ORIGINAL ARTICLES
Cardiology

Echocardiographic approach to transcatheter closure of atrial septal defects
in children with a deficient or absent aortic rim: a retrospective analysis

Mariya M. Kurako', Mikhail A. Abramyan'?, Tatyana Yu. Kulagina®, Manolis G. Pursanov’

Corresponding author: Mariya M. Kurako,
marka64@yandex.ru

Received 17 March 2026. Revised 17 June 2026.
Accepted 23 June 2026.

How to cite: Kurako M.M., Abramyan M.A.,
Kulagina T.Yu., Pursanov M.G. Echocardiographic
approach to transcatheter closure of atrial septal
defects in children with a deficient or absent
aortic rim: a retrospective analysis. Patologiya
krovoobrashcheniya i kardiokhirurgiya = Circulation
Pathology and Cardiac Surgery. 2026;30(3):49-56.
(In Russ.)
https://doi.org/10.21688/1681-3472-2026-3-49-56

Funding
The study did not have sponsorship.

Conflict of interest
The authors declare no conflicts of interest.

Contribution of the authors
Conception and study design: M.M. Kurako

Data collection and analysis: M.M. Kurako,
M.A. Abramyan, M.G. Pursanov

Statistical analysis: M.M. Kurako
Drafting the article: M.M. Kurako, M.A. Abramyan

Critical revision of the article: T.Yu. Kulagina,
M.G. Pursanov

Final approval of the version to be published:
all authors

ORCID

M.M. Kurako,
https://orcid.org/0000-0002-1100-1506
M.A. Abramyan,
https://orcid.org/0000-0003-4018-6287
T.Yu. Kulagina,
https://orcid.org/0000-0001-6165-6474
M.G. Pursanov,
https://orcid.org/0000-0002-1421-1795

© 2026 Kurako et al.

" Morozov Children’s City Clinical Hospital, Moscow, Russian Federation
2 Patrice Lumumba Peoples’ Friendship University of Russia, Moscow, Russian Federation

3 Petrovsky National Research Center of Surgery, Moscow, Russian Federation

Abstract

Introduction: Transcatheter closure of secundum atrial septal defects (ASDs) is
the standard of care. However, defects with a deficient or absent aortic rim remain
technically challenging because of the risk of erosion of the aortic wall or atrial roof.
Despite extensive international experience, techniques for the safe closure of such
defects in children remain insufficiently studied in Russian clinical practice.

Objective: To develop and evaluate the effectiveness of a differentiated occluder-
sizing algorithm based on comprehensive echocardiographic imaging to minimize
the risks of transcatheter ASD closure in children with a deficient aortic rim.

Methods: A retrospective analysis was performed in 265 children with an isolated
deficient or completely absent aortic rim. Transthoracic (TTE) and transesophageal
echocardiography (TEE) were the principal imaging modalities used for monitoring
atall stages of the procedure. A personalized approach to device sizing was applied:
in patients with firm rims, device size was determined using echocardiography with
color Doppler mapping; in patients with thin rims, the stop-flow technique was used.
Particular attention was paid to the device-to-body-weight ratio (device diameter/
body weight).

Results: The mean device-to-body-weight ratio in the study group was 0.88, which
helped avoid excessive pressure on cardiac structures. Implementation of the
differentiated algorithm, involving selection of an occluder 2 mm smaller to 2 mm
larger than the measured size depending on the echocardiographic appearance of
the rims, resulted in a high technical success rate. During the entire follow-up period
(median, 38 months; interquartile range [IQR], 24-52 months; range, 6-84 months),
there were no cases of aortic erosion or other life-threatening complications.

Conclusion:Transcatheter ASD closure in children with a deficient aortic rim is a safe
procedure provided that the imaging protocol is strictly followed and the occluder is
appropriately sized. The proposed algorithm and monitoring of the device-to-body-
weight ratio minimize mechanical stress on the aortic root and provide excellent
clinical outcomes.

