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AHHOTALMUSA

B HacTosilee BpeMs 3NeKTpoKapauoCTUMYISILMS ABMASETCS OCHOBHBIM METOAOM feYEHUst Y AeTEN C XKU3HEYrpoXKatoLLMMm
OpagnaputMusimu. ATproBEHTpukynsipHas 6nokaga (ABB) BbICOKOW CTENeHM OCTaeTCs OCHOBHbIM MOKa3aHueM Ans
NOCTOSIHHOW 3MEKTPOKapAMOCTUMYNAUMM B OETCKOM Bo3pacTe. Paktopamu, onpepensiowmmMmm cneumdguky nMmnnaHtaumm
YCTPOWCTB B NeguaTpuyeckon nonynsiuum, SBnstoTcs aHTponoMeTpuyeckne faHHble pebeHka 1 COOTBETCTBUE UX pasMepamM
CTUMYNSAITOPa U 3NEKTPOAO0B, HEOBXOAMMOCTL ANUTENBHONM (MOXMU3HEHHOW) KapOUOCTUMYNSALMU MU MHOTOKPATHOW 3aMeHbl
anekTpokapaunoctumynsitopa (OKC), BbICOKMI ypOBEHb aKTUBHOCTM pebeHka, M3MeHeHue puanyeckux pasmepoB Tena
B AMHaMuKe (HEOOXOAMMOCTb UMNMaHTaUun 3MeKTPOAOB «C 3anacoM» U UX 3aMeHbl), B psSiae CriydaeB — COMyTCTBYHOLLME
BpoXaeHHble nopoku cepaua (BMNC), ocobeHHO Mpu HanuMuMnm BHYTpUCEPAEYHbIX LWYHTOB. OQHMM U3 CMOpPHbLIX BOMPOCOB
OETCKON KapAMOCTUMYMsiLuK ocTaeTcs Bbibop cnocoba umnnaHTauum (anmkapananbHbI Unu aHaokapavaneHeliin). CornacHo
ny6nvkaumsiM nocnegHUx neT, UCNonb3oBaHNe METOAMK 3NMKapananbHON MMNNaHTaLmMmn anekTpoaoB HaxoauT Bce bonbLiee
NpUMEHEHNE Kak B cury Gornee cepbe3HbIX OCMOXHEHWI TPAHCBEHO3HOW 3NEKTPOKApANOCTUMYMALMM, Tak U B CBSA3M C BO3-
MOXHOCTbIO BblbOpa remMoguHamMu4ecku ONTMMAnbHOW 30HbI CTUMYNSALMU NPU 3NMKapguanbHOW MeToavke Ans npefot-
BpaLLeHns NercMenKkep-UHAYLMPOBaHHOW OMCCUHXPOHMKU. TakoW NoAxod MO3BOMSET MaKCUMarbHO OTTSHYTb YCTAHOBKY
3HOOKapAManbHOW CUCTEMbI CTUMYNSALMKU, NPUMEHEHWE KOTOPOW aKTyanu3upyeT HEepeLUeHHYH Ha CErofHsILHWA OeHb He
Tonbko B Poccun, HO U B Mupe npobrnemy SHOOBACKYMAPHOW 3KCTpakUMK 3NeKTpoaoB y AeTen. B craTbe npeacrtasneH
0630p nuTepatypbl No NpumeHeHuto noctosiHHon JKC y geTer, paccMOTpPeHbl NpenMyLLecTBa U HEAOCTATKN NPUMEHEHUS
aHOoOKapamansHow 1 anukapguansHon cuctem OKC, obcyxpatoTcs pasnuyHble cnocobbl umnnaHtTauum n pexunmel JKC,
Hambornee 4acTo NPMMEHsiEMbIe B NeAMATPUYECKON MPaKTUKE.

