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Primary radical correction of tetralogy of Fallot (ToF) is an optimal surgical option; however, in some conditions, in particular with concomitant extracardiac
pathology and hypoplasia of the pulmonary artery (PA) branches, this intervention is not possible. Obstruction and/or hypoplasia of the PA is one of the
risk factors for primary radical correction of this congenital heart defect (CHD). In world practice, there are several methods of palliative approach for PA
growth with the possibility of further radical correction. However, in some cases, palliative approaches do not give the desired result. In this regard, we
present a clinical case of a successful hybrid bifurcation Y-stenting of the PA and radical correction of ToF.
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BBEOEHMUE

Yacrtota BcTpeyaemoctvt TP cpeam Bcex BPOXAEHHBIX MOPOKOB
cepaua (BIMC) coctasnset 7-10%. Cpeayn NOPOKOB, TPEBYHOLLMX XMPYP-
TMYecKoro NedyeHns B paHHeM JETCKOM Bo3pacTe, Ha gonto TO npu-
xoguTea 15%. CpeHAA NPOLOMKUTENBHOCTD XM3HU NaumeHTos ¢ TP
cocTtasnsaeT 12-13 feT v 3aBUCKT OT cTeneHu cteHo3a JIA [1].

MepBuyHaa pasuKanbHaa Koppekuua TP AsnaeTca onTMManb-
HbIM BapMaHTOM XMPYPrUYECKOTO JIeYEHMA, OAHAKO NPKU HEKOTOPbIX
COCTOSIHUAX, B YAaCTHOCTM MPU COMYTCTBYIOLLEN IKCTPAKapAUanbHOM
MaTosIorMK, MNONIasuMmu cucteMbl Betse J1A, JaHHOe BMeLLaTesb-
CTBO AB/IAETCA HEBO3MOXHbIM [2].

O6CTpyKUMA u/vav runonnasus JIA ABAAOTCA OAHUM M3 daK-
TOPOB PUCKa NpY NepBUYHON PasiMKanbHOM Koppekuun Td. YactoTa
BCTPEYAeMOCTU AaHHOM naTtonorum cpeam scex BINC coctasnset 2-3%
[3]. B Takux cnyyasx AnA BbINOMHEHWA B MOC/TEAYIOWEM pPaavKaib-
HOW KOpPEKLIMM NOPOKa NepBbIM 3TaNom NPOBOAATCA NANNNATUBHbIE
BMeLLaTeNbCTBa, LeNbl0 KOTOPbIX ABAAETCA YBEAUYEHUE NEFOYHOro
KpOoBOTOKa. K meTogam nepsuyHOM NanavaTUBHOW NOMOLLY OTHOCAT-
CA: HANOXeHMEe Pa3/IMYHbIX TUMOB MEXKCUCTEMHbIX aHAaCTOMO30B, B
YaCTHOCTM MOAKIKOUYNYHO-NErOYHOrO aHacTomosa no baanok-Tayceur
(BT); peKOHCTPYKLMA NyTei OTTOKA M3 NpPaBoro enyaodka (PMOMK)
6e3 NnacTMkM gedeKTa MEeXKeNyao4KoBoW neperopogku (AMMKN);
CTEHTMPOBaHMWE BbIBOAHOTO OTAE/1a NPABOro xenyaoyka (BOMXK) nan
OTKPBITOrO apTepuanbHoro npotoka (OAN) [4].

O nepsom LWwyHTe BT 6bI10 cooblyeHo ewwé B 1944 roay, 3a no-
cnegHvie 70 net 3Ta npoleAypa pa3BuBasacb Mo mepe paspaboTku
HOBbIX MaTepPMaoB v Mo Celi AeHb OCTAETCA 3/1eMEHTOM NannnaTme-
HOr0 /IeYeHMA HOBOPOXKAEHHbIX €O cnoxHbimmn BIC. MNocneactena
HECOCTOATENbHOCTM LYHTa MOTYT BbiTb daTasbHbIMKU, NPU ITOM Jle-
Ta/IbHOCTb BapbupyeT B AnanasoHe 3-15% 1 octaérea yapyyatoLue Bbl-
COKOMI farKe B COBPEMEHHYHo anoxy [5].

Rana JS et al (2002) B peTpocnekTMBHOM UCCNeA0BaHUM CO06-
LMK O BbINONHeHUM 70 onepaumii Mo HaMoXKeHUto WyHTa BT y 63
nauueHToB 3a 8-N1eTHWIt nepuod. B otaanéHHom nepuwoge y 49 na-
LIMEHTOB, HAaXOAMBLUMXCA NOA, ANUTENbHBIM HabAoAEHUEM, KIUHWKA
XPOHWUYECKOMN CepAeyHON HeJ0CTaTOUHOCTH pa3Buaack B 6% cnydyaes,
a HecocToATeNIbHOCTb WyHTa BT 6bina 3apeructpupoBaHa B 14% Ha-
6atoseHW. JleTanbHOCTb 3adUKCMPOBaHa B 33% cnyyasx, U3 KOTOPbIX
y 6 nauueHToB 6bi1a KOMOPOUAHAA NATONOMUA L0 HANOKEHMA LYHTA
BT. ABTOpamu 6bi cienaH BbIBOA, YTO WYHT BT ABAAETCA OTHOCUTEb-
HO 6e30mnacHou 1 3GPEKTUBHON NaNMATUBHON NPOLLEAYPON Yy NaLm-
€HTOB, KOTOPbIM HEBO3MOXKHO BbINOHUTL PaZMKabHYIO KOPPEKLMIO
To [6].

