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Abstract

Introduction. Atrial septal defects (ASD) are one of the most common congenital heart defects, accounting for about 10-15%
of all congenital heart defects. Currently, endovascular treatments for ASD are considered the method of choice in most
patients with secondary ASD. ASD occluders, after fixation on the atrial septum, close the shunt, eliminating the intercameral
communication. However, these devices increase the stiffness of the septum, limit its mobility and presumably disrupt the
mechanical function of the left atrium (LA).

Aim: To study the effect of surgical and endovascular correction on the size, shape and function of the left atrium and left
ventricle in children.

Material and Methods. We retrospectively studied sequential echocardiograms of patients who underwent endovascular and
surgical treatment of ASD in the period from 2006 to 2016 at the cardiology center in Tomsk, Russia. 756 patients with ASD
were examined, 564 of them before and after endovascular closure and 192 after surgical correction. The duration of follow-up
ranged from 1 day to 10 years, with an average of 3.6 years in the group receiving hardware treatment and 4.2 years in the
group undergoing surgery. The control group consisted of 3393 healthy patients of the same age group. Echocardiographic
images were obtained using an iE33 ultrasound scanner, Philips Ultrasound. Standard echo indicators of heart sizes and
volumes were evaluated, including taking into account the body surface area and deviations of the studied parameters as a
percentage of the predicted norm.

Results. 15 days after ASD closure, both groups showed a significant increase in the volume of the left ventricle and a decrease
in the right chambers. During follow-up in the group receiving the devices, left atrial shape index (LASI) was significantly
reduced, while in patients undergoing surgery, there was no significant increase in LASI. A change in the shape of the left
atrium and a decrease in its volume were combined with a change in the effort in the left atrium (LAEF), determined by the
Manning method.

Discussion. The study showed that both endovascular and surgical methods are effective in correcting ASD and lead to
favorable results with respect to left atrial function. However, there is still uncertainty about the long-term effects after implanted
devices used in endovascular procedures. Although these devices offer a minimally invasive solution, there is a problem
associated with increased stiffness and limited mobility of the partition. Such changes can potentially alter the normal dynamics
of atrial filling and contraction, affecting the overall function of the left atrium over time.

Conclusion. Endovascular correction of ASD in 35% of children was accompanied by a change in the shape of the left atrium
a decrease in sphericity and an increase in ellipsoid. Changes in the shape of the left atrium persisted in 22% of patients after
transcatheter correction in the long term. These changes were not accompanied by any disorders of contractility and volume of
the heart chambers. In the group of children after surgical correction of ASD, the contractility and volume of the heart chambers
did not significantly differ from those in the device group.

Keywords: atrial septal defects (ASD); left atrium; right atrium; left atrial indexed volume; left atrial shape
index; QP/QS.
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AHHOTAUMS

BeBeneHune. [ecbektbl mexnpeacepgHonm neperopogkn (OMIM) gasnawTca ogHum n3 Hanbornee pacnpoCcTpaHeHHbIX
BPOXAEHHbIX MOPOKOB cepaua. Ha ux gonto npuxogutca okono 10-15% Bcex BpOXAEHHbIX MOPOKOB cepaua. B HacTtos-
Lee Bpems 3HOOBACKynspHble metogbl neveHus OMIIM cuutatotca metogom Bbibopa y G0nblUMHCTBA NauLMEHTOB C BTO-
puuHbiM OMIMN. Okkmtogepel OMMM nocne dukcaumm Ha MexnpeacepaHON Meperopogke 3akpbiBalT LUYHT, YCTPaHss
MexkamepHoe cooblieHne. OgHaKko 3TW YyCTPOMCTBA NOBLILLAIT KECTKOCTb NEPEropoKn, OrpaHNYnBatoT ee NOABWKHOCTbL U,
NpeanonoXnTensHO, HAPYLLIAT MeXaHUYeCKylo OYHKLUIO NeBOro Nnpeacepavs.

Llenb: n3y4eHvne BNNSAHWUSA XMPYPrnvyeckon 1 3HA0BaCKyNAPHOM KOpPEKLMM Ha pa3mep, hopmy 1 hyHKLMIO NEBOro Npeacepans
W NeBOro Xenyao4ka y AeTen.

