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[unarHo3aTta Ha MbnHKUS aTpUoBEHTPUKYNapeH centaneH aedekt (MABCL) e uausno exokapauorpadicka. Mpu pasrpaHu-
YaBaHeTo Ha 6anaHcupanuTe oT gebanaHcupaHuTe hopMK Ce M3NON3BaT PasNYHN M3MEPBAHNS, HO BCSKO OT TAX UMa
OrpaHWYeHmns 1 He MOXe Aa Ce U3MonaBa CamoCToSTENHO. JTMNCBa yCTaHOBEH anropuThbM, KOWTO Aa NO3BOMSBA NPELM3HO
knacudmuympare Ha MABC[ kato 6anaHcupaH unu gebanaHcupad, ocobeHo npu rpaHuyHuTe dopmu. Ha 6asata Ha
NPOTOKON, BKMKOYBALL U3MEPBAHE Ha pPeauLia 13NoNn3BaHW OT ApYru u3cnefoBaTeny exokapanorpadcki nokasarenu, Hue
ycnsixme fa uaeHtuduumpame 4 namepsaHnus, KOUTO NPUNOXKEHN B NPEANKTUBEH MOZEN NO3BONSBAT NpaBMiHO onpese-
nsHe Ha copmata Ha MABC[ B 97% ot cnyyauTte. Tean nokasaTenu ca: brbi Ha BXOASALMSA KPbBOTOK Ha AsCHa U NsBa
kamepa, BXOASILY KPbBOTOK NPE3 isiBaTa aTpUOBEHTPUKYAPHA Knana, aTPUOBEHTPUKYNIAPEH KnaneH MHAEKC U CbOTHOLLE-
HWEe MexXay ObAruTe OCK Ha kKamepuTe.
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Abstract. The diagnosis of complete atrioventricular septal defect (CAVSD) relies completely on echocardiography. Different
measurements can be used for the differentiation of the balanced from the unbalanced forms of the defect but each of
them has limitations and cannot be applied separately. There is no established algorithm ensuring precise classification of
the CAVSD as balanced or unbalanced, especially in borderline forms. Based on a protocol, including measurements of a
series of echocardiographic parameters used by other investigators, we have managed to identify 4 measurements which
when applied in a predictive model allow for correct determination of the form of the CAVSD in 97% of the cases. These
parameters are: inflow angle right ventricle/left ventricle, left atrioventricular valve inflow, atrioventricular valve index, and
ratio between the long axes of the two ventricles.
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BbBEOQEHME INTRODUCTION

MbNHUAT aTPUOBEHTPUKYNAPEH cenTaneH AedekT
(MABC[) e komnnekcHa BpoAeHa cbpaevHa mangop-
mauusa (BCM), koato npepctasnsiBa okoro 7% ot
Bcuykm BCM un ce cpewa npu 3.5 Ha 10 000 xunBopoae-
Hu geua [1, 2, 3]. OT aHaTOMUYHA rMeaHa TOYKa BKIOY-
Ba CbYeTaHWe OT HUCKO PasnofiokeH (MpUMyMm) Mex-
aynpencbpaeH gedekT, BXOAEH MexaykamepeH de-

Complete atrioventricular septal defect (CAVSD)
is a complex congenital heart defect (CHD) which ac-
counts for about 7% of all CHDs and affects 3.5/10 000
live-born children [1, 2, 3]. This CHD consists of an os-
tium primum atrial septal defect, inlet ventricular sep-
tal defect (VSD), and a common atrioventricular (AV)
valve with 5 leaflets. The diagnosis is based entirely
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dekT (MKL) n obwa atpruoBeHTpukynapHa (AB) knana
¢ 5 nnatHa. [lnarHosaTta e 13usano exokapguorpadcka,
a NNeYEHNETO € XMPYTUYHO, KaTo CTPEMEXBT € KbM OCb-
LecTBsIBaHe Ha ABykamepHa kopekums (2KK).

B 3aBMCUMMOCT OT pasnoroxeHneTo Ha obuiata AB
Knana crnpsiMmo kamepuTte ce pasnuyasaTt banaHcupaHa
dopma Ha MABC[, npu koATO knanata € paBHOMEPHO
pasnpegeneHa mexay osete kamepu, n gebanaHcupa-
Ha chopma, npu koaTo obuwaTta AB knana ce CBbp3Ba
npeoMMHO C egHa OT KaMmepuTe, JoKaTo gpyrata Kame-
pa octaBa xunonepdysnpaHa 1 CbOTBETHO — XUMOM-
nactnyHa. MNMpu gebanaHcupaxusa NMABCL moxe ga uma
OOMUHMpaLLa OsicHa Kamepa — T.Hap. 0sicHa OOMUHaHM-
HOCcm, KOSITO € no-4yecTa, Unu JoOMUHMpaLLa nsBa Kame-
pa — f1:.8a OOMUHaHMHOCM, CpeLlalla ce No-psako.

Texkute opmun Ha aebanaHcupaH NMABCL naknioy-
BaT M3BbpLUBaHeTO Ha 2KK 1 naumeHTUTE Nognexar Ha
eaHokamepHa umpkynaumsa (1KL). CepnoseH npobnem
npv onpefensHeTo Ha onTMManHata XMpyprudHa crpa-
Terns npencraenasat PopMUTE C rpaHUYHa CTEMEH Ha
aucbanaHc 1 B YaCTHOCT C FPaHUYHKN pa3mepu Ha nsiBa-
Ta Kamepa, Korato MMa CbMHEHUS Jann T4 € B CbCTOSA-
HWe Ja nogabpka cuctemMHara umpkynauua cneg 2KK.

Peguua aBTOpM ca ce 3aHMMaBanu 1 NpogbimkaBaTt
[a paboTar Bbpxy npobnema ¢ exokapavorpadyckoTo
pa3rpaHnyaBaHe Ha HanaHcupaHuTe oT gebanaHcupa-
HuTe dopmun Ha MABC[ [4, 5, 6, 7, 8, 9]. Misanon3eaHu
ca pasnunyHM N3MepPBaHKS, HO BCE OLLE NUMNCBa anropu-
TbM, Ha KOWTO fa ce GasupaTt gvarHocTukara u onpe-
[ensiHeTo Ha Han-noaxoasiiara XMpypriuyHa ctpaterus.
Tobi KaTo B HALWM AHU MO-rofisiMaTa 4acT oT naumMeHTuTe
Ce VMHOVKMpaT 3a onepauus Bb3 OCHOBA Ha exoKapau-
orpadckn noctaBeHa guarHosa, AeTanunHoTo npegone-
paTMBHO BM3yanusMpaHe Ha BCUYKM €IEMEHTUN Ha aHo-
ManusTa, U3BbPLUBAHETO Ha NPELU3HN U3MEPBaHMS U
onpegensHeTo Ha Aedekta kato banaHcmpaH unu ge-
DanaHcupaH ca OT U3KIMKYUTENHA BaXKHOCT.

HenpaBunHOTO wuHAMKMPaHE Ha MauueHTuTe C
Henogxoaswa aHatomus 3a 2KK e cBbp3aHO C BUCOK
pucK 3a HebnaronpuaTeH nsxog. B Tean cnyyaun no-go-
Opa e nporHosaTa npu GOMNHWUTE, NPU KOUTO OUPEKTHO
ce npeanpuemar etanute Ha 1KL, (PoHTaH onepaums)
npuv HEBB3MOXHOCT 3a OCbLUECTBSIBaHe Ha paaukanHa
onepauus, OTKOMKOTO Npu Te3u C NOorpeLlHo npeanpu-
eTa [BykamepHa kopekuus. ToecTt ,nobpaTta“ egHoka-
MepHa uMpKynauus e 3a npegnovnTaHe npeg Jiowara’
OBYKamMepHa KOpeKUus.

LIENn HA NPOYYBAHETO

Llenta Ha HaweTo npoyyBaHe e Aa ce uaeHTudu-
umpaT npegonepaTtMBHUTE exokapamorpadickn namep-
BaHWUH, KOUTO C Han-rofnsiMa cTeneH Ha JOCTOBEPHOCT
pasrpaHuyasaT 6anaHcupaHute ot gebanaHcmpaHute
dopmu Ha MABCA.

on echocardiography, and the treatment is operative,
with the goal of achieving a biventricular repair (BVR)
whenever feasible.

Depending on the distribution of the common AV-
valve concerning the ventricle there are two forms of
CAVSD: balanced in which the valve is evenly distrib-
uted over the two ventricles and unbalanced form in
which the common AV-valve is connected preferen-
tially with one of the ventricles, while the other ven-
tricle remains under perfused and hypoplastic. The
unbalanced CAVSD can be right dominant, which is
the more common form or left dominant, which is less
common.

The severe forms of unbalanced CAVSD preclude
BVR, and the patients are candidates for single-ven-
tricle circulation (SVC). However, a serious challenge
when determining the optimal surgical strategy are the
forms with borderline balance and particularly with bor-
derline left ventricle when it is not sure whether it would
be in a state to maintain the systemic circulation after
2VC.

Different authors have investigated and still are
working on the problem with echocardiographic differen-
tiation between the balanced and unbalanced forms of
CAVSD [4, 5, 6, 7, 8, 9]. Even though different measure-
ments have been proposed, an algorithm facilitating the
diagnosis and the choice of the optimal surgical strategy
is still lacking. Bearing in mind the fact that nowadays
most patients are indicated for surgery based entirely
on the echocardiographic findings, it is obvious that the
detailed preoperative visualization of all elements of the
anomaly, the performance of precise measurements,
and the accurate classification of the defect as balanced
or unbalanced is of outermost importance.

Incorrect referral of patients with unsuitable anato-
my for two-ventricle correction is associated with an in-
creased risk for unfavorable outcomes. The prognosis
is better by patients who are directly indicated for Fon-
tan circulation when the anatomy is deemed unsuitable
for radical correction than by cases with unsuccessful
attempts for BVR, i.e. ,good* single-ventricle circulation
is preferable to ,bad” biventricular repair.

AIM OF THE STUDY

Our study aims to identify the preoperative echo-
cardiographic measurements, which allow the most
reliable differentiation between the balanced and the
unbalanced forms of CAVSD.
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MATEPUAN U METOOMU

3a ocbluecTBABaHe Ha Tasu Len aHanuMsupaxme
OaHHUTE OT exokapguorpadckute mscneaBaHus npu
100 naumeHTn ¢ Tasn BCM, npemunHanu npes KnuHu-
KaTa no getcka Kkapguonorus kbM HaumoHanHata kap-
anonornyHa 6onHuua 3a nepmoga 2014-2021r.64 caB
peTpocneKkTMBHaTa rpyna, npu KoaTo exokapguorpadg-
CKUTE M3MEPBaHNsI Ca OCbLLLECTBEHU BbPXY CbXpaHe-
HWUTe 3anucu, n 36 ca B NpoCMeKkTMBHATa rpyna, npu
KOSITO M3MepBaHMATa Ca WM3BbPLUBAHU MO MPOTOKON.
BposaT Ha naumMeHTUTE Cbe cTaTUCTUYECKN 0bpaboTeHn
AaHHM e no-manbk oT 100, T KaTo Npu peTpocnek-
TMBHaTa rpyna He 6elle Bb3MOXHO ONpeaensiHeTo Ha
BCUYKM exokapguorpadckm napametpu. Mpu nunca Ha
Aopu eaHo nsMmepsaHe belwe HeobxoouMO M3KNYBa-
He Ha CbOTBETHUA MALMEHT OT aHanmaa.

IuarHosata NABC[ 6elle noctaBeHa Ha 6asaTa Ha
XapakTepHaTa exokapauorpadcka Haxogka, BKIoYBaLla
MexaynpeacbpaeH aedekt Tmn ostium primum, BXO4eH
(inlet) mexxaykamepeH gedbekT 1 obwa AB knana. 81 ca
onepupaHu, 19 ca HeonepupaHu, OT kKouto npu 14 e Ha-
CTbMNUI NEeTaneH u3xoq Npeaun nnaHvpaHara XvpypridHa
WHTEPBEHLUS, @ 5 o4aKkeaT BKIMHOYBaHE B onepaTmBHa Npo-
rpama. Npu 4 oT nouHanuTe Aela npeam ocbLUecTBsIBa-
He Ha orepaTuBHa MHTEPBEHLIMSA € NpoBedeHa ayToncus,
npu KOATO € BepudmumpaHa aHatomusTa Ha NABCL.