Keywords: aortic and atrial wall erosion; atrial septal defect; deficient aortic rim;
echocardiography; occluder; stop-flow technique; transcatheter intervention

49


mailto:marka64%40yandex.ru?subject=
https://doi.org/10.21688/1681-3472-2026-3-49-56
https://orcid.org/0000-0002-1100-1506
https://orcid.org/0000-0003-4018-6287
https://orcid.org/0000-0001-6165-6474
https://orcid.org/0000-0002-1421-1795

ORIGINAL ARTICLES
Cardiology

dxoKapauorpadpuyeckuil noaxoa npv SHAOBACKYNAPHOM 3aKpbITUN
nedeKToB MmexnpeacepaHoONn neperopoakn y aeten ¢ gepuumntom
NN OTCYTCTBMEM aOPTa/IbHOIO Kpas: peTPOCNeKTUBHbIN aHanus3

M.M. Kypako', M.A. A6pamsan’?, T.10. Kynaruna®, M.l MypcaHoB'

Ana KkoppecnoHaeHuun: Mapusa
MwuxainnoBHa Kypako, marka64@yandex.ru
MNoctynuna B pepakumio 17 mapta 2026 .
WcnpaeneHa 17 nioHa 2026 r. MpuHATa

K neyatu 23 nioHaA 2026 .

LutupoBatb: Kypako M.M., AbpamsiH M.A.,
Kynaruna T.tO., Mypcarnos M.I.
Oxokapavorpadurueckmnii NOAxXoa npu
SHAO0BACKYNIAPHOM 3aKpbITUMN ledpeKToB
MeXnpeacepAHON NeperopoaKkm y fetei

¢ AednunTOM UNK OTCYTCTBMEM aOPTaNlbHOTO
Kpas: peTpoCneKTVBHbIN aHanus. [lamosnoaus
KposoobpaujeHus u Kapouoxupypaus.
2026;30(3):49-56.
https://doi.org/10.21688/1681-3472-2026-3-49-56
@®uHaHcMpoBaHue

WccnepoBaHue He MMeNo CMOHCOPCKOW
nopAepxKu.

KoH$nukT nHtepecos
ABTOpbI 3asBAAOT 06 OTCYTCTBUM KOHONIMKTA
VHTEePecoB.

Bknap aBTOpOB

KoHuenuws v gnsaitH pa6boTbl: M.M. Kypako
C60p 1 aHanm3 gaHHbIx: M.M. Kypako,

M.A. AbpamsH, M.I. MypcaHoB
CraTncTmyeckaa obpaboTka faHHbIX:

M.M. Kypako

HanwucaHwue ctatbn: M.M. Kypako,
M.A. AbpamsiH

Wcnpaenerwne ctatbu: T.1O. Kynaruxa,
M.I. MypcaHos

YTBepKAeHne OKOHYaTeNbHOro BapuaHTa
CTaTbU: BCE aBTOPbI

ORCID

M.M. Kypako,
https://orcid.org/0000-0002-1100-1506
M.A. AbpamsiH,
https://orcid.org/0000-0003-4018-6287
T.IO. KynaruHa,
https://orcid.org/0000-0001-6165-6474
M.I. MypcaHos,
https://orcid.org/0000-0002-1421-1795

© Kypako M.M., AbpamsaH M.A., KynaruHa T.10.,
MNypcanos M.I., 2026

50

' TocypapcTBEHHOE GIOKETHOE YUpeXaeHe 3apaBooXpaHeHns ropoga Mocksbl
«Mopo30BcKas feTckas ropofckas KnnHuyeckas 6onbHuLa [lenaptameHTa 3gpaBooxpaHeHus
ropopa Mocksbl», MockBa, Poccuiickana Oepepauua

2 DepepanbHoOe rocyfapCcTBeHHOe aBTOHOMHOe 06pa3oBaTeNibHOe yupexaeHune BbiCLero
obpa3zoBaHua «Poccnincknin yHuBepcuteT Apy»K6bl HapoaoB MeHw Matpuca Jlymymobi»,
Mocksa, Poccuiickas ®egepaums

3 [ocypaapcTBEHHbIV HayyHbI LeHTp Poccuinckon Qegepaunmn QefepanbHoe rocyaapcTBeHHoe
6loKeTHOE HayuHoe yupexaeHune «POCCMACKUI HayYHbI LIEHTP XMPYPriin UMeHW akaemmka
B.B. Metposckoro», Mockea, Poccuinckas Oepepauma

