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Crescent-Shaped Atrial Septal Defect

A New Clinical Entity of an Acquired Defect for
Transcatheter Closure
Mitsutaka Nakashima, MD, PHD, Teiji Akagi, MD, PHD, Yoichi Takaya, MD, PHD, Takashi Miki, MD, PHD,
Rie Nakayama, MD, PHD, Koji Nakagawa, MD, PHD, Norihisa Toh, MD, PHD, Kazufumi Nakamura, MD, PHD,
Shinsuke Yuasa, MD, PHD
I n patients with atrial septal defect (ASD), we
have observed a unique crescent-like
morphology on 3-dimensional transesophageal

echocardiography (TEE). A crescent-shaped atrial
septal defect (CS-ASD) is found between septum
secundum adjacent to aortic wall and septum pri-
mum. Because of its location and morphology, a
CS-ASD is traditionally considered a stretched patent
foramen ovale (PFO) (Figure 1). This study aimed to
elucidate characteristics of CS-ASDs.

A total of 983 patients who underwent trans-
catheter ASD closure at Okayama University Hospital
were reviewed. Indications for transcatheter ASD
closure was assessed using universal guidelines.1,2

Exclusion criteria for transcatheter ASD closure were
defect diameter >38 mm or insufficient rim except
towards aorta.1,2 Patients with other coexisting
congenital heart disease, prior surgical ASD closure,
age <15 years, multiple ASDs, and missing TEE
images were excluded. Finally, 771 patients were
analyzed, of whom 13 (1.7% [n ¼ 13/771]): 6 women
(46.2% [n ¼ 6 of 13]) were identified as having CS-
ASDs. Of the remaining 758 patients with regularly
shaped (circular or oval) ASDs,3 13 were selected as
the control group using propensity score (PS) match-
ing. This study adhered to tenets of Declaration of
Helsinki. Written, informed consent was obtained
from all patients. The study was approved by Insti-
tutional Review Board of Okayama University Grad-
uate School of Medicine.

Patients underwent TEE using an iE33 with an
X7-2t probe (Philips Medical Systems). The longest
ISSN 2772-3747

From the Department of Cardiovascular Medicine, Okayama Universi

Pharmaceutical Sciences, Okayama, Japan.

The authors attest they are in compliance with human studies committe

institutions and Food and Drug Administration guidelines, including patien

visit the Author Center.

Manuscript received August 13, 2024; revised manuscript received Septemb
and shortest ASD diameters at end-systole on
sweeping from 0� to 180� at 15� intervals on
2-dimensional TEE were defined as the maximal and
minimal ASD diameters, respectively.4 ASD
morphology was evaluated by 3-dimensional TEE.
CS-ASD was defined as an ASD located between
septum secundum adjacent to aortic wall and septum
primum, which is visually described as a crescent-
shaped morphology: an arcuate shape wider in the
middle than at the ends as if composed of 2 different
circular edges, throughout the cardiac cycle (Figure 1).

Amplatzer Septal Occluder (Abbott) or Occlutech
Figulla Flex II (Occlutech GmbH) was used. Device
size was selected according to the actual diameter
measured in balloon sizing. If balloon sizing was not
accurately performed due to the shape of CS-ASD, the
device was selected based on following criteria, with
reference to previous studies. When using Amplatzer
Septal Occluder, a device that was 1-3 mm larger than
the maximum diameter measured by TEE was
selected. When using Occlutech Figulla Flex II, a de-
vice that was 3-5 mm larger than the maximum
diameter measured by TEE was selected.4,5

Categorical variables are presented as numbers (%)
and compared using the Fisher exact test. Continuous
variables are presented as medians with IQRs and
compared using the Mann-Whitney U test. To adjust
for potential confounders (age, sex, body mass index,
and presence of comorbidities [hypertension, dia-
betes mellitus, and prior stroke]), 1-to-1 PS matching
was performed. A logistic regression model was used
to derive PS for the presence of CS-ASD, with a caliper
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of 0.2 SDs of the logit of the PS. In CS-ASD patients,
NYHA functional class and plasma B-type natriuretic
peptide (BNP) levels were compared between before
closure and one month later using Wilcoxon signed-
rank test. Significance was set at P <0.05. These an-
alyses were performed with R statistical package
(version 3.6.3; R Foundation for Statistical
Computing).

The prevalence of CS-ASD increased with age
(Figure 1). Two CS-ASD patients underwent trans-
thoracic echocardiography 6 or 9 years before the
diagnosis of ASD, and their ASDs were not identified.
Clinical indications for transcatheter ASD closure
were right ventricular volume overload and pulmo-
nary/systemic flow ratio >1.5 in 12 patients and
platypnea-orthodeoxia due to a temporary right-to-
left shunt in 1 patient. Eight CS-ASD patients (61.5%
[n ¼ 8 of 13]) had permanent atrial fibrillation (AF); 1
patient underwent electrical defibrillation but could
not maintain sinus rhythm, and 7 patients underwent
only anticoagulation therapy because electrical defi-
brillation and catheter ablation were inefficient
considering their age and left atrial dilation. Five
patients (38.5% [n ¼ 5 of 13]) had sinus rhythm; 2 of
them had a history of paroxysmal AF and underwent
catheter ablation before closure.

Patients with CS-ASD were older (73 [Q1-Q3:
66-79] years) than those who had regularly shaped
ASDs (55 [Q1-Q3: 38-67] years; P < 0.01). The prev-
alence of permanent AF was higher in patients with
CS-ASD (61.5% [n ¼ 8 of 13]) than patients
with regularly shaped ASDs (6.3% [n ¼ 48 of 758];
P < 0.01).