W3cnegsaHeTo e npoBegeHo ¢ anapatu Philips 13 n
Philips Epiq 7C. NamepBaHuaTa ca HanpaseHu No Bpe-
M€ Ha U3CrnefBaHeTo UMM BbPXy CbXpaHeHW 3anucu no
npensapuTenHo 3agageH nNpoTokon, BkroyBaw, 9 na-
pameTbpa, U3MNon3BaHu 1 OT ApYyrn uacnegosartenu [9,
10, 11,12, 13, 14, 15, 16, 17, 18].

C uen onpegensiHe OO kakBa CTeneH abconoTHUTE
CTOMHOCTW Ha MOMy4YeHUTe U3MEpBaHWs CbOTBETCTBAT
Ha Bb3pacTTa W TeNecHWTE MPOMopLUMX Ha MauMEeHTa,
nsdmcnmxme Z-CToMHOCT (Z-score) 3a BCSIKO €HO OT TSX.
Z-score 0TpassiBa KOSKO CTaHAAPTHU OTKITOHEHWSI HA4 UInn
nog npeasvaeHarta cpefHa CTOMHOCT ce Hamvpa AafeHo
nsMepBaHe. To3n nogxon ce M3rnonasa Bce No-LUMpoKO B
AeTckata Kapavonorus, Kato yrnecHsiBa AeTekumsata Ha
natonoryyHa NpomMsiHa B pa3mepa Ha AageHn CTPYKTypu
¢ BpemMeTo [19]. Z-ckopbT Ce u3umcnssa no gopmynara

(vl 1]

. "7 o, KbETO X € PerucTpUpaHoTo U3MepBaHe, | e
0O4YaKBaHOTO M3MeEpPBaHe (CpedHo 3a nmonynauusTa), a o
€ CTaHOapTHOTO OTKIMOHeHWe 3a nonynauuaTa. Mo To3m
Ha4uH Z-CKOpOBETe, KOUTO Ca Haf CpefHuTe 3a nonyna-
uusaTa, MMaT no3uTMBHA CTOMHOCT, a Te3u, KOUTO ca Nof
cpegHuTe 3a nonynauusaTa, ca ¢ HeraTyBHa CTOMHOCT. 3a
NnoBeYeTO M3MepBaHKs ce rnpenopbyBa Z-CKOpOBETE Aa
Ce M34MCrABaT CrpsMO TenecHaTa MOBbPXHOCT Ha na-
umeHTa. HopmanHuTte ctoHocTu ca oT —3 o +3 cTaH-
OapPTHU OTKINOHeHus (SD). Z-ckopoBeTe Ha ANacTOoNHUTE
pa3vepn Ha nseata (JIK) n gacHata kamepa (OK) n Ha
AVaMeTpuTe Ha MuUTparnHata v TpUKycnuganHata knana

MATERIAL AND METHODS

We have analyzed the data of 100 patients with
CAVSD who have been admitted to the Pediatric Car-
diology Department of the National Heart Hospital
during the period 2014-2021 year. 64 patients were in
the retrospective group with echocardiographic mea-
surements performed on the saved studies, and 36
were in the prospective group with echocardiographic
measurements conducted following the protocol. The
number of patients with statistically analyzed data is
smaller than 100 because by the retrospective group
it was not possible to determine all the echocardio-
graphic parameters. When even was measurement
was missing the patient was excluded from the anal-
ysis. 81 children underwent surgical treatment, and
the diagnosis was verified intraoperatively. Out of
the 19 unoperated children, 14 died before surgical
treatment; by 4 of them, the diagnosis was verified at
the time of the autopsy. The remaining 5 children are
planned for surgery.

The diagnosis of CAVSD was based on the typ-
ical echocardiographic findings including ostium pri-
mum atrial septal defect, inlet ventricular septal de-
fect, and a common AV-valve. The echocardiographic
measurements were performed using two machines
— Philipsl3 n Philips Epiq 7C according to a predefined
protocol including 9 parameters [9, 10, 11, 12, 13, 14,
15, 16, 17, 18].

To determine the correlation between the ac-
quired measurements and the patients’ age and
weight we have calculated the z-score of each pa-
rameter. Z-score describes how many standard de-
viations above or under age-specific mean values are
certain measurements. This approach is widely used
in pediatric cardiology, as it facilitates the detection
of pathologic changes in the size of given structures

-w

with time [19]. Z-score is defined as £ "o , where ¥
is the measured value, p is the expected value (pop-
ulation mean), and o is the standard deviation for
the population. Thus, Z-scores which are above the
population average have a positive value, and those
which are below the population average have a neg-
ative value. The value of the Z-score itself defines the
extent of the deviation from the average value. For
most measurements, it is recommended that Z-scores
are calculated in relation to the body surface (BSA)
of the patient. We have used the DuBois formula for
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Ca onpefeneHn B 3aBMCUMOCT OT M34ucreHaTa no gop-
mMynata Ha DuBois TenecHa noBbpxHOCT cropes Detroit
Data http://parameterz.blogspot.com/2008/09/z-scores-
of-cardiac-structures.html.

Bsixa onpegenenn cnegHuTe exokapauorpadcku
napameTtpu, kato Oelle B3eTa cpegHaTa CTOMHOCT Ha
Tpu NnocnegoBaTenHn n3mepBaHus:

1. CbomHoweHue mMexdy dbsi2aume ocu Ha Jisi-
eama kamepa (left ventricle — LV) u dsicHama kamepa
(right ventricle — RV) (LV/RV long axis) — obmxkuHute
Ha KamepuTe ca N3MEepPEHN OT anmKanHa YeTMPUKYXMHHA
NPOEKLUs MO BpeMe Ha CUCTOMNa KaTo pa3CTOSHMETO OT
AB kraneH npbCTeH A0 CbpAeyHMs BpbX (dur. 1).

2. CbomHouweHue Mexxdy duacmosiHume pasme-
pu Ha nsseama u dsicHama kamepa (LV/RV diastole)
— Te ca U3MepeHn ctaHaapTHo Ype3 M-mode ot napac-
TepHasnHa KbCOOCEeBa MPOEKUMS Ha HUBO NanunapHu
Myckynu (dour. 2). Belle onpeneneHo CbOTHOLLEHUETO
awactoneH pasmep Ha JIK/anactoneH pasmep Ha [K.

3. Juamempu Ha nsieama u Ha dsicHama rnoJsio-
euHa Ha AB knanama (left atrioventricular valve/
right atrioventricular valve — LAVV/RAVV) — Te ca
N3MEpPEHN OT anukasnHa YeTUPUKYXMHHA NPOeKLUs npu
MaKCUMarnHo OTBOPEHO MOMOXEeHWe Ha Knanata no
Bpeme Ha amnacrtona (cur. 3). baxa onpeaeneHn z-cko-
poBETE Ha TE3W NoKa3aTenu, KakTo U CbOTHOLUEHMETO
Mexay OuameTpuTe Ha ABeTe Knanu.

4. bebn Ha exodsuwusi kpbeomok OK/IJIK (RV/
LV inflow angle) — OT 4eTUPUKYXUHHA NPOEKUUS B
aunacrona, npy MakcumariHO OTBOPEHO MOSIOXEHME Ha
obwarta AB knana, Gele onpegeneH brbNbT MEXAy
NHUNTE, CBBbP3BALLN HMBOTO Ha OKadBaHe Ha nsBata

®ur. 1. AnvkanHa YeTpuKyxXnHHa NpoeKkums, OoT KOATO
ca U3MepeHu ObnrnTe ocx Ha ABETE Kamepu

Fig. 1. Measurement of the long axes of both ventricles
from apical four-chamber view

BSA calculation and for the z-scores the Detroit Data
http://parameterz.blogspot.com/2008/09/z-scores-of-
cardiac-structures.html.

The following echocardiographic parameters have
been measured, taking the average of three consecu-
tive measurements:

1. Ratio between the long axes of the left ven-
tricle (LV) and the right ventricle (RV) (LV/RV long
axis) — the lengths of the ventricles have been mea-
sured from a four-chamber view during systole as the
distance from the AV-valve to the cardiac apex (Fig. 1).

2. Ratio between the diastolic dimensions of LV
and RV (LV/RV diastole) — they have been measured
by M-mode from parasternal short-axis view at the
level of the papillary muscles (Fig. 2). We have calcu-
lated the ratio left ventricular/right ventricular diastolic
dimension.

3. Diameters of the left and the right AV-valve
(left atrioventricular valve/right atrioventricular
valve — LAVV/RAVV) — have been measured from api-
cal four-chamber view by a maximally open valve during
diastole (Fig. 3). We have determined the z-scores of
these measurements as well as the ratio between the
diameters of the two valves.

4. RV/LV inflow angle) — from apical four-cham-
ber view, by a maximally open position of the common
AV-valve, we have measured the angle between the

2]

-LVPWs 0599 ¢m
= LVIDs 1.52 em
-[VSs 0.714 cm
= LVPWd 0382 em
= LVIDd 2.56 cm
- IVSd 0.622 ¢m
- RVIDd 145 cm
- RvAWd 0.530 cm

ECV [MM-Teich) 23.7ml
IVS/LVPW (MM} 159
LV Mass (Cubed) 24649
V'S % (MM) 148%
ESV (MM-Teich) 6.27 ml
F5(MM-Teich) 406 %
EF (MM-Taich}  73.5%

LVPW % (MM)  528%

®ur. 2. VismepBaHe Ha anactonHuTe pasmepu Ha JIK n K ypes M-mode oT kb-
cooceBa NpoeKuusi

Fig. 2. M-mode measurement of the diastolic dimensions of LV and RV from
short-axis view
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nonosuHa Ha AB knanaTta KbMm natepanHarta cTeHa Ha
nsiBata kamepa u rpebeHa Ha MexXgyKkaMepHuUsi cenTym
(nMHKWA 1) M NUHKATA, CBbP3BaLLa HMBOTO HA OKa4BaHe
Ha gsicHaTa nonosuHa Ha AB knanarta kbm npegHara
CTeHa Ha AsicHaTa kamepa u rpebeHa (crest) Ha mex-
aykamepHusa centym (nuHus 2) (cour. 4).

5. AmpuoeeHmpukynapeH cenmarsieH ba2bJ1 (atrio-
ventricular septal angle — AVs-angle) — Ton e onpe-
AeneH OT anukanHa YeTUPUKYXMHHA MPOEKLMs KaTo
brbfa, CKNIOYBALLY Ce MeXay JIMHUUTE, NpeMUHaBaLLu
no ObJ/HKMHATa Ha MeXaynpeachbpaHns 1 Ha Mexayka-
MepHus centym (cwr. 5).

6. AmpuoeeHmMpuKyJiapeH KraneH UuHOekc (atrio-
ventricular valve index — AVVI) — 3a onpenensiHeTo My
e nanonaeaHa 30° nsBa NpegHa koca cybkocTanHa npo-
eKkumsi oT ABypa3mepHaTta exokapguorpadums. OT Hes
ce oyepTaBa obumkonkaTa Ha obmsa AB knaneH oTBop B
Kpasi Ha anacTtonara (cur. 6). Crieg ToBa Ta3u obmKonka

lines connecting the hinge point of the left AV-valve to
the lateral wall of the LV and the crest of the interven-
tricular septum (line 1), and the line connecting the
hinge point of the right AV-valve to the anterior wall
of the RV and the crest of the interventricular septum
(line 2) (Fig. 4).

5. Atrioventricular septal angle (AVs-angle) —
we have measured it from apical four-chamber view
as the angle between the lines passing through the
length of the interatrial and the interventricular septum
(Fig. 5).