AHHOTaUuA

AKTYyanbHOCTb. DHLOBACKYNAPHOE 3aKPbITVE BTOPUYHBIX AedEKTOB MeXNpencepAHO
neperopogku (QMMM) ABNAeTCA CTaHAAPTOM NIeUYeHNs, 0OHAKO Cllydau C AePpULUTOM Un
OTCYTCTBMEM a0OPTaNbHOIO Kpas OCTalOTCA TEXHUYECKMN COXKHbIMU 13-3a pUCKa pa3Bu-
TUA 3PO3UN CTEHKM a0PTbI MW KPbILW Npeacepams. HecMoTps Ha Hanuuve obLInpHOi
MWPOBOWA CTaTUCTUKW, B OTEYECTBEHHO NPaKTUKE METOAMKIM 6€30MacHOro 3aKpbITUA Ta-
Knx pedeKToB y AeTel n3yyeHbl HefloOCTaTOUHO.

Llenb. Pa3paboTka 1 oueHKa 3GpHeKTUBHOCTM AN PEepPEHLMPOBAHHOO anroprTma nog-
60opa OKKNtoAepa Ha OCHOBE KOMIMJIEKCHOI 3XOKapAnorpadryeckoii Bu3yanusaumum ans
MUHVMMW3aLM1 PUCKOB NPK TpaHcKaTeTepHOM 3akpbitum MMM ¢ geduuntom aopTans-
HOTO Kpas y aeTeil.

Mertopgpl. [poBeeH peTpoCneKTVBHbIV aHann3 pe3ynbTaToB leueHuns 265 aetei C M30-
NMPOBaHHBIM AedULUTOM U NMOJIHBIM OTCYTCTBMEM aOpTasibHOTO Kpas. Bemywum uH-
CTPYMEHTOM KOHTPOA Ha BCeX 3Tanax BblCTynanum TpaHcTopakanbHas (TTOXOKTI) n upec-
nuweBoAaHana sxokapguorpadus (YNIXOKT). MprmeHsanca nepcoHan3npoBaHHbIN
noaxof K Bbibopy pasmepa yCTPOWNCTBA: NPW NOTHbIX Kpasax pa3mep onpeaenanca no
LlaHHbIM 3XoKapanorpadum ¢ LBETHbIM JONMIEPOBCKUM KapTUPOBaHWEM, MPY UCTOH-
YeHHBbIX — TexHnKol stop-flow. Ocoboe BHUMaHMWe yaensanocb NHAEKCY COpa3MepHOCTU
(amameTp ycTporcTaa / Macca Tena naymeHTa).

Pesynbratbl. CpefHee 3HaueHWe MHAEKCA COPa3MePHOCTY B UCCIeAyeMOon rpynmne co-
cTaBuno 0,88, 4To N03BONMNO N36eXxaTb Ype3MePHOTro AABNEHNA Ha CTPYKTYPbI CepaLia.
BHefpeHve auddepeHUMpoBaHHOrO anropntma (Bbibop pa3mepa oKKoaepa oT -2
[0 +2 MM B 3aBUCKMOCTM OT 3X0-KapTVHbl KPaeB) 06eCcneunno BbICOKYI TEXHUYECKYIO
YCNewHOCTb BMeLLaTenbCTB. 3a BeCb nepuog HabnogeHus (Me = 38 mec,, [IQR]: 24-52
Mec.; AnanasoH: oT 6 Ao 84 mec.) He 6bIN0 3adUKCMPOBAHO HU OJHOIO ClyyYas 3po3nn
A0PTbl NN APYTUX XKU3HEYTPOXKAIOLUMX OCIOKHEHWA.

3akntouyeHue. TpaHckaTeTepHoe 3akpbiTvie MMM npu geduumte aopTanbHOro Kpas
y fieTen aBnAeTcA 6e30nacHbIM METOAOM MPU YCIIOBUM CTPOFOro cOOMI0[EHUA MPOTOKO-
na BM3yanv3aumm 1 KOpPeKTHOro nogbopa pasmepa okkoAepa. icnonb3oBaHue npep-
NOXEHHOTO anrop1TMa 1 KOHTPO/b UHAEKCa COPa3MEPHOCTU MUHUMM3UPYIOT MeXaHuye-
CKOe BO3/elCTBMe Ha KOPeHb aopTbl, 06ecneynBasn OTANYHbIE KIMHWUYECKIE pe3ynbTaTbl.

