or angiogra-
phy, and in two, trivial shunts were confirmed
(Qp:Qs < 1.2).

Device embolization and device entrapment are the
most serious complications encountered in the large
clinical scries of both devices, many of which could
be managed in the catheterization laboratory without
the need for cardiac surgery. Appropriate patient selec-
tion, improved device design, and increased operator
experience may improve the already good results.
Conditions required for effective transcatheter closure
of ASD are: (1) an available device approximately
twice the stretched diameter of the ASD (in patients
with lett-to-right shunts, devices 70% and 110% larger
than the stretched diameter are recommended for the
clamshell occluder and for the buttoned device, respec-
tively); a larger device to stretched diameter ratio must
be used for patients with right-to-left shunt; (2) the
presence of a rim of atrial septal tissue appropriate for
anchoring the occluding device; (3) the defect must be
located at least 4—5 mm away from other neighboring
cardiac structures; (4) a maximum stretched diameter
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of 20-25 mm; and (5) patent iliac veins and inferior
vena cava without thrombotic disecase. The presence
of multiple defects is not a contraindication provided
that the defects are sufficiently close together to ensure
occlusion with a single device.

Large ASDs (> 25 mm) remain a challenge to trans-
catheter closure techniques. In this regard, Das et al.??
have described a newly designed double-disk device
made of 2 outer pentagonal frames of nitinol wire cov-
ered with nylon or silk. The two disks are sewn to-
gether along a circumference the size of the ASD. This
central oval area, together with the tension provided
by the nitinol skeleton, reduces the mobhility of the
device along the atrial septum, and may prove useful
for occlusion of the larger ASD.

Transcatheter closure of ASDs will likely prove to
be a cost-effective treatment strategy. In two small
series, a 60%—70% savings over the charges for surgi-
cal repair was found.?*?* At the University of Arizona,
the hospital charges of 12 patients who underwent
transcatheter occlusion of ASD were compared to the
charges in 12 contemporaneous patients who under-
went surgical closure of their ASDs. The median hos-
pital charge for transcatheter occlusion was $6,193
(range, $4,153-%$7,855), a 72% savings over the me-
dian charge for surgical repair ($21,875) (range,
$16,310—%$24,785). Transcatheter ASD occlusion
was performed as an outpatient procedure in six pa-
tients and with a 1-day hospitalization period in 6 pa-
tients. In the surgical group the median hospitalization
duration was 6 days (range 3—14 days).**

Transcatheter closure of ASD is an effective mode
of therapy, although it remains investigational in 1995.
Further research in device design is needed to reduce
the incidence of residual shunt and to prevent dislodg-
ment and embolic phenomena. Clinical trials are also
necessary to document the efficacy of device closure
of PFO in the prevention of thromboembolic strokes. If
future clinical trials continue to document the efficacy,
safety, and cost-effectiveness of transcatheter ASD oc-
clusion, this less invasive approach is likely to replace
surgery as the treatment of choice in this patient popu-
lation.
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