6. Atrioventricular valve index (AVVI) — it has
been measured from subcostal 30° left anterior oblique
view. First, the circumference of the common AV-valve

®dur. 3. [lnameTpun Ha nsBaTta 1 Ha gscHaTta no-
nosuHa Ha AB knanarta

Fig. 3. Diameters of the left and the right AV- poeiuma

valve

®dur. 4. VIamepBaHe Ha brrbra Ha BXOAALLMSA
KPBBOTOK OT anukanHa YeTUpUKyXMHHA

Fig. 4. Measurement of the RV/LV inflow

®wur. 5. iavepsaHe Ha AB-centanHus bron
OT anukanHa YeTUPUKYXMHHA NpoeKLms

Fig. 5. Measurement of the AV-septal
angle from apical four-chamber view

angle from apical four-chamber view

&
AdCs
LV Length
LV Area

1.85¢cm
1.76 em?
1.07 ml

LV Langth
LV Area

1.70 em
1.94 cm*

®dur. 6. OnpegensHe Ha AVVI. 1 — nnowy Ha asicHata AB knana, 2 —
nrouy, Ha nsasata AB knana

Fig. 6. AVVI measurement. 1 — right AV-valve area; 2- left AV-valve
area



Exokapauorpadcku napameTpu 3a pasrpaHuyaBaHe Ha GanaHcupaHuTe... 89

ce pasgerns OT NMHWSA, MPeMVHaBalla no paBHMHAaTa Ha
mMexaykamepHus centym MKC, oT Bbpxa Ha MHQYHOU-
OynHusa centym o rpebeHa (crest) Ha MyckynHus cen-
TYM M Taka ce o4yepTaBaT NsIB U AECEH KOMMOHEHT Ha
ob6uwara AB knana. AVVI ce nsdncnsiea ypes pasgensiHe
Ha no-markaTa KbM no-ronsiMata KrnarHa noLy.

7. ModudpuyupaH ampuoeeHmMpUKyJiapeH Kia-
neH uHdekc (modified atrioventricular valve index —
mAVVI) — 3a onpegensaHeTo My e nsnonasaHa 30-rpagy-
COBa NnsiBa npefHa Koca cybkocTanHa npoekums oT OBy-
pasmepHaTa exokapauorpadus, aHanormyHo Ha AVVI.
mAVVI ce nsuncnsea ypes pasgensgHe Ha nnowlta Ha ng-
BaTa AB knana, KOATO e BUHaru B YNCNUTENS, Ha nnowta
Ha oOLwlaTa AB krana, KosiTo € BUHarn B 3HaMeHartensi.

8. UHOekcupaH mexdykamepeH Oegpekm (in-
dexed ventricular septal defect— inVSD) — Toli npea-
CTaBrsiBa CbOTHOLUEHNETO Mexay pa3mepa Ha MK n
OnameTbpa Ha obuwarta AB knana. OT YeTMPUKYXMHHA
npoekums B cuctorna 6e nsaMepeH pasmepbT Ha MexX-
aykamepHus gedekt no gbnrata oc (D2). inVSD 6elwe
n3yncneH Ypes pasgensHe Ha pasmepa Ha MK Ha gu-
ameTbpa Ha obwata AB-knana (D1) (dowr. 7).

9. Bxodsiw, KpbBOMOK Mnpe3 Jsisieama nosIoeuHa
Ha AB knana (LAVV inflow) — Ton e onpeneneH ot
anukarnHa YeTUPUKyXMHHa MPOEKLMS KaTo CbOTHOLLE-
HMETO Mexay OuameTbpa Ha [KeTa Ha LBETHUSA O0-
nnep Ha HWBO NanunapHW MyCKynu (T.Hap. BTOpPUYEH
KnaneH NpbCTeH) M AMaMeTbpa Ha nsiBata MoroBMHa
Ha obwara AB knana (MbpBUYEH KnaneH MNpPbCTEH)
(cpur. 8). Onpenenenn ca 3 cteneHn — 0 (CTOMHOCT <
0.3), 1 (ctonHocT 0.3-0.5) n 2 (cTtonHocT > 0.5).

=
e

®dwur. 7. OnpegensiHe Ha inVSD

Fig. 7. inVSD measurement

at the end of the diastole is traced (Fig. 6). Then this
circumference is divided by a line passing along the
plane of the interventricular septum, defining left and
right components of the common AV-valve. The AVVI
is calculated by dividing the smaller by the larger valve
surface area.

7. Modified atrioventricular valve index (mAVVI)
— it has been measured from subcostal 30° left anterior
oblique view using the same technique as for the AVVI.
mAVVI is calculated by dividing the LAVV area by the
common RAVV area.

8. Indexed ventricular septal defect (inVSD) —
this is the ratio between the size of the VSD and the
common AV-valve diameter. The size of the VSD has
been measured from a four-chamber view in systole
(D2). inVSD is calculated by dividing the size of the
VSD by the diameter of the common AV valve (D1)
(Fig. 7).

9. LAVV inflow — it has been determined from the
apical four-chamber view as the ratio between the di-
ameter of the color Doppler jet at the level of the pap-
illary muscles (secondary annulus) and the diameter
of the left AV-valve (primary annulus) (Fig. 8). Three
degrees have been defined — 0 (value < 0.3), 1 (value
0.3-0.5), and 2 (value > 0.5).

®ur. 8. OnpefensHe Ha BXOAALMSA KPbBOTOK npe3 nssata AB-knana ot anvkanHa
YEeTUPUKYXMHHA Npoekums. JIuHus 1 — MmbpBUYEH KnaneH npbeTeH. JinHus 2 — BTO-
pWYEH KnaneH nNpbCTeH

Fig. 8. Measurement of LAVV inflow from apical four-chamber view. Line 1 — primary
annulus. Line 2 — secondary annulus
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CTATUCTUYECKMU AHANU3

3a ctatuctmnyeckata obpaboTka Ha aaHHUTe Gelue
n3nonseaH cratucTuyeckn naket IBM SPSS Statistics.
Mpunoxuxa ce cregHUTE METOOM:

1. JeckpunmueHa cmamucmuka — V34UCIIEHN
Ca OCHOBHUTE M3Badb4YHN NMoKasaTenu Ha exorpadcku-
T€ U3MepBaHMS Ha BCUYKWM MALUEHTN C aTPUOBEHTPU-
KynapeH centaneH gedeKT 1 NooTAENHO Ha rpynute
nauneHTn ¢ 6anaHcunpaH u ¢ aebanaHcupaH ABCU.

— n — obeM Ha n3BagkuTe

— min — MMHUMarnHa CTOMHOCT

— max — MakcumariHa CTOMHOCT

— mean — cpegHa apuUTMeTMYHA

— std.err. — cTangapTHa rpeLlka Ha cpegHaTta apu-
TMETUYHA

— SD — cTaHgapTHO OTKIOHEHME

— Me — megunaHa

2. Tecmose 3a pa3fiuyue — HanpaBeHO e CpaBHe-
HVe MeXay naumeHTUTe C AByKaMepHa KOPEKLUst U edHO-
KaMepHa UMpKyraums ¢ napameTpuyHms TeCcT 3a He3aBu-
cumn n3Bagku t-tect Ha Student nnu HenapameTpuyHUS
U-tect Ha Mann-Whitney. HanuuneTto Ha ycnosusTta 3a
npunoxeHne Ha Tecta Ha Student, a UMEHHO HOpMasHO
pasnpegerneHve 1 eqHaksu AMCNepPcuK, € NPOBEPEHO Chb-
OTBETHO € TecT Ha Kolmogorov-Smirnov u TecT Ha Fisher.

Cnopen CTOMHOCTUTE Ha HOPMUPAHOTO OTKIO-
HeHne (Z-score) Ha exorpad)cknTe u3mMepBaHUs Ha
ngaBata u gsicHaTa Kamepa, Ha ngdBata M Ha AscHata
nonosuHa Ha obuwarta AB knana ca cdopmupanu Tpu
Kraca: z-score < -3, z-score mexgy -3 un +3 u z-score >
3. CpaBHeHuM ca 4yecToTuTe Ha Te3un KrnacoBe Npw rpy-
nute GanaHcupaH n gedanaHcupan ABC[ ¢ nomoluta
Ha Fisher Exact Test.

3. AHanu3 Ha Yecmomume. HanpaBeHo e pa3snpe-
AeneHuve Ha Yectotute (B 6powi 1 %) Ha ycTaHOBEHUTE
aHomManuu npv nauuneHTn ¢ NMO6ABC n MNoABCL obuio.
CpaBHeHu ca aBeTe rpynu ¢ x2-tecta Ha Pearson unu
¢ Fisher Exact Test, cbobpa3HO n3nckBaHeTo 3a MUHM-
MarnHa yecTtoTta B TabnuumTe 2 x 2.

4. Hueo Ha 3Ha4umocm. 3a BCUYKM TECTOBE € U3-
©OpaHo HMBO Ha 3HaunmocT a = 0.05. 3a gocToBepHU ce
npyemMat pasnuuusTa, ako msducrieHata BepOsTHOCT
p < 0.05. AHanu3npaHeTo Ha gaHHUTE U rpamnyHOTO
UM NpeacTaBsiHe € HanpaBEeHO CbC CrneunannavpaHms
ctatuctmdeckn codptyep SigmaPlot 12.0 n Microsoft
Office Excel 2010.

5. QuckpumuHaHmeH aHanu3. Ha 6asata Ha on-
pegeneHaTa 4pe3 AUCKPUMUHAHTHUSA aHanu3 cTeneH
Ha BaXKHOCT Ha OTAENHUTE exokapavorpadgckm nsmep-
BaHWS ca MAeHTUdUUMpaH Te3n napameTpu, KOuTo B
Han-rongmMa cTeneH ce pasnuyasaT Mexay GanaHcu-
paHuTe n gebanaHcupanute popmn Ha ABCL n Te ca
n3non3esaHn 3a paspaboTBaHe Ha OMpOCTEH AMarHoC-
TUYEH CKOp.

STATISTICAL ANALYSIS

The following methods for statistical analysis have
been used:

1. Descriptive statistics — the main indicators for
the sampling of the echocardiographic measurements
of all patients with CAVSD as well as separately for the
balanced and the unbalanced AVSD have been calcu-
lated.

— n —sample volume

— min — minimal value

— max — maximal value

— mean — arithmetic mean

— std.err. — standard error of the arithmetic mean

— SD - standard deviation

— Me — media

2. Tests for difference — the patients with balanced
and with unbalanced CAVSD have been compared
through the parametric test for independent samples
Student t-test or the non-parametric Mann-Whitney
test. The presence of the conditions for student test
application — normal distribution and equal dispersions,
has been checked with the Kolmogorov-Smirnov and
the Fisher test respectively.

According to the Z-score values of the echocar-
diographic measurements of the LV and the RV, the
LAVV and the RAVV three classes have been formed:
z-score < =3, z-score between -3 and +3, and z-score
> 3. The frequencies of these classes by the patients
with balanced and with unbalanced AVSD have been
compared using Fisher Exact Test.

3. Frequencies analysis. The frequencies (as
count and %) of the associated anomalies by the pa-
tients with CbAVSD and CuAVSD have been deter-
mined. The two groups have been compared using
Pearson x2 test or Fisher Exact Test, following the con-
dition for minimal frequency in the tables 2 x 2.

4. Level of significance. For all tests, a level of
significance a = 0.05 has been used. The differences
are significant by calculated probability p < 0,05. Data
analysis and graphical presentation has been per-
formed using the specialized statistical software Sig-
maPlot 12.0 and Microsoft Office Excel 2010.

5. Discriminant analysis. Based on the defined
through discriminant analysis importance of the individ-
ual echocardiographic measurement, the parameters
with the greatest differences between the balanced
and the unbalanced forms of CAVSD have been iden-
tified and they have been used for the creation of a
simple diagnostic score.
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6. ROC curve aHanu3. YyBCTBUTENHOCTTA U Cne-
uncmyHOCTTa Ha naeHTUULMPaHUTe Ypes AUCKPUMU-
HaHTEH aHanM3 exokapauMorpadyCcky M3mepBaHus Mpu
pasrpaHvuyaBaHe Ha banaHcupaHute ot gebanaHcupa-
HuTe cbopmmn Ha ABC/[] e onpeaeneHa 4Ypes aHanm3 Ha
ROC kpusara.