KnioueBble cnoBa: 3MeKTPOoKapANOCTUMYNALNS, aTPUOBEHTPUKYNSpPHasa 6riokaaa, AeTu, anukapavanbHasa u 3HA0-
KapamanbHas cuctema 3neKkTpoKapaAMOoCTUMYNSALMN, 30HbI CTUMYMALMKW, OOHO- U AByXKamep-
Has aNeKTPOKapANOCTUMYNALNS.

KoHdnukT nHtepecos: aBTOpbI 3a9BNSAOT 06 OTCYTCTBUM KOHMPNNKTA UHTEPECOB.

I'Ipospatmocn: (*)VIHaHCOBOﬁ HUKTO U3 aBTOPOB HE NMEET dJI/IHaHCOBOVI 3anHTepecoBaHHOCTU B NpeacTaBlieHHbIX MaTtepua-
AeATeNIbHOCTU: nax unu metoaax.

CooTBeTCTBME NPUHLMNAM B 0630p ObINK BKMHOYEHbI CTaTbW, TEMbI U UCCNELOBAHUS KOTOPbLIX COOTBETCTBYHOT XENbCUHK-
3TUKM: ckon aeknapaummn BcemmnpHon megmumuHckon accoumanmn.
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Abstract

Pacing is currently the main method of treatment in children with life-threatening bradyarrhythmias. The high-grade
atrioventricular block remains the main indication for permanent pacing in children. The factors that determine the specificity
of device implantation in the pediatric population are as follows: anthropometric data of a child and their compliance with the
size of a pacemaker and the electrodes, the need for long-term (lifelong) cardiac stimulation and multiple replacements of a
pacemaker, high level of child’s activity, changes in the physical parameters of the body over time (the need for implantation
of the leads “with reserve” and their replacement), and, in some cases, the presence of concomitant congenital heart defects,
especially, with intracardiac shunts. One of the controversial issues in pediatric cardiac stimulation is choosing a method of
implantation (epicardial or endocardial). According to recent reports, the epicardial lead implantation techniques are increasingly
being used because the transvenous pacemakers are associated with more serious complications and due to the capability
to choose hemodynamically optimal stimulation zone in epicardial technique to prevent pacemaker-induced dyssynchrony.
This approach allows to ultimately postpone the implantation of the endocardial stimulation system, administration of which is
associated with the problem of endovascular lead extraction in children, the problem, which has not been resolved not only in
Russia but also worldwide. This review article discusses recent literature on the use of permanent pacing in children, including
the advantages and disadvantages of using the endocardial and epicardial pacemaker systems as well as various methods of

implantation and pacemaker modes most often used in pediatric practice.
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BBepgeHue Introduction

OnekTpokapanocTumynsaums Obina BBegeHa B KNMHMYE-
CKYIO NMPaKTUKy HECKOIbKO OEeCATUNETUN Ha3ag v Bce 4valle
ucnone3yeTcs B neguatpum [1]. Y geteit 0CHOBHOW NPUYMHON
uMnnaHTauumn asnekTpokapaunoctumynsatopa (OKC) asnsaet-
CSl HaNMuue XU3HEYrpoXawLlmMx OpagnapuTMuin, Takmx Kak
aTpuoBeHTpuKynsapHas 6nokaga (ABB), cuHgpom cnaboctu
CMHYCOBOTO y3na 1 buHoganbHas naTonorus, KoTopble MoryT
ObITb KaK BPOXXAEHHbIMU, TaK 1 BO3HUKAOLLMMN HA hOHE nnn
rnocne nepeHeceHHOro MnokapauTta, nubo passuBaLLMMKCS
KaK OCINOXXHEHUSA NOCe XUPYPrmyeckon KOPPEKLUN BPOXKOEH-
HbIX NopokoB cepaua (BMC) [2].

