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Single-Plane Balloon Sizing of Atrial Septal Defects
with Intracardiac Echocardiography: An

Advantageous Alternative to Fluoroscopy
Thomas Bartel, MD, Thomas Konorza, MD, Verena Barbieri, MS, Raimund Erbel, MD,

Otmar Pachinger, MD, and Silvana Müller, MD, Innsbruck, Austria;
Essen, Germany

Objective: We sought to evaluate intracardiac echocardiography (ICE) in comparison with transesophageal
echocardiography and fluoroscopy for sizing of atrial septal defects (ASDs).

Methods: In 43 patients (mean age 40 � 15 years) with ASD, the native defect size was measured by
transesophageal echocardiography and ICE. On subsequent balloon sizing, the stretched balloon diameter
was measured by both fluoroscopy in two perpendicular planes and by ICE in just a single standard cut
plane.

Results: All ASDs were successfully closed with Amplatzer occluders (AGA Medical Corp., Plymouth, Minn).
Conventional fluoroscopy-based balloon sizing revealed diameters of 17.5 � 5.4 mm, transesophageal
echocardiography diameters of 11.8 � 3.3 mm (P � .001), and ICE measurement of native ASD diameters
of 13.5 � 4.1 mm (P � .001). Single-plane ICE balloon sizing revealed diameters of 16.9 � 5.2 mm and
corresponded well with fluoroscopy: R � 0.98, P � .001.

Conclusion: As a sizing tool, ICE is an accurate alternative to fluoroscopy and helps to decrease radiation
exposure.
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Transthoracic, transesophageal, and even intracardiac echocardio-
graphic approaches have been proposed for estimating atrial septal
defect (ASD) size.1,2 Nevertheless, transcatheter balloon sizing by
fluoroscopy remains a well-established method in percutaneous
transvenous device closure procedures. Fluoroscopy is considered
the “gold standard” for selecting an appropriately sized closure de-
vice.3 Echocardiographic assessment of native ASDs systematically
reveals sizes smaller than balloon-stretched sizes.4,5 Because implan-
tation of a device too small for a snug fit may lead to device
embolization, echocardiographic native diameter measurement was
believed to be unsuitable for selecting an appropriate occluder device.
Consequently, ASD balloon-stretched sizing is considered mandatory
for safe device deployment.6,7 Intracardiac echocardiography (ICE)
was introduced as an alternative to transesophageal echocardiogra-
phy (TEE) for safe guidance of ASD device closure procedures. ICE
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has been shown to improve patient comfort and reduce radiation
exposure and procedure duration.8-10 With respect to balloon sizing,
echocardiography possesses the following general disadvantages: The
waist cannot be simultaneously measured in two perpendicular
planes, and peripheral cut planes through the sizing balloon may lead
to underestimation of the waist.

On the basis of the hypothesis that single-plane ICE can be used for
accurate balloon sizing and subsequent device selection and that even
biplane echocardiographic native ASD size measurements underes-
timate balloon-stretched size measurements, this study aims to assess
the safety of ultrasound techniques for device selection. The present
study sought to evaluate transcatheter single-plane balloon sizing by
ICE in comparison with biplane fluoroscopy and to comparatively
test to what extent biplane TEE and ICE measurements of native
ASD size underestimate ASD stretched size.

METHODS

Study Population
Of 50 consecutive patients meeting inclusion criteria with a solitary
secundum-type ASD and a history of at least one thromboembolic
event (n � 5), increased right-sided heart volume load demonstrated
by a right pulmonary artery diameter index � 11 mm/m2 (n � 27),
or a left-to-right shunt with a Qp/Qs-ratio of � 1.5 (n � 18), 7
patients were not enrolled. Three of them were excluded because
they had a positive response when tested for nickel. Four other
individuals whose rim length was insufficient were not enrolled and

received surgical closure instead. The minimum permissible rim

737

mailto:thomas.bartel@i-med.ac.at


738 Bartel et al Journal of the American Society of Echocardiography
June 2008
length was 5 mm except for the posteroinferior rim, which had to be
at least 7 mm wide, and the anterosuperior rim, which was permitted
to be absent.11-13 Finally, 43 patients were enrolled (Table 1). In all
subjects, measurements of perpendicular native ASD diameters by
TEE before interventional closure, perpendicular native ASD diame-
ters by intra-interventional ICE, and balloon sizing by single-plane ICE
were compared with biplane fluoroscopic balloon sizing. Fluoro-
scopic and ICE-based balloon sizing, and TEE and ICE measurements
of native ASD size, were performed by four blinded observers. Before
all procedures, informed consent was obtained from the patients. The
study was also approved by the institutional committees on human
research.