MaTtepnan u wmeTtogbl. PeTpocnekTMBHO u3yunnu nocnefoBaTterfibHble 39XOoKapAuorpaMMbl MauMeHToB, MpoLUeaLwnx
3HAoBacKynspHoe n xupyprudeckoe nedvenve OMIMMN B nepuoa ¢ 2006 no 2016 rr. 8 HAW kapavonorun Tomckoro HAML,
(Tomck, Poccus). Beinn obcnepgosaHbl 756 naunentoB ¢ AMIM, n3 Hux 564 — oo n nocne 3akpbiTUS 3HAOBACKYNSPHBLIM
MeTogom, 192 — nocne xupyprudeckon koppekumn. MNMpogomkutensHOCTb HabnoaeHns coctaenana ot 1 aHsa go 10 ner,
B cpefgHem 3,6 roga B rpynne, nofyyYaBsluen annapatHoe nedvexuve; 4,2 roga — B rpynne, NoABEPriLEencs XMpypruyeckomy
BMelLaTenbCTBY. B KOHTPOMbLHYO rpynny Bowwnun 3 393 300p0BbIX NaLUMEHTa TOM Xe BO3PaCTHOM rpynmbl. AXokapauorpaduye-
Ckune n3obpaxeHns 6binu Nony4eHsl ¢ UCNONb3oBaHMEM YNbTPa3BykoBoOro ckaHepa iE33, Philips Ultrasound (Holland). Beinu
OueHeHbl CTaHAapTHble aXokapanorpaduryeckne nokasaTenm pasmMepos 1 06bLeMOB KaMmep, B TOM YnCre C y4eTOM NnoLuaamn
NMOBEPXHOCTM Terna 1 OTKIMOHEHWI uccnegyemMbix napaMmeTpoB B MPOLEHTax OT NPOrHO3UPYEMON HOPMbI.

Pe3ynbTatbl. Yepes 1-5 gHen nocne 3akpbitusa OMIIM B obeunx rpynnax permcTpupoBanochb 3HaYMTENbHOE yBennyeHue
obGbema NneBoro xenygoyka v yMeHblleHue npasbix kKamep. Bo Bpemsa HabnoaeHusa B rpynne ¢ NpUMMEHEHneM ycTponcTea
nHaekc xectkoctn nesoro npeacepans (LASI) Bbin 3HAYUTENBHO CHWXEH, B TO BPEMS KakK Y MauUMEHTOB, MepeHecLUnx
onepaumio, cyliectseHHoro ysenudeHus LASI He oTmevanock. iameHeHre dhopmbl NeBoro npeacepaus v ymeHblUeHue ero
obbema coyeTanochb ¢ M3MeHeHeM ycunus B nesom npegcepaumn (LAEF), onpegensiemoro no metogy MaHHura.
O6cyxaeHue. ViccnegoBaHne nokasano, YTO KakK 3HOOBACKYNSIPHble, Tak WM Xxupyprudeckve metodbl 3EKTUBHbI B
oTHoLeHun koppekumn MMM, OHu npMBOAAT K 6GnaronpuATHLIM pesynbTaTtaMm B OTHOLLEHUM hyHKLMM NeBoro npegcepaust.
OpHako Mo-npexHeMy CyLLeCTBYyeT HESICHOCTb KacaTenbHO AONTOCPOYHbIX MOCNEeACTBUIA NMPUMEHEHUS UMMNaHTUPOBaHHbIX
YCTPOWCTB, UCMONb3yeMbIX MPY 3HA0BACKYSIPHbIX MpoLeaypax. XoTs 3T1 yCTpOMUCTBa NpeanaraloT MUHUManbHO MHBa3uBHOE
pelueHune, cywecTsyeT npobrnema, CBsi3aHHas C MOBbILLIEHHOWN >KECTKOCTbIO W OrpaHW4yeHMeM MOoOBUXKHOCTU NEePEeropoaku.
Takve nsmeHeHusi NOTeHUManbHO MOryT U3MEHWUTb HOPMarbHY AUHAMMKY HaMOMHEHUS U COKpaLLeHUsi Npeacepani, BNuss
Ha oOLUyto DYHKLMIO NeBOro NpPeAcepausi C TeYEHUEM BPEMEHM.

3akntoyeHue. SHaoBackynspHas koppekums OMMM y 35% peten conpoBoxganacb W3MEHEHUAMWU OpPMbl NEBOro
npeacepavs (yMeHbLUEHNEM CPEPUYHOCTU U YBEINUYEHMEM SNMUNCOUAHOCTU), KOTOPbIE COXpaHsanuck y 22% naumeHToB
nocrne TpaHcKaTeTepHOWN KOPPEKLMM B OTAANEHHbIE CPOKU. OTU N3MEHEHNS HE CONPOBOXAANNCH KakKuMWU-NNB0 HapyLleHnamu
cokpaTuTenbHon cnocobHocT u obbema kamep cepgua. B rpynne peten nocne xupyprudeckon koppekuwmm OMIMN
cokpaTuTernbHas cnocobHOCTb N 06beM Kamep cepAua JOCTOBEPHO He OTNMYaNNCh OT TaKOBbIX B Ipymnmne yCTPOWCTB.

