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The usefulness of two-dimensional and Doppler echocardiography during buttoned double-disk de-
vice closure of an atrial septal defect was evaluated in 20 consecutive patients at the time of interven-
tional catheterization. Transesophageal echocardiography was used in 11 patients (ages 5 to 62 years,
weights 20 to 91 kg). Because of the size of the available transesophageal echo probe, transthoracic
echocardiography was used in the remaining 9 patients (ages 4 to 5.5 years, weights 14 to 21 kg).
In the transesophageal echo group, 1 patient was found to have no atrial septal defect despite a
previous diagnosis by transthoracic echocardiography, 3 patients had atrial septal defects too large
for closure despite attempts in 2, and 7 patients had transesophageal echo guided device placement.
All of these 7 patients had small residual shunts by color Doppler, 2 had unusual arm positions,
and 2 had surgical removal of the device due to embolization to the pulmonary artery in 1 and failure
to obtain close approximation of the occluder and counteroccluder in 1. In the transthoracic echo
group, 2 patients had atrial septal defects too large for closure, 1 patient had no femoral venous
access, and 6 patients had transthoracic echo guided device placement. All of these 6 patients had
small residual shunts by color Doppler and 3 of the 6 had unusual arm positions. For atrial septal
defect sizing, transesophageal echo measurements correlated with catheter balloon size more closely
than did transthoracic echo measurements (r* = 0.97 vs 0.86). Echocardiography was particularly
useful for sizing the defect in two orthogonal views (n = 18), sizing total atrial septal length to
determine maximum usable device size (n = 15), imaging septal rims (n = 19), determining effective-
ness of balloon occlusion for sizing (n = 16), placement of occluder and counteroccluder (n = 15),
detecting residual shunts (n = 15), and detecting unusual arm positions with or without new-onset
valve regurgitation (n = 5). Thus, echocardiographic imaging is an essential component of atrial
septal defect closure during cardiac catheterization. (ECHOCARDIOGRAPHY, Volume 10, Novem-
ber 1993)
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As the number and types of interventional
procedures being performed in the cardiac cath-
eterization laboratory have increased, new uses
of echocardiographic techniques have evolved.
Imaging from both transthoracic and trans-
esophageal approaches has improved the guid-
ance and evaluation of various types of trans-
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catheter devices for closure of atrial and ven-
tricular septal defects.? This study was
performed to evaluate the usefulness of two-di-
mensional and Doppler echocardiography dur-
ing buttoned double-disk device closure of an
atrial septal defect.

Methods
Patients

From March 1990 to April 1991, 20 consecu-
tive patients underwent cardiac catheteriza-
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tion for closure of an atrial septal defect with
the buttoned double-disk device. Their ages
ranged from 4.5 to 62 years and their weights
ranged from 14.2 to 91.0 kg. There were 17 fe-
males and 3 males. All patients were referred
with the diagnosis of a secundum atrial septal
defect. Three patients had a patent foramen
ovale believed to be the source of paradoxical
emboli, 4 patients had a small atrial septal
defect with minimal or no right ventricular
volume overload, and 13 patients had a moder-
ate-to-large atrial septal defect with right ven-
tricular and right atrial volume overload. Asso-
ciated cardiac defects included mild tricuspid
regurgitation in 8 patients, mild mitral regur-
gitation in 3, mitral valve prolapse in 3, left
superior vena cava to the coronary sinus in 1,
bicuspid aortic valve in 1, and repaired coarcta-
tion of the aorta in 1.

Interventional Catheterization Procedure

The techniques used for placement of the but-
toned double-disk device have been described
in detail previously.3~¢ In 12 patients, the pro-
cedure was performed under general anesthe-

sia with endotracheal intubation and, in 8 pa-
tients, the procedure was performed under se-
dation with frequent small doses of ketamine
and midazolam. In each patient, right heart
catheterization was performed and pressures
and oximetry data were obtained in all cham-
bers. An arterial line was placed for blood pres-
sure monitoring throughout the case. A long 8-
Fr sheath was positioned in the mid-left atrium
to deliver the occluder. This sheath was then
withdrawn to the mid-right atrium to deliver
the counteroccluder. The occluder and coun-
teroccluder were buttoned across the defect and
the device was released.

