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The reliability of transthoracic and transesophageal 
echocardiography in predicting the size of atrial septal defect
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Objective. To determine the reliability of transthoracic echocardiog-
raphy (TTE) and transesophageal echocardiography (TEE) in predict-
ing the size of an atrial septal defect (ASD). Material and methods. 
The study included 16 patients who underwent the catheter-based 
procedures to close an atrial septal defect between February 2008 and 
December 2011 at the Paediatrics Clinic, CCU Sarajevo, after clinical 
and TTE and TEE evaluation. In order to determine the assumed dia-
meter of the balloon (A-SBD), we used the formula of quantification 
A-SBD=TTE defect diameter×1:09 + 3.9 mm and A-SBD=1.1× tran-
sesophageal diameter of ASD+2.0 mm. The ASD was examined using 
the long-axis view, the basal short-axis view, the apical four-chamber 
view and the subcostal view to observe its position, diameter and re-
lation to neighbouring structures. The largest diameter was selected 
as the reference diameter. Results. Of the total number of treated 
patients, 11 were female. Treatment was conducted by a foreign and 
local team of invasive cardiologists. The average age of the patients 
was 8.43 years (2 -17 years). Apart from a transient disturbance of 
rhythm in the youngest patients, there were no other intra and post-
procedural complications. The obtained formulas represent “our” de-
fault size of the SBD, based on measurements of TTE and TEE: A-SBD 
(TTE)=6.02+0.86×TTE and A-SBD (TEE)=3.93+0.86×TEE. Conclu-
sion. ASD diameter determined by TTE and TEE can reliably deter-
mine the appropriate size needed Amplatzer Septal Occluder device.

Key words: Interatrial septal defect, Echocardiography, Streched bal-
lon diameter, Amplatzer septal occluder.
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Introduction

Atrial septal defect (ASD) is one of the most 
common cardiac anomalies in children. 
ASD accounts for 6–10% of cases of congen-
ital heart disease detected at birth, the inci-
dence being 3.78 per 10,000 livebirths (1). 
Surgical repair was once considered the best 

treatment (2, 3), but insertion of a septal oc-
cluder has gradually become an alternative 
(4–6). Accurate measurement and detailed 
anatomic delineation of ASD are essential 
for successful transcatheter closure (6–17).

Transthoracic echocardiography (TTE) 
is the primary tool for detecting ASD but is 
limited by a small field of view, small acous-
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tic window, and operator dependence. Ac-
curate assessment of the size, localization 
of the defect and surrounding structures is 
very important in selecting patients for fur-
ther treatment, the final decision before the 
implantation of the device is based on the 
measurement of the Stretched ballon diam-
eter (SBD) during cardiac catheterization. 
Measuring the SBD is necessary to measure 
the hard edges of the defect adequately as 
the actual hole in the interatrial septum. 

The aim of this study is to determine the 
reliability of transthoracic and transesopha-
geal echocardiography in predicting the size 
of the ASD and to answer the question: Are 
both methods equally reliable or unreliable 
in determining the size of ASD? Primary 
hypothesis: There is no difference in the size 
of the diameter of ASD measured with TTE 
and TEE and the actual size obtained by SBD 
catheterization. TEE and TTE are equally 
reliable. Alternative hypothesis: There is a 
statistically significant difference in the size 
of the ASD diameter measured using TTE 
and TTE and the actual size obtained dur-
ing catheterization (SBD). Individually, both 
methods (TEE and TTE) are equally unreli-
able, and an “assumed” size must be calcu-
lated that is not statistically significant dif-
ferent from the actual size of the ASD.

Patients and methods
Patients

During the period from February 2008 to De-
cember 2011, a total of 16 pediatric patients 
with secundum ASD confirmed at TTE were 
considered as candidates for transcatheter 
closure with an Amplatzer septal occluder 
(AGA Product, St. Jude Company).