KnroueBble cnosa: neBoe npefcepave; AedekTbl MEXNpeacepaHON Neperopoaku; OKKIAep; WHAEKC reBoro
npeacepans; QP / QS.

®duHaHCUpOBaHMe: nccnefoBaHue BbiNonHeHo 6e3 huHaHCOBOM NOoAAEPXKKM rPaHTOB, 06LLECTBEHHbIX, HEKOMMEP-
YeCKMX, KOMMEPYECKMX OpraHn3aLmnii U CTPYKTYp.

CooTBeTCcTBUE NPUHLMNAM nHopMUpoBaHHOE cornacue BbINo NoMyYeHO OT KaXAOoro naumneHTa.

ITUKMU:

Onsa uMTMpoBaHUs: Cokonos A.A., BapeapeHko B.U., EryHoB O.A., CmoproH A.B. ®opma 1 dyHKUMS NeBoro npea-

cepausi Mocne XWpypruyeckor U 3HOOBACKYNSIPHOW KOppekumu fAedekta MexnpencepaHoit
neperopogkun y aeten. Cubupckuli XypHasn KIuHU4eckol U aKcriepumMeHmarnbHOU MeOUUUHbI.
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Introduction

Atrial septal defects (ASD) are one of the most common
congenital heart defects, accounting for about 10-15% of
all congenital heart disease (CHD). Using the endovascular
technology ASD closure is currently accepted as the
treatment of choice in most patients with secundum ASD.
It has shown good efficacy as well as lower complication
rates compared to surgery. However, in some patients who
have contraindications for using the endovascular method,
surgical treatment is still used. [1].

ASD occluder devices, after fixation on the interatrial
septum, close the shunt, by eliminating the interchamber
communication. However, these devices increase the
rigidity of the septum, limit its mobility, and presumably
disrupt the mechanical function of the left atrium (LA).
There are some data that LA shape correlates with atrial
fibrillation (AF) and influences outcomes. Multiple markers
of LA remodeling, including LA shape, were correlated with
outcomes in atrial fibrillation (AF). Catheter ablation is an
important treatment of AF, but better tools are needed to

Table 1. Clinical and age characteristics in patient groups
Tabnuua 1. KnuHuyeckue 1 Bo3pacTHbie XapakTepUCTVKK rpynn nauneHToB

determine which patients will benefit. This study evaluated
particle-based modeling to quantitatively assess LA shape,
and determine to what degree it predicts AF recurrence after
catheter ablation [2].

The aim of this study was to assess the effect of surgical
and endovascular correction on the size, shape and function
of the left atrium and left ventricle in children

Subjects and methods
Subjects

We retrospectively studied consecutive echocardiograms
from subjects who received endovascular and surgery ASD
closure between 2006 and 2016 at the Cardiac Center in
Tomsk Russia. 756 patients with ASD were examined, 564 of
them before and after endovascular device closure and 192
after surgical correction. Follow-up duration was from 1 day
to 10 years (yrs), mean 3.6 yrs for the device group and 4.2
yrs for the surgery group, 3393 healthy patients in the same
age group, consisted of the controls. The control group was
further stratified by age.

Total / Becero (n = 756)

Follow-up / Device / 'pynna nauneHToB, KOTOPbIM BbIMOSIHSANACH Surgery / ['pynna naumeHToB, KOTOPbIM BbINOMHSANACh
KOHTpObHas TOUKE  |............. BB A KK M e B Ko et
Age / Bospact Age / Bospact
A PRI o b 2L ST
Mean Median Mean Median
1-7 day / 1-7 gHew 564 6.87 5.00 192 6.54 2.09
6 months / 6 mec. 154 6.91 6.00 117 5.05 2.50
1year/1ropn 128 7.14 6.00 87 5.23 3.020
> 2 years
(2.1-10 years)/ 175 8.87 8.00 192 9.1 7.00
Mocne 2 net

Note: the group of surgical patients included patients with contraindications for endovascular correction, in most cases because of a small or deficient rim

of the defect.

an/IMe'-IaHI/IeZ B rpynny Xvpypruyeckmx nauueHToB BOLLUIM NauUeHTbl C NPOTUBOMOKa3aHUAMU K SHLlOBaCKyJ'IﬂpHOIZ KOoppekuuu, B 6GonblNHCTBE cny4yaes

n3-3a HeJOCTAaTOYHOIO Kpas ,ElereKTa.