OCHOBHbIMW OCNIOXXHEHWAMM, BO3HWKAIOLWMMM NOCe Hanoxe-
HWA NOAKNOUMYHO-NEFOYHbIX aHACTOMO30B, ABNAKOTCA CYXKEHWA U OK-
K/t03MM KaK CaMUX LIYHTOB, TaK 1 aHAaCTOMO3MPYIOLLMX apTepuid (noa-
K/IHOYMYHbIX, NéroyHbIx) [2]. Mo AaHHbIM AneksaHa Bl ¢ coast. (2017), B
55,4% cnydyaes nocne MaHuNynauuii Ha BeTBAX JIA BO3HUKAIOT CyKe-
HuA, TpebytoLwme KoppeKkumu [7].

B coBpemeHHyt0 anoxy ocoboe MecTo 3aHUMatOT I3HA0BaACKYAAP-
Hble BMeLLaTenbcTBa [8)]. Tak, Quandt D et al (2017) 8 cBoMX paboTax
npoBenu CpaBHEHWe MoKasaTeneill 3a601€BaeMOCTH, CMEPTHOCTU U
4aCTOTbI MOBTOPHbIX BMELLATENBCTB, @ TaKXKe CTeNeHb PocTa U cuMme-
TPUYHOCTb pa3BuUTUA BeTBe JIA nocne cteHTUpoBaHua BOMK n mogu-
dvumposaHHoro WyHTa BT 419 NanaMaTUBHOIO e4eHMA y NaLueHToB
¢ T®. B rpynne aHacTOMO3a z-score nokasatenu ans npasoit J1A (MN1A)
YAyYLWUAUCH € MeauaHbl -2,41 no -1,13, a ana nesont JIA (NNA) — ¢
megmaHbl -1,89 1o -0,32. B rpynne cteHTMpoBaHua BOMMXK z-score ana
MNA ysennunnca c megmanbl -2,28 no -0,72, a pna 1A — ¢ meanaHbl
-2,08 £0 -0,05. ABTOpamu 661K caenaHbl BbIBOAbI, YTO Npu TO cTEHTH-
posaHue BOIMK cnocobeTyeT Nyywemy pocty BeTsen JIA u sagnsercs

BACKGROUND

The incidence of ToF among all congenital heart diseases is
7-10%. Among the defects requiring surgical treatment in early
childhood, ToF accounts for 15%. The average life expectancy of
patients with ToF is 12-13 years and depends on the degree of PA
stenosis [1].

Primary radical correction of ToF is the optimal surgical
treatment option; however, in some conditions, in particular with
concomitant extracardiac pathology and hypoplasia of the PA
branches, this intervention becomes impossible [2].

Obstruction and/or hypoplasia of the PA is one of the risk
factors for primary radical correction of ToF. The incidence of this
pathology among all CHDs is 2-3% [3]. In such cases, to subse-
quently perform a radical correction of the defect, the first stage
will be palliative interventions, the purpose of which is to increase
pulmonary blood flow. Methods of primary palliative care include
the application of various types of intersystemic anastomoses, in
particular the subclavian-pulmonary anastomosis according to
Blalock-Taussig (BT); reconstruction of the right ventricular out-
flow tract (RVOT) without plastic surgery of the ventricular septal
defect (VSD); stenting of the RVOT or patent ductus arteriosus
(PDA) [4].

The first BT shunt was reported in 1944; over the past 70
years, this procedure has evolved with the development of new
materials and remains an element of the palliative treatment of
newborns with complex CHDs. The consequences of shunt failure
can be fatal, with mortality ranging from 3 to 15% and remaining
depressingly high even in the modern era [5].

In a retrospective study, Rana JS et al (2002) reported 70 BT
shunt operations in 63 patients over eight years. In 49 patients
under long-term observation, chronic heart failure developed in
6% of cases, and BT shunt failure was recorded in 14% of cases.
Mortality was recorded in 33% of cases, of which six patients had
comorbid pathology before the application of the BT shunt. The
authors concluded that the BT shunt is a relatively safe and effec-
tive palliative procedure in patients who cannot undergo radical
correction of ToF [6].

The main complications that arise after creating subclavi-
an-pulmonary anastomoses are narrowing and occluding the
shunts and the anastomosing arteries (subclavian and pulmonary
ones) [2]. According to Alekyan BG et al (2017), in 55.4% of cases,
narrowings occur that require correction after manipulations on
the PA branches [7].

