
Clinical
Investigation Sizing of Atrial 

Septal Defects
to Predict Successful Closure with
Transcatheter CardioSEAL™ Device

We conducted this retrospective study to compare methods for measuring atrial sep-
tal defects and to identify factors affecting echocardiographic measurement of such
defects before transcatheter closure with the CardioSEAL™ Septal Occluder. We re-
viewed the records of patients considered for device placement at our institution from
January 1997 to April 1999. Atrial septal defect size was measured by transthoracic
and transesophageal echocardiography; the stretched diameter was measured during
catheterization by fluoroscopy and transesophageal echocardiography. The stretched-
diameter fluoroscopic measurement was used for device size selection. Analysis of
variance was used to calculate the effect of size, age, and size-by-age interaction.

Thirty-one patients (3.3 to 72 years of age) underwent transthoracic and trans-
esophageal echocardiography. One patient was excluded from catheterization because
of a 25-mm septal defect as indicated by transesophageal echocardiography (our maxi-
mum diameter, 15 mm). Thirty patients underwent transcatheter stretched-diameter
sizing; 5 were excluded from device implantation because of defects >20 mm by
stretched-diameter fluoroscopy (4) or septal length insufficient for device support (1).
Implantation was successful in 23/25 patients; 2/23 had a residual shunt. In patients
with available results (26/30), the stretched diameter was the same whether measured
by stretched-diameter fluoroscopy or transesophageal echocardiography ( P=0.007, 
R square=0.963). Compared with stretched-diameter fluoroscopy, precatheterization
transthoracic and transesophageal echocardiography underestimated defect size by a
mean of 22% and 13.2%, respectively. When data from those same tests were com-
pared in defects of ≤10 mm and >10 mm, transthoracic and transesophageal echo-
cardiography were reliable predictors (P=0.003 and P=0.05, respectively) of stretched-
diameter size in defects ≤10 mm. (Tex Heart Inst J 2001;28:177-82)

ranscatheter occlusion of secundum atrial septal defects (ASDs) has been
performed safely and effectively using several different devices. Patients
are selected for attempted device implantation on the basis of noninvasive

measurement of ASD size and location by transthoracic echocardiography (TTE).1

Despite the increasing use of transcatheter devices for ASD closure, precatheteriza-
tion echocardiographic predictors of successful closure have not been well defined.
The purpose of this retrospective study was to compare the various methods of
measuring ASDs and to identify factors affecting the echocardiographic measure-
ment of ASD size before transcatheter closure with the CardioSEAL™ Septal Oc-
cluder (Nitinol Medical Technologies, Inc.; Boston, Mass).

Methods

We retrospectively reviewed the records of all patients undergoing cardiac cath-
eterization for possible transcatheter CardioSEAL device closure of an isolated 
secundum ASD at our institution from January 1997 to April 1999. The size of
the ASD was the primary determining factor for transcatheter ASD closure. Pre-
catheterization TTEs were performed, including standard 2-dimensional imaging,
and color and pulsed Doppler studies from the subxiphoid, apical 4-chamber,
and left parasternal views. If the ASD was clearly visible on TTE, the maximum
diameter of the ASD was determined. If this diameter was ≤15 mm, the patient
was eligible to be taken to the catheterization laboratory for attempted device 
implantation. In the catheterization laboratory, before insertion of the sizing 
balloon, a comprehensive transesophageal echocardiographic study (TEE) was

Howaida G. El-Said, MD, PhD
Louis I. Bezold, MD
Ronald G. Grifka, MD
Ricardo H. Pignatelli, MD
Colin J. McMahon, MB, 

MRCPI
Deborah A. Schutte, MD
E. O’Brian Smith, PhD
Charles E. Mullins, MD

Key words: Balloon
dilatation; device closure;
echocardiography; heart
septal defects, atrial

From:The Lillie Frank
Abercrombie Section of
Pediatric Cardiology, Texas
Children’s Hospital, and the
Department of Pediatrics,
Baylor College of Medicine,
Houston, Texas 77030

Address for reprints:
Howaida El-Said, MD,
Section of Pediatric
Cardiology, Texas Children’s
Hospital, 6621 Fannin,
Houston, TX 77030

© 2001 by the Texas Heart ®

Institute, Houston

Texas Heart Institute Journal Sizing of ASD to Predict Successful Transcatheter Device Closure      177

T



performed with a sequence of tomographic sections,
as previously described,2 to provide optimal imaging
of the atrial septum, confirm the ASD size, deter-
mine the total atrial septal length, and measure the
superior and inferior rim of the atrial septum.

