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ABSTRACT
The prevalence of atrial tachyarrhythmia is high in patients with atrial
septal defect (ASD), and catheter ablation (CA) is often performed
before percutaneous ASD closure. We aimed to clarify the effect of CA
on the ASD size. We analysed 16 patients with secundum ASD who
had a history of CA for atrial tachyarrhythmia and underwent ASD size
evaluation before and after CA. The size of ASD significantly decreased
https://doi.org/10.1016/j.cjcpc.2022.08.001
2772-8129/� 2022 The Author(s). Published by Elsevier Inc. on behalf of the Canadi
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
R�ESUM�E
La pr�evalence de la tachyarythmie auriculaire est �elev�ee chez les pa-
tients qui pr�esentent une communication interauriculaire (CIA), et l’on
pratique souvent une ablation par cath�eter avant la fermeture
percutan�ee de la CIA. Notre objectif consistait à �eclaircir l’effet de
l’ablation par cath�eter sur la taille de la CIA. Pour ce faire, nous avons
analys�e 16 patients pr�esentant une CIA de type ostium secundum,
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after CA. Younger age and lower tricuspid regurgitation pressure gra-
dients and pulmonary arterial systolic pressures were associated with
size reduction. These factors are crucial for making strategies of
percutaneous ASD closure.

ayant d�ejà subi une ablation par cath�eter et chez qui la taille de la CIA
a �et�e �evalu�ee avant et après l’intervention. La taille de la CIA a diminu�e
de manière significative après l’ablation par cath�eter. Les facteurs
associ�es à la r�eduction de la taille de la communication comprennent
un âge plus jeune, des gradients de pression plus faibles pour l’in-
suffisance tricuspidienne et une pression art�erielle systolique moins
�elev�ee. Il est crucial de tenir compte de ces facteurs lors de
l’�etablissement d’une strat�egie pour la fermeture percutan�ee d’une
CIA.
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Percutaneous closure of a secundum atrial septal defect (ASD)
has been widely accepted as an alternative to surgical repair.1,2

Precise evaluation of ASD morphology and size by trans-
esophageal echocardiography (TEE) before its closure is
crucial for successful device deployment.

The prevalence of atrial tachyarrhythmia (ATA) (eg, atrial
fibrillation [AF] and atrial flutter) is high in patients with
ASD.3 Nowadays, such patients often undergo catheter abla-
tion (CA) before percutaneous ASD closure owing to devel-
opment of transcatheter treatments. Although it has been
reported that left atrial (LA) size decreases after CA,4,5 the
effect of CA on the ASD size is unknown. Therefore, we
aimed to clarify the effect of CA for ATA on the secundum
ASD size and identify prognostic factors for the ASD size
reduction after CA.
Methods
In this single-center, retrospective study, we analyzed data

from adult patients with secundum ASD (�18 years of age)
who had a history of CA for ATA, who underwent percuta-
neous ASD closure between January 2015 and March 2021 in
our hospital, and who underwent ASD size evaluation by TEE
before and after CA. Among the 245 consecutive patients with
ASD who underwent percutaneous ASD closure, 37 patients
had a history of CA for ATA and 16 patients were evaluated
by TEE before and after CA. The information on each pa-
tient’s ATA and CA procedures is summarized in
Supplemental Table S1. One patient experienced recurrence
of AF after final CA. In this patient, paroxysmal AF was
documented by portable electrocardiograph only once during
the 6 months after CA and the ASD size was relatively small
(maximum diameter after CA: 10.2 mm). Thus, it was
considered that CA could be performed again even after ASD
device deployment. Therefore, the patient underwent percu-
taneous ASD closure. None of the 16 patients had multiple
ASDs. The maximum and minimum diameters of ASDs were
measured by 2-dimensional (2D) or 3-dimensional (3D)
TEE. The detailed TEE evaluation of ASD has been described
previously.2 Twelve patients underwent 2D TEE and 3D
TEE before and after CA, and 4 underwent only 2D TEE
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before and/or after CA. The ASD area was estimated using
diameter measurements as follows, assuming that the defect
was elliptical: ASD area (cm2) ¼ maximum diameter (cm) �
minimum diameter (cm) � p/4.