The control group had a median age of 73 years
(P ¼ 0.94 and standardized mean difference
[SMD] ¼ 0.05, compared with the CS-ASD group) and
included 7 women (53.8% [n ¼ 7 of 13]) (P ¼ 1.00 and
SMD ¼ 0.15, compared with the CS-ASD group). The 2
groups were well balanced on all variables used in PS
calculation after matching (SMD were #0.2) except
for body mass index, whereas SMD was >0.2 in all
variables before matching. The prevalence of perma-
nent AF was higher in the CS-ASD group (61.5% [n ¼ 8
of 13]) than the control group (15.4% [n ¼ 2 of 13];
P < 0.05). The BNP level was higher in the CS-ASD
group (223.2 [Q1-Q3: 108.4-335.5] pg/mL) than the
control group (82.1 [Q1-Q3: 51.7-129.5] pg/mL;
P < 0.05). The minimum ASD diameter was smaller in
the CS-ASD group (7 [Q1-Q3: 5-9] mm) than the con-
trol group (11 [Q1-Q3: 10-14] mm; P < 0.01), whereas
the maximum ASD diameter was not significantly
different (13 [Q1-Q3: 11-16] mm and 16 [Q1-Q3: 14-18]
mm; P ¼ 0.22). The CS-ASD group had larger left atrial
diameter (48.0 [Q1-Q3: 43.0-52.0] mm and 40.0
[Q1-Q3: 37.0-42.0] mm; P < 0.05) and left atrial vol-
ume index (66.5 [Q1-Q3: 58.0-82.0] mL/m2 and 50.0
[Q1-Q3: 37.5-55.5] mL/m2; P < 0.05). There were no
significant differences in the pulmonary/systemic
flow ratio (1.78 [Q1-Q3: 1.55-2.06] and 2.00 [Q1-Q3:
1.76-3.33]; P ¼ 0.08), mean left atrial pressure (8
[Q1-Q3: 7-10.5] mm Hg and 8 [Q1-Q3: 6-9] mm Hg;
P ¼ 0.44), mean pulmonary artery pressure
(19 [Q1-Q3: 15-20] mm Hg and 17 [Q1-Q3: 15-20]
mm Hg; P ¼ 0.68), systolic right ventricular pressure
(36 [Q1-Q3: 31-39.5] mm Hg and 31.5 [Q1-Q3: 25-35]
mm Hg; P ¼ 0.29), and mean right atrial pressure
(6 [Q1-Q3: 5-8] mm Hg and 5 [Q1-Q3: 4-9] mm Hg;
P ¼ 0.33).

All patients in the CS-ASD group successfully ach-
ieved closure. The size of device was 15.0 (Q1-Q3:
14.0-22.0) mm. During a median follow-up of 5.1
(Q1-Q3: 2.4-6.4) years, cardiovascular death, hospi-
talization for heart failure, cardiac erosion, or device
dislodgement did not occur. The NYHA functional
class improved from before closure (1, 9, 2, and 1 pa-
tients in functional classes I, II, III, and IV, respec-
tively) to 1 month later (5, 7, 1, and 0 patients in
functional classes I, II, III, and IV, respectively;
P < 0.01). BNP levels decreased from before closure
(233.2 [Q1-Q3: 108.4-33.5] pg/mL) to 1 month later
(122.0 [Q1-Q3: 84.0-257.0] pg/mL; P < 0.05).

CS-ASDs were identified in elderly patients and
increased with age. In addition, the ASDs of patients
with CS-ASD were not identified on their previous
transthoracic echocardiography. Thus, CS-ASDs may
not be congenital, but rather appear in older age due
to acquired factors that stretch the original PFO and
develop into a permanent interatrial communication.
The aortic side of the PFO is assumed to be arch-
shaped, whereas the primary septum side is pre-
sumably stretched downwards, giving it a crescent
shape.

This is the first study to evaluate the clinical fea-
tures of CS-ASDs, but it was difficult to completely
confirm the pathogenetic mechanism. Further in-
vestigations that will prospectively evaluate the time-
course changes in the morphologies of ASDs are
needed.

Although CS-ASDs are not large defects, the pos-
sibility of their presence must be considered in pa-
tients not previously diagnosed with an ASD because
it is an acquired left-right shunt that can cause heart
failure in elderly persons. Transcatheter closure can
be performed safely and effectively.



FIGURE 1 CS-ASD and Prevalence of Patients With CS-ASD

(A) A representative case of crescent-shaped arterial septal defect (CS-ASD) on 3-dimensional (3D) transesophageal echocardiography (TEE)

and a schema of CS-ASD. Numbers 1-5 show the conventional classification of arterial septal defect (ASD), and number 6 shows the location

of a CS-ASD: (1) superior sinus venous defect; (2) regularly shaped secundum ASD; (3) primum ASD; (4) inferior sinus venous defect; (5)

unroofed coronary sinus; and (6) CS-ASD. The CS-ASD is located between the septum secundum adjacent to the aortic wall and the septum

primum, and it is visually described as having a crescent-shaped morphology on 3D TEE. (B) CS-ASDs are rarely seen on 3D TEE. The

prevalence of CS-ASD among all patients analyzed in this study increased significantly with age. AO ¼ aorta; ASC ¼ ascending; IVC ¼ inferior

vena cava; PA ¼ pulmonary artery; RA ¼ right atrium; RV ¼ right ventricle; SVC ¼ superior vena cava.
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