Methods 
Transthoracic echocardiography 

Transthoracic echocardiography (TTE) (GE 
Vivid) was performed by one of two expe-

rienced pediatric cardiologists using a 3- or 
10-MHz transducer. Standard TTE evalua-
tion with color and pulsed Doppler exami-
nations was performed in the subxiphoid, 
parasternal short axis and apical four-cham-
ber views. Because the size of ASD changes 
during the cardiac cycle and its maximal at 
end-systole, we chose the temporal window 
at end-systole to obtain the greatest size of 
the ASD. The lengths of four rims from the 
circumference of the ASD to the aortic valve 
(anterior superior rim), the tricuspid valve 
(anterior inferior rim), the superior vena 
cava (posterior superior rim), and the infe-
rior vena cava (posterior inferior rim) were 
also measured (Figure 1 and Figure 2) (18) .

Figure 1 Transthoracis echocardiography in subcos-
tal view to demonstrate ASD, distances between 
ASD and mitral annulus, without (1A) and with (1B) 
color Doppler.

Rim deficiency was defined as a maxi-
mal rim length less than 3 mm. Left-to-right 
shunt with a pulmonary-to-systemic blood 
flow (Qp/Qs) ratio of 1.5 or greater, mea-
sured at TTE. The Qp/Qs ratio was calculat-

1A

1B
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ed by dividing the product of flow through 
the pulmonary artery and pulmonary arte-
rial diameter by the product of flow through 
the aorta and aortic diameter.

Figure 2 The relationship of the four rims in atrial sep-
tal defect (ASD). SVC=superior vena cava, IVC=inferior 
vena cava, SP=posterior superior, IP=posterior inferior, 
SA=anterior superior, IA=anterior inferior, Ao=aorta, 
TV=tricuspid valve (18).

Figure 3 Transesophageal echocardiography. RA=right 
atrium, LA=left atrium, Ao=Aorta, SVC=superior 
vena cava.
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Transesophageal echocardiography and 
transcatheter ASD closure with amplatzer 
aeptal occluder 

The implantation of the device was per-
formed under general anesthesia and using 
fluoroscopic and echocardiographic guid-
ance. Antibiotic prophylaxis with a single 
dose of cefazolin (25 mg/kg) was adminis-
tered before the procedure. Heparin (100 U/
kg IV) was administered during the proce-
dure. A comprehensive TEE examination 
(GE Vivid) was performed according to the 
guidelines of the American Society of Echo-
cardiography and Society of Cardiovascular 
Anesthesiologists. After appropriate posi-
tioning with optimal imaging of the inter-
atrial septum, the maximal lengths of the 
long and short axes of the ASD, the interatri-
al septum, and the four rims were measured 
(Figure 3). Contrast material–enhanced an-
giography and device delivery were accom-
plished through a catheterized right femoral 
vein. Contrast material was injected into the 
right atrium and right superior pulmonary 
vein to define the anatomy of the ASD and 
to confirm that it is a secundum defect. A 7- 
or 8-F catheter was then placed in the right 
superior pulmonary vein, and a 0.0035-inch 
wire is exchanged for the catheter. A sizing 
balloon was introduced over the guidewire 
to measure the “stretched” diameter of the 
defect. Because the unstretched diameter 
determined at echocardiography often rep-
resents an underestimation of the stretched 
diameter of the ASD, the defect was balloon 
stretched in order to determine the size of 
the tissue rim where the device was going to 
be deployed (figure 4). The method of sizing 
used was the “pulling technique,” in which 
the balloon is inflated in the left atrial cavity 
and pulled across the septum into the right 
atrial cavity. The device is then “oversized” 
by 2 mm to ensure that it is self-centered and 
fits the defect completely. The sizing balloon 
is then exchanged for a long delivery sheath, 
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and the left disk of the device is first de-
ployed by withdrawing the sheath. The de-
vice is pulled through the ASD into the right 
atrium, and the right disk is deployed after 
further withdrawal of the sheath so that the 
waist of the device occludes the ASD (Fig-
ure 5). Before the Amplatzer septal occluder 
device was released, TEE was performed to 
ensure there was no significant compromise 
of the caval and pulmonary veins or atrio-
ventricular valves (Figure 6). After implan-
tation of the Amplatzer septal occluder, TEE 

was performed again for assessment of the 
position of the occluder and detection of any 
residual shunt.