If TEE showed the ASD size to be suitable for at-
tempted closure, 1 of 2 sizing balloons was used to de-
termine the stretched diameter of the ASD. (The type
of balloon was determined by product availability.) In
70% of patients, a spherical sizing balloon catheter
(Medi-Tech, Boston Scientific Corporation; Natick,
Mass) was used (Fig. 1). Before balloon insertion, the
balloon size was measured with a sterile caliper and
specific quantities of saline to ensure that it could be
inflated to the proper size during insertion. The bal-
loon was introduced over a wire that had been placed
through the ASD into a left pulmonary vein. In the
left atrium, the balloon was inflated with increasing
quantities of dilute contrast medium and was then
pulled toward the right atrium until there was no
shunting across the ASD, as evidenced by stretched-
diameter fluoroscopy and TEE. In the other 30% of
patients, a very compliant balloon catheter (NuMed;
Hopkinton, NY) was used (Fig. 2). This balloon was
advanced over the wire, centered across the defect, and
inflated with dilute contrast medium until the bal-
loon had a waist that was visible on fluoroscopy and
there was no shunting across the ASD according to
fluoroscopy and TEE.

When TEE demonstrated no ASD shunting, the
stretched diameter of the ASD was defined as the di-
mension of the balloon at the site of indentation (Fig.
3). The balloon indentation was measured by 2 meth-
ods: stretched-diameter fluoroscopy (SD-Fluoro) and
stretched-diameter TEE (SD-TEE). The size of the

CardioSEAL device was selected on the basis of the
SD-Fluoro results: the device size chosen was at least
twice the SD-Fluoro measurement (Fig. 4).

Effective ASD closure was defined either by com-
plete defect closure or by a residual Doppler color-
flow diameter of <3 mm as determined by TEE in
the catheterization laboratory and by TTE the fol-
lowing day. Biplane chest radiographs were reviewed
to ascertain the position and integrity of the arms of
the device. Arm position was considered acceptable
when all of the device arms were on the appropriate
side of and in close opposition to the atrial septum.
Electrocardiograms were obtained 6 months after
ASD closure and were reviewed for the presence of
ectopic beats and arrhythmia.
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Fig. 1 Angiogram (straight lateral view) shows the atrial septal
defect occluded with the Medi-Tech spherical sizing balloon.

Fig. 2 Angiogram (left anterior oblique view with cranial
angulation) shows the atrial septal defect occluded with 
the NuMed sizing balloon.

Fig. 3 Transesophageal echocardiogram shows occlusion of
the atrial septal defect with the sizing balloon.

LA = left atrium; RA = right atrium



The following formula3 was used to estimate the
stretched diameter of the ASD from the TTE mea-
surement: 1.05 × TTE diameter of ASD in mm +
5.49. The value was compared with the SD-Fluoro
measurement obtained in the catheterization labora-
tory.

Statistical Analysis. Atrial septal defect size was de-
termined by 4 methods: TTE, TEE, SD-Fluoro, and
SD-TEE. The results of these methods were com-
pared for each patient whose results were available.
Analysis of variance was used to calculate the effect of
size, age, and the interaction between size and age. A
P value of <0.05 was considered statistically signifi-
cant.

Results

Thirty-one patients fulfilled the initial inclusion cri-
teria. Ages ranged from 3.3 to 72 years (median, 12
years). Atrial septal defect sizes ranged from 4.4 to 25
mm (median, 13.5 mm). The patients were divided
into 2 groups according to ASD size for the purpose
of statistical assessment: 13 had ASDs of ≤10 mm
and 18 had ASDs of >10 mm. All 31 patients under-
went precatheterization TTE and TEE; however,
only 27 of the TTE results were available for review.