PE3YNTATH

Mpe3 nepmnoga 01.01.2014-30.11.2021 r. npe3 Knu-
HuKaTa no getcka kapguonornsa kbM HKB ca npemu-
Hanu odbwo 100 nauymeHTn ¢ MABCL, 63 ot Tsx (63%)
ca ot Mbxku non, 37 (37%) — ot xeHckn. CpegHaTa
Bb3pacT Npu MNpPOBEXOAaHe Ha exokapauorpadckoTo
nscnensade e 31 gHu (1-150 gHu, IQR 46.5 gHwn). Mpu
86 ot 100 peua (86%) aTpnoBEHTPUKYNAPHUAT cenTa-
neH pedbekT e onpegeneH kato GanaHcupaH (MbreH
fanaHcupaH aTpMOBEHTPUKYNapeH cenTaneH aedekTt
— M6ABCL), a npu 14 ot 100 nauneHtn (14%) — kato
pebanaHcupaH (nbneH gebanaHcupaH aTpuMOBEHTPU-
KynapeH centaneH gedekt — NgABCL).

Pesyntatnte oT npoBegeHnTe exokapguorpadckm
n3mMepBaHus ca npeacTaBeHu Ha Tabn. 1.

6. ROC curve analysis. The sensitivity and spec-
ificity of the identified through discriminant analysis
echocardiographic measurements for differentiating
between the balanced and the unbalanced forms of
CAVSD have been determined through ROC curve
analysis.

RESuULTS

During the period 01.01.2014-30.11.2021 100 pa-
tients with complete AVSD (CAVSD) have been admit-
ted to the Pediatric Cardiology Clinic of the National
Heart Hospital. 63 of them (63%) were male, 37 (37%)
— female. The average age at the time of the echocar-
diographic study was 31 days (1-150 days, IQR 46.5
days). In 86 out of 100 children (86%) the AVSD was
classified as balanced (complete balanced atrioven-
tricular septal defect — CbAVSD), and in 14 out of 100
children (14%) — as unbalanced (complete unbalanced
atrioventricular septal defect — CuAVSD).

The results from the echocardiographic measure-
ments are presented in Table 1.

Ta6nuua 1. MMHUManNHW, MakCMManHu U cpegHU CTOMHOCTU Ha exokapauorpadckuTe napameTpy Npu nNaumeHTUTe C

6anaHcupaH u ¢ gebanaHcupax NMNABC[

Table 1. Minimal, maximal and mean values of the echocardiographic measurements by the patients with balanced and

unbalanced CAVSD

N6ABCH/CbAVSD NaABCO/CuAVSD
Bpon Bpon
Min Max Mean SD Min Max Mean SD
Number Number

LV/RV long axis 67 0.8 1.5 1 0.11 13 0.6 1.9 1 0.32
LV/RV diastole 67 0.5 24 1.2 0.34 13 0.5 3.1 1.2 0.83
z-score LV 67 -7 24 -2.4 2.28 13 -9.9 3 -4.4 3.53
z-score RV 67 -2.6 4.2 0.9 1.09 13 -2.9 1.8 0.5 1.4
z-score LAVV 68 -3.8 2 -0.7 1.17 13 -5.2 22 -1.6 2.61
z-score RAVV 68 -2.3 1 -0.6 0.87 13 2.7 0.9 -0.7 1.15
LAVV/RAVV 67 0.6 1.4 0.9 0.17 13 0.5 1.8 0.9 0.32
RVI/LV inflow angle 67 70° 160° 117° 20° 13 44 117° 74° 19°
AV-angle 67 0° 40° 16° 16° 13 10 54° 24° 22°
AVVI 57 04 1 0.8 0.14 12 0.3 0.9 0.7 0.19
mAVVI 57 0.2 0.6 0.4 0.08 12 0.3 0.5 0.4 0.08
invVSD 60 0.5 0.1 0.2 0.14 13 0.2 0.9 0.5 0.25
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PesyntatuTte OT onpegensHeTo Ha NpeaBapuUTENHO
3agageHuTe exokapguorpadcky napameTpu ca:

1. CbomHoweHue mMex0y ObJi2ume OcuU Ha Jisiea
kamepa u dsicHa kamepa (LV/RV long axis) — 10 e
cpegHo 1 (ot 0.8 po 1.5) npu MG6ABC[, npu NoABCL
cpegHaTa My CTOMHOCT e cbLuo cpeaHo 1 (o1 0.6 oo 1.9).

2. CbomHoweHue mMexdy duacmoJsiHume pas-
Mepu Ha nsiea Kamepa u OsicHa kamepa (RV/LV
diastole) — To3n nokasaten e cpegHo 1.2 (ot 0.5 go
3.4) npu NMO6ABC[ n cbwo cpeagHo 1.2 (o1 0.5 go 3.1)
npw MNaABCL.

3. Quamempu Ha nsieama u Ha OsicHama noJsioeu-
Ha Ha AB knanama (z-score LAVV u z-score RAVV) —
CTOVMHOCTUTE MpWU HaWMUTe NauMeHTU ca, KakTo crieasa:
z-score Ha LAVV cpegHo -0.7 (o1 -3.8 0o 2) npu NM6ABC[
1 cpegHo -1.6 (ot -5.2 go 2.2) npu MNMoABC[; z-score Ha
RAVV cpegHo -0.6 (oT-2.3 go 1) npm NM6ABC[ n cpegHo
-0.7 (o1 -2.7 po 0.9) npu NMoABCL; cboTHoLLeHne LAVV/
RAVV cpegHo 0.9 (ot 0.6 go 1.4) 3a NM6ABC[ u cbLLo
cpegHo 0.9 (ot 0.5 go 1.8) 3a NgABCL.

4. bebs Ha exodsuwusi Kpbeomok JK/JIK (RV/LV
inflow angle) — npn npoBegeHNTe OT HAaC N3MepPBaHNS
YCTaHOBMXME CTOMHOCTM Ha brbfla Ha BXOAALLMS KPb-
BOTOK cpenHo 117° (70° po 160°) 3a N6ABCL n cpeaHo
74° (oT 44° po 117°) 3a MNgABCA.

5. AB-cenmaneH b2bJ1 (AVs-angle) — cTONHOCTU-
Te Ha AB-cenTtanHus bren 6sixa cpegHo 16° (ot 0° go
40°) npu MNMOABCL, n cpegHo 24° (o1 10° go 54°) npwm
MoABCL.

6. AVVI — npn Hawarta KoxopTa CTOMHOCTUTE Ha
AVVI npu MNM6ABC[ 6sixa cpegHo 0.8 (ot 0.54 po 1), a
npw MaABC[H — cpegHo 0.7 (o1 0.3 go 0.93).

7. mAVVI — ctonHoctuTe Ha mAVVI npn NM6ABCL
6saxa cpegHo 0.4 (o1 0.2 oo 0.9) n npu NMaABC[ cbuwo
cpenHo 0.4 (ot 0.3 go 0.5).

8. MHdekcupaH mexxdykamepeH deghekm (inVSD)
— 103K nokasaten 6ewe cpegHo 0.2 (ot 0.5 go 0.1) npun
MG6ABC[ v cpegHo 0.25 (o1 0.2 go 0.9) npu N6ABCA.

9. Bxo0dsiw, KpbBOMOK npe3 sisieama AB knana
(LAVV inflow) — T03v nokasaTen e onpenereH nonykonu-
YeCTBEHO, KaTo MpW HUTO eawH oT criydamTte ¢ NOABC He
e 0 v npu HuTO eanH ot cnyyaute ¢ NoABC/ He € 2.

Ypes t-kputepusa Ha Student 6axa naeHTndpmnymnpa-
HW crnegHUTe exokapamorpadcku napameTpu, KOUTO
CTaTUCTUYECKM 3HAYMMO Ce pasnuyasaTt mexay banaH-
cupanus un gebanaHcupanua NABC[ (Tabn. 2):

— LV/RV inflow angle

- AVVI

— mAVVI

—inVSD

— LAVV inflow

MokasatenaT z-score LV nokasesa TeHOeHUUs 3a
pasnuka Mexay naumeHTuTe ¢ 6anaHcupaH u ¢ geba-
naHcupaH MABC[, Ho 6e3 oa goctura ctatucTuyecka
3HaummocT (p = 0.07).

The results from the measurement of the pre-
defined echocardiographic parameters are as follows:

1. LV/RV long axis — the mean value was 1 (from
0.8 to 1.5) by CbAVSD, and 1 (from 0.6 to 1.9) by
CuAvVSD.

2. RV/LV diastole — its mean values were 1.2 (from
0.5 to 3.4) by CbAVSD, and 1.2 (from 0.5 to 3.1) by
CuAVSD.

3. LAVV and RAVV - the values of these pa-
rameters were as follows: mean z-score of the LAVV
-0.7 (from -3.8 to 2) by CbAVSD, and —1.6 (from -5.2
to 2.2) by CuAVSD; mean z-score of the RAVV -0.6
(from -2.3 to 1) by CbAVSD, and -0.7 (from -2.7 to 0.9)
by CuAVSD; mean value of the ratio LAVV/RAVV 0.9
(from 0.6 to 1.4) for CbAVSD, and 0.9 (from 0.5 to 1.8)
for CbAVSD

4. RVILV inflow angle — our results showed mean
values of the RV/LV inflow angle 117° (from 70° to 160°)
for CbAVSD and 74° (from 44° to 117°) for CuAVSD.

5. AV-septal angle — its mean values were 16°
(from 0° go 40°) by CbAVSD and 24°(from 10° to 54°)
by CuAVSD.

6. AVVI — its mean value by the patients with
CbAVSD (from 0.54 to 1), and by CuAVSD - 0.7 (from
0.3 to 0.93).

7. mAVVI - the mean value of mAVVI by CbAVSD
were 0.4 (from 0.2 to 0.9), and by CuAVSD — 0.4 (from
0.3 t0 0.5).

8. Indexed VSD - its mean value was 0.2 (from
0.5 to 0.1) by CbAVSD and 0.5 (from 0.2 to 0.9) by
CuAvVSD.

9. LAVV inflow — this parameter was defined
semi-quantitatively, and there was no case of CbAVSD
with a value of the LAVV inflow of 0 and no case of
CuAVSD with a value of 2.

Using Student t-criterion the following echocardio-
graphic parameters with statistically significant differ-
ences between the patients with balanced and unbal-

anced CAVSD were identified (Table 2):

— LV/RV inflow angle

- AWVI

- mAVVI

—inVSD

— LAVV inflow

The parameter Z-score LV showed a trend for dif-
ference between the groups with balanced and unbal-
anced AVSD without reaching statistical significance (p
=0.07).
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Ta6nuua 2. Pe3yntatm oT cpaBHUTENHUSA aHanu3, NokasBaliyM nokasaTenute, KOUTO cCe pasnuyaBaT 3HaYUMO MeXAay
rpynute ¢ 6anaHcupaH u ¢ ge6anaHcupad ABC[ (B yae6eneH wpudT)

Table 2. Results from the comparative analysis showing the parameters with statistically significant differences between

the groups with balanced and unbalanced AVSD (in bold)

T | oy | Memitarnce | SteEror | o5% Contdence mirvalof

(p-value) Lower Upper
LV/RV long axis 0,238 12,568 0,816 0,02121 0,08906 -0,17187 0,21428
LV/RV diastole -0,222 12,778 0,828 -0,05195 0,23405 -0,55847 0,45457
Z-score LV 1,952 14,012 0,071 1,98683 1,01785 -0,19605 4,16971
Z-score RV 0,979 78 0,331 0,33853 0,34582 -0,34995 1,02701
Z-score LAVV 1,143 12,941 0,274 0,84431 0,73871 -0,75231 2,44093
Z-score RAVV 0,404 14,729 0,692 0,13563 0,33610 -0,58190 0,85317
LAVV/RAVV 1,337 78 0,185 0,08054 0,06023 -0,03937 0,20045
RVILV inflow angle 7,101 78 0,000 43,157 6,078 31,057 55,257
AVs-angle -0,772 18,203 0,450 -15,930 20,632 -59,241 27,381
AVVI 4,054 67 0,000 0,19351 0,04774 0,09823 0,28879
mAVVI 2,756 67 0,008 0,07289 0,02645 0,02010 0,12568
invVSD -4.577 13.706 0,000 -0.32208 0.07037 -0.47331 -0.17084
LAVV inflow 6.370 14.661 0,000 1.227 0.193 0.816 1.638

Ha 6asarta Ha nnHeeH AMCKPUMMHAHTEH aHanmu3 Ha
duwep Gelwe paspaboTeHa cnegHaTa popmyna:

Score = 11.585(LV/RV long axis) + 0.121(RV/LV
infow angle) + 10.441(AVVI)+ 5.581(LAVV inflow) —
34.66

Mpu pesynTtaT < —1.273 nauMeHTHLT nonaga B rpy-
nata ¢ MNMaABC[, npu pesyntaTt > -1.273 — B rpyna-
Ta ¢ N6ABC[, ako pe3ynTtarbT € paBeH Ha -1.273, To
dopmaTta Ha gedrekTa He MOXe aa ce onpegenu. Tosa
npencTasnsiBa NPeavKTUBEH MOAEN 3a knacuduvumpa-
He Ha MABC/[ kato 6anaHcupaH nnu gebanaHcmpaH.