Echocardiographic Evaluation

Two-dimensional and Doppler echocardio-
graphic examinations were performed on all
patients before, during, and after placement of
the button device. Transesophageal echocardi-
ography was used in 11 patients ranging in age
from 5 to 62 years and in weight from 20 to 91
kg. Because of the size of the available trans-
esophageal probe (5-MHz imaging frequency,
11-mm tip diameter), transthoracic echocardi-

Figure 1. Four-chamber view obtained from the transverse transesophageal echo plane demon-
strating left-to-right shunting by color Doppler across a large secundum atrial septal defect.
LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ventricle.
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Figure 2. Four-chamber view from the same patient demonstrating balloon sizing of the atrial
septal defect under transesophageal echo guidance. The lack of shunting by color Doppler indicates

successful balloon occlusion of the defect.

ography from a subcostal or low left parasternal
approach was used in the remaining 9 patients
who ranged in age from 4 to 5.5 years and in
weight from 14 to 21 kg. The type and location
of the atrial septal defect were determined (Fig.
1). Measurements of the diameter of the atrial
septal defect were made in two orthogonal
views using on-line calipers. A similar tech-
nique was used to measure the total atrial sep-
tal length (used to determine the maximum us-
able device size). After balloon occlusion of the
atrial septal defect as described in previous
studies,”"® color Doppler was used to detect any
residual shunts and, thus, determine the effec-
tiveness of the occlusion (Fig. 2). Color Doppler
mapping techniques were used to detect the di-
rection of shunting, the location of additional
atrial septal defects, and residual shunting
after device placement.

Results

Eleven patients were evaluated with trans-
esophageal echocardiography. In this group, 1
patient was found to have no atrial septal defect
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despite a previous diagnosis by transthoracic
imaging. The size of the defect was found to be
too large for closure by the maximum usable
device in 3 patients despite attempts in 2. De-
vice placement under transesophageal echo
guidance was performed in the remaining 7 pa-
tients. All of these 7 patients had small residual
shunts by color Doppler (Fig. 3). Two of the 7
patients had abnormal arm positions: 1 patient
had the occluder protruding into the mitral
valve with new-onset mild mitral regurgitation
and the counteroccluder protruding into the tri-
cuspid valve (Fig. 4); the other patient had the
counteroccluder protruding into the left
atrium. Two of the 7 patients required surgical
removal of the device: 1 patient had a device
that unbuttoned and embolized to the pulmo-
nary artery; the other patient had a device in
which the occluder and counteroccluder could
not be approximated (faulty device?) causing
the flap valve of the foramen ovale to remain
in the open position (Fig. 5).

Nine patients were evaluated with transtho-
racic echocardiography. In this group, 2 pa-
tients had atrial septal defects that were too
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Figure 3. Four-chamber view from the same patient showing. the button device in place over
the atrial septal defect with a small residual shunt by color Doppler. LA = left atrium; LV =
left ventricle: RA = right atrium; RV = right ventricle.

large for closure with the largest available de-
vice. One patient with previous aortic coarcta-
tion repair had no femoral venous access. The
remaining 6 patients underwent device place-
ment under transthoracic echo guidance. All of
these 6 patients had small residual shunts by
color Doppler. Three of the 6 patients had ab-

Figures 4. Four-chamber view in the transverse
transesophageal echo plane showing the device pro-
truding into the mitral valve and tricuspid valve.
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Figure 5. Longitudinal transesophageal echo view
showing the occluder in the left atrium widely sepa-
rated from the counteroccluder and holding the flap
valve open. Note the bright echoes arising from the
button (arrow) and the echoes arising from the loop
of suture material used to perform the buttoning of
the two portions of the device.
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Figure 6. Subcostal long-axis transthoracic echo
view showing the tip of the counteroccluder projecting
down the inferior vena cava.