ABB BbICOKOWN CTEMEHN OCTAETCsi OCHOBHBLIM MOKAa3aHu-
€M 115 NOCTOSAHHOWM 3NEKTPOKapaNOCTUMYNSALNM B AETCKOM
Bo3pacTe. B HacTosilee BpemMs nmnnaHTaums cuctemol OKC
ONSA NOCTOSIHHOM CTUMYNSALNM ABNSAETCA PacnpoCTPaHEHHON
npoueaypor y NaumMeHToB C BPOXAEHHbIMW U NpuobpeTeH-
HbIMM MOpPOKaMu cepaua, Nocrne Kapauoxmpypruieckux one-
pauuii, ABE gaxe y HOBOPOXAEHHbIX WU AeTel Mnaglero
Bo3pacrTa [3, 4].

Cardiac pacing has been introduced into clinical
practice decades ago and its use is on the rise in
pediatrics [1]. The main reason for cardiac pacemaker
implantation in children is the presence of life-threatening
bradyarrhythmias such as atrioventricular (AV) block, sick
sinus syndrome (SSS), and bimodal pathology, all of which
may be either congenital or acquired due to the ongoing or
past myocarditis or a complication after surgical correction
of congenital heart defects (CHD) [2]. High-degree AV
block remains the main indication for permanent cardiac
pacing in children. The implantation of a pacing system for
permanent stimulation is a common procedure in patients
with congenital and acquired heart defects, AV block,
and after cardiac surgery even in newborns and young
children [3, 4].

However, the use of permanent pacing in children
remains a challenging task. Many pediatric issues
including the anthropometric characteristics, their rapid
change due to child’s growth, the need for multiple
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OpHako nMpvMEeHeHWe MOCTOSHHON CTUMYNSauUWMW y Aeten
oCTaeTcs CnoxHow 3ajadven. MHorve negmaTtpuyeckue npo-
6nembl, Takne Kak aHTPONOMETPUYECKNE XapaKTEPUCTUKU, UX
ObICTpOE M3MeHeHMe No Mepe pocTa pebeHka, HeobxoanMOoCTb
MHOrOKpaTHOW 3ameHbl cuctembl SKC B TeueHue XnsHu, co-
nytcTeytowme BlC, Hannyme oCTaToOuHbIX BHYTPUCEPAEYHbIX
LUYHTOB, aKTUBHbIA 06pas XW3HW JOMKHbI BbITb PacCMOTPEHbI
npu peweHun sonpoca 06 nmnnanTaumm AKC. Beibop onTu-
manbHomn cuctembl SKC ans pebeHka TpebyeT YeTKoro noHu-
MaHWNs OCHOBHbIX XapaKTEpPUCTUK COBPEMEHHBIX anmnapaTos u
noKasaHWi K MOCTOSIHHOW CTUMYNALMKU, NPEUMYLLECTB U Hedo-
CTaTKOB TEX UMW MHbIX PEXMMOB CTUMYMSALMK U CNOCOB0B UM-
nnaHTaumm OKC u aneKkTpoaoB, MHTEHCUBHOIO (M3nYecKoro
pa3suTna pebeHka 1 BOSMOXHbIX OCNOXHEHWN [2].

KpaTkas uctopus anekTpokapauocTUMynsauum
U ee UCTOpPUYECKUE acneKThbl B AEeTCKON NpaKkTuke

OneKkTpoKapaMoCTUMYNALUUS  MPUMEHSAETCS € KOHua
50-x rr. mpownoro croneTtus. lporpecc AeTCKOW KapAnoxu-
pyprum cnocobcTBoBan 3Ha4YMTENbHOMY Pa3BUTUIO 3NEKTPO-
KaponoCTUMYNSALMK, NMOCKOMbKY Ge3ynpeyHo BbIMOMHEHHbIE
BHyTpucepaeyHble koppekuun BINC yacto conpoBoxganuch
passutnem ABBE cepgua [1].

MepBbie onbiTbl NpuMeHeHus KC

1932 r. — A. XanmaH (Albert Hyman) npogemMoHcTpupo-
Ban cobctBeHHbIV annapar artificial pacemaker (uckyccreen-
HbI BoauTenb putma — VIBP).