Methods

Echocardiographic images were obtained using
commercially available ultrasound equipment (iE33, Philips
Ultrasound). Standard echo measures of chamber sizes
and volumes were evaluated, including those indexed to
body surface area and deviations of the studied parameters
as a percentage of the predicted norm. Left ventricular filling
pressure was calculated by the relation of E/e waves [3,
4]. Doppler echocardiographic evaluation of mitral inflow
velocities and time duration was used in the assessment of
left ventricular diastolic function. E\A ratio transmitral flow
and mean septal and lateral mitral annular tissue doppler
diastolic velocities and peaks duration was evaluated.
The duration of diastole can be defined as one of the
markers diastolic function [5]. A high systolic/diastolic ratio
was associated with increased unfavorable events [6].
To reduce the effect of heart rate, diastole duration as a
percentage of the duration of the R-R interval was used.
Diastolic time expressed as percent of cardiac cycle (%
D) calculated by the formula: D% = ((R-R)-ET)\RR x 100,
where D% — diastole duration, ET — ejection time. Diastolic
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interval measured from transmitral flow was named FD (flow
diastole), another from used tissue Doppler-MD (mechanical
diastole).

Left atrial shape index (LASI) was calculated as the ratio
of half-sum anteroposterior and transverse size to vertical, .
(Fig. 1).

An increase in the index close to 100 was regarded as
an increase in sphericity, a decrease in ellipsoid LAVi-left
atrial indexed volume and RAVi-right indexed atrial volume
was calculated as volume-BSA relation. Atrial volumes were
calculated by standard methods by using 4 and 2 chamber
projections. Atrial index (Ai)- define as divided RA\LA
volumes [7].

Continuous variables are presented as mean and
standard deviation, M+ SD. Categorical data are represented
by frequencies and percentages. Clinical and procedural
variables were compared with t-test for independent
groups and paired t-test in the case of continuous data.
Independent samples of categorical data were compared
with Pearson x?test. Critical level of statistical significance
was 0.05.
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Fig. 1. Measurement of the size of the left atrium; H — height, w1 — anterior-posterior size, W2 — width

Puc. 1. UamepeHue pasvepa nesoro npeacepaus; H — Bbicota, w1 — nepegHesagHun pasmep, W2 — wupuHa

Results

Before correction, patients in the surgical group had
statistically higher Qp \ Qs than the device group, 2.97
+ 0.47 and 2.10 + 0.64, p = 0.01, the indexed volume of
the right atrium in the surgical group was larger (Table 2).
During follow-up in the device group, LASI was statistically
significantly decreased, in surgery patients there was no
statistically significant increase in LASI (Fig. 2).

Left atrial shape index

20 control control control control control

75
70 70,5
device —4—control

65 ——s5urg

60
ASD 1-5davs
Fig. 2. The absolute values of the LASI during follow-up

&mo 1v >2vrs

Puc. 2. A6contoTHble 3HadeHuss LASI B auHamuke

LASI in the control group was evaluated by a frequency
table. LASI < 65 had 5% we defined it value as “cut of point”
between normal and abnormal (Fig. 3). ASD patients had
LASI less than 65 in 10.6% of all cases (Fig. 4). After closing
the ASD (surgery and endovascular), percentages patients
who had abnormal LASI (< 65) increased in both groups
predominantly in the device group (Fig. 4).

LASI in patients before intervention and surgery was
statistically different from the control group and was not
difference in device and surgery groups. It was decreased
from the first day to years after device implantation. But, there
was no significant difference between surgery and control
group at the late points, but the device group had more
decreased LASI (Fig. 2)

LASH distetation
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Fig. 3. LASI control group distribution
Puc. 3. PacnpepneneHve KoHTponbHow rpynnbl no LASI

Left atrial shape index
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Fig. 4. Percentage of abnormal (less 65) LASI at follow up time

Puc. 4. MpoueHT naTtonorudeckux (MeHee 65) LASI B AuHamuke Ha
KOHTPOSIbHbBIX TOYKax HabnoaeHns

The number of patients with an abnormal shape of
the left atrium in the surgical group decreased during the
observation period, in the device group — was stable from
6 month until long-term follow-up (Fig. 4). We could not
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find any difference between surgery and device groups to chamber volumes and function. All device patients were
in respect to chambers volumes, their contractility, right divided into a “reshaping” group (RS) — LASI < 65 any point
ventricular systolic pressure at all follow up points. We  after implantation, and a “saved” shape group that had LASI
then evaluated the possible significance of changing LASI > 65 (Table 4).