In the modern era, endovascular interventions occupy a
special place [8]. Thus, Quandt D et al (2017) compared morbid-
ity, mortality, and re-intervention rates, as well as the degree of
growth and symmetry of development of the PA branches after
RVOT stenting and a modified BT shunt for palliative treatment in
patients with ToF. In the anastomosis group, z-scores for the right
PA (RPA) improved from a median of -2.41 to -1.13, and for the
left PA (LPA), from a median of -1.89 to -0.32. In the RVOT stent-
ing group, the z-score for the RPA increased from a median of
-2.28 t0 -0.72, and for the LPA — from a median of -2.08 to -0.05.
The authors concluded that in the case of ToF, RVOT stenting pro-
motes better growth of PA branches and is an effective palliative
treatment method compared to BT shunt [9, 10].

However, such methods do not always lead to a sufficient
increase in pulmonary blood flow, making radical correction im-
possible. In such cases, it is technically possible to perform rad-
ical correction of ToF with simultaneous hybrid stenting of one
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3 dEKTUBHBIM NANNMATUBHBIM METOLOM SIEYEHMSA MO CPABHEHMIO ¢ BT
wyHToM [9, 10].

OpfHaKo He BCEraa Takve MeToapl NPUBOAAT K AOCTaTOYHOMY
yBE/IMYEHMIO IErOYHOr0 KPOBOTOKA, YTO, B CBOKO O4Yepesnpb, AenaeT
BbINOJIHEHWE PAAMKANbHOM KOPPEKLMM HEBO3MOXKHbIM. B TaKux
CIy4asnX TEXHUYECKM BO3MOXKHO BbINOSHEHWE PafyKaibHON KOPPEeK-
umm T® ¢ 04HOMOMEHTHBIM TMBPUAHBIM CTEHTUPOBAHWEM OLHOM
nnu asyx setsel JIA. [laHHbIN KNMHUYECKUIA CayYait u ByaeT onucaH
B CTaTbe.

OnucaHue KAMHUYECKOrOo cay4asn

Poantenu pebéHka ganu MHOOPMMPOBaAHHOE Coracue Ha ny-
6/MKaLyMIO NOTYYEHHbIX Pe3y/IbTaToB.

MaumeHTKa A. B Bo3pacTe 21 mecaua bblna rocnutanMsMpoBaHa
B HauMOHaNbHbIN MEeAULMHCKMIA UCCAea0BaTeNbCKUIA LIEHTP cepaey-
HO-COCYAMCTON XMpyprum um. A.H. Bakynesa ¢ anobamm (co cnos ma-
Tepu) Ha OAbILIKY, LIMaHO3 NPU YMEPEHHO Harpy3Ke 1 OTCcTaBaHue B
pa3BUTMK. U3 aHamHe3a M3BECTHO, YTo 6oNbHaA NepeHecna pag nan-
JINATUBHbIX BMELLATeNbCTB No nosogy TA.

TaK, B Bo3pacTe 3 mecsues 60/1bHas 6biia rocnuTanMMpoBaHa
B CTALMOHAP B KpalHe TAXKENOM COCTOAHUM C HACbILLEHMEM Kanu-
NAPHOW KpoBu KnciopoZom 80%, B CBA3M C YeM Bbl0 BbIMONHEHO
Ha/IoKeHMe NOAKNOYMYHO-NErOYHOrO aHacToMo3a cnesa no bT. Oa-
HaKo B MepBble CYTKM OTMEYanochb yXyALWeHUe COCTOAHUSA, CHUXKe-
HME HaCbIWEHWNA KanWUANAPHOW KPOBK Kucaopogom ao 60%. Bbino
NPUHATO peLleHne O NPOBeAEHNM IKCTPEHHOW aHTUOKapanorpadum
(AKT), no pesynsTaTam KOTOpOWi BbifiBNEHA TMNOPYHKLUMA paHee Ha-
NIOKEHHOTo aHacTomo3a. MpuHMMas BO BHYMaHUE Hannume NogKa-
MaHHOro cteHo3a J1A, 6b110 NPUHATO PeLLEeHME O BbIMOAHEHWUM Na-
IMATMBHOTO 3HA0BACKYNAPHOTO BMELIATeNbCTBa — CTEHTUPOBAHUSA
BOMMX (puc.1).

[Nanee, B TeueHue 15 mecsues, 601bHOI 6bina NpoBeAeHa AByX-
KpaTHaa PMOMXK. JaHHoe pelueHne 6bino 06YCNOBAEHO CHUMKEHUEM
HaCbILLEHUA KanWANAPHOW KPoBW Kucnopogom (85%), HepocTaTtou-
HbIM Pa3BUTUEM CUCTEMbI IEFOYHO-aPTEPUANBHOTO AepeBa U yme-
PEHHOM rMnonaasvei NeBoro Keaymodka (/1XK).

B TeueHuMe 6 mecALeB, CO C/I0B MaMbl, COCTOSHME pebEHKa ocTa-
Ba/IOCb TAXKENbIM, 6€3 NONOXKMTENbHON AMHAMMKM.