B Havane 1950-x rr. cosgaH nepsbin nopTatuBHbIn SKC
C nuTaHmem ot cetu. K coxaneHuio, nepsble yCTpONCTBa Ans
OKC 6bInv rpomMo3gkMMun, n3-3a Yero Ux NPUXoauIoch Katatb
Ha Tenexkax (katankax).

B nctopuun anektpokapavocTumynaumm koHeu, 1950-x —
Hayano 1960-x rr. 6biNMM O3HamMeHOBaHbl BaXHbIMK COObI-
TMaMu. BcemmpHo n3BeCTHbIM kapguoxupypr Y. Jlunnexen
(Walton Lillehei) o6patunca B komnanuio Medtronic ¢ npock-
6on npuaymaTb «4TO-HMOYAb MOnyYlwe» C Lenbio ycosep-
LeHcTBoBaHuUS husnyecknx napametpos IKC. Tak, B 1957 1.
Opn bakkeH (Earl E. Bakken), sBnaBwwuiica coydpeamTe-
nem Medtronic Inc., Beinyctun nepsbii nepeHocHon 3SKC
C nuTaHuem ot BaTapeu, KOTOPbIA NOCNe YeTbipex Heaenb
9KCNEPUMEHTOB YXXe NCMOob30Barcs B KNMHUYECKON NPakTu-
ke. OgHaKO YacTo BO3HMKANM MHMEKLMOHHbIE OCNIOXHEHUS,
CBSi3aHHbIE C 3MNeKTpoAamMu, 1 6bIno O4eBMOHO, YTO HEOOXO-
OMMO CO3[aHne MONHOCTbI0 MMnnaHTupyemoro IKC.

8 okTabpsa 1958 r. cumTaeTca OCHOBHOM OTNPABHOW TOY-
KOW B MCTOPWM 3NEKTPOKapANOCTUMYNSALMN NO BCEMY MUPY.
B atot geHb xupypr A. CeHHuHr (Ake Senning) nocpeacTsom
NEeBOCTOPOHHEN TOPaKOTOMUM UMMANaHTMpOBan nauueHTy
no umenun A. JlapcoH (Arne Larsson) ABa MyuokapauanbHbIX
anekTpoda v nepsbin umnnaHTupyembii IKC, cosgaHHbIn
P. Onmkeuctom (R. Elmquist), pucyHok 1.

K koHuy 1970-x rr. 6611 npon3sBeaeHsbl nepebie AByXKa-
MepHble cuctembl AKC, no3BonsABLUME AOCTUTHYTb CUHXPOH-
HOro COKpaLLeHns Mexay npeacepavamn n xenygodkamu. B
1980-x rr. 6bINM co3aaHbl NepBbIe AMEKTPOAbLI CO CTepoua-
HbIM MOKPbLITUEM.

Annapatbl OKC 3a cBOW HeNpoAOImKUTENbHBIN Nepuog
NPUMEHEHNS B KIMHWYECKOW MpaKTUKe npeTeprnenn 3Hauu-
TenbHblE YCOBEPLUEHCTBOBAHMWSA: YMEHbLUEHNEe pa3MepoB;
yBENMYeHne npoaomKNTENbHOCTU cpoka cnyxbbl 6aTtapeu;
co3gaHue AByxXKaMepHbIX (CeKBeHLManbHbIX) Modenewn; pas-
paboTka pasnu4yHbIX BapvaHTOB YaCTOTHO-aAanTUBHBLIX an-
napatos [1].

replacements of a pacing system over a lifetime,
concomitant CHD, the presence of residual intracardiac
shunts, and active lifestyle should be considered while
making a decision regarding an implantation of pacing
system. The choice of pacing system for a child requires
a clear understanding of the main characteristics
of cutting-edge devices, indications for permanent
pacing, advantages and disadvantages of stimulation,
approaches to implantation of a cardiac pacing system
and the leads, physical growth and development of a
child, and potential complications [2].