KnioueBble cnoBa: AedeKT MeXNpeAcepAHoO neperopoaky; aedbrumT aopTanbHOro
Kpas; OKK/ofep; TexHUKa stop-flow; sSHAoBacKynAapHaa XMpyprvia; 3po3na CTEHKU Npea-
CepAVA 1 aopTbl; 3XOKapauorpadus
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Introduction

In contemporary cardiac surgery, transcatheter closure
of secundum atrial septal defects (ASDs) using occluder
devices has become the standard treatment, replacing
open surgical patch closure [1; 2]. The key prerequisite for
reliable and safe transcatheter ASD closure is the presence
of adequately developed rims of sufficient height. In
particular, a deficient or absent aortic (anterior) rim was
previously considered a major technical challenge and
even a contraindication to transcatheter intervention for
secundum ASDs [3]. A deficient rim is currently defined as
a rim height of less than 5 mm, whereas an absent rim is
defined as a height of less than 1 mm [3]. This anatomical
feature is associated with the risk of one of the most serious
intraoperative and postoperative complications - erosion
of the aortic wall or atrial roof [4; 5].

According to the literature, the overall incidence of
erosion is approximately 0.10-0.27% [4-6]. Importantly,
erosion may be delayed, becoming clinically apparent
months or even years after successful device implantation
[6; 7]. Various studies have reported that up to 89% of all
cases of this life-threatening complication, which may
be accompanied by massive bleeding, occur in patients
with a deficient aortic rim [5; 6; 8]. Under these conditions,
an implanted occluder may closely contact or encircle
the aortic root, producing persistent mechanical trauma.
This is considered the principal pathophysiological
mechanism underlying both early and late erosions [5-8].

The second most important serious complication
is device embolization (migration), reported in up to
0.62% of cases. It occurs more frequently during the early
postoperative period when an undersized occluder is
used and/or when there is concomitant deficiency of
other rims [9; 10].

Analysis of published studies indicates that the key
modifiable risk factor for vascular-wall erosion is not only
the anatomy of the defect but also the technical accuracy
of occluder sizing. In approximately half of the reported
cases of erosion after use of contemporary occluders in
children, the complication was associated with device

oversizing by 2 mm or more relative to the measured
defect size [6; 71. This finding confirms that prevention
of complications requires an accurate and differentiated
approach to determining the optimal occluder size.

Despite the accumulated international experience,
Russian-language literature has paid insufficient attention
to the methods and problems of ASD closure in children
with a deficient aortic rim, including long-term risks and
prevention of delayed complications. In the present study,
we retrospectively analyzed transcatheter closure of ASDs
with a deficient or absent aortic rim, developed a strategy
for safe and successful closure, and evaluated the early
and long-term outcomes of the intervention.

Methods

Between October 2018 and December 2025, 750
children underwent transcatheter closure of secundum
ASDs in the Department of Emergency Cardiac Surgery
and Interventional Cardiology of Morozov Children’s
City Clinical Hospital. Of these, 265 had defects with a
deficient or absent aortic rim. The mean age was 8.5
years (95% confidence interval [Cl], 7.8-10.6 years). Girls
predominated: 155 (58.5%; 95% Cl, 47.1-69.3%), while
there were 110 boys (41.5%; 95% Cl, 30.7-52.9%). Patient
anthropometric characteristics are presented in Table 1.

All patients had evidence of a hemodynamically
significant left-to-right shunt. The mean pulmonary-to-
systemic blood-flow ratio was 1.63:1 (95% Cl, 1.54-1.68),
with right-sided cardiac volume overload.

To assess the anatomy of the interatrial septum (IAS)
and select an occluder, all patients initially underwent
detailed transthoracic echocardiography (TTE) using
Philips EPIQ 7 (Philips, the Netherlands/USA) and
Vivid S70 (GE Healthcare, USA) systems equipped with
phased-array transducers operating at 2.5-8.0 MHz. In
addition to determining defect size, the IAS rims, their
height and stability, and the total length of the IAS were
assessed. The latter was measured by TTE in subcostal,
suprasternal, and apical views and/or by transesophageal
echocardiography (TEE) in three standard imaging planes:

Table 1. Anthropometric characteristics of patients with ASD and a deficient or absent aortic rim

Variable M+SD
Age, years 8.5+39
Weight, kg 328+175
Height, cm 138.4 +22.1
BSA, m? 1.05 £ 0.35

Note. BSA, body surface area; M, arithmetic mean; SD, standard deviation; 95% Cl, 95% confidence interval; min and max, minimum and maximum

values in the study sample, respectively.