Ha MoMeHT rocnuTanusaumm y 601bHOM OTMEYANach BblpaxKeH-
HaA apTepuasbHan MMNOKCEMMA — HACbIWEHWE KanUANAPHOW KPoBw
Kucnopoaom 86%, YCC 130 ya/muH, aptepuanbHoe gasneHue —90/50

or two branches of the PA. This clinical case is described in this
paper.

Description of a clinical case

The child's parents gave informed consent to the publication
of the results obtained.

Patient A, a girl aged 21 months, was hospitalized at the A.N.
Bakulev National Medical Research Center for Cardiovascular Sur-
gery with complaints (according to the mother) of shortness of
breath, cyanosis with moderate exertion, and developmental de-
lay. From the anamnesis, it is known that the patient underwent
several palliative interventions for ToF.

Thus, at the age of 3 months, the patient was hospitalized
in severe condition with a capillary blood oxygen saturation of
80%; therefore, a left BT subclavian-pulmonary anastomosis was
performed. However, on the first day, her condition deteriorat-
ed, with a decrease in capillary blood oxygen saturation to 60%. It
was decided to perform emergency angiocardiography (ACG), the
results of which revealed hypofunction of the previously formed
anastomosis. Considering the subvalvular stenosis of the PA in
the patient, a decision was made to perform palliative endovas-
cular intervention (RVOT stenting) (Fig. 1).

Then, within 15 months, the patient underwent double
RVOT reconstruction. This decision was due to a decrease in cap-
illary blood oxygen saturation (85%), insufficient development of
the PA system and moderate hypoplasia of the left ventricle (LV).

For six months, according to the mother, the child’s condi-
tion remained severe, without any positive dynamics.

At the time of hospitalization, the patient has severe arte-
rial hypoxemia with capillary blood oxygen saturation of 86%,
heart rate of 130 beats/min, and blood pressure of 90/50 mm Hg.
During hospitalization, the patient undergoes a comprehensive
examination, including an ACG. The results of echocardiography:
LV ejection fraction — 69.8%, LV end-diastolic diameter — 2.9 cm,
systolic pressure gradient (SPG) at the ostium of the RPA and LPA
is 61 mm Hg and 85 mm Hg respectively.

ACG reveals combined stenosis of the PA, hypoplasia of the
pulmonary trunk and left PA, ostial narrowing of the PA branches,
PDA, and extensive aortopulmonary collaterals. The Nakata and
McGoon indices are 1.04 and 285.23, respectively. SPG on RPA
and LPA is 52 mm Hg and 68 mm Hg, respectively.

Puc. 1 AKI 8 08yx npoekuusix. A, B—ycmeesoe cyxceHue nesoli /1A, omcymcmeue KoHMpacmuposaHus NOOK/MOYUYHO-1E204HO20 GHACMOMO3A.

G, D—umnaaHmauus u packpeimue cmeHma e BOIXK u cmeone JIA

Fig. 1 ACG in two projections. A, B—ostial narrowing of the left PA, lack of contrast enhancement of the subclavian-pulmonary anastomosis; C, D
—implantation and deployment of a stent in the RVOT and the pulmonary trunk
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MM Hg. B nepwvog, rocnutanvsaummn 60abHOM NpoBeaeHO KOMMIeKc-
Hoe obcnepoBaHue, BrAtoYaa AKI uccneposaHue. o pesynbTatam
axokapauorpadum (IxoKr): dppakums sbibpoca /K — 69,8%, KoHeu-
HO-AnacTonunueckuii pasmep (KAP) /K — 2,9 cm, rpagmeHT cuctonu-
yeckoro aasnenus (FCA) 8 yctoax M1A u I1A coctasun 61 mm Hg 1 85
MM Hg cooTBETCTBEHHO.

Mpw AKT BbifBNEHbI KOMBMHMPOBAHHBIV CTEHO3 /1A, runoniasus
cTBona u nesoit J1A, yctbeBble cyxeHus seTseit JIA, OAl, 6onbwmne
aopTo-néroyHble Konnatepanu (BAJTKA). UHaekesl Nakata u McGoon
coctasuam 1,04 n 285,23 cootsetctBeHHo. [C Ha MA M JITA=52 mm
Hg 1 68 mm Hg cooTBeTCTBEHHO.

YuutbiBas runonnasuio JIA 1 coxpaHstoLmMecs NpUsHaku cep-
[eYHON HeJoCTaTOYHOCTH, pedpaKTepHbIE K NPOBOAMMON Tepanuu 1
npeaWwecTBYOWMM ONepaTUBHLIM BMELLIATENbCTBAM, HAMKU NPUHATO
pelleHne o BbINOSHEHUU TMBpUAHOTO BUdypPKaLMOHHOMO Y-CTeHTU-
poBaHua BeTBel JIA B COYETaHUM C PafMKasbHOM KoppeKuveil TP 8
YCNOBMAX UCKYCCTBEHHOTO KPOBOOBPALLEHMA.