3a Tpu OT BKIHOYEeHNTE BbB hopmyrnaTa nokasarte-
nn (RV/LV inflow angle, AVVI u LAVV inflow) 6sxa
YCTaHOBEHW CTATUCTMYECKN 3HAYMMUN PA3NNYNSA MEXOY
rpynuTe ¢ 6anaHcupaH n ¢ gebanaHcupan ABCL, no-
kato napametbpbT LV/RV long axis He ce pasnvyaBa
CUTHUPMKATHO MexXay ABETE rpynu, HO MPUMOXEH B
mMozena, 4onprHacs 3a noBuLlaBaHe Ha NpeanKTUBHa-
Ta My CTOMHOCT.

Bb3 ocHoBa Ha Ta3u hopmyna belue paspaboreHa
CKOp-cucteMa 3a onpefernsiHe Ha opmaTa Ha [1AB-
C[l, KosiTo e JoCTbMHA Ha crnegHus NUHK (Tabn. 3):

https://docs.google.com/spreadsheets/
d/1Nsj10AIAbgsyzb8VwLvC-RGXMbTuilbixdqgVQ6k___
J8/edit?usp=sharing

Using linear discriminant Fisher analysis the follow-
ing formula was created:

Score = 11.585(LV/RV long axis) + 0.121(RV/LV
inflow angle) + 10.441(AVVI) + 5.581(LAVV inflow) -
34.66

By result < -1.273 falls into the group with CuAVSD,
by result > -1.273 — in the group with CbAVSD, and if
the result is equal to -1.273 the form of the defect can-
not be defined. This is a predictive model for classifying
CAVSD as balanced or unbalanced.

For three of the included in the formula parameters
(RVILV inflow angle, AVVI and LAVV inflow) there
were statistically significant differences between the
groups with balanced and unbalanced CAVSD, where-
as the parameter LV/IRV long axis does not show sig-
nificant differences between the two groups but when
included in the model it contributes to increasing its
predictive value.

Based on this formula, we created a scoring sys-
tem for determining the type of the CAVSD which is
accessible on the following link (Table 3):

https://docs.google.com/spreadsheets/d/1Ns-
j10AIAbgsyzb8VwLvC-RGXMbTuilbixdqVQ6k__J8/
edit?usp=sharing
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Ta6bnuua 3. NMpumep 3a n3uncnsiBaHe Ha ckopa 3a onpeaensiHe Ha popmarta Ha NMABC[ — 6anaHcupaH unu geéanaHcu-
paH. Cnep BbBeXaaHe HA CTOMHOCTUTE Ha YeTUpUTe exokapauorpadckm napamMmeTbpa cuctemara faBa Ha-BeposiTHaTa

[mnarHosa

Table 3. An example for calculation of the score defining the type of the AVSD — balanced or unbalanced. After entering
the values of the four echocardiographic parameters, the system gives the most probable diagnosis

MapameTbp/Parameter CromHocT/Value OwnarHosa/Diagnosis
LV/RV long axis 1 MaABCO/CuAVSD
RV/LV inflow angle 88

AVVI 0.4

LAVV inflow 0

Ha dwur. 9 ca npegcrtaseHu pesyntatute ot ROC
curve aHanusa, KOMTO MOTBbpXOaBaT 4YyBCTBUTEN-
HOCTTa M crneuungryYHOCTTa Ha U3non3BaHnTe B Mogena
exokapauorpadckm nokasatenu 3a pasrpaHuyaBaHe
Ha GanaHcupaHuTe OT aebGanaHcupaHuTe hopMu Ha
ABC[. C Haun-6naronpusitTHoO CbOTHOLLEHWE YyBCTBU-
TenHoct/cneundpmnyHocT ca LAVV inflow n RV/LV inflow
angle, nocnegeanu ot AVVI n LV/RV long axis.

PesyntatuTte OT NpUnoXeHWeTo Ha TO3n Mogern npu
HallaTa KoxopTa MauueHTX nokKaseart, Ye Ton Boau A0
npaswunHa knacudukaumnsa Ha gedexra B 97.1% ot cny-
YyauTe, T.e. pa3paboTeHMAT OT HacC MoZer No3BonsBa ¢
rornsiMa CTeneH Ha TOYHOCT Aa 6baaT AndepeHunpaHm
naumeHTuTe ¢ NO6ABC[ ot Te3n ¢ MNoABC[.

OBCBXAOAHE

[MonyyeHuTe OT Hac [aHHW MokaseaT, Ye aTpuo-
BEHTPUKYNAPHUAT cenTaneH gedeKkT € KOMMMeKCHa
cbpaevHa mandopmauus, YMMTo aHaTOMUYHM Xapak-
TEPUCTMKM MoraT fa 6baaT AOCTOBEPHO OMNpederieHun
M3LAno ¢ exokapauorpadgcko nacnegsaHe. o oTHO-
LUEHNE Ha U3MepBaHMsATa Ha OTAENHUTE CTPYKTYpU, ce
OKa3Ba, Ye € Hamnuue 3HaYUTENHO MPUMOKpMBaHEe Ha
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1 - Spacificin

The results from the ROC curve analysis which
confirm the sensitivity and specificity of the used in the
model parameters for differentiating between the bal-
anced and the unbalanced forms of CAVSD are pre-
sented in Fig. 9. The most favorable ratio sensitivity/
specificity is observed for LAVV flow and RV/LV inflow
angle, followed by AVVI.

The data from the application of this model by our
cohort show that it can correctly classify the defect in
97.1% of the cases, i.e. the model allows for reliable
differentiation between the balanced and the unbal-
anced forms of CAVSD.

DiscussION

Our results show that CAVSD is a complex cardi-
ac malformation whose anatomical characteristics can
be visualized in detail with echocardiographic imaging.
Concerning the measurements of the individual struc-
tures, however, there is a considerable overlap of the
values by the two forms of the anomaly. This is why it

Overall Model Quality
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®ur. 9. Pesyntatu ot ROC curve aHanu3a, nokassaliy 4yBCTBUTENHOCTTA U cneumdrnyYHOCTTa Ha YeTupuTe exokapauorpadcku nokasarens,
BKMtoYeHn BbB dpopmynara. Overall Model Quality — kayecTBo Ha mogena. CtonHocT > 0.5 e nHaukaTop 3a 4obpo kayecTBO Ha Mogena

Fig. 9. Results from the ROC curve analysis demonstrating the sensitivity and specificity of the four echocardiographic parameters included in
the formula. Overall Model Quality — value of > 0.5 is an indicator for good quality of the model
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CTOMHOCTUTE Mexay AseTe opmm Ha gedoekta. [Mo-
pagu Tasu NpuyYnHa He Morar ga ce U3rnona3earT rpaHny-
HM CTOMHOCTM Ha M3MepBaHUATa 3a pasrpaHu4vaBaHe
mexagy 6anaHcupaHute n pgebanaHcupaHuTe copmu
Ha MNMABC[ un He cbluecTByBa €4MHCTBEH NapaMeTbp,
Ha 6asaTta Ha KOMTO fa ce Jaje 3akroveHne 3a Hanm-
yneto unu nuncara Ha 6anaHc. C nogobeH npobnem
ce cbnbckBaT M OCTaHanuMTe aBTOpW, aHanuaupaiim
oueHkaTta Ha 6anaHca npu MABC[ [9, 10, 11, 12, 13,
14, 15, 16, 17, 18].

M3non3BaHuTe OT Hac exokapauorpadckm namep-
BaHMS ca MnpuraraHy CaMOCTOSITENIHO UM B KOMOU-
Hauusa u OT Apyrn uacrnepoatenn. CbOTHOLLEHMETO
MeXxay ObNMMTe OCKU Ha NisiBa Kamepa n AsicHa kaMmepa
oTpassiBa pa3BMTUETO Ha TpabekyrnapHaTa 4YacT Ha Ka-
MepuTe 1 HopmarnHo e 6nuso go 1, T.e. npu 6anaHcu-
paHa copma Ha ABC[] abnrnte ocn Ha ABETE KaMmepwu
ca cbuamepumn. Walter n cbTp. ca aHanuaupanu 3a
MbPBU MbT TO3M NAapaMeTbp U ca ro Hapeknu long axis
ratio (LAR) [11]. Te namepBaTr OblmKMHUTE Ha Kame-
puTe OT BEHTPUKynorpadgusi, oCbLUECTBEHA NO BpemMe
Ha cbpdeyHa KateTepusauus u geduHupat nsesarta
Kamepa kato xunonnactuyHa npy LAR cbOTHOWeEHne
< 1.1. ABTOopUTE CcTUraT 4o U3BoAa, Ye ABYKaMepHUaT
Tmn kopekuusa Ha MNoABC[ ¢ manka nsea kamepa npu
feua c LAR >0.65, Bbnpeku 4e He € NNLLEHO OT PUCKO-
Be, NogobpsiBa PyHKLNOHATHNUS U KITMHUYEH CTaTyC Ha
nauueHTa gopu 1 Npu ObNrocpoHMHOTO NMpocreasiBaHe.
Mpu naumeHtuTe ¢ LAR < 0.65 e Heobxoanma noBu-
LeHa nNpeanasnuBoCT, Tbil KaTo NpU TAX € Bb3MOXHa
JBYyKaMepHa KopekLUuMsi, HO eJHOKamepHaTta nanvaumsi
MOXe fa Obae no-ygadHa.

Mpy HawuWTe NauMeHTU CBLOTHOLLUEHUETO MexXay
Oobnrute ocu Ha kamepute Bapupa ot 0.8 go 1.5 npu
M6ABC[, a npu NoABCH — o1 0.6 go 1.9, T.e. Hanuue
€ 3HaYMTENHO MPUMOKPUBAHE Ha CTOMHOCTUTE MEXAY
nBete cdopmu Ha gedekta — ako LV/RV long axis e
<0.8, To geheKkTbT e No-ckopo AebanaHcupaH, HO Npu
ctorHoctn >0.8 mMoxe Oa 6boe kakTo GanaHcupaH,
Taka u gebanaHcupaH.

CbOTHOLEHNETO MeXAy LMACTONHUTE pasMepu
Ha NnsiBa Kamepa u AsicHa Kamepa e CblLUOo UHOMKaTop
3a pa3BUTMETO Ha TpabekynapHata 4yacT Ha Kamepu-
Te. [Nopagun NsBO-AECHUS WHHT Ha NPEACBHPAHO HUBO,
nopwu n npu 6anaHcupaHata ¢opma Ha ABC[ e Hanu-
Le anacTtonHo obpemMeHsiBaHe Ha AsicHa kamepa un ou
MOrmno ga ce npegnonoxu, ye K e ¢ no-ronsam pasmep
oT JIK 1 4ye CbOTHOLLEHMETO MEeXAY ANACTONHUTE pas-
Mepu Ha nsBa 1 AsicHa kamepa ou 6uno < 1. Phoon 1
CbTp. ca pa3paboTunu MoAen 3a oueHKa Ha npeaore-
paTMBHUSA NoTeHumaneH obem Ha JIK npu natonornyHm
CbCTOSIHUSA, BOAELLM 00 HerHaTa koMmnpecus [12]. Tax-
HaTa XxunoTesa e, Ye Npu CbpAedHN Mandopmauumn c
0b6eMHOo obpeMeHsiBaHe Ha K T.Hap. ,xunonnasus“ Ha
JIK moxe ga ce obycnaBsa npeavmMHO OT MpUTUCKaHe

is not possible to use cutoff values or a single echo-
cardiographic parameter for differentiating between
CbAVSD and CuAVSD. The other investigators who
are dealing with the assessment of balance by AVSD
face similar problems.