Brief history and historical aspects of cardiac pacing
in pediatric practice

Cardiac pacing has been used since the late 1950s.
The progress in pediatric cardiac surgery contributed to
a significant development of cardiac pacing because the
impeccably performed intracardiac corrections of CHD
were frequently associated with the development of AV
block [1].

Early experience of implementing
pacing systems

1932: Albert Hyman demonstrated the self-designed
artificial pacemaker apparatus.

In the beginning of 1950s, the first portable mains-
powered pacemaker system was created. Unfortunately,
the first devices for cardiac pacing were bulky so they
required to be driven about on carts.

The time from the late 1950s to early 1960s was
marked by significant events in the history of cardiac
pacing. World-famous cardiac surgeon Walton Lillehei
contacted the Medtronic company and requested to
invent something better to improve physical parameters
of cardiac pacemakers. Indeed, in 1957, Earl E. Bakken, a
cofounder of the Medtronic Inc., produced the first portable
pacemaker with battery power, which was used in clinical
practice as early as four weeks after the experiments.
However, the infectious complications associated with
the leads were quite common so it became evident that
the creation of a fully implantable pacemaker system is
necessary.

October 8, 1958 is known as a new departure in the
worldwide history of pacing. At that day, a surgeon Ake
Senning implanted, through the left thoracotomy, two
miniature electrodes and the first implantable cardiac
pacemaker, created by R. Elmquist, to a patient whose
name was Arne Larsson (Fig. 1).

In the late 1970s, two-chamber cardiac pacemakers
were created for the first time allowing to achieve synchro-
nous contractions between the atria and ventricles. The
first steroid-eluting epicardial pacing leads were devel-
oped in 1980s.

During a short period of being used in clinical prac-
tice, cardiac pacing devices underwent significant im-
provements, namely: size reduction, increase in du-
ration of battery life, creation of two-chamber models,
and development of diverse variants of rate-responsive

pacing [1].
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Puc. 1. P. OnmksucT, A. CeHHuHTr 1 A. JlapcoH (crnesa Hanpago)
Fig. 1. R. ElImqyvist, A. Senning, and A. Larsson (from left to right)

MokasaHusa k nmnnaHTauum IKC y neten

ExerogHo oTmevaetcsi pocT uyucrna geter U naumeHToB
Moriogoro Bo3pacTa € noctosiHHbiMM JKC, HO KOnMyecTBo
umnnanTupyembix AKC B oeTckoM Bo3pacTe, BKIYasi HOBO-
pOXAOEHHbIX, cocTaBnsieT He 6onee 1% Bcex AKC B mupe [5].
B cBsi3an ¢ atum komnaHuu-npoussoauTenu VIBP He npegyc-
MaTp1BaloT AarnbHelwyo pa3paboTKy cneumnanbHbIX AEeTCKUX
cuctem QKC, otyero npumeHenne SKC y peten TpebyeT Bbi-
COKoro npodheccroHanmama crneumnanucToB, CTankmBaoLmxcs
C AaHHOW Npobnemoii B KMMHUYECKON NpakTuke. TeXHUYeckue
YCOBEPLUEHCTBOBAHUSI CTUMYMUPYHOLLMX CUCTEM MPUBENU K
NosIBNEHNIO COBPEMEHHbIX dmamonornyecknx OKC, kotopble
no CBOMM pa3Mepam U BO3MOXXHOCTSIM OoCTaTo4HO Ge3onacHo
npuMeHsitoTcs y aeTen noboro Bodpacra [6-9]. Bce poctmxe-
HUS1 KaK B TEXHUYECKOM, TaK U B MporpammHOM obecrneveHunm
KapaMOCTUMYMATOPOB Cry>aT OCHOBHOW Lienu — afekBaTHON
3NEKTPUYECKON KOPPEKLMU HApYLUEHWA puTMa W NpPOBOAM-
MOCTW cepaua Takum obpasom, 4ToObl MogenMpoBaTb ecTe-
CTBEHHYI0, CBOWCTBEHHYIO CEPALY 3MEKTPUYECKYH (DYHKLMIO.