B ycnoBuax KapavOXMPYpruyeckoin onepauuoHHOW Ha pabo-
TaloWmMm cepale B obnactn beccocyamctoit 30Hbl BOMMK HanoxeH
KMCETHbIN OB, U BbINOJHEHA MYyHKLUMA CTeHKM MK ¢ ycTaHOBKOM WH-
Tpoabtocepa 10 Fr. Mpwu aHrmorpadum 13 BOMK BrU3yannsmposaHbl:
runonnasua cteona J1A, cteHosbl ycTbes M/1A u JINA. B auctanbHbiv
OTAEN HWKHenoneBoi nesowt JIA NpoBeAEH U YCTAHOB/EH KECTKUM
nposoaHuK Amplatz Super Stiff (Boston Scientific, USA), no nposogHu-
Ky npoBeaéH 6annoHHbIli Katetep Z-Med 8,0x20,0 mm (NuMed Inc.,
USA), 1 BbINONHEHA NpeaunaTauma ycTba nesovi JIA npu HarHeTaHUu
ZaBneHua B 6bannoHHom Katetepe 10 atmocdep. danee nepudepu-
YECKUIA CTEHT C rMbpuaHbiM ausaiiHom ayeek AndraStent (Andramed,
Germany) A/IMHON 26 MM MOHTUPOBAH Ha Nepudepuyecknii 6anioH-
HbI KaTeTep Z-Med 10,0x30,0 mm (NuMed Inc., USA). MOHTMpOBaH-
HbI CTEHT NO3MLMOHMPOBAH M MMNAAHTUPOBAH B yCTbe Nesol J1A ¢
BbIXOZOM B cTBO/ J1A noz fasneHnem 10 aTmocoep. BbinosHeHa KoH-
TponbHaa AKI u3 cteona J1IA — nonHoe npuneraHune creHTa. Janee ye-
pes AYeliKy paHee MMNAAHTUPOBAHHOIO CTEHTA KECTKUI NPOBOLHMK
npoBeAEH 1 ycTaHoBNeH B anuctanbHom oTaene MJ1A. Mocne npeasa-
pUTeNbHOM AMNaTaLmm AYelikM CTEHTA B KOHTpasiaTepanbHOM BETBM,
BbINO/NHEHA MMMAAHTALMA CTEHTA C TMOPUAHLIM AM3aiHOM AYeeK
AndraStent (Andramed, Germany) anuxoli 21 mm B yctbe MJ1A. Mpu
KOHTPONIbHOM aHrnorpadum us cteona JIA — ontMumanbHoe nonoxe-
HWe CTeHTOB B BeTBAX JIA, CTEHTbI PACKPbITbl MONHOCTbIO, MPU3HAKOB
[ANCCEKLMM M MUTPALMK CTEHTOB HeT. [laHHOe CTeHTMPOBaHWe NPOBO-
ZMN0Cb NO TeXHUKe Y-CTeHTUPOBaHMe (puc. 2).

[anee BbINOJHEH XMPYPIUYECKMIA 3Tan TMBPULHOTO BMeLaTe b-
CTBa — pafMKanbHas Koppekuusa TO Ha poHE MCKYCCTBEHHOTO KPOBOO-
6paLueHus. Mpu NonbITKe CBeAEHUA rPYAUHBI OTMEYanach Aenpeccus
cermeHTa ST B I, lll, aVF g0 2 Mm 6€3 CHUXKEHWA apTepuanbHOro Aas-
nenua (AL 90/55 mm Hg). MpuHATO peweHne 06 OTCPOYEHHOM YLIK-

Taking into account the hypoplasia of the PA and persistent
signs of heart failure, refractory to the therapy and previous
surgical interventions, we decide to perform hybrid bifurcation
Y-stenting of the PA branches in combination with on-pump radi-
cal correction of ToF.

In a cardiac surgical operating room, a purse-string suture
is placed on the beating heart in the RVOT avascular zone, and
a puncture of the RV wall is performed with the installation of a
10 Fr introducer. Angiography from the RVOT visualizes hypopla-
sia of the pulmonary trunk, stenosis of the ostia of the RPA and
LPA. An Amplatz Super Stiff guidewire (Boston Scientific, USA)
is passed and installed, a Z-Med 8.0x20.0 mm balloon catheter
(NuMed Inc., USA) is passed along the guidewire, and predilation
of the LPA ostium was performed with balloon catheter pressure
increased to 10 atmospheres. Next, a 26 mm long AndraStent
(Andramed, Germany) peripheral stent with a hybrid cell design
is mounted on a peripheral Z-Med 10.0x30.0 mm balloon cath-
eter (NuMed Inc., USA). The mounted stent is positioned and
implanted at the ostium of the LPA with exit into the pulmonary
trunk under a pressure of 10 atmospheres. A control ACG per-
formed from the pulmonary trunk shows a complete adhesion
of the stent. Next, a rigid guidewire is passed through the cell of
the previously implanted stent and installed in the distal section
of the RPA. After preliminary deployment of the stent cell in the
contralateral branch, a 21 mm long AndraStent (Andramed, Ger-
many) stent with a hybrid cell design is implanted at the RLA os-
tium. Control angiography from the pulmonary trunk shows the
optimal position of the stents in the PA branches, the stents are
fully deployed, there are no signs of dissection or migration of the
stents. This stenting is performed using the Y-stenting technique
(Fig. 2).