Table 2. Chamber volumes in ASD patients before and after surgery and device correction (1-5 days, M + SD)

Ta6nuua 2. O6bembl kKaMep y NaLMEeHTOB ¢ AedEKTOM MeXNpeacepAHON Neperopoaki A0 M NOCTe XMPYPrUveckon 1 3HA0BACKYNSPHON koppekuum (1-5
nHen, M + SD)

Control Surgery / 'pynna nauneHToB, KOTOPbIM BbINOMHSNACh Device / I'pynna nauneHToB, KOTOPbIM BbIMOSIHANACH
Parameter KoHTponb-Has xupyprudeckas koppekums AMIM (n = 192) aHpoBackynsipHasi koppekumsa AMIN (n = 564)
Mokasaternm rEynna Before operation After operation Before operation After operation
(n=3000) [o onepauuun Mocne onepaumu [o onepauuu Mocne onepavuun
fi 2

EADX" mi/m 43277 442475 39.2 +7.00 433+6.4 449+72
LAi, ml/m?
Vonn 174+43 21.5+6.1 19.1£6.0 19.9+6.1 18.4 £ 4.5
RAi, ml/m? " A * A
Monn 19.3+5.3 38.9+6.1 21.8+8.2 30.8+6.1 21.9+6.0
Ai 1.13+0.25 1.68+0.61* 1.16 £ 0.29" 1.68 + 0.62* 1.22+0.33"
EF, % A
oB 70.6 £5.1 69.1+57 69.5+6.2 69.2+6.2 70.5+5.4
RVSP, mm Hg . A " A
CAMK 222+27 26.2+54 224 +4.3 252+49 224 + 3.1
DM, RR% 59.5+5.0 58.6 +4.9 64.3 + 4.2/ 58.4+1.6 59.2+1.8
DF, RR% 53.0+9.6 49.4+6.9 50.2+6.0 498+7.38 459+ 5.1
E/A 1.96 £ 0.51 1.79+0.48 1.78 £ 0.046 1.81£0.47 1.84 £ 0.49

Note: EDVi — EDVi — left ventricular indexed end diastolic volume, LAi — left atrial volume (indexed BSA), Rai — right atrial volume (indexed BSA), Ai —
atrial volume relation index (Rai/LAi), EF — LV ejection faction, RVSP — right ventricular systolic pressure. DM — mechanical diastole duration % R-R (by
tissue Doppler), DF — flow diastole duration (by transmitral flow Doppler, % R-R), » — marked significance difference with preoperative values, * — marked
significance difference with control.

Mpumeyanue: KO — nHaekcpoBaHHbI KOHEYHbIM anacTonuyeckuii o6bem nesoro xenygodka, MOJM — o6bem nesoro npeacepaust (MHAEKCMPOBAHHBIN
BSA), MOIMMM — o6bem npasoro npeacepanst (MHaekcupoBaHHbii BSA), Ai — nHaekc cooTHoleHust oobema npeacepann (Rai/LAi), @B — dpakums Beibpoca
neBoro xenygoyka, CAMX — cuctonuueckoe aasneHvie B npaBom xenyaodke. DM — npogomkuTenbHOCTb MeXaHNYeCcKon AMacTonbl, % OT HOpMbI (No
OaHHbIM TKaHeBon gonnneporpadumn), DF — npogomknTensHOCTL AMacTonbl NOTOKa (MO AaHHbIM TPaHCMUTPanbHoW gonnneporpadun, % OT HOpMbI) A —
OTMeYeHa pasHuLa B 3HAYMMOCTM C JOONEPALIMOHHBIMI MOKa3aTensamm, * — oTMeYeHa pasHuLa B 3HaYMMOCTH C KOHTPOMEM.