95% CI min max
8.03-8.97 3.0 17.0
30.69-34.91 14.5 90.0
135.74-141.06 88.0 190.0
1.008-1.092 0.55 2.10
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Fig. 1. Transesophageal echocardiographic images in the short-axis view of the aorta. (A) The edges of the occluder discs
contact the aortic wall, as indicated by the arrows. (B) The occluder discs encircle the aortic root, as indicated by the arrows

Note. Ao, aorta; LA, left atrium; RV, right ventricle; RA, right atrium.

0°, 45°, and 90°. All defects were classified as large (ASD
diameter/body surface area [BSA] > 15 mm/m?), moderate
(5-15 mm/m?), or small (< 5 mm/m?) [11; 12].

Preoperative TEE for assessment of IAS anatomy
was not required in all patients because TTE images
were optimal owing to the good acoustic windows in
children. However, in patients with large defects and thin
remaining rims, intraoperative TEE was used throughout
the procedure. Given the age and body weight of the
pediatric patients, three-dimensional TEE could not be
used in this patient group.

The ratio of occluder size to the child’s body weight
(device diameter/body weight) was assessed in all
patients. For safe implantation and to reduce the risk of
postoperative complications, this ratio should not exceed
1.Some authors believe that transcatheter closure should
not be performed in small children weighing less than 20
kg if this ratio exceeds 1.5 [13].

Transcatheter occluder implantation was performed
using a standard technique. In patients with large ASDs
and thin rims, deployment of the left atrial disc from
the right or left pulmonary vein and a balloon-assisted
technique were used.

The study protocol was approved by the Local
Independent Ethics Committee of Morozov Children’s
City Clinical Hospital (Protocol No. 12/2023 dated March
15,2023).

In patients with ASDs and relatively firm rims, occluder
size was selected on the basis of TTE and/or TEE findings,
taking into account the maximum diameter of the

interatrial communication measured by color Doppler
mapping in one of the three views.

In patients with large anterior ASDs and thin rims, the
ASD size was determined and the occluder selected using
a sizing balloon with the stop-flow technique. The balloon
was advanced through a venous introducer sheath over a
guidewire and positioned with its midportion within the
defect under the guidance of intraoperative TEE (or TTE
when an adequate acoustic window was available) and
fluoroscopy. The balloon was then slowly inflated with
diluted contrast medium while cessation of the transseptal
shunt was monitored by color Doppler mapping. We
did not use the appearance of a “waist” on the balloon
as a reference, as in standard angiography, because
overdistension of the deficient rims in children may
result in a falsely increased diameter and, consequently,
selection of an excessively large occluder. In this situation,
the device size was set equal to the balloon diameter
measured by echocardiography.

When a child had a small or moderate defect with thin
rims, device size was selected according to the diameter
determined using the sizing balloon.

Occluder selection also depended on the presence or
absence of the subaortic rim. When the subaortic rim was
deficient, an occluder smaller than the calculated size
was selected; in this situation, the edges of the occluder
discs should only contact the aortic root (Fig. 1, A). When
the subaortic rim was absent, an occluder larger than
the calculated size was selected; in this situation, the
occluder discs encircle the aortic root (Fig. 1, B) but do
not compress it.
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Table 2. Echocardiographic characteristics of ASDs with a deficient or absent aortic rim

Variable M +SD 95% CI Min Max
Occluder diameter/body weight 0.88£0.25 0.85-0.91 0.4 1.34
ASD/BSA, mm/m? 11.2+6.0 10.5-11.9 6.5 29.5
ASD/body weight, mm/kg 0.75+0.24 0.72-0.78 0.35 1.33
Total shunt size, mm 11947 11.3-125 2.5 22.0

Note. ASD, atrial septal defect; BSA, body surface area; M, arithmetic mean; SD, standard deviation; 95% Cl, 95% confidence interval; min and
max, minimum and maximum values in the study sample, respectively; ASD/BSA, defect size indexed to body surface area, mm/m? ASD/body

weight, ratio of defect size to patient body weight, mm/kg.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY, USA).
The normality of quantitative variables was assessed
using the Shapiro-Wilk test. The distributions of most
anthropometric and echocardiographic variables (age,
weight, height, BSA, defect size, and the ASD/BSA and
ASD/body-weight indices) did not significantly deviate
from normality. Therefore, these variables were described
using the arithmetic mean (M) and standard deviation
(SD), and 95% Cls for the means were calculated as M +
+1.96 X (SDvn).