EcTecTBEHHO, Hay4YHO-TEXHUYECKUIA MPOrpecc No3Bonum
paspeLunTb psg npobnem, K Npumepy, BbICOKUIA MOPOr CTUMY-
nsumm Npu anvkapananbHon cucteme OKC yaanock npeogo-
neTb NyTEM CO3[aHWNS HOBbIX 3MUKapamarnbHbIX MeKTPOAoB
CO CTEPOMAHBIM NOKPbLITUEM, YTO OAET BO3MOXXHOCTb CHU3UTb
BOCManuTenNbHbIN NpoLecc B paHHEM MocreonepaunoHHOM
nepuoge [1, 10]. bonee Toro, NpogomKarLWascsa TeEXHU4Ye-
ckas peBonouMs OU3MKM  3NekTpuyecTBa crnocobecTByeT
co3gaHuto 6ornee ycoBepLUEHCTBOBaHHbIX cuctem IKC 1 mMu-
HUMM3aLMN X Pa3MePOB, COOTBETCTBEHHO, YNy4LLMIOCH Ka-
4YeCTBO CTUMYNUPYHOLLKX cucTem. Mpumepom ToMy SBMSIOTCS
OKC HoBoro nokonexus 6e3 anektpoagor — Medtronic Micra n
Nanostim. 3Tu ycTponcTBa xapakTepuayloTcs ManbiMn pas-
Mepamu (He Gonblue Konnavka pyyku) U ycTaHaBNMBaKTCA
npsiMmo B cepaue. 3HaunTenbHbli 06bem camoro IKC 3aHu-
MaeT GaTapevika. Mo mepe ucToLeHuss cpoka cnyxbbl 6aTta-
pen HeobxoOMMO MPOBECTU XMPYPrUYECKYK onepauuto no
ee 3amMeHe, XOTS B HacToslLee BpeMsi MHOr1e crieumanucTbl
ULLYT NyTW paspelueHns LaHHOW npobrnembl NocpencTBOM
6ecnpoBoHON aneKkTpoMarHUTHoM noasapsigku. K coxane-
HWUO, OMbIT KMMHUYECKOro MPUMMEHEHUs1 OaHHbIX OeBaiicoB
HeaocTaTodeH, U3-3a Yero Ha CEroHsLLHUIA AeHb OHU HE MO-
ryT UCMomnb30BaTbCsA B AETCKOW NPaKTUKE, K TOMY XeE Y HUX
MMEITCSl CBOM HEAOCTaTKW MPU UCMOMb30BaHUM B KITMHUYeE-
ckoun npakTuke [11, 12].

Indications to cardiac pacemaker implantation
in children

Evidence suggests that the number of children and
young-age patients with permanent cardiac pacemakers
is increased annually, but the number of implanted pace-
makers in children including newborns does not exceed
1% of all pacemakers in the world [5]. In this regard, the
companies producing pacemakers do not intend a further
development of special pediatric pacemaker systems so
the administration of pacemakers in children requires high
professionalism from the specialists facing this problem
in clinical practice. The technological improvements of
pacing systems has resulted in the development of state-
of-the-art physiological cardiac pacemakers, which are
safely used in children of any age due to their sizes and
abilities [6-9]. All achievements of both technological and
software provision of cardiac pacemakers serve to the ulti-
mate aim of adequate electrical correction of heart rhythm
and conduction disorders through the modeling of natural
electrical function native to the heart.

It is natural that the scientific-technological progress
provided a way to solve some problems, for example, a
high threshold of stimulation in case of epicardial pace-
maker system. This issue was overcome through the cre-
ation of new steroid-eluting epicardial pacing leads, which
allow to decrease the inflammatory process in the early
postoperative period [1, 10]. Moreover, the continuing
technological revolution in the physics of electricity con-
tributes to the creation of more advanced cardiac pace-
maker systems and to the minimization of their sizes.
Therefore, the quality of cardiac pacemaker systems has
improved. Case in point is a leadless cardiac pacemaker
system Medtronic Micra and Nanostim. These devices are
characterized by small sizes not exceeding a pen lid and
are placed directly into the heart. A power battery takes a
significant volume of the cardiac pacemaker.