The echocardiographic measurements, which we
used have been applied separately or in combination
by other authors. The ratio between the long axes of
RV and LV reflects the degree of development of the
trabecular parts of the ventricles, and by balanced
AVSD should be close to 1, i.e. by CbAVSD the long
axes of the ventricles are of similar size. This parame-
ter has been used for the first time by Walter et al and
was named long axis ratio (LAR) [11]. The long axes
of the ventricles were measured from the ventriculog-
raphy at the time of the preoperative heart catheter-
ization and the hypoplastic LV was defined as LAR
ratio < 1.1. The investigators conclude that 2VC by
CuAVSD with right dominance and LAR > 0.65 leads
to an improved functional status of the patient by the
long-term follow-up, even though this approach is not
without risks. Clinicians should be more cautious with
patients with LAR < 0.65 because 2VC may be possi-
ble but single-ventricle palliation can be a more rea-
sonable approach.

Our measurements showed LV/RV long axis ratio
varying from 0.8 to 1.5 by CbAVSD and from 0.6 to 0.9
by CuAVSD, i.e. there is a significant overlap of the val-
ues by the two forms of the defect — if LV/RV long axis
is < 0.8, the CAVSD is rather unbalanced but by values
> 0.8 it can be balanced or unbalanced.

The ratio between the diastolic dimension of the LV
and RV also indicates the development of the trabec-
ular part of the ventricles. Because of the left-to-right
shunting at the atrial level, there is RV overload even
by the balanced forms and it can be expected that RV
would be larger than RV and the LV/RV ratio would be
< 1. Phoon et al. have created a model for preoperative
assessment of the potential volume of LV by patholog-
ical conditions with LV compression [12]. They hypoth-
esize that by CHD with volume overload of the RV the
so-called LV hypoplasia may be due to compression
because of displacement of the interventricular septum
to the left. Their results show that the preoperative po-
tential volumes correlate well but generally underesti-
mate the postoperative volumes (r = 0.75, p < 0.0001).
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BcrieacTene namecteaHe Ha MKC HansBo. PesyntaTtu-
T€ UM MoKasBart, Ye NpegonepaTuBHUTE MOTEHLMATTHN
o6emu ca kopenupanu gobpe, HO KaTo Lo ca nogue-
HUNM noctonepatusHute (r = 0.75, p < 0.0001). ToBa
HECBOTBETCTBME Ce € AbJhKarno Ha HapacTBaHe Kak-
To Ha obukonkaTa, Taka u Ha AbJkuHata Ha JIK cnen
onepauudarta. N3BoabT Ha n3cnegoBatenuTe e, Ye npu
CbCTOSIHUA ¢ 0beMHOo obpemeHsBaHe Ha K xunonna-
3uaTa Ha JIK ce obmkn He Ha NpuUTUCKaHe, a No-CKopo
Ha HeOOCTaTbYHOTO M NbfHeHe. [Jopn Kamepu ¢ MHOTO
Marnky pasMepu MoraTt ga AOCTUrHaTt agekBaTeH obem
Ha KamepHaTa KyXuHa crieg ornepatuBHa KOPeKLUs, KO-
rato ce Hopmanusvpa npegHaToBapBaHETO.

Hawwute gaHHM 3a pasMepa Ha nsBa Kamepa ca
CXO[HM — YCTAHOBMXME LUMPOK AManas3oH OT CTOMHOCTHU
Ha z-ckopa 3a guactonHus pasmep Ha JIK npu MN6AB-
CLO - ot -7 po 2.4 (Tabnmua 1), KOETO Mokasea, 4e e
Bb3MOXHO nocturaHe Ha 2KK 1 npu nauymeHTn ¢ MHOro
Marnku npegonepaTtneHu pasmepu Ha JIK, T.e. ye npe-
On onepauudaTta ngaea Kamepa e xunonepdysunpaHa, a
cnegonepaTMBHO, Cref NnpemMaxBaHe Ha LUBbHTOBETE, T4
MMa noTeHLman 3a noeuwaBaHe Ha obema cu 1 3a nog-
ObpXaHe Ha cMcTeMHaTa umMpkynaums. Z-CKopoBeTe Ha
JIK npu NpABC[, BapupaT B MHOIO LUMPOK ANanas3oH —
o1 -9.9 go 3. CbLUOTO ce oTHacs 1 3a pasmepuTe Ha K.

Meza v cbTp. ca n3nonasany CbOTHOLLIEHNETO MEX-
ay anactonHute pasmepu Ha JIK u OK kato noteHuma-
NeH nokasaren npu oueHkata Ha gucbanaHca B pas-
Mepa Ha kamepuTe. Te ca YyCTaHOBWIM YMEPEHO CUMHA
Kopenauusi mexay To3u UHAOEKC U Opyrv nsMepBaHus,
OLleHsIBaLLM pa3Mepa Ha KnanuTe 1 Ha kamepuTte (Obn-
M OCK Ha KamepuTe, AMaMeTpuy Ha nNgaBara 1 Ha ascHaTa
nonoBuHa Ha obuiara AB-knana), nopagu KoeTo cTurat
00 13BoAa, Ye To Moxe Aa Obae OT norsa npu onpe-
OensiHe Ha TepaneBTMYHaTa ctpaterusa npy ABCL, [13].

HawwTe pesyntaTv CbLUO NOKa3BaT, Ye CbOTHOLLE-
HMETO Mexay anactonHute pasmepu Ha JIK n Ha K He
MOXe [a Ce M3Mon3Ba CaMOCTOATENHO 3a OLEeHKa Ha
fanaHca, Tbil KaTo € Hanuue 3Ha4YMTErNTHO MPUMOKPU-
BaHe Ha CTOMHOCTUTE MYy Mpu GanaHcupaHute 1 npu
nebanaHcupaHuTe popmm Ha ABCL.

[OuameTtpuTe Ha nsiBaTa U Ha AscHaTa NOroBUHA Ha
AB-knanata oTpassBaT pa3MepuTe Ha BXOOHUTE YacTu
Ha kamepuTe. [Mopagn NsBO-4ECHMS WBHT Ha npea-
CbpaHO HMBO GM MOrNO Aa ce NPeanornoXu, Ye gsacHa-
Ta nonosuHa Ha AB-knanata e no-ronama oT nsBarta,
3a pasnvka OT aHaTOMWYHO HOPMarlHOTO Cbpue, Npu
KOeTo 0OUKHOBEHO € 06paTHOTO. [laHHWUTE OT HawuTe
n3MepBaHus nokasaxa NpUnokpuBaHe Ha CTOMHOCTUTE
mMexagy 6anaHcupaHuTe n gebanaHcupanute opmum.

brenbT Ha BxogdAwmsa kpbBoTok OK/IJIK (RV/LV
inflow angle) e Ton npu 6anaHcupanuTe dopmn 1 oc-
Tbp Npu gebanaHcupanute. Konkoto no-manka e cTou-
HOCTTa My, T.e. KOIMKOTO € MOo-OCTbp, TOMNKOBA MO-TEXKO
n3paseH e gucbanaHcbT. Hanuue e kopenauusa mexay

This is due to an increase in both the diameter and the
length of the LV after the operation. The authors con-
clude that by volume-overloaded RV, the LV hypoplasia
is caused not by compression but rather by insufficient
filling of LV. Even very small ventricles can expand to
normal dimensions postoperatively when the preload
comes back to normal.

Our data regarding the LV dimensions are similar
— we found a wide range of values of the z-score of
the LV by CbAVSD - from -7 to 2.4 (Table 1), which
demonstrates that 2VC can be achieved successful-
ly even by patients with very small preoperative di-
mensions of the LV. It seems that the LV is underfilled
before the operation and flowing the removal of the
shunts after the surgical correction it has to potential
to increase its volume and to maintain the systemic
circulation. The Z-scores of the LV by CuAVSD vary
in a wide range — from -9.9 to 3. The same applies to
the RV dimensions.

Meza et al. have used the ratio between the dia-
stolic dimension of LV and RV as a potential indicator
by evaluating the degree of unbalance of the ventricles.
They have found a moderate correlation between this
index and other measurements assessing the sizes
of the valves and the ventricles, and conclude that it
can be useful when choosing the surgical strategy by
CAVSD [13].

Our results also show that the ratio between the
diastolic dimensions of LV and RV can not be used
separately when assessing balance as there is a sig-
nificant overlap of the values by the balanced and the
unbalanced forms of CAVSD.

The diameters of the left and the right AV-valve are
an indicator of the development of the ventricular in-
lets. Because of the left-to-right shunting at the atrial
level, it can be expected that the RAVV would be larger
than the LAVV in contrast to the anatomically normal
heart. Our data show that the sizes of the LAVV and the
RAVV overlap by CbAVSD and CuAVSD.

The RV/LV inflow angle is obtuse by the balanced
forms and acute by the unbalanced ones. The smaller
its value, i.e. the more acute it is, the heavier the un-
balance. There is a correlation between this angle and
the size of the ventricular septal defect — when the VSD
is larger, the angle is more acute and the unbalance is
greater.
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TO3M bIbM U pasMepa Ha MexaykamepHus aedekt —
KOMKOTO MO-ToNsiM € MexaykamepHuaT gedekT, Ton-
KOBa MO-OCTbpP € brbfbT Ha BXOOALMS KPBBOTOK, T.€.
TONIKOBa NO-rofsiM e AnucbanaHcbT.

Mpe3 2013 rognHa OO6LLECTBOTO Ha KOHreHuTan-
HUTE CbpAEYHU XUPYp3W [okrajBa pesynrtatute ot
MYNTULIEHTBPHO M3creaBaHe Ha ronsiMa mM3Bagka na-
umeHTn ¢ npeanonaraem NMNoABCL ¢ gsacHa [OMUHAHT-
HOCT, CpaBHeHW ¢ Apyra rpyna 6onHu ¢ npegnonara-
em M6ABC[, Ha 6a3ata Ha aHanu3a Ha AVVI [14]. B
Hero e ngeHTugurumMpaH HOB Mapkep 3a npeanonaraem
MoABC[ ¢ osicHa AOMUHAHTHOCT — bIbTbT Ha BXoAs-
wma kpbBoTok Ha [K/JMK. KonkoTo no-ronsiMa e cton-
HOCTTa My, TOfkoBa No-A400po e pa3npeneneHmeTo Ha
KPbBOTOKA KbM [IBETE KaMepw 1 TONKoBa no-gobpe 6a-
naHcupaH e geekTbT. Te oTOenAsBar, Ye Npu naymneH-
Tute ¢ NaABC[ moxe ga Mma 3Ha4uMTenHu pasnuyns B
CTOMHOCTTa Ha brbfla Ha BXOAALWMA KpbBOTOK Ha [AK/
JIK, nopagu koeto cturaT o u3Boga, ye € no-gobpe
TO3u nokasarten n AVVI ga ce nsnonasear B anropuTbm,
OTKOIKOTO B YpaBHeHMEe unu oopmyna.

[Mpn npoBegeHMTE OT HAaC U3MEPBaAHUSA YCTAHOBU-
XMe, Ye TO3M bIbi e No-0CTbp Npu AebanaHcupaHuTe
dopmn Ha gedekTa, KaTto NpyU HUTO €AuH NauneHT C
RV/LV inflow angle < 70° pedekTbT He Belue 6anaHcu-
paH, a Npy HATO eauH cryval CbC CTOMHOCT > 117° He
Oelwe gebanaHcupaH.

AB-centaneH bren (AVs-angle) — npy HopMarnHu
YCMNOBMS, KOraTo MEXOYNPeacbpOHUAT U MexayKamep-
HUAT CEenTyM ca pasnonoXeHW Mo efHa NUHWS, TO3u
brbn ce npubnmkasa o 0 rpagyca. MNpu gesakcaums
(malalignment) mexay aBata centyma obaye CTOMHOCTTa
Ha AB-brbna HapacTBa M MOXe Aa ce CTUrHe Ao npepas-
npegenexHre Ha KpbBOTOKA, Taka Ye KPbBOTOKLT OT [ABETE
npeacbpams ga ce NpeHaco4yBa KbM efHa OT KaMepuTe,
a KoHTpanareparnHara kamepa ga octaHe xunonepdy3au-
paHa, T.e. pa3suBa ce hM3NoNorMyeH amcbanaHc.