Transesophageal Echocardiography
Standard TEE was performed with a Sequoia 256 ultrasound unit
(Acuson-Siemens Inc., Erlangen, Germany) to diagnose secundum-
type ASDs, to exclude multiple interatrial communications and
additional congenital malformations, and to ascertain that the rims
were sufficiently wide. Standardized ASD diameter measurements
were carried out in two perpendicular cut planes: the transesophageal
four-chamber view at 0 degrees and the upper bicaval view at 90
degrees.14 The respective averaged diameter measurements were
used for comparing methods.

Biplane Fluoroscopic Balloon Sizing
Via a right femoral venous approach, the ASD size was measured
with standard percutaneous transluminal sizing catheters with diam-
eters between 20 and 34 mm. In the left anterior oblique view with
cranial angulation (20 degrees left anterior oblique/20 degrees cra-
nial) and the left lateral view (90 degrees left anterior oblique), the
balloon was inflated with diluted contrast agent until a waist ap-
peared. By using ICE, sizing balloons were centered in the ASD,
aiming to position the distal half of the balloon in the left atrium and
the proximal half in the right atrium. Balloon inflation was performed
until a waist appeared. Waist dimensions were measured using
cineangiographic quantitation (QCA) software in both planes. Bal-
loon sizing was repeated up to two times depending on how well the
waist was visualized.

Intracardiac Echocardiography
An AcuNav-catheter (Acuson-Siemens Inc.) was introduced into the
left femoral vein and maneuvered through the inferior vena cava into
the right atrium. The transducer was manipulated to obtain the
transatrial longitudinal and short-axis views of the interatrial septum.8

Two perpendicular unstretched ASD diameters were measured.
Subsequently, the stretched diameter was determined in just the
longitudinal axis. This measurement was performed simultaneously
with the fluoroscopic balloon sizing maneuver. For echocardio-
graphic measurement of the waist, an image displaying the waist and

Table 1 Patient characteristics

Women 35 (81%)
Men 8 (19%)
Age (y) 40 � 15*
No. of patients with at least one thromboembolic event 19
No. of patients with RPA diameter index � 11 mm/m2 36
No. of patients with a Qp/Qs-ratio of � 1.5 14

RPA, Right pulmonary artery.
*Mean � standard deviation.
the guide wire of the balloon catheter was selected to verify a central
cut through the sizing balloon (Fig. 1). Images not depicting the guide
wire obviously represent peripheral planes and were therefore con-
sidered unsuitable for diameter measurement. After device selection
based on ICE measurement of ASD size, an Amplatzer Septal
Occluder (AGA Medical Corp., Plymouth, MN) was deployed.

Statistical Analyses
Data are expressed as mean � standard deviation. Agreement
between methods was evaluated using paired t test, linear regression
analysis, Pearson correlation, and t test for paired differences. Calcu-
lations were based on a type I error level of 5%. Results are also
displayed as Bland-Altman graphs15 and line chart of differences.
Multiple comparisons were Bonferroni corrected. Data were ana-
lyzed by SPSS 14 for Windows (SPSS Inc., Chicago, IL) and StatView
5 for Macintosh (SAS Institute Inc., Cary, NC).