Table 3. Chamber volumes in the device group with normal and abnormal LA shape (M + SD)
Tabnuua 3. OGbeMbl kamep B rpynne yCTPOWUCTB C HOpMaribHOW 1 naTtoriornyeckoi dopmoii nesoro npeacepaus (M £ SD)

Early follow-up Late follow up
Control MepBas KOHTPONbHas To4Ka MocnenHss KOHTpONbHasH TOYKa
Parameter KOHTDOIBHAS  Foe e+ s s s e s seeassassenstn fantee s sttt ettt ett e te e tsesaseaaaseessseessaasesenn
MokasaTenu rpynna Saved LASI Reshape Saved LASI Reshape
(n=3383) ®opwma Il He MaTtonornyeckasn ®opma JM He Matonornyeckas
n3MeHeHa dopma I n3MeHeHa dopma I
i 2
EE;I/" mi/m 451%59 452+75 445+6.8 487462 513+92
LAVi, ml/m? A
vonn 18.0+5.2 17.7£9.1 19.0+4.1 20.1+4.9 18.1+5.5
RAVi, ml/m?
uonn 20.1+538 22 +10.1 21655 22+55 19.2+6.1
Ai 1.14 £0.21 1.27 £ 0.35 1.17 £ 0.31 1.16+£0.3 1.07 £ 0.3
EF, %
B 70.8+5.3 706 +56 70.3+5.1 69.6 +6.0 68.3+5.2
Eﬁﬁ;'(mm Hg 222428 22730 22129 224+38 238+3.6
1, 0,
Duration MD, RR% 56.4 % 6.6 60.4 £ 6.1 64.7 £5.0* 59.1%5.1 60.6+5.1
MpogomxuTtensHocts MD
1, 0,
Duration FD, RR% 54.5+6.3 51.3+9.1 55.8+7.2 485455 514+6.7
MpogonmkuTensHocTb FD
E/A 1.99 £ 0.52 1.82+0.4 1.86+0.6 1.89+04 1.71+04

Note: * — marked significance difference with preoperative values, *— marked significance difference with control.
MpumMeyaHue: * — oTMeyeHa cyllecTBeHHasi pa3HuLa C KOHTporeM, A — 0TMeYeHa CyLLeCTBEHHasi pa3HuLIA C KOHTPOIeM.
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Table 4. Chamber volumes in ASD patient before and after surgery and transcatheter correction (2-10 years, M + SD)

Ta6nuua 4. O6beM kKamep y NaLMEHTOB C AedeKTOM MeXNpeacepaHON NePEropoaKku A0 M MOCe onepauumn U 3HA0BACKYNSAPHOW KOPpPEeKLn

(2-10 net, M + SD)

Surgery / ['pynna nauneHToB, KOTOPbIM BbINOS- Device / ['pynna nauneHToB, KOTOPbIM
Parameter Control HSINACh XMPYPruyeckas KoppeKLms BBINOMHSANACH 3HAOBACKYMSIPHAsH KOPPEKLINS
KOHTponb-Haﬂrpynna .................. R R R R R R R R AR Sresesiiecand
lMokasatenu (n = 2700) Before operation After operation Before operation After operation Mocne
[o onepauuun Mocne onepaumnn [o onepauuu onepauuu
f 2
EB;I’" mi/m 46.7+7.1 44275 49 9.1 443164 49.3 +7.20
Il;l,:\)\j_il,nmllmz 18.3+4.5 21.5+6.1 205+7.0 19.9+6.1 18.4+45
RAVi, ml/m? . A . A
monn 20.7+£5.1 38.9+6.1 209+84 30.8£6.1 21.9+6.0
Ai 1.15+0.2 1.68+0.61*A 1.04+0.3 1.68 + 0.62* 1.22+0.33"
[
5’; & 70.1+4.9 69.1+5.7 70.7+£5.0 69.2+6.2 70.5+ 54
RVSP, mm Hg * A * A
camK 222+29 26.2+54 23.5+3.0 252+49 224 +31
DM, RR% 60.01+5.3 58.6 +4.9 64.7 £5.0" 58.4+1.6 60.6 +5.1
DF, RR% 543472 49.4+6.9 55.8 £7.2" 49.8+7.8 514+6.7
E/A 2.0+0.5 1.79+0.48 2.16 + 0.63" 1.81+0.47 1.92+0.5

Note: EDVi — left ventricular indexed end diastolic volume, Lai — left atrial volume (indexed BSA), Rai — right atrial volume (indexed BSA), Ai — atrial volume
relation index (Rai/LAi), EF — LV ejection faction, RVSP-right ventricular systolic pressure. DM — mechanical diastole duration % R-R (by tissue Doppler) DF —
flow diastole duration (by transmitral flow Doppler, % R-R), * — marked significance difference with preoperative values, * — marked significance difference

with control.