Upes TpumamMepHa exokapauorpadus ¢ TeXHUKa Ha
MynTunnaHapHo popmatnpaHe Ahmad n cbTp. ca onpe-
Oenunm aTpyoBEHTPUKYIAPHMS CcenTaneH brbi npu rpy-
na nauweHTtn ¢ NMABC[, noanoxeHn Ha XMpypruyHa MH-
TEPBEHLMS, KaTo € HaNpaBeHO CpaBHEHNE MexXay Mony-
YeHuTe cTonHOCTK Npu npeTbpnenute 2KK cnpsmo Tesun
¢ 1KU [15]. TexHuTe pesynTatn nokaseart, Ye CTOMHOCTU-
Te Ha AB cenTtanHus brbn > 25° gecdouHmpar gucbanaHc
Mexay Kamepute, konto usmckea 1KL. N3sogbT nm €, ve
aTPMOBEHTPVIKYNAPHUST CenTareH bibi NpegocTass Ba-
XKHa MHJOpMaLMA 3a CTeNeHTa Ha xvnonnasvs n gucba-
MNaHC Ha KamepuTe U MOXe [a ce M3ron3sa B KOMOMHa-
uMs C Apyrv napamMeTpu 3a onpeaensiHe Ha Han-Noaxoas-
Liata XvpyprimyiHa MHTEPBEHLMA NPU JaAEeHNS MaUWeHT.

AHanmM3bT Ha HawWTe OaHHUTE MOKasBa, Ye CTOn-
HocTuTe Ha AB-cenTanHus brbn ca no-Marnkv npy Ganax-
cupanusa MABCL, oTkonkoTo npu aebanaHcupanus. Mpu
HWUTO eaunH naumeHT ¢ NMO6ABC[ To3n brbn He e bun > 40°
1 Npv HUTO eavH naumeHT ¢ MaABC[ Ton He e 6un < 10°.

In 2013 the Congenital Heart Surgeons’ Soci-
ety (CHSS) reported the results from a multicenter
study comparing patients with presumed CuAVSD
with dominant RV with patients with CbAVSD, based
on AVVI [14]. They have identified a new marker for
right-dominant unbalanced CAVSD - the RV/LV inflow
angle. The larger this angle the better the distribution
of blood flow between the two ventricles and the bet-
ter the balance between them. They note however
that there can be significant differences in the values
of the RV/LV inflow angle by patients with CuAVSD.
This is why they recommend using the RV/LV inflow
angle and AVVI rather in an algorithm than in an equa-
tion or formula.

Our measurements showed that the RV/LV inflow
angle is more acute by the unbalanced forms of the
defect. There was no case of balanced C with values of
the angle > 117°.

The AV-septal angle (AVs-angle) is normally close
to 0 when the interatrial and the interventricular sep-
tum are well aligned. By malalignment between the two
septa, the value of the AVs angle increases, and this
can lead to redistribution of blood flow to one of the
ventricles leaving the other ventricle hypoperfused, i.e.
this leads to physiological unbalance.

Using three-dimensional echocardiography and
multiplanar formatting Ahmad et al have measured
the AVs-angle in CAVSD comparing its values by
patients with 2VC and with single-ventricle pallia-
tion [15]. Their results show that AVs-angle > 25°
is an indicator of unbalance between the ventricles
and the patients are candidates for Fontan circu-
lation. They conclude that the AVs-angle provides
important information regarding the degree of hy-
poplasia and unbalance of the ventricles and it can
be used in combination with other parameters for
choosing the most appropriate surgical strategy by
the individual patient.

Our data analysis reveals smaller values of
AVs-angle by CbAVSD than by the CuAVSD. There
was no case with balanced AVSD with values of this
angle > 40° and no case of unbalanced CAVSD with
values < 10°.

AVVI reflects the ratio between the inlet parts of the
two ventricles. By the balanced forms of CAVSD, their
sizes are similar and its value would be expected to be
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AVVI oTpassiBa CbOTHOLLUEHWETO MeXOy BXOOHUTE
yacTtu Ha aeTe kamepu. KornkoTto no-6nunskm no CTomHoCT
ca Te, TorkoBa rnose4ye ctomHocTTa Ha AVVI ce gobnmka-
Ba 00 1 1 gedekTbT € GanaHcupaH. Konkoto no-marnka
oT 1 e CTOMHOCTTa My, TONKOBA NO-TEXbK € AnucbanaHcbT.

B npoyyBaHeTo Ha Cohen 1 cbTp., B KOETO € pa3pa-
6oteH AVVI, To3u nokasarten e npunoxeH npu 103-ma
naumeHTn ¢ NMABC[ [16]. OT T9x, 26-ma ca gnarHocTtu-
umpann ¢ NoABC[ Ha 6a3aTta Ha exokapguorpadpcko,
aHrnokapamorpadcko UM XMpPYpPruyHO M3CrefBaHe.
Pesyntatute nokaseart, ye npu 6onHute ¢ MOABC[
cTonHocTuTe Ha AVVI Bapupat mexagy 0.67 u 1.19.
Mpu rpynata c MNMNaABC[, e ycTaHOBEH LUMPOK CNEKTLP
Ha aucbanaHc Ha AB-knanata, cbCc CTOMHOCTU Ha AVVI
ot 0.07 go 0.65. He e HabrntogaBaHo 3HAYMMO MPUMO-
KpvBaHe Ha cTomHocTuTe Ha AVVI mexay rpynuTte ¢
fanaHcupaH u ¢ gebanaHcupard ABCL (npy HUTO eanH
nauuneHT ¢ 6anaHcupan ABCL AVVI He e 6un < 0.66 1
npw HATO eavH naumeHT ¢ gebanaHcupaH ABC AVVI
He e 6un > 0.66). MNMpu HawaTa KoxopTa CTOMHOCTUTE
Ha AVVI npn MG6ABC[, ca mexay 0.54 n 1, a npu MNaAB-
CO —wmexay 0.3 n 0.93. YcTaHOBSIBAHETO Ha NMO-rofieMu
CTOMHOCTMK Ha nokasatensi npu MNMaABC[L ce abmku Ha
dakTa, Yye npu AsamMa OT NaLVEHTUTE BXOLHUTE YacTu
Ha kamepuTe 6sxa gobpe GanaHcMpaHu, Ho ancbanax-
CbT ce obycnaBsille OT MHOMO rofsiM MexayKamepeH
AedekT ¢ ocTbp brbN Ha BxogsaLwwms KpboTok OK/IK n
¢ xvnonepdysnsa Ha naBaTa kamepa.

mAVVI cbLuo oTpassiBa 6anaHca Ha BXOOAHWUTE Yac-
TV Ha kamepuTe. [Npu ctoriHocTM Ha MAVVI mexay 0.4
n 0.6 ce kacae 3a banaHcupaHa popma Ha ABC[, npu
cTonHocTM < 0.2 nma Texka xunonnasus Ha nsiea Ka-
Mepa, U3knoyBalla ABykamepHa kopekums [17]. Cton-
HocTuTe Ha MAVVI mexay 0.2 n 0.4 obade nonagar B
,CMBa 30HA“, KOATO He MOXe fa ObAe KaTeropuMyHa B
nonsa Ha unu NPoOTUB ABYKaMepHa KOpPEeKuusa 1 nsnc-
KBa WM3MON3BaHETO M Ha APYrM napameTpu C Len on-
pedensHe Ha Hal-ygadHaTa XupypruvHa crparerus.
Bbnpeku Yye TO3n nokasarten nma npeguMmMcTBoTO, Ye 3a
paanuka ot AVVI, npn KONTO napameTpuTe B YnCnmTe-
nsa v B 3HaMeHaTtens ca npoMmeHnuaemn, npu mAVVI te ca
NMOCTOSIHHM, HO MONyYeHUTe pesyntatn TpsibBa Aa ce
WHTepnpeTnpaT ¢ NoBULLEHA NpeanasnmMBocCT, Tbi KaTo
CTOMHOCTUTE Ce pasnuyaBaT B 3aBUCMMOCT OT Tuna
Ha gebanaHcupaH ABC[ ¢ gomuHupalia nssa kame-
pa unu ¢ JOMUHMpAaLLA AACHa Kamepa — npy MbpBuUst
cnyyan mAVVI we 6vae > 0.6, a npu BTopusa — < 0.4,
Mpu HalwmWTe NaumeHTn HabngaBaxme NPUNOKpPUBaHe
Ha CTOMHOCTUTE Ha TO3K MokasaTen Mexay rpynmre c
M6ABC v MNMaABCL, Tbi kaTo MMawe cnydam c 6a-
NaHC Ha HMBO Knanu, Ho ¢ aucbanaHc Ha HUBO Kamepu
1 NpepasnpeaeneHne Ha KpbBOTOKa.

NHoekcnpaHusaT mexaykamepeH gedekt kato no-
KasaTten 3a oLeHka Ha 6anaHca npu ABC[ e paspabo-
TeH ot Lugones un cbTp. [18]. MNpu onpegensaHe Ha dop-

close to 1. The smaller the value of AVVI the greater
the unbalance.

In the study of Cohen et al in which the AVVI
was developed, it was determined by 103 patients
with CAVSD [16]. 26 of them were with unbalanced
CAVSD diagnosed on echocardiography, angiogra-
phy, or surgery. Their results show that the values
of AVVI by CbAVSD vary between 0.67 and 1.19. By
the group with CuAVSD, there was a great range of
unbalance of the AV-valves, with values of AVVI from
0.07 to 0.65. No significant overlap of the values of
AVVI between the groups with balanced and with un-
balanced CAVSD was observed (by none of the pa-
tients of CbAVSD AVVI was < 0.66 and by none of the
participants with CuAVSD AVVI was > 0.66). By our
cohort, the values of AVVI by CbAVSD were between
0.54 and 1, and by CuAVSD - between 0.3 and 0.93.
The greater values of AVVI by CuAVSD are attribut-
ed to the well-developed inlet parts of the ventricles
by two patients with unbalance due to a very large
VSD with an acute RV/LV inflow angle and with LV
hypoperfusion.

mAVVI also reflects the balance between the inlet
parts of the ventricles. By values of mAVVI between
0.4 and 0.6 the AVSD is balanced, while values < 0.2
are an indicator of severe LV hypoplasia precluding
2VC [17]. However, the values of mAVVI between
0.2 and 0.4 fall into a ,grey zone" requiring the addi-
tional use of other parameters to determine the most
appropriate surgical strategy. An advantage of mAV-
VI is that the parameters in the nominator and the
denominator are constant in contrast to AVVI where
they are variable. The results, however, should be
interpreted with caution because the values are dif-
ferent depending on the type of unbalanced AVSD.
By left-dominant CuAVSD mAVVI would be > 0.6,
while by right dominant CuAVSD it would be < 0.4.
In our patients, there was an overlap in the values of
mAVVI between the groups with balanced and with
unbalanced CAVSD because there were cases with
valvular balance but with ventricular unbalance and
redistribution of blood flow.

The indexed VSD as an estimate for the unbal-
anced CAVSD has been proposed by Lugones et al.
[18]. They combine inVSD with mAVVI when deter-
mining the degree of balance by AVSD. By values of
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MaTa Ha ABC[, Te kom6uHupat inVSD ¢ mAVVI. Mpu
ctorHocTn Ha MAVVI mexay 0.2 n 0.39 n npu inVSD
0.2 1 0.35 gedekTbT ce onpegens kato GanaHcupaH
N MOXe [a ce npegnpveme pagukanHa kopekuus. Ko-
rato inVSD e > 0.5-0.55, To ToraBa e npenopbYnTENHA
1KL. CtorHocTtuTe Ha inVSD mexay 0.35 1 0.5-0.55 ce
onpeaensT KaTo ,c1Ba 30Ha“. Hawunte gaHHn nokasaxa
MakcumarnHa cTonHocT Ha inVSD npu M6ABC[ ot 0.5,
T.e. MPU HUTO eOuH NaumeHT ¢ BGanaHcupaHa dopma
Ha gedpekta cTomHocTTa Ha inVSD He e 6una > 0.5,
pokarto npu gebanaHcupaHaTta goopma CTOMHOCTUTE Ha
TO3W NokasaTten BapvpaTt B MHOIO LLUMPOK AMana3oH.