RESULTS

All ASDs were successfully closed with Amplatzer occluders. There
were no complications. After 6 months, all patients underwent a
routine follow-up examination including TEE, which in three patients
revealed small residual right-to-left shunts proven by contrast agent
injection. ASD diameters determined in two planes by QCA were
not found to be different from each other (17.4 � 5.39 mm vs. 17.7 �
5.44 mm, maximal 3 mm; not significant). All other calculations refer
to averaged QCA-derived ASD diameters (Table 2). The highest
correlation was found between QCA balloon sizing and ICE balloon

Figure 1 Intracardiac echocardiographic balloon sizing.
(A), Suboptimal cut plane: guidewire not visualized and balloon
not adequately placed. (B), Optimal cut plane: guidewire visu-
alized, centre of balloon displayed, and maximum waist dimen-
sion measured. Ba, balloon; LA, left atrium; RA, right atrium; W,
wire; Wa, waist. Color figure online.

Table 2 Results of atrial septal defect size measurement and
occluder size used

Determination of ASD size Size (mm)* P†

Fluoroscopy-based balloon sizing (biplane) 17.5 � 5.4 —
ICE-based balloon sizing (single plane) 16.9 � 5.2 �.01
Biplane ICE-derived native ASD diameter 13.5 � 4.1 �.001
Biplane TEE-derived native ASD diameter 11.8 � 3.3 �.001
Size of occluder devices used 18.1 � 5.7 �.005

ASD, Atrial septal defect; ICE, intracardiac echocardiography; TEE,
transesophageal echocardiography.
*Mean � standard deviation.
†Paired t test revealed deviation from results of QCA-based balloon
sizing.
sizing (Fig. 2A). All echocardiographic measurements underestimated
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ASD diameters compared with conventional QCA, but to a different
degree (Table 2; Figure 2A-C). Native ASD sizing by TEE underesti-
mated defect size more than native ASD sizing by ICE (P � .001) and
ICE-based balloon sizing (P � .001). Native ASD sizing by ICE
underestimated lesion size more than ICE balloon sizing (P � .001).
Correlation of differences revealed a close relation between the
difference between QCA balloon and native ICE data and the
difference between QCA balloon and native TEE measurements.
There was no correlation between each of these differences with the
difference between QCA balloon sizing and ICE balloon sizing (Fig.
3). Correspondingly, the t test was significant for paired differences
(pair No. 1: QCA balloon sizing – ICE balloon sizing and QCA
balloon sizing – native ICE; pair No. 2: QCA balloon sizing – ICE
balloon sizing and QCA balloon sizing – native TEE; P � .001). The
fluoroscopy time for balloon sizing was found to be 56 � 29 seconds.

DISCUSSION

This study revealed that ICE single-plane balloon sizing systematically
underestimates stretched ASD size by less than 1 mm. In this respect,

Figure 2 Linear regression analyses including Bland-Altman
plots of differences15 between biplane fluoroscopy-based bal-
loon sizing and echocardiographic measurements. Comparison
of fluoroscopic measurements with single-plane ICE-based
balloon sizing, (A), biplane measurements of native ASD size by
ICE, (B), and biplane measurements of native ASD size by TEE,
(C). ASD, atrial septal defect; ICE, intracardiac echocardiogra-
phy; QCA, quantitative cineangiography TEE, transesophageal
echocardiography.
ICE is therefore as accurate as biplane fluoroscopic balloon sizing by
quantitative cineangiography, provided that echocardiographic read-
ings are based on a central cut plane of the balloon that also depicts
the guidewire. In consequence, ICE can clearly be considered an
alternative to fluoroscopy for effective balloon sizing. ICE does not
prolong the procedure. Moreover, single-plane ICE balloon sizing has
the following advantages: (1) It allows optimal placement of the
center of the sizing balloon into the interatrial defect, thereby avoid-
ing the need to pull the large balloon back from the left into the right
atrium, a maneuver that can tear the interatrial septum and cause
arrhythmias; (2) although savings on fluoroscopy time should not be
overrated, the use of ICE reduces radiation exposure in this usually
young population by approximately 10%; and (3) ICE balloon sizing
supplements ICE guidance of device deployment, a technique repeat-
edly reported to be superior to TEE because it shortens procedure
and fluoroscopy times, eliminates anaesthesia and sedation, rapidly
provides precisely the views the primary operator needs, and reduces
the need for a second cardiologist to be in attendance during the
procedure.8-10