For variables with distributions that differed
significantly from normality, particularly follow-up
duration, a nonparametric approach was used. Data
were presented as the median and interquartile range
(IQR), with the overall range (min-max) also reported. To
assess factors potentially influencing the development of
a minor residual shunt, multivariable logistic regression
analysis with stepwise variable entry was planned;
however, because of the small number of events and the
absence of major complications, the regression model
was not applied. Complication-free survival analysis was
not performed because no adverse events occurred in the
study cohort. The threshold for statistical significance was
set at p = 0.05. All statistical tests were two-sided. Results
were considered statistically significant at p < 0.05.

Results

Among the 265 children with anterior ASDs, complete
absence of the aortic rim was diagnosed in 57 patients,
while 208 had a deficient rim. The mean defect size was
11.9 mm (range, 10.9-13.0 mm). Small defects were
presentin 115 (43.4%) children, moderate-sized interatrial
communications in 128 (48.3%), and large defects in 22
(8.3%) patients. Echocardiographic characteristics of the
ASD:s are presented in Table 2.

The procedural success rate was 99.6%. In only one
case, involving a child with a large defect (ASD/BSA =22
mm/m?), a deficient subaortic rim, and thin remaining
rims, the decision was made not to implant an occluder
because no waist was observed on the sizing balloon
during angiography or with the stop-flow technique. The
child subsequently underwent elective surgical repair
under cardiopulmonary bypass.

In two patients with a deficient and thin aortic rim,
the occluders were exchanged intraoperatively. After
initial deployment, significant shunting was detected
along the upper edge of the occluder discs; the devices
were replaced with larger ones, and no residual shunt
was detected on control echocardiography. In another
child with a deficient aortic rim, echocardiography during
implantation showed that the left atrial disc of the device
was pressing against the aortic wall (Fig. 2). After the
device was replaced with a smaller one, it encircled the
aortic root in a V-shaped configuration; no signs of aortic-
wall compression or residual shunting were detected.

Immediately after the procedure, complete ASD closure
was achieved in 226 (85.6%) patients, defined as complete
sealing of the defect with no interatrial shunt detected by
echocardiography. A minor residual shunt was detected
immediately after the procedure in 38 (14.4%) patients.
At hospital discharge, a minor residual shunt through the
device persisted in 25 patients. In 20 children, the shunt
was located between the occluder discs, whereas in only
five patients was it located at the margins of the occluder.

Long-term outcomes were available for 227 (85.9%)
patients, with follow-up ranging from 6 to 84 months.
The median follow-up duration was 38 months (IQR, 24-
52 months; range, 6-84 months). Neither early nor late
complications - including device embolization, cardiac
erosion, thromboembolism, infective endocarditis, or
atrioventricular block — occurred in our study. Patients
underwent clinical follow-up, electrocardiography, and
TTEat 1, 3, 6,and 12 months and annually thereafter.
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Fig. 2. Transthoracic echocardiography, short-axis view of
the aorta. The arrow indicates indentation of the left atrial
disc of the occluder into the aortic wall

Note. Ao, aorta; PA, pulmonary artery; LA, left atrium; RA, right
atrium.

Discussion

Transcatheter closure of secundum ASDs has become
the standard treatment; however, defects with a deficient
or absent aortic rim remain controversial because of the
risk of a rare but life-threatening complication - erosion
of the aortic wall or atrial roof [8; 9]. The first reports of
this problem date back to 2004 and were associated with
use of the Amplatzer Septal Occluder (ASO; Abbott, USA).
The reported incidence was approximately 0.1%, and the
complication could present as late as 5 years after the
procedure [4; 5; 14-16]. The pathogenesis of erosion is
directly related to mechanical interaction between the
edge of the occluder disc and the vulnerable area of the
left atrial roof and aortic root, particularly in the absence
of adequate tissue support [9; 10; 17; 18].