Mpumeyanue: KON — nHaekcnpoBaHHbIA KOHEYHBIV AuacTonuyeckuin oobem nesoro xenypoyka, MOJMi — o6bem neeoro npeacepans (MHAEKCUPOBAHHbIN
BSA), MO — o6bem npasoro npeacepans (MHAekcMpoBaHHbIn BSA), Ai — nHaekc cooTHoleHns ob6bema npeacepaunii (RAI/LAI), ®B — dpakums Beibpoca
nesoro xenyaouka, COMXK — cuctonuueckoe fasneHne B npaBom xenyaodke. DM — npogonmxutenbHOCTb MexaHnyeckon auactonsl, % R-R (no AaHHbIM
TkaHeBoW gonnneporpacun) DF — npogomxnTensHOCTb AMAcTosbl NOTOKa (MO AaHHLIM TpaHCMWUTpanbHoW aonnneporpacdumn, % R-R), » — BbipaxeHHas
pasHMLa B 3HaYMMOCTU C AOOMNEPaLMOHHBIMU 3HAYEHNSIMU, * — BbIpaXXeHHas pasHuLa B 3HaYMMOCTUN C KOHTPOMNEM.

LA and RA Volumes

At 1-5 days after ASD closure there were statistically
significant increasing LV volume and decreased right
chambers in both groups.

Left ventricular volume in short-term after ASD closure
were not changed in both groups, but left atrial volume
statistically significantly decreased in the device group. There
were decreasing right ventricular systolic pressure, and
right atrial volume with unchanging left ventricular ejection
fraction. We found that in 32% of patients in the device group
who had LA reshaping that their LA volume reduction was
more evident (LAi = 17.0 £ 4.4 mi\m2).

LA reshape and volume reduction was combined
changing the left atrial force (LAEF) determined by Mannig
method [8, 9]. The LAEF in the device group with LA reshape
was maximal after few days (1-5days, mean 3.4 + 1.3 and
years (2-10 mean 3.6 + 3.5years (Fig. 3).

Other Echo-parameters in these patients were not
different with the surgery group and patients who had
“saved” left atrial shape. Only mechanical diastole in reshape
subgroup early follow-up was longer with control (Table 3).

In the early postoperative time (1-5 days) after the closure
of the defects in patients with surgical and endovascular
groups, the volume of the right atrium significantly decreased,
the atrial index (see Table 2). At the same time, the diastolic
indexed volume of the left ventricle in the endovascular
group-increased, while in the surgical group it decreased in
comparison with the preoperative period. The RV systolic
pressure in both groups decreased significantly, while the
contractility of left ventricle remained unchanged. The patients
in device group with a registered violation of the LASI at the
time of implantation of the device was significantly younger

than patients with a preserved LASI 2.06 + 0.47 and 2.98 +
0.64 yrs, p = 0.02. It could be the hypothetic reason abnormal
left atrial shape in early follow-up.

10 Kdynes.smim2

9

] mdays
Years

7
normal

E I

. I

Surgery saved shape LA reshaped LA

Fig. 5. Left atrial ejection force in ASD patients after surgery and device
closing

Puc. 5. Cuna Bbibpoca nesoro npeacepans y NauneHToB ¢ Aedektom
MexnpeAcepaHo Neperopoaku nocne onepawmy 1 3HA0BaCKYNSAPHON
KOpPPEKUMUM B AMHAMMKE OTHOCUTENbHO 340POBbIX NALUEHTOB

Long-term postoperative period:

The groups of surgical and endovascular correction were
compared in the long-term from 2.1 to 10 years. The age of
patients in the groups was the same 9.58 + 6.9 (surgery) and
8.96 + 4.5 years (device). Mean follow up time in the surgery
group was 4.3 years, in device group — 3.6yrs.

The left atrial shape index was lower in the device group
74.0 £ 0.3 and 70.0 £ 2(surgery). A LASI < 65 (significantly
different from the norm) in the device group was found in
22.5%, of the device group, 8.0% in the surgical group and
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16.6%, in the complete study cohort. The indexed diastolic
volumes of LV in the groups did not differ (surgery 49.9 + 10.8
and devices 49.3 £ 9.6 ml/ m2, p = 0.61). Contractility was the
same EF: 70.7 £ 5and 70.5 £ 5, p = 0.99 (Table 4).

The LAEF (left atrial contraction force) was statistically
significantly lower in the surgery group than in the
endovascular correction group (Fig. 6). In turn, the contraction
force of the left atrium in the endovascular group did not differ
with the control group.