normal arm positions: 2 patients had the coun-
teroccluder projecting down the inferior vena
cava (Fig. 6); 1 patient had the occluder pro-
truding into the mitral valve with new-onset
mild mitral regurgitation and the counteroc-
cluder protruding into the tricuspid valve.
For both the transesophageal echo and trans-
thoracic echo patient groups, the uses of echo-
cardiography during interventional catheteri-
zation are summarized in Table 1. Also, trans-
esophageal echo measurements of the atrial
septal defect diameter correlated with catheter-
ization balloon sizing more closely than did

TABLE 1
Uses of Echocardiography

Use No. of Pts.

(1) Sizing the defect in two orthogonal 18
views

(2) Sizing total septal length to determine 15
maximum usable device size

(3) Imaging septal rims 19

(4) Determining the effectiveness of 16
balloon occlusion

(5} Occluder and counteroccluder 15
placement

(6) Residual shunts 15

(7) Detecting unusual arm positions
(8) Detecting new-onset valve
regurgitation

[ SV
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transthoracic echo measurements (r? = 0.97 vs

0.86).

Discussion

Two-dimensional and Doppler echocardiog-
raphy have been used routinely to evaluate the
size, location, and anatomy of the atrial septal
defect. In older patients with larger body sur-
face areas, transthoracic imaging is often inad-
equate, decreasing the sensitivity and specific-
ity of the examination.®!° Newer transesopha-
geal echo techniques that provide posterior
windows for clear imaging of the atrial septum
and surrounding structures have overcome this
problem.'1-16 In this study, echocardiography
played an important role in the evaluation of
patients undergoing atrial septal defect closure
with the transcatheter double-disk device
(Table D).

Measurements of the atrial septal defect
were made in two orthogonal views to deter-
mine the size of the device needed to occlude
the defect. To determine the maximal usable
device size, measurements of the total atrial
septal length were also made. In addition to
these measurements, balloon sizing. of the
atrial septal defect was performed using color
flow Doppler to insure the effectiveness of the
occlusion. After the defect size was determined,
the location of the closure device and its compo-
nents were monitored continuously by system-
atically sweeping the transducer to scan the
atrial septum and surrounding structures in
multiple planes. As the arms of the device were
not all in the same plane, scanning in multiple
planes was essential. The button of the device
was visualized and its location during fastening
of the occluder and counteroccluder was moni-
tored. The positions of the arms of the device
were evaluated with respect to the rims of the
atrial septal defect, pulmonary and systemic
venous inflows, and tricuspid or mitral valve
funnels. Color Doppler was used to evaluate
any new-onset valve regurgitation or the devel-
opment of venous obstruction due to unusual
arm positioning. The presence of residual atrial
shunting was readily determined with Doppler
color flow mapping. Echocardiography was use-
ful in determining if the device was unstable,
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mobile, or dislodged after placement. Progres-
sion or resolution of shunting, valve regurgita-
tion, or venous obstruction was readily assessed
with serial follow-up Doppler echocardio-
graphic examinations. Since the long-term
effects of these devices are unknown, serial
echocardiographic studies would also provide
additional information regarding thrombus for-
mation or embolization.

Echocardiography is useful for sizing the
atrial septal defect in two orthogonal views, siz-
ing the total septal length to determine maxi-
mum usable device size, imaging septal rims,
determining effectiveness of balloon occlusion
for sizing, placement and buttoning of the oc-
cluder and counteroccluder, detecting residual
shunts, and locating abnormal arm positions
with or without new-onset valve regurgitation.
Thus, echocardiographic imaging is an essen-
tial component of atrial septal defect closure
with a catheter device.
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