Thirty of 31 patients underwent transcatheter
stretched diameter (SD) sizing (results were available
for only 26 of the SD-TEE patients). The other pa-
tient was excluded from catheterization and balloon
sizing because the ASD was too large (25 mm) for oc-
clusion with the device available at our institution.
Twenty-one patients underwent sizing with the spher-
ical (Medi-Tech) balloon catheter; the NuMed sizing
balloon was used in the other 9 patients. Of the 30
patients who underwent balloon sizing, 5 were ex-
cluded from device placement: 4 because SD-Fluoro
indicated that their ASDs were >20 mm, and 1 be-

cause the amount of atrial septum was insufficient for
device support as shown by TEE. Device implanta-
tion was attempted in 25 patients and was successful
in 23 (92%). In 1 of the patients in whom implanta-
tion was unsuccessful, the device legs pulled through
the septum while the device was still attached to the
loader, and the device was withdrawn through the
sheath. In the other patient, the device embolized to
the left pulmonary artery and was surgically removed.
Of the 23 patients in whom the device was implanted
successfully, 21 (91%) had effective closure and the
other 2 had a residual shunt. All 23 had radiographic
evidence of correct arm position. In 1 of those pa-
tients, a fractured device arm was discovered at the 12
month follow-up; however, no corrective repair was
necessary. There was complete occlusion of the ASD
and no embolization in this patient.

Seventeen of the 23 patients had post-implant elec-
trocardiograms available for review; in 16 of these,
the results showed no change from the pre-implant
evaluation. The other patient developed 2nd-degree
atrioventricular block 2 days after device implanta-
tion, which resolved spontaneously on the following
day.

The formula used to estimate the stretched diame-
ter of ASD from the TTE measurement was accurate
in only 6/30 cases (20%).

Comparison of the SD-Fluoro and SD-TEE results
showed that these 2 methods yielded equal measure-
ments in all 26 patients for whom records were avail-
able (P=0.007, R square=0.963) (Fig. 5). The results
of TTE and TEE evaluation were the same in only
13 of the 27 patients (48%) whose records were 
available. Compared with SD-Fluoro, TTE under-
estimated ASD size by an average of 3.8 mm (22%).
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Fig. 4 The CardioSEAL™ Septal Occluder.

Fig. 5 Linear regression analysis graph, comparing 2
stretched-diameter methods: transesophageal echo-
cardiography (SD-TEE) and fluoroscopy (SD-Fluoro).



Discussion

Isolated ASDs constitute approximately 7% of all
congenital heart defects.4 The most common type of
ASD is the secundum ASD, which is ideally situated
for transcatheter closure. Accumulated experience
and improved device design have made transcatheter
device closure of secundum ASDs an increasingly vi-
able alternative to surgical repair.5 Since the 1st de-
scription of the use of paired umbrellas to close ASDs
by King and colleagues,6 several devices have been
studied.7,8 Among these are the Clamshell™ double-
umbrella device,9 the “buttoned” double-disk device
(Custom Medical Devices; Amarillo, Tex), the Angel
Wings™ device (Microvena Corp.; Vadnais, Minn),
and the Amplatzer® Septal Occluder (AGA Medical
Corp.; Golden Valley, Minn), which have been ap-
proved by the FDA for investigational use.9,10 Approx-
imately 400 Clamshell devices were implanted in a
multicenter clinical trial from 1990 to 1991. Despite
encouraging results, the device was withdrawn in
1991 because of fractures and embolization of arms
of the device. The device has since been redesigned
and named the CardioSEAL™ Septal Occluder by
Nitinol Medical Technologies, Inc.; clinical trials
have been in progress with the CardioSEAL device
since 1996.