While the sizing balloon is inflated, ICE can provide only a single
plane. Any additional measurements in a second plane would require
deflation of the sizing balloon, repositioning of the ICE catheter, and
balloon reinflation, because the large balloon impairs precise and safe
maneuvering of the ICE catheter for transducer positioning. The
present results show, however, that single-plane measurements are
accurate because balloon inflation makes the defect more round,
thereby alleviating the need to obtain measurements in perpendicular
planes. The fact that the ASD actually becomes more circular when
stretched was proven by the high agreement between biplane fluo-
roscopic diameter measurements.

In patients with interatrial communications, TEE has not only been

Figure 3 Line chart of differences among ICE balloon sizing,
ICE native measurement, and TEE native measurement and
fluoroscopy-based balloon sizing. A correlation was found
between the differences QCA – native ICE and QCA – native
TEE only. Consequently, both differences are similar to each
other, whereas the difference QCA – ICE balloon sizing is not
only of another magnitude but is fundamentally not comparable
to the other two differences. , difference: QCA – ICE
balloon sizing; -·-�-·-, difference: QCA – native ICE; ····Œ····,
difference: QCA – native TEE. ICE, intracardiac echocardiogra-
phy; QCA, quantitative cineangiography; TEE, transesophageal
echocardiography. Color figure online.
reported as a guidance technique for device closure procedures,16



740 Bartel et al Journal of the American Society of Echocardiography
June 2008
but it can also provide accurate balloon sizing.17 On the other hand,
TEE is severely limited by the requirement for general anesthesia with
or without endotracheal intubation, procedural stress for the patient,
and a certain radiation exposure, because considerable additional
fluoroscopy remains a necessity.8

Systematic underestimation of the stretched size is typical for all
native defect size measurements, independently of the echocardio-
graphic tool used and even if biplanemeasurements are averaged. This is
because of the very thin membranous region of the interatrial septum
next to the defect; defect andmembrane are both surrounded by thicker
more muscular tissue. When the sizing balloon stretches the defect, the
thin membranous portion is simply displaced. Although three-dimen-
sional echocardiography has been shown to display the dynamic nature
of shape and native size perfectly well,18,19 it is not capable of estimating
stretched ASD size either.20 Because the thin portion of the interatrial
septum cannot adequately support the occluder, devices smaller than
stretched ASD size cannot be deployed safely. Unstable ASD occluder
devices might embolize, so that native size measurement is usually
considered unsuitable for adequate occluder size selection.11,12,21 Na-
tive TEE size measurements underestimate stretched size to an even
greater extent than ICE. The larger distance between transducer and
ASD typical for TEE is probably the reason why TEE tends to depict the
more peripheral aspects of ASDs, thereby underestimating lesion size
compared with native ICE measurements.

Limitations
The follow-up period was shorter than 18 months in 15 patients
(35%). The fact that during balloon inflation only one plane is
measurable by ICE represents a limitation of the study. That absolute
concentricity is not achievable by balloon inflation represents another
limitation of ICE-based balloon-sizing, because slight underestimation
may occur because of the possibility that the ICE plane can still be of
axis if the balloon itself is asymmetrically filled and the axis of the ICE
transducer lines up with the wire at the center of the balloon. The
relatively high price for one AcuNav catheter remains an important
shortcoming, but ICE catheters are no longer disposable devices. Gas
resterilization of lumenless catheters has been approved in many coun-
tries, permitting the system to be reused up to three times.22 Long-term
detrimental effects of additional catheter placement or ICE catheter
manipulation were not seen but cannot be absolutely ruled out.

CONCLUSIONS

In secundum ASD, balloon sizing is indispensable for choosing an
adequately sized occluder. Single-plane ICE can be used for accurate
balloon sizing. Instead of only fulfilling a guiding function for transcath-
eter device implantation, ICE has now gained an extended role in the
assessment phase of the closure procedure. Oversizing by notmore than
2 mm to the next available occluder size is recommended to correct for
the small underestimation inherent in ICE-based balloon sizing.
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