It should be noted that in patients that lost form of the
left atrium after correction (34.4% of total), the strength of

p=0.001
.5 -

2.0

5.5

8.0

L]

7.0

Kdynaslomima

6.5

8,0

5.5

5.0

surgery devioe

o Mean
[ MeanzsE
T Meanzi 96*SE

Fig. 6. Left atrial force in surgery and device groups at long-term
follow-up

Pwuc. 6. Cuna neBoro npegcepauns B rpynnax ¢ XMpypruieckom un
9HA0BACKYNSPHOW KOpPeKUMen npy AnvTensHoM HabnoaeHum

It has been shown that a change in the shape of the left
atrium in patients with paroxysmal arrhythmias is associated
with frequent relapses after treatment [12].

The possibly unfavorable value of the change in the shape
of the left atrium may be indicated by the tendency to increase
the filling pressure of the left ventricle (5.87 + 1.4-control
and 6.5 + 1.5 mm Hg) in the device group for 1-5 days. The
pressure of LV filling remaining within normal values after
endovascular closure of the defects significantly increased
within 1-5 days after the procedure (Fig. 7.). In patients
with post-endovascular correction, a small negative, but
statistically significant correlation between the LASI and
filling pressure was recorded, r = —0.39, p = 0.001.

It can be assumed that the first mechanisms of remodeling
of the left atrium, in particular, changes in its shape and
force of contraction will turn out to be unfavorable factors
in the future. Similar changes were found in adult patients
with interatrial adiposity. These remodeling processes were
associated with increased LA global kinetic energy and
ejection force at the hemodynamic level, which may serve
to compensate for those functional deteriorations of LA in
asymptomatic population [13].

168 K 300-AeTuio PoccuiiCKoOi aKaAEeMUU HAYK

the contraction of the left atrium was higher than the group
average and amounted to 9.51 £ 4.7 kdynes \ cm \ m?, while in
those with impaired left form atrial after surgery, the strength
of the contraction of the LA was not significantly different from
the entire surgery group (6.5 + 4.4 kdynes \ cm \ m?) and the
control group 6.6 + 4.8 kdynes / cm \/ m?.

It can be assumed that an increase in the force of LA
contraction causing LV filling, may adversely affect further.
Some researchers find an increase in left atrial contraction
force as one of the mechanisms of left ventricular hypertrophy
in hypertension [10, 11].

first day aler device

.6
T4
T2

T0

. |Z|
6.2

8.0

5.8 - -
ASD devica

O Mean
[0 Mean+SE
T Meant1,96°SE

Fig. 7. LV filling pressure in device group at early follow-up
Pwuc. 7. laBneHne HanonHeHWs NeBoro xenyao4ka B rpynne ¢
9HA0BACKYNSIPHOW KOPPEeKLMen npu paHHeM HabnogeHun

It is hoped that these changes are not significant for the
lives of our young patients. In the long term after surgical
and endovascular treatment of ASD, the main hemodynamic
parameters and indexed chamber volumes did not abnormal
(Table 4).

Discussion

The main attention in the manuscript is paid to the
results of two methods of treatment of atrial septal defects
(ASD) in children — endovascular and surgical correction —
and their effect on the shape, size and function of the left
atrium (LA). ASD are common congenital heart defects, and
understanding the effects of treatment on the structure and
function of the heart is crucial to optimize treatment strategies
and improve the results of correction of the defect in patients.

The study showed that both endovascular and surgical
methods are effective in correcting ASD and lead to favorable
results with respect to left atrial function. However, there is
still uncertainty about the long-term effects after implanted
devices used in endovascular procedures. Although these
devices offer a minimally invasive solution, there is a problem
associated with increased stiffness and limited mobility of
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the partition. Such changes can potentially alter the normal
dynamics of atrial filling and contraction, affecting the overall
function of the left atrium over time.

The retrospective nature of the study allows for a
valuable comparison between surgical and endovascular
interventions. Since the average follow-up period in different
groups was 3.6 years in the endovascular group and 4.2
years in the surgical group, the results indicate that although
both correction methods give satisfactory short- and medium-
term results in LA remodeling, further studies are needed to
assess potential long-term consequences, especially when
using endovascular methods.

The results of the study confirm the importance of an
individual approach to the treatment of pediatric patients
with ASD, taking into account the possible trade-offs
between immediate recovery and the long-term state of the
cardiovascular system. Understanding how each intervention
affects the structure of the heart over time can serve as a basis
for clinical decision-making. The results obtained emphasize
the need for clinicians to conduct echocardiographic
monitoring not only directly in the postoperative period, which
allows timely detection of any mechanical complications
or changes in the work of the heart and take measures to
eliminate them.

Retrospective analysis has its limitations, including
possible errors in the selection of patients and differences
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