NHOeKchbT Ha neBoKaMepHUs BXoAsdL, KPbBOTOK €
pa3paboTteH ot Szwast u cbTp. [19]. YyacTHMUMTE B
NPOBEAEHOTO OT TAX Mpoy4YBaHe ca Gunu nauueHTn c
OABCL ¢ pgacHa goMuHaHTHOCT. Te ycTaHoBsBaT, ye
KOIMKOTO MO-rofiiMa € CTOMHOCTTa Ha TO3M MnokasaTern,
Tonkoea no-gobpa e npexunesaemocTtTta creg 2KK. He
ce noco4yeart, obaye, KOHKPETHMU CTOMHOCTW. HawwwumTe
pes3ynTaTn ca CXOA4HM, KaTo nokassaT NO3UTUBHA Kope-
naumsa mMexay no-BMCOKUTE CTOMHOCTM Ha TO3M nokasa-
Ten n 6ananca Ha NMABCL.

Bcuykn TE€3M gaHHM OT OOCTBMNHWTE nMTepaTypHU
M3TOYHULM M OT HaweTo COBCTBEHO Mpoy4YBaHe Mo-
KasBaT, 4Ye He e Bb3MOXHO onpefensiHe Ha dopmara
Ha MABC[ — GanaHcupaHa unu gebanaHcupaHa, Ha
fasaTa camo Ha egHO exokapauorpadgcko n3amepBaHe.
KomnnekcHata aHatoMusi U XeMOAMHaMUKa Ha Tasu
cbpAevHa Mandopmauus HanaraT U3nons3BaHeTo Ha
KOMMNEeKC OT mapamMeTpu, Ype3 KoUTO fa ce onpene-
nn HanuyueTo Ha 6anaHc/gucbanaHc n ocobeHo cno-
cobHOCTTa Ha NnsiBa Kamepa Aa NoAAbpKa cucteMHaTa
unpkynauusa npu NoABC[ ¢ gsacHa AOMUHAHTHOCT.

BanaHcbT ce pasgens Ha aHaToMuyeH (Ha HMBO
Knanu, BXOAHW YacTu, TpabeKynapHu 4acTu Ha kamepu-
Te) n duanonornyeH (Bb3 OCHOBA Ha npepasnpeaene-
HMETO Ha KPbBOTOKA). YCTAaHOBSIBAHETO Ha ABe Aobpe
0hOpPMEHN Kamepy He e BOAELLO Npu onpeaensiHe Ha
Bb3MOXHOCTTa 3a OCbLLIECTBSABAHE HA ABYKaMepHa KO-
PEeKLMS, Tb KaTO HOPManHUTe pa3Mepu He O3Ha4aear
HernpemeHHO HopmanHa dyHkumusa. Onpegenswmn 3a
fanaHca ca He camMo pasMepuTe Ha KrnanuTe U Ha Ka-
MepuTe, HO U peancTpmnbyunaTa Ha KpbBOTOKa, KOATO B
yacT OT cryvyauTe uma BogeLlo 3HavyeHve. HopmanHa-
Ta CTPYKTypa He e eKBUBAareHT Ha HopMarHa yHKLMS,
T.€. QaKTbT, Ye naBata kamepa nma npuemsnnen pasme-
pu (He e xunonnacTuyHa) He O03HadyaBa HEMpPEMEHHO,
Yye 19 61 Morna ga yHKLMOHMPa HOPMAarHO Npu Cb3-
JaBaHe Ha OBykamepHa uupkynaums. OcBeH ToBa, U
OOMbIHUTENHNTE aHaTOMU4YHM ocobeHocTn npu ABCL
nmaT BaXHO 3HadyeHue. Hanpumep, ako Mexaykamep-
HUAT AedeKT e MHOro rofnsiM, TO XemoavHamukarta e
TakaBa, Ye [siCHa Kamepa B ronsima cTeneH nogrnomMara
ngBa kamepa npu NogabpXKaHe Ha cucTeMHaTa ump-
kynauus. lNpu ocbllecTBsiBaHe Ha AByKaMepHa Kope-

mAVVI between 0.2 and 0.39 and by inVSD between
0.2 and 0.35, the defect is defined as balanced and
2VC may be undertaken. When inVSD is > 0.5-0.55,
single-ventricle palliation is preferable. The values
of inVSD between 0.35 and 0.5-0.55 fall into a ,grey
zone“, Our data showed a maximal size of inVSD by
CbAVSD of 0.5, i.e. none of the patients with a bal-
anced form of the defect had an inVSD of > 0.5, while
by the unbalanced form of the defect there is a great
variation in its values.

The LAVV inflow index has been proposed by Sz-
wast et al [19]. The participants in their study are pa-
tients with right-dominant CuAVSD. The investigators
conclude that there is a positive correlation between
the values of this parameter and the survival after BVR,
without mentioning any specific values. Our results are
similar showing greater values of the LAVV inflow index
by balanced AVSD.

All these data from the scientific literature and our
study show that determining the form of the CAVSD
— balanced or unbalanced, is not possible using a sin-
gle echocardiographic measurement. The complex
anatomy and hemodynamics of this congenital heart
defect require using more measurements to determine
the presence of balance/unbalance and particularly the
capability of the LV for maintaining the systemic circu-
lation by right-dominant CuAVSD.

Balance can be anatomical (at valvular level,
at the level of the inlet and of the trabecular parts
of the ventricles), and physiological (redistribution
of blood flow). The presence of two ventricles with
reasonable dimensions is not the leading factor for
achieving a successful 2VC because normal dimen-
sions do not always indicate normal function. An
important determinant for the degree of balance is
the redistribution of blood flow which is sometimes
more important than ventricular and valvular size.
Normal structure is not equivalent to normal func-
tion, i.e. the reasonable dimension of the LV does
not always mean that it would be able to function
normally after 2VC. Besides, the additional anatom-
ical features of CAVSD play a role. For example, if
the VSD is large the RV aids the LV in maintaining
the systemic circulation. After 2VC with VSD clo-
sure with a very large patch, the LV may fail in en-
suring systemic circulation.



100

3. Bacurnesa, A. KbHesa

KUMS CbC 3aTBapsiHe Ha MexaykamepHust gedekT K
pasgensiHe Ha ABETe KamMepu C MHOrO rofsiM naty ce
cb3daBa cuUTyauus, Npy KOSTO fsiBaTa kamepa He € B
CbCTOsIHME Aa noaabpka CUCTEMHATa LMpKynauus.

OT nanonaeaHnTe OT Hac 9 exokapanorpadckmn na-
MepBaHusi yCTaHOBMXME, Ye 5 ce pasnuyasaTt 3Ha4yMMo
Mexay nauneHTute ¢ 6anaHcupaHuTte n gebanaHcupa-
HuTe popmu Ha MABCH. MNMoTeHunanHuaT KymynaTtu-
BeH edheKT Ha OTAenHUTe namepBaHusa belle onpeae-
NEH Ypes3 NMHEEH OUCKPUMMHALWOHEH aHanms, KOWTO
nokasa, 4ye popmara Ha gedekra — banaHcmpaHa unm
nebanaHcupaHa, Moxe ga 6bae npepckasaHa ¢ 97%
TOYHOCT Ha 6a3aTta Ha 4 oT Tax. Pa3paboTuxme ckopo-
Ba cucrtema, 6asmpaHa Ha OTHOCMTErNHaTa TEXeCT Ha
BCEKU eauH OT Te3n napameTpu Npu pasrpaHnyaBaHe-
To Ha banaHcupaHuTe ot gebanaHcupannte opMn Ha
ABCU. 3a Tpu OT BKMOYEHUTE B MOoAena nokasatenu
(AVVI, RV/LV inflow, LAVV inflow) 6sxa ycTaHoBeHM
3Ha4YMMK pasnuuusa mexay naumeHTtute ¢ MNM6ABCL n
¢ NMNoABCL. CbOTHOLLEHNETO MeXay AbMrMTe OCx Ha
asete kamepu (LV/RV long axis) He ce pasnu4yaBa cur-
HUMKAHTHO MexXay ABETe rpynu, HO KoraTto ce fobasu
B MOAena, NoBuvLaBa NpeavkTnBHaTa My CTOMHOCT.

BaxHO NnpeaMMCTBO Ha Hawwmnsa Mogen e, Ye No3Bo-
nsBa Ha 0asarta Ha ManbK Opoli CpaBHUTENHO NECHU
3a OCblUeCTBsABaHE exokapauorpadcku M3MepBaHust
na ce onpegenu ¢opmata Ha ABCH. B mogena ca
BKITOYEHN MapameTpu, OTpassiBaly pasnuyHu acne-
KT Ha BbanaHca:

1. Ha HmBO TpabekynapHaTa 4YacT Ha kaMepute —
onpegensiHe Ha 6anaHca Ha 4Ype3 n3MepBaHe Ha ObIl-
rmTe OCU Ha AdACHa U ngaBa Kamepa u onpefensHe Ha
CbOTHOLLEHNETO MEXAY TAX

2. Ha H1BO BXOQHM YacTu Ha KamepuTe - Ypes ns-
yncnsaBaHe Ha aTPWOBEHTPUKYNapeH KnaneH WHAOEKC
— CbOTHOLUEHMETO KbM Ha MO-Markata Mo NioLw KbMm
no-rofisMaTa Mo MroLy NoroBuHa Ha obaTta AB-knana

3. Ha HMBO npepasnpegeneHne Ha KpbBOTOKa -
BB Ha BXOOALWMSA KPBbBOTOK HA KamepuTe 1 BXOAsLL
KPBbBOTOK Mpe3 fsiBata nonosmHa Ha AB-knanata

3AKNIOYEHUE

MpencrtaBeHUST anropuTbM, KOMTO € Ba3upaH Ha
ManbK Bpon exokapamorpadckn naMepBaHus, e nec-
HO OCBLLUECTBMM B KIMHMYHATA MpakTuka U Bb3MNpo-
M3BOAMM, Mopaan KoeTo 6m 6mn oT ronsiMa nonsa 3a
OETCKUTE Kapanornosn u Kapamoxmpypau npu knacudpu-
umpaHe Ha MABC/[ kato 6anaHcupaH unmn gebanaHcu-
paH, ocobeHo npu rpaHnyHuTe copmun. lMpeumsHata
Knacudpukaumnsa e onpegensiuia 3a npaBuIiHUS ns3bop
Ha XMpypruyHa cTparternsi u oTTam - 3a bnaronpuaTHUA
n3xop 3a naumeHTa.

He e deknapupaH KOH¢hnukm Ha uHmepecu

Out of the 9 included in our protocol echocardio-
graphic measurements, we have identified 5 which
differ significantly between the patients with bal-
anced and with unbalanced CAVSD. The potential
cumulative effect of the different measurements was
determined through linear discriminant analysis. The
last showed that the form of the defect — balanced
or unbalanced, can be predicted with 97% accuracy
using the LV/RV long axis ratio, the AVVI, the RV/LV
inflow index, and the LAVV inflow. We have created a
scoring system, based on the relative weight of each
of these parameters for differentiating between the
balanced and the unbalanced forms of AVSD. For
three of the included in the model parameters (AVVI,
RV/LV inflow, LAVV inflow) there were statistical-
ly significant differences between the patients with
CbAVSD and CuAVSD. The LV/RV long axis ratio
did not show significant differences between the two
groups but when added in the model increased its
predictive value.

Our model allows determining the form of the
AVSD using a small number of relatively easily ob-
tainable echocardiographic measurements. The mod-
el includes parameters reflecting different aspects of
balance:

1. At ventricular trabecular level — through
measurement of the long axes of the two ventricles and
calculation of the ratio between them

2. At ventricular inlet level — through AVVI
calculation by dividing the smaller valve area to the
larger valve area

3. Redistribution of blood flow — RV/LV inflow angle
and LAVV inflow

CONCLUSION

The proposed algorithm which is based on a small
number of echocardiographic measurements is easy to
use in clinical practice and reproducible. This is why it
would be of great use for pediatric cardiologists and
cardiac surgeons for classifying the AVSD as balanced
or unbalanced, especially by borderline forms. Accu-
rate classification is of outermost importance for the
correct choice of surgical strategy and favorable pa-
tient outcomes.
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