Subsequent analyses of large series showed that erosion
was the second most frequent serious complication
(22.9%), after device migration. Nevertheless, the overall
mortality associated with erosion (0.05%) remained
lower than that associated with surgical closure of the
defect (0.13%) [19, 20]. At the same time, contemporary
occluders, such as devices manufactured by Lepu Medical
(China) and the Figulla device (Occlutech, Germany/
Switzerland), have demonstrated high success rates of

up to 99.3% and low erosion rates when the implantation
technique is properly performed [11; 19; 21; 22]. Analysis of
published cases of erosion after implantation of Occlutech
devices in children (eight cases) suggests that the key risk
factors include not only a deficient aortic rim, which was
present in three of eight cases, but also a technical error
involving occluder oversizing by 2 mm or more relative to
TEE or balloon measurements [7; 23].

This finding emphasizes the paramount importance of
accurate device sizing, particularly in children, because of
ongoing cardiac growth. A generally accepted reference
is the ratio of occluder size to patient body weight, with
an optimal value close to 1.0. Some investigators consider
a device-diameter-to-body-weight ratio > 1.5 to be an
absolute contraindication to transcatheter intervention
in young children. Exceeding this threshold is associated
with a high probability of aortic erosion and impaired
function of intracardiac structures because of limited
space within the atria [15; 24]. In our study of 265 children
with an isolated deficient or completely absent aortic
rim, no cases of erosion occurred. We believe that strict
adherence to the device-diameter-to-body-weight ratio,
which was 0.88 in our cohort, was the decisive safety
factor, providing an adequate safety margin even in the
presence of unfavorable rim anatomy.

Based on the literature and our own experience,
we developed a differentiated algorithm in which the
measurement strategy and occluder size depend on both
the size of the aortic rim and the condition of all defect
rims. This approach may mitigate the risks described in
the literature [5-9].

1. For an ASD with a deficient aortic rim but
preserved, firm remaining rims, occluder size is
determined according to the maximum defect
diameter measured by TTE or intraoperative TEE
with color Doppler mapping. To ensure secure
fixation by the firm rims, the device is selected
to be equal to the measured diameter or 1-2 mm
larger.

2. For small and moderate ASDs with an absent or
deficient aortic rim and thin remaining rims, defect
size is determined using a sizing balloon.

3. For large ASDs with an absent or deficient aortic
rim and thin remaining rims, the stop-flow
technique with balloon sizing is used. Unlike the
standard angiographic reference of the balloon
“waist,” the sizing balloon is inflated under
echocardiographic guidance until the interatrial
shunt completely ceases. This makes it possible to
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determine the hemodynamically significant rather
than the anatomical diameter; the former is then
used as the occluder size. This approach prevents
selection of an excessively large device due to
overstretching of deficient defect rims.

After the baseline size has been obtained using the
sizing balloon or stop-flow technique, a key adjustment
is made to minimize mechanical contact with the aorta.
When the aortic rim is deficient, preference is given to an
occluder 1-2 mm smaller than the baseline size to reduce
the area and force of contact between the left atrial disc
and the risk zone and thereby avoid excessive contact.
When the aortic rim is completely absent, an occluder
1-2 mm larger than the baseline size is implanted. This
allows the broad device disc to safely encircle the aortic
root, distributes pressure over a larger area, and prevents
focal traumatic contact between the disc edge and the
aortic wall [4; 25].

Study limitations

The retrospective design and absence of a control
group - patients undergoing open surgical repair or
closure with devices manufactured by other companies -
preclude a direct comparative assessment of the
effectiveness of the described algorithm versus alternative
approaches. Nevertheless, the findings provide a basis for
further prospective studies. It is also important to note

that the key defect-measurement method, the stop-flow
technique, relies to a considerable extent on the practical
experience of the echocardiographer, because cessation
of shunting is identified by color Doppler mapping. This
places specific demands on staff expertise and may affect
reproducibility when the technique is implemented in
centers with less experience in such interventions. These
issues should be considered when planning multicenter
studies.

Conclusion

In this study, transcatheter closure of ASDs with a
deficient or absent aortic rim in children was a safe and
effective method of correction, with excellent long-term
outcomes.

The safety and effectiveness of transcatheter
correction of this congenital heart defect in children
may be enhanced by implementing a personalized,
comprehensive protocol for selecting the size and type
of occluder.

The proposed algorithm, based on sequential and
detailed echocardiographic imaging, is the key to
successful transcatheter correction of ASDs without
an adequate aortic rim in children. It makes it possible
to determine the closure technique and procedural
strategy in advance, as well as the size of the device to be
implanted.
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