Next, the surgical stage of a hybrid intervention is per-
formed, which is a radical on-pump correction of ToF. When we
attempted to perform the sternum closure, there was a ST seg-
ment depression in II, lll, and aVF leads up to 2 mm without a
blood pressure drop (BP 90/55 mm Hg). A decision was made to
perform delayed sternum closure with the skin defect closed with
a xenopericardium patch. On the 2" day, delayed sternum clo-
sure was performed. Duration of mechanical ventilation was 72
hours. The patient was transferred to the specialized unit on the
4t day.

At discharge (day 12), the patient’s condition is satisfactory
and stable. BP on the right arm is 92/58 mm Hg, and the heart
rate is 115 beats/min. During the control echocardiography, re-
sidual SPG is noted on the stent in the RPA — 23 mm Hg, and in
the LPA —29 mm Hg.
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Puc. 2 A— cmpenkamu yKasaHsl cyxeHus ycmees [1/1A u J1/1A. B —cmpenkol yka3zaH 6annoH 8 /I/IA. C— no3uyuoHuposaHue cmeHma 8 J1/1A.

D — cmpenkol ykazaH packpsimelli cmeHm 8 JI/1A. E—cmpenkol yka3aH 6annoH 8 [1/1A. F — nosuyuoHuposaHue cmeHma 8 [1/1A. G — cmpesnkol
YKa3aH Hedopackpeimell yyacmok cmeHma 8 [1/1A. H — 6annoHHaa nocmounamayua NPoKCUManeHo20 y4acmya cmeHma. | — 8usyanusupyemca
nosHoe npunezaHue UMNAaHMUpPYeMblX CMeHMmMos

Fig. 2 A —arrows indicate narrowings of the RPA and LPA ostia. B — the arrow indicates the balloon in the LPA. C — positioning of the stent in the
LPA. D —the arrow indicates the deployed stent in the LPA. E —the arrow indicates the balloon in the RPA. F — positioning of the stent in the RPA. G
—the arrow indicates the underdeployed part of the stent in the RPA. H— balloon postdilatation of the proximal portion of the stent. | —complete
adhesion of the implanted stents is visualized

B
D
F
BaHWW rPyAMHbI C 3amelleHrem AedeKkTa KOXKM 3annaTon U3 KCeHo-
nepukapga. Ha 2-e cyTku 6bi10 BbINOHEHO OTCPOYEHHOE YILMBaHWE DISCUSSION
rpyauHbl. AnutensHoctb MBJ1 coctasuna 72 yaca. bonbHas nepesege-
Ha B NpoduIbHOE OTAENEHME HA 4-€ CYTKU. In world practice today, RVOT stenting is widely used as the

Ha momeHT BbInuckK (12-e cyTku) cocTosHMe yaoBneTBoputenb-  first stage of surgical correction of conotruncal defects in patients
Hoe, cTabunbHoe. Afl Ha npaBoii pyke — 92/58 mm Hg, YCC - 115ya/  with contraindications to primary radical correction of CHDs. Still,
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MUH. Mpu KOHTPONbHOW IXOKI oTMeYaeTca Hannume octatouHoro MC/,
Ha cteHTe B [1/1A — 23 mm Hg, Ha cTeHTe B JITA —29 mm Hg.

OBCYXXAEHUE

B MMPOBOI NPaKTUKE Ha CETrOAHAWHMUMN AeHb WMPOKO NpUme-
HAeTCcA CTeHTMpoBaHMe BOIMMMK, Kak mnepBbll 3Tanm XMpypruyeckom
KOppeKLMKU MOPOKOB KOHOTPYHKYCA Y MALMEHTOB C NMPOTMBOMOKA-
3aHUAMM K NEpPBUYHON pafuMKanbHOM Koppekuuu BIC, ogHako B
Hallem LLeHTpe Mbl MPUAEPKMBAEMCA KNACCUYECKON NMHUM Nanau-
aTMBHOM NomoLy nNpu TO — HanoKeHUA WyHTa no BT. Ho AaHHbIN
MeTOZ, B HalleM K/IMHWYECKOM C/lydae He NoKasasn cBok 3ddeKTns-
HocTb. CKopee BCero 370 6bl10 CBA3AHO C FeHETUYECKUMM HapyLue-
HUAMM B BUAE CKNOHHOCTU K TpOMb6006pa3oBaHmio. OCHOBbIBAACH
Ha MMPOBOM OMbITe, Mbl BbINONHWAN SHA0BACKYAAPHOE BMeLIATe b-
CTBO — CTeHTUpoBaHue BOMM. [aHHbIli MeTOA, B HAcTosLLEE BpEMA
paccmaTpuBaeTca Kak onepauua NepBoi AMHWM y NaLMeHToB ¢ 06-
CTPYKTUBHbIMM nopaxeHuamu BOMK Besylwmmm mMmpoBbIMU LiEH-
Tpamu no cpaBHeHuto ¢ WwyHTom BT [11].