Surgical closure of secundum ASDs has resulted 
in low morbidity and mortality rates (<1%). Resid-
ual ASD shunting after surgery on long-term follow-
up has been reported to be as high as 7.8%, with no
difference between primary suture closure and Dac-
ron patch closure.11 In a study evaluating periopera-
tive complications after surgical ASD closure in 232
patients, Galal and coworkers12 noted severe early
complications (pericardial tamponade, renal failure,
and sepsis) in 2.5% of children and 8.8% of adults,
moderately severe complications (pneumonia and
pleural effusion requiring thoracocentesis) in 3.4%
of children and 6.1% of adults, and mild complica-
tions (atelectasis, gastrointestinal and urinary tract
infection, and pleural effusion) in 72.9% of children
and 67.5% of adults. Those authors concluded that
complications were more common in adults than in
children.12 In our patients who underwent successful
CardioSEAL device occlusion, there was a 4% (1/25)
incidence of complications (device embolization that
required surgical retrieval) and a residual shunt in
8.7% of patients (2/23).

Various atrial arrhythmias, including sinus node
dysfunction and atrioventricular conduction defects,
have been reported after surgical repair of ASDs.13,14

In our study, only 1 patient had transient 2nd-degree
atrioventricular block, which occurred 2 days after
device implantation and resolved spontaneously the
next day. All patients in whom a CardioSEAL device

In defects ≤10 mm, it underestimated the ASD size
by an average of 1.8 mm (7.8%), and in defects >10
mm, it underestimated the ASD size by an average of
4.8 mm (17.1%). Compared with SD-Fluoro, TEE
underestimated ASD size by an average of 2.2 mm.
(13.2%); however, both TTE and TEE measure-
ments were equal to the SD-Fluoro results in the
smaller ASDs (≤10 mm; TTE, P=0.003 and TEE,
P=0.05) (Figs. 6 and 7). In 21 of 26 patients (81%)
for whom SD-TEE results were available, the SD-
TEE measurement was larger than the 2-dimensional
measurement indicated by TEE before catheteriza-
tion.

We found neither age nor age-to-size correlation
between the ASD measurements by TTE, TEE, or
the stretched-diameter methods.
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Fig. 6 Linear regression analysis graph, comparing transtho-
racic echocardiography (TTE) and stretched-diameter fluoros-
copy (SD-Fluoro).

Fig. 7 Linear regression analysis graph, comparing trans-
esophageal echocardiography (TEE) and stretched-diameter
fluoroscopy (SD-Fluoro).



the largest available umbrella size, and supporting
atrial septal rims that measured at least 4 mm cir-
cumferentially; 32 of 34 patients underwent success-
ful ASD occlusion. In a study of the buttoned ASD
device,24 3 predictive factors were identified for suc-
cessful ASD occlusion: ASD size, ≤15 mm; ratio of
ASD length to atrial septal length, ≤0.35; and ratio
of superior and inferior rim length to ASD diameter,
≥0.75. Of the 3 factors, investigators found the ASD
size to be the best predictor of successful occlusion.
Rosenfeld and co-authors5 observed that only the
ASD diameter predicted effective closure, while other
factors (atrial rim size and atrial dimensions) did not.
They reported that an ASD diameter of <13 mm on
a precatheterization TTE was predictive of effective
device closure with the Bard double-umbrella device.

Rao and colleagues3 used the following formula to
estimate the stretched diameter of ASD from the
TTE measurement: 1.05 × TTE diameter of ASD in
mm + 5.49. In their prospective study, this equation
was found to accurately predict the stretched diame-
ter (P <0.001). We used that formula and compared
the estimated stretched diameter size with the results
obtained by SD-Fluoro in the catheterization labora-
tory. We found the equation to be accurate in only
20% of cases. However, Rao’s group actually pulled
the sizing balloon through the septum, rather than
just occlude the septum. In the patients whom we
studied, the balloons were used for occlusion only.

In our study of 31 patients, 25 patients underwent
attempted ASD closure using the CardioSEAL de-
vice, and 23 of the 25 closures were successful (92%).
Of those 23 patients, 2 had a residual shunt. In 21 of
26 patients for whom results were available (81%),
the SD-TEE result was larger than the 2-dimensional
measurement indicated by TEE before catheteriza-
tion. The stretched diameter measured fluoroscopi-
cally and the stretched diameter measured by TEE
were statistically the same (Fig. 5).