The maximum diameters and areas of ASDs before and
after CA were compared, and we defined the ASD size-
reduction group as follows: (1) >1 mm decrease in
maximum diameter and (2) 15% decrease in ASD area
after CA. The study was conducted in accordance with
the Declaration of Helsinki and approved by the Insti-
tutional Review Board of Keio University School of
Medicine (approval number: 20160249). All patients
provided written informed consent before the procedure.
Clinical data were collected before CA, including age, sex,
type of ATA (paroxysmal or persistent/chronic), blood
levels of brain natriuretic peptide, and transthoracic
echocardiography (TTE) analyses, and were compared
between the groups.

Normally distributed data were expressed as mean �
standard deviation, nonparametric data were presented as
median (interquartile range), and categorical data were shown
as absolute values (percent). Statistical significance was set at
P < 0.05. Statistical analyses were performed using IBM SPSS
Statistics, Version 25.0 (IBM Corp, Armonk, NY).
Results
TEE was performed at 227 � 156 days after CA.

Compared with the measurements before CA, the maximum
and minimum diameters and areas of ASDs decreased after
CA (maximum diameter: 19.2 � 8.0 to 17.9 � 8.0 mm, P ¼
0.001; minimum diameter: 14.8 � 6.6 to 13.6 � 6.6 mm,
P < 0.001; area: 2.6 � 2.3 to 2.3 � 2.3 cm2, P < 0.001).
Figure 1 shows the representative images of TEE. Patients
were divided into 2 groups according to the ASD size: an
unchanged group (n ¼ 9) and a size-reduction group (n ¼ 7).
None of the patients showed an increase in the ASD size.
Patients in the size-reduction group were younger and had
lower tricuspid regurgitation pressure gradients (TRPG) and
pulmonary arterial systolic pressures (PASP) than those in the
unchanged group (age: 57.9 � 5.7 vs 67.7 � 9.6 years, P ¼
0.031; TRPG: 24.3 � 7.9 vs 36.2 � 9.6 mm Hg, P ¼ 0.034;
PASP: 30.2 � 7.1 vs 41.7 � 10.3 mm Hg, P ¼ 0.034)
(Table 1). None of the patients in the size-reduction group
had more than mild tricuspid regurgitation (TR). The ASD
size reduction was not associated with the type of ATA, left
atrium size, mitral regurgitation more than mild, left
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Figure 1. Representative images of transesophageal echocardiography (TEE). (A) Three-dimensional (3D) TEE, (B) maximum diameter, and (C)
minimum diameter of an atrial septal defect (ASD) before catheter ablation (CA). (D) 3D TEE, (E) maximum diameter, and (F) minimum diameter of
an ASD after CA.

Table 1. Comparisons between the unchanged and size-reduction
groups of patients with atrial septal defects (ASDs)

ASD unchanged
size group
(n ¼ 9)

ASD size-reduction
group
(n ¼ 7) P values

Age (y) 67.7 � 9.6 57.9 � 5.7 0.031
Sex: male, n (%) 4 (44.4) 4 (57.1) 1.000
BNP (pg/mL) 246 [77-310] 161 [87-205] 0.606
PAF, n (%) 5 (55.6) 3 (42.9) 1.000
Diuretics, n (%) 4 (44.4) 2 (28.6) 0.633
CA to TEE after

CA (d)
246 � 180 202 � 126 0.594

TEE evaluation
Maximum diameter

before CA (mm)
19.9 � 8.7 18.3 � 7.6 0.708

Minimum diameter
before CA (mm)

15.3 � 7.4 14.1 � 6.0 0.716

ASD area before
CA (cm2)

2.8 � 2.8 2.3 � 1.7 0.681

Maximum diameter
after CA (mm)

19.2 � 8.9 16.2 � 6.8 0.740

Minimum diameter
after CA (mm)

14.5 � 7.0 12.3 � 6.1 0.666

ASD area after
CA (cm2)

2.6 � 3.0 1.8 � 1.4 0.675

TTE evaluation
Qp/Qs before CA 2.3 [1.5-2.6] 2.4 [1.9-2.7] 0.456
LA diameter (mm) 4.0 � 0.5 4.4 � 0.4 0.144
MR > mild 2 (22.2) 0 (0.0) 0.475
TR > mild 6 (66.7) 0 (0.0) 0.011
TRPG (mm Hg) 36.2 � 9.6 24.3 � 7.9 0.026
PASP (mm Hg) 41.7 � 10.3 30.2 � 7.1 0.034
LVEF (modified

Simpson method) (%)
61.7 � 7.6 62.8 � 5.8 0.759

Data are presented as mean � standard deviation, median [with inter-
quartile ranges], or absolute values (percent).