Statistical analysis

Data were analyzed using a SPSS 13.0 (SPSS, 
Chicago, IL, USA). Data are presented as 
mean ± standard deviation (SD). A two-
tailed P <0.05 was considered statistically 
significant. Based on a linear regression 
equation, we made equations with the two 
new variable A-SBD (TTE) and A-SBD 
(TEE) and compared with measured SBD ( 
MSBD). Then we could see whether the new 
formula is better than the formula used in 
the clinical trial and whether these differ-
ences are significant.

Results

The patients’ demographic data and indica-
tions for ASD closure are reported in Table 
1. The youngest respondent was 2 years and 
the oldest respondent 17 years old. The re-
spondents’ average (median) age was 8.43. 
During the period of the study percutane-
ous closure was planned for 18 patients and 
was successfully achieved in 16 of them. Two 
subjects (11.1%) were taken to the catheter-
ization laboratory but were excluded after 
transesophageal echocardiography and bal-
loon sizing of the defect because the defect 
was too large and/or had deficient rims.

Figure 4 Stretched balloon diameter - measurement 
of the “stretched” diameter of the defect.

Figure 5 Appearance of the septal occluder. A 90° 
profile view of the septal occluder shows the left 
atrial disk, right atrial disk, and the delivery cable 
which is connected to the right atrial disk.

Ballon in LA

Ballon in RA Ballon waist formation 
at site of ASD

Delivery cable

Left atrial disc

Right atrial disc

Figure 6 Transesophageal echocardiography. The 
position of the Amplatzer septal occluder.
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In one of the patients in whom implanta-
tion was unsuccessful, the device embolized 
to the right atrium and was removed using 
the transcatheteral snaring system.

Using the linear regression analysis 
method, we obtained formulas for calcula-
tion of the assumed size of the measured 
SBD (Figure 7 and Figure 8): 

M-SBD(TTE)= 6.02+0.86×TTE and M-
SBD(TEE)= 3.93+0.86×TEE

The obtained formulas now actually rep-
resent “our” default size of the SBD, based 
on measurements of TTE and TEE. The 
paired t test showed that differences in the 

mean (arithmetic mean) between A-SBD 
(TTE) and A-SBD (TEE) were not statisti-
cally significant, p=0.638. The paired t test 
showed that differences in the mean (arith-
metic mean) between A-SBD (TTE) and 
M-SBD were not statistically significant, 
p=0.820. The paired t test showed that dif-
ferences in the mean (arithmetic mean) be-
tween A-SBD (TEE) and M-SBD were not 
statistically significant p=0.978. The A-SBD 
(TTE) formula gives more approximated 
values of M-SBD   in relation to the A-SBD 
(TEE) but this difference was not statisti-
cally significant p=0.48 

Table 1 Patients’ demographic characteristics and indications for atrial septal defect closure

Demographic characteristics and indications for atrial septal defect closure

Number 16

Age [years; Median (range)] 8.43 (2.0-.17.0)

Gender (M/F) 5/11

Indications for closure

Group A 

Elective closure (n) 12

Group B 

Frequent respiratory infections (n) 3

Failure to thrive (n) 1

Figure 7 Linear regression analysis graph, compar-
ing transthoracic echocardiography (TTE) and 
stretched-diameter fluoroscopy (M-SBD).

Figure 8 Linear regression analysis graph, compar-
ing transesophageal echocardiography(TEE) and 
stretched-diameter fluoroscopy (M-SBD).