B HalweMm KAMHWUYEeCcKOoM cyyae BbINONHEHA MMNAAHTALMA CTeH-
Ta B cybonTvManbHOM NO3ULMM C HEMOMHbIM 3aXBaTOM MOAKNaNaH-
HOrO KOMMOHEHTa, YTO, B CBOIO 0Yepesb, He NPUBENO K YBEUYEHWMIO
NEroYHO-apTepPUaNbHOTO MHAEKca. MpoBead MHOXKECTBO MEXAUCLM-
N/IMHAPHBIX KOHCUMYMOB, HaMU BblI0 NPUHATO peLleHne o npose-
ZJeHun PMOMK. OfHaKo U AaHHbIN METOA, He Aan MONOMUTENbHbIX
pe3ynbTaToB. YUnTbIBaA, YTO HU XMPYPrUYecKne, HU 3HA0BACKYIAPHbIe
NanNnaTMBHbIE BMELLATENbCTBA HEe NPUBEAN K MONOKUTENbHbIM pe-
3yNbTaTam, Hamu 6bi10 NPUHATO PeLLeHne O PAacCMOTPeHUN rMbpua-
HOro noaxoaa.

TMBpuAHaA XuMpyprua — 3TO Cleytowan CTyneHb 3BOOLMK,
no3BONAKOLLAA HE TOIbKO 0becneunTb JOCTYN A8 SHA0BACKYAAPHBIX
MHCTPYMEHTOB, HO 1 OLHOMOMEHTHO BbINOHUTb BMELLATeNbCTBO, Ha-
NpaBAEHHOE Ha YCTPaHEHWE APYrUX BHYTPUCEPAEUHbIX MOPOKOB.

CreHo3 BeTBeit JIA ABASETCA AOBOJIbHO YacTol npobaemoit npu
CNOXHbIX BIMC. DHAOBAaCKyNApHble MeToapl neveHus (6annoHHas
aHTVMON/IACTUKA U CTEHTUPOBAHWE BeTBel JIA) B HACTOALLMIA MOMEHT
MOKa3an TEXHNYECKYI0 3QPEKTUBHOCTb, COMOCTAaBUMYIO C OTKPbLITOM
aHIMONMacTMKOM, NPU 3TOM NO3BONAIOT M3bexaTb MK, cTepHOTOMUK
WK PECTEPHOTOMMM U, @ TaKKe MeHee NPOAOIKUTENbHbI N0 Bpeme-
Hu [12].

OfHaKo MHOMMM MauuMeHTaMm, Mo-npexHemy, Tpebyetca one-
paTUBHOE BMELLATeNIbCTBO, BBMAY MOpPdONorMmM cTeHosa, Bo3pacrta
M BECAa Ha MOMEHT onepaLuu, ConyTcTBytowwei obcTpyKummn BOMK,
3aTpyZHAOLWEN npoBefeHWe [OCTaBAAIOWEd CUCTEMbl K CTEHO3M-
poBaHHOMY cermeHTy JIA. B TaKMx cay4asax OonTMMasibHbIM ABAAETCA
rMBpUAHbIA NOAXOA, NPEUMYLLECTBOM KOTOPOTO ABAAETCA MMN/IAHTa-

in our center, we adhere to the classic line of palliative care for
ToF which is a BT shunt. However, this method was not effective
in our clinical case. Most likely, this was due to genetic disorders
in the form of a tendency to form blood clots. Based on inter-
national experience, we performed endovascular intervention
— RVOT stenting. This method is currently considered a first-line
operation in patients with obstructive lesions of the RVOT by the
world's leading centers compared to the BT shunt [11].

In our clinical case, a stent was implanted in a suboptimal
position with incomplete capture of the subvalvular component,
which, in turn, did not lead to an increase in the PA index. After
holding many interdisciplinary consultations, we decided to con-
duct RVOT reconstruction. However, this method did not give any
effect. Considering that neither surgical nor endovascular pallia-
tive interventions led to positive results, we decided to consider
a hybrid approach.

Hybrid surgery is the next step in evolution, allowing not
only to provide access for endovascular instruments but simul-
taneously to perform an intervention aimed at eliminating other
intracardiac defects.

Stenosis of the PA branches is a rather common problem in
complex CHDs. Endovascular treatment methods (balloon angio-
plasty and PA branches stenting) have now shown technical effec-
tiveness comparable to open angioplasty. While avoiding bypass,
sternotomy, or resternotomy, they are also less time-consuming
[12].

However, many patients still require surgical intervention
due to the morphology of the stenosis, the age and weight of
the patient at the time of surgery, and concomitant RVOT ob-
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LMA cTeHTa 6o/blIEro pasmepa y ManoBeCcHbIX NaLMEHTOB, a Takke
OAHOMOMEHTHAA KoppeKLwa cnoxHoro BIMC.