The “true” diameter of the ASD is somewhat enig-
matic, especially since the ASD might be oval (from
its origin as the fossa ovalis). It is likely that the stan-
dard method for sizing—using the stretched diame-
ter—may stretch the ASD, necessitating the use of a
larger device or even excluding the patient from tran-
scatheter ASD closure. However, in our experience,
the NuMed sizing balloon appears less likely than
other such devices to stretch the defect (unpublished
observation). Compared with SD-Fluoro, TEE un-
derestimated ASD size by an average of 2.2 mm
(13.2%), and TTE underestimated ASD size by an
average of 3.8 mm (22%). If the ASD size is ≤10 mm
by TTE or TEE, it is highly likely that the results 
are accurate (P=0.003 and P=0.05, respectively) and,
therefore, may be used to select patients for trans-
catheter ASD occlusion before catheterization (Figs. 6

was placed were in sinus rhythm at their 6-month
follow-up evaluations.

The indications for use of transcatheter devices for
ASD device closure, as described in the American
Heart Association’s 1998 scientific statement, are as
follows:15

I. Conditions for which there is general agree-
ment that ASD devices are appropriate: 
Patients with secundum ASDs or patients
with patent foramen ovale and an associated
stroke (or a transient ischemic attack) who
meet the following criteria:
a. ASD diameter less than 20 mm
b. The presence of sufficient rim of tissue 

(at least 5 mm) surrounding the defect
c. Patients with fenestrated Fontan lateral 

tunnels if temporary balloon occlusion 
is tolerated16

d. Patients with right-to-left atrial shunt and
hypoxemia

II. Conditions for which ASD devices may be 
indicated:
None

III. Conditions for which there is general agree-
ment that ASD devices are inappropriate:
a. Sinus venosus ASD
b. Primum ASD
c. Secundum ASD with significant other

forms of congenital heart disease requiring
surgical correction

There are 2 main considerations for effective clo-
sure of a secundum ASD: the absolute size of the 
ASD and the amount of supporting rim of the atrial
septum. The latter helps determine the stability of 
the device after implantation. Sizing of the ASD has
been attempted with use of angiography, echocar-
diography, and balloon inflation.3,17-20 Prior to trans-
catheter ASD occlusion, the size of the ASD is also
determined by the stretched-balloon diameter meth-
od.1,3,9,21,22

Successful transcatheter ASD closure depends on
accurate selection of the ASD. The best ASD for
transcatheter closure is centrally located in the sep-
tum with a >5-mm rim of septal tissue and is situated
>5 mm from the atrioventricular valves, the coronary
sinus, and the pulmonary veins.23 In a study of patho-
logic specimens to test the feasibility of ASD occlu-
sion using the Clamshell device,9 a mean ASD size of
8 × 10 mm was considered favorable and ASDs of
>25 mm in diameter with a circumferential rim of <2
mm were judged unsuitable for transcatheter closure.
In clinical studies with the Bard Clamshell Occluder1

(C.R. Bard, USCI Division; Billerica, Mass), patients
were selected if they had an ASD diameter <50% of
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and 7). However, if the ASD is >10 mm by TTE, it is
likely that TTE will underestimate the size of the de-
fect, necessitating further testing with TEE, which
can be performed in the cardiac catheterization labo-
ratory before the catheterization procedure. We found
no age or age-to-size correlation between the ASD
measurements by TTE, TEE, or the stretched diame-
ter methods.

Conclusions

When determining ASD size for transcatheter device
occlusion, the stretched diameter is used for device 
selection. The stretched diameter of a secundum ASD
is equal by SD-TEE and SD-Fluoro. Transthoracic
and transesophageal echocardiography are reliable
predictors of the stretched diameter (P=0.003 and
P=0.05, respectively) if the ASD is ≤10 mm.
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