BNP, brain natriuretic peptide; CA, catheter ablation; LA, left atrium;
LVEF, left ventricular ejection fraction; MR, mitral regurgitation; PAF,
paroxysmal atrial fibrillation; PASP, pulmonary artery systolic pressure; Qp/
Qs, ratio of pulmonary perfusion to systemic perfusion; TEE, transesophageal
echocardiography; TR, tricuspid regurgitation; TRPG, tricuspid regurgitation
pressure gradient; TTE, transthoracic echocardiography.
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ventricular ejection fraction (modified Simpson method),
ASD size before CA, or the use of diuretics.
Discussion
The main findings of this study are as follows: (1) the size

of the ASD significantly decreased after CA, and (2) younger
age and lower TRPG and PASP before CA were associated
with a reduction in the ASD size. To the best of our
knowledge, this is the first study that evaluated the size of the
ASD before and after CA.

A detailed evaluation of ASD morphology and size before
percutaneous closure is crucial to avoid serious complications
such as cardiac erosion. The size of ASD occlusion devices (eg,
Amplatzer septal occluder) increases in 1 mm increments, and
the ASD size before device closure should be measured in
millimetres. Therefore, a 1 mm change of the ASD size is
important, and reassessment of the ASD size by TEE after CA
is essential for successful and safe transcatheter closure. Pa-
tients with large ASDs (>38 mm) are usually referred for
surgical closure because the largest ASD occlusion device
currently available in Japan is 38 mm. However, if a patient
with ATA has a planned CA, the ASD size is expected to
decrease and become suitable for percutaneous closure after
the CA, especially in young patients.

The precise mechanism of the ASD size reduction remains
uncertain in the present study. It has been reported that LA
volume decreases, and atrial systolic function is reduced after
CA for AF, because of reverse remodelling and shrinkage from
ablation-induced fibrosis.4-7 The decrease in the LA size and
the reduction of a left-to-right shunt because of decreased LA
systolic function may partly explain this mechanism.
Furthermore, a decrease in the right atrial (RA) size may affect
the results. Patients with moderate or severe TR were not
included in the ASD size-reduction group in our study. It has
been reported that longstanding AF leads to RA enlargement,
tricuspid valve annular dilatation, and subsequent TR.8,9 In
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AF patients with less than mild TR, successful CA led to right
heart reverse remodelling, but the effect of CA on AF in pa-
tients with moderate or severe TR has remained unknown.10

It was suggested that in patients with ASD, AF, and moderate
or severe TR, right heart remodelling became irreversible,
which otherwise resulted in the ASD size reduction after CA.

This study has several limitations. First, right heart cath-
eterization was not routinely performed before the CA, and
pulmonary hypertension was not evaluated precisely. TRPG
and PASP evaluated by TTE were associated with the ASD
size reduction, but the influence of TR on the measurement
could be ignored. Second, the number of patients was small,
which might have reduced the study’s statistical power.
Moreover, other factors related to the reduction of the ASD
size after CA might exist. Third, we estimated the ASD area
assuming that the defect was elliptical, and the precise area
was not measured. However, we believe that the estimation
was reasonable because the occluder size was selected based on
the maximum and minimum diameters in clinical practice.
Fourth, TTE was not evaluated routinely after CA before
ASD closure. The change in RA and LA size or cardiac
function, which might have been impaired due to tachycardia-
induced cardiomyopathy before CA, could be helpful to
speculate the mechanism of the ASD size reduction. Fifth,
although the size of the ASDs significantly decreased after CA,
the average reduction of the maximum diameter was only 1.3
mm, and it is possible that this reduction was due to a mea-
surement error. Further structured prospective studies, which
should include haemodynamic data, cardiac magnetic reso-
nance imaging, and other parameters, are required to validate
our findings and elucidate the underlying mechanisms. In
addition, we believe that an important part of these future
studies would be LA and RA volume assessment.
Conclusion
ASD size decreased after CA, and the prognostic factors

may be crucial for developing strategies for percutaneous ASD
closure.
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