Senka Mesihović-Dinarević et al.: Transcatheter closure of atrial septal defect



150

Acta Medica Academica 2012;41:145-153

Discussion
Atrial septal defects as large as 5 to 8 mm 
may close spontaneously in a significant 
portion of subjects as old as 2 to 3 years of 
age (19, 20), so we treated children age <3 
years old only when symptoms were present 
(4 patients). Furthermore, in these subjects 
the defects were always 8 mm or larger. Ra-
stegari et al. (21) reported a series of 20 sub-
jects aged between 6 months and 20 years 
who underwent ASD closure with an Am-
platzer device. They reported no complica-
tions and successful closure was achieved in 
all subjects. In our series of 10 patients aged 
≤5 years, successful closure was achieved in 
all. Technical problems occurred in two sub-
jects, but these problems were managed per-
cutaneously. Although no major complica-
tions occurred in our series, complications 
are, of course, possible. In our study, only 
one patient had transient 2nd-degree atrio-
ventricular block, which occurred 2 days af-
ter device implantation and resolved spon-
taneously the next day. All patients in whom 
a (ASO) device was placed were in sinus 
rhythm at their 6-month follow up evalua-
tions. Finally, there were no complications 
during the follow up; patients with frequent 
respiratory infections had no significant re-
currences; and subjects with failure to thrive 
showed significantly better development. 

Rao et al. (22) compared the stretched 
ASD diameter with 2-D echocardiographic 
measurements obtained in two subcostal 
views (long- and short-axis). Rao and col-
leagues used the following formula to esti-
mate 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 diameter (p<0.001). 
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.

The echocardiographically measured 
diameter correlated well with the stretched 
diameter (r=0.82; p<0.001). The stretched 
diameter could be estimated by the follow-
ing formula: 1.05× echocardiographically 
obtained diameter in millimeters + 5.49. The 
differences between measured and predict-
ed values were within 2 mm. Therefore, the 
stretched ASD diameter could be estimated 
accurately by 2-D subcostal echocardio-
graphic measurement, which in turn could 
be used for selection of device size for oc-
clusion of the ASD. Jan et al. (23) obtained 
a similar formula: the stretched ASD diam-
eter = 1.09 × TTE-measured ASD diameter 
in millimeters + 3.9. 

Zhang (24) found good correlation be-
tween the diameter of ASD with soft or hard 
rims with the selected ASO size, but the au-
thors neither illustrated which ASD diam-
eters were measured from several echocar-
diographic views as the bases for selecting 
ASO size nor analyzed the potential influ-
ences of different ASD diameter ranges on 
selecting ASO size. Several studies showed 
that ASD diameters measured by echocar-
diography, TTE or TEE, were always 4−6 
mm smaller than those measured by balloon 
(stretched diameter) (25, 26). 

Comparing the results of two formulas, 
“our” A-SBD (TTE) and the results of the 
formulas used in clinical studies ASBD, the 
conclusion is that both formulas can be used 
because the differences in relation to the 
actual values   are not statistically significant 
t=0.709 p=0.49. 

In the present study, before ASD inter-
ventional therapy, we used TTE to detect 
ASD diameter as a routine process to guide 
ASO size selection and obtained good re-
sults. Multiple views were obtained for the 
the largest ASD diameter as the reference for 
selecting ASO size. For small ASD, because 
the rims were generally intact, an ASO size 
a little larger than the ASD diameter mea-
sured by TTE was sufficient. However, for a 
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larger ASD, the rims were often soft or not 
intact and the large ASO weight was also a 
negative factor for the ASO fixing, so the 
selected ASO size was much larger than the 
ASD diameter. 

The success of shunt closure was based 
on the results of TEE with color Doppler 
imaging. Patients were considered to have 
undergone successful ASD closure if they 
had (a) no left-to-right flow across the atrial 
septum, (b) trivial flow (jet width, <1 mm), 
or (c) a small (jet width, ≥1 but <2 mm) re-
sidual shunt at color Doppler TEE. 