MwuunraHckuin  ueHTp BMC npogemoHcTpuposan 20-n1eTHuWi
onbiTc 1994 no 2013 rr. rbpuaHOIN YCTaHOBKM cTEHTOB B JIA. 81 cTeHT
6bln ycTaHOB/MEH 68 nauueHTam. Y GoMbLUMHCTBA NauueHToB (84%)
MMNJIQHTaLUMA CTEHTOB Oblna BbIMOJHEHA KaK YacTb OTKPbITOM One-
paumu. MmnnaHTauma cTeHToB bblna ycnewHon B 99% caydaes, y 1
naumeHTa npoun3oLwén paspbis JIA gucTanbHee UMNAAHTALMK CTEHTA,
yTo NOTPebOBaNO HEMEANEHHOTO YAANEHUS CTEHTA U OTKPbITOMN aH-
rMonnacTkn. Mpu KOHTPobHOM IxOKI OCTaTOUHbIN pe3nayanbHbIi
CTEHO3 IETKOWN CTEMEHU UM OTCYTCTBME OOCTPYKLMM OTMEYAUCh B
92% cnyyaes [13].

Ha Haw B3r14, UHTEpeC AaHHOMo KAMHWYEecKoro cny4vas oby-
CNoBNEH TeM, YTO paHee NPOBeAEHHbIE NaNNNATUBHbIE BMeLIaTe/b-
CTBa —HanoxeHue WyHTa no bT, creHTMposaHue BOMXK 1 aAByxKpaTHan
PNOMX — He npuBenn K 3HaYMMOMY POCTY NErOYHO-apTepUasbHOro
nHAeKca. Takum 06pasom, yunTbiBan TAXKENOe KAMHUYeCKoe coCcToA-
HUWe W pAS OrpaHMYEeHWIA, KaK SHA0BACKYIAPHOW, TaK U XMPYPruyecKom
KOppeKLMK, BbiI0 peLleHo BbINoAHWUTL rMbpuaHoe buddypKaLmoH-
Hoe Y-cTeHTMpoBaHwWe JIA B COYETaHUM C pafiMKanbHOW KoppeKLuuen
T®. Mo npuyMHE HaMuMA TMMONAA3MKU CTBOMA U OBCTPYKLMM BETBEN
NEroyHo-apTepuanbHOro AepeBa HeobXoAMMO 6blI0  BbIMOAHUTD
cteHTpoBsaHmne MJ1IA u JI1A ¢ BosneveHnem creona JIA. [oatomy
HaMW 1 6bI1I0 NPUHATO peLleHne O NPoBeaeHUN rMbpuUaHoro Y-CTeH-
TUPOBAHWA. B 3TOM CBA3M, HaL BbIGOP Nan Ha CTEHTbI C rMbpUAHON
Avekon — AndraStent.

3AK/NIOYEHUE

B HacTosLlee Bpema nposeaeHne Koppekuun Td asnsetca go-
BO/IbHO M3Y4YEeHHbIM METOZOM M 0Ka3an CBOE npenmyLiectso. OfHa-
KO B [aHHOM K/MHMYECKOM C/ly4ae Mbl MPOAEMOHCTPUPOBAN HE3-
bdeKTMBHOCTb paHee NPOBEAEHHbLIX MaNAMATUMBHbIX BMELIATeNbCTB,
W1, Ha Hall B3MA4, NPUMEHEHHbIN TMBPUAHBIA NOAX0A, ABUACS ycnelu-
HbIM 1 3O GEKTUBHBIM BMELLATEIbCTBOM.

struction, which complicates passing the delivery system to the
stenotic segment of the PA. In such cases, a hybrid approach is
optimal, the advantage of which is the implantation of a larger
stent in low-weight patients and the simultaneous correction of
complex CHD.

The Michigan CHD Center demonstrated 20 years of experi-
ence in the hybrid PA stent placement from 1994 to 2013. Eighty-
one stents were implanted in 68 patients. In most patients (84%),
stent implantation was performed as a part of open surgery. Stent
implantation was successful in 99% of cases; in one patient, the
PA ruptured distal to stent implantation, which required immedi-
ate stent removal and open angioplasty. During control echocar-
diography, residual mild stenosis or absence of obstruction was
noted in 92% of cases [13].

The interest in this clinical case is because preliminary pal-
liative interventions — applying a BT shunt, RVOT stenting, and
double RVOT reconstruction — did not significantly increase the
PA index. Thus, considering the severe clinical condition and sev-
eral limitations of both endovascular and surgical correction, it
was decided to perform a hybrid bifurcation Y-stenting of the PA
combined with radical correction of ToF. Due to the presence of
pulmonary trunk hypoplasia and obstruction of the branches of
the PA, it was necessary to perform stenting of the RPA and LPA
involving the PA trunk. Therefore, we decided to perform hybrid
Y-stenting. In this regard, our choice fell on stents with a hybrid
cell (AndraStent).

CONCLUSION

The correction of ToF is a well-studied method which has
proven its advantage. However, in this clinical case, we demon-
strated the ineffectiveness of preliminary performed palliative
interventions, and, in our opinion, the hybrid approach used
proved to be a successful and effective intervention.
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