The position, shape and diameter of ASD 
are key factors for deciding whether an ASD 
can be occluded through a catheter, what 
ASO size is required and the possibility of 
success. The method used for evaluating 
whether an ASD is suitable for interven-
tional therapy should be convenient and ac-
curate. The generally used methods include 
TTE and TEE. TTE examination is relatively 
easy and convenient. A pediatric cardiolo-
gist with extensive experience in echocar-
diography and interventional therapy in 
congenital heart disease, can in general, 
through a thorough, multi-view examina-
tion with TTE, obtain sufficient information 
about the ASD diameter, shape, position 
and rims. The image quality demonstrated 
by TTE is usually influenced by factors such 
as age, obesity, intercostal space, thoracic 
deformity and lung diseases. The Amplatzer 
septal occluder has a central waist for clo-
sure of the defect and two disks for fixation. 
Accurate assessment of the location and size 
of the ASD and surrounding rims is essen-
tial for determining whether implantation 
of an Amplatzer septal occluder or surgical 
repair is appropriate (4–17). TTE is a use-
ful screening tool for the detection of ASD. 
However, signal dropout at TTE due to in-
ability to evaluate the atrial septum perpen-
dicularly may lead to a false-positive diag-
nosis of ASD (8, 9). In TTE, technical dif-
ficulty in locating the optimal perpendicular 

axis of the ASD to various anatomic land-
marks may result in inadequate assessment 
of the surrounding rims (8–12). ASD with 
anterior superior rim deficiency is common, 
the reported incidence ranging from 28% to 
54% (4, 5, 13, 16, 17). The “true” diameter of 
the ASD is somewhat enigmatic, 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 
diameter—may stretch the ASD, necessi-
tating the use of a larger device or even ex-
cluding the patient from transcatheter ASD 
closure. However, if the ASD is >10 mm by 
TTE, it is likely that TTE will underestimate 
the size of the defect, necessitating further 
testing with TEE, which can be performed 
in the cardiac catheterization laboratory be-
fore the catheterization procedure. Huang 
et al. (17) reported that Amplatzer septal 
occluder closure is effective for ASD with a 
deficient anterior superior rim. Neverthe-
less, some anatomic conditions have been 
described as being troublesome for Am-
platzer septal occluder closure. These condi-
tions include small atrial capacity, which can 
limit full expansion of the disks of the Am-
platzer occluder; floppy septum, which can 
cause prolapse of the occluder; thin septum, 
which can easily be torn after deployment of 
the occluder, and large ASD, which can be 
underestimated with resultant dislodgment 
of the occluder (15–17). 

Study limitations

Not all ASDs can be treated by percutaneous 
techniques. In fact, more than 50% children 
age ≤5 years who were assessed for ASD re-
pair underwent percutaneous closure due 
technical reasons. 

Clinical implications

The demonstration of the safety and efficacy 
of ASD percutaneous closure in young and 
very young children has some clinical im-
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plications. The first important advantage of 
percutaneous techniques is related to their 
lesser psychological impact. In fact, the ab-
sence of skin scars, the shorter hospitaliza-
tion, and the avoidance of admission to an 
intensive care unit are widely appreciated by 
patients and parents. There may also be some 
advantages during the follow up. First, the 
absence of a scar on atrial myocardium may 
reduce the incidence of incisional arrhyth-
mias. Second, bypass surgery is complicated 
by a late decline in cognitive function, as 
shown by Newman et al. (27) in patients un-
dergoing coronary artery bypass graft. Even 
in pediatric patients, there is some evidence 
that bypass surgery may be related to a 
slightly poorer neuropsychological outcome 
at follow-up (28). Appropriate handling of a 
noninvasive tool capable of facilitating ac-
curate measurement of ASD and detailing 
anatomic information would be beneficial 
for treatment planning and avoiding a large 
proportion of intraprocedural failures.

Conclusion

TTE, used to measure ASD diameter, can 
accurately direct the selection of the ASO 
needed for successfully closure of ASD, espe-
cially for relative small ASDs. The larger the 
ASD, the much larger the ASO needed and 
the more difficult the interventional proce-
dure. TTE is effective and safe as an imaging 
guide for ASD transcatheter closure. The ob-
tained formulas represents “our” default size 
of the SBD, based on measurements of TTE 
and TEE: M-SBD (TTE)=6.02+0.86×TTE 
and M-SBD(TEE)=3.93+ 0.86×TEE.
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