As the battery depletes, surgery is necessary to re-
place it, although many experts are currently looking for
ways to solve this problem through wireless electromag-
netic charging. Unfortunately, the experience of clinical
use of these devices is insufficient, which is why today
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CneuunanucTel apuTMONOrn-Kapavonorn CranknBaloTes
C pAAOM 3afad, KOTopble AOMKHbI ObITb pelUeHbl, Yy4YuUTbI-
Bas BCE aHATOMO-(PU3NONOrn4yeckme ocobeHHOCTn pebeH-
Ka W nepcnekTuBbl AnutenbHon ctumynsaumn. OcHOBHas
uens umnnantauymm OKC — 3T0 He TOnbKO ajekBaTHoe
BOCCT@HOBIIEHNE CEepAEeYHOro puTma, HO Takke MUHUMW-
3aunsa BO3MOXHbIX OCHOXHEHMI (NoboyHbIX addekToB),
CBSI3aHHbIX KaK C camoOu npouenypov MMnraHTauuu, Tak u
C NocneacTBUAMN ANUTENbHOW 3NeKTPOKapAMoCTUMYNALNA
cepaua.

MokasaHua k nmnnanTauum AKC koppekTupoBanuch no
Mepe MOCTYMNfEeHnss HOBON MHOpMaLMn 1 COBEPLUEHCTBO-
BaHWs TEXHOMOMMA B PasBUTMN CUCTEMbI AAHHOrO meToaa
nevenns 6Gpagnaputmuin. WN3navansHo OKC wncnonb3osa-
NVCb TOMbKO ANSA BEAEeHWs NauMeHTOB C nocreornepaumnoH-
HeiMn ABB [1]. B nocnegytowem TexHuyeckne napameTpbl,
BO3MOXHOCTM JKC 1 ux nporpammaumn paclumpunmcb, 4To
no3sonuno npumeHsTs OKC 1 B Apyrux KNMHUYECKUX CUTya-
LMsX, CONPOBOXAAOLLMXCS BblpaXXeHHOW bpaavkapanen nnm
3Ha4YMMbIMK Nay3amu puTma.

PekomeHgaumm no npumeHennto OKC y geten paspa-
60TaHbl pasnMyHbIMK accoumaumsamMmn n coobLiecTsamn n
[OCTaTO4HO MOMe3Hbl B eXefHEBHOM npakTuke Bpada. Op-
HaKo crnegyet NOMHUTb, YTO YPOBEHb AOKa3aHHOCTW Ans
3TMX peKkomMeHAauui HU3KMA. BonbLUMHCTBO pekoMeHaauum
ANs geTer, HyXOarLwWwmxcs B NOCTOAHHOW CTUMYNSLUN, He
NOATBEPXAEHbI NPOCMNEKTUBHBIMU NCCIEAOBAaHUSMMN N OCHO-
BbIBalOTCA Ha MHeHuu akcnepTtoB [4, 5, 13—15]. OCHOBHbIM
nokasaHvem k umnnaHTtaumm OKC B AeTCKOM NpakTuke sBns-
eTcsa Hanuuue cumnTomaTtukm (npuctynsl MopraHen — Agam-
ca — CTokca, HM3Kas TONepaHTHOCTb K (PU3NYECKOW Harpys-
ke, BbiCTpas yTOMNSemocCTb), BblpaxeHHas Opapukapams
(meHee 55 ya./mvH — y peten go 1 roga, meHee 50 yg./MUH —
y geten ctapwe 1 roga, meHee 40 ya./M1UH — B NO4POCTKOBOM
nepvoge) n NpogomKNTENbHOCTL acuctonum Gonee 3 c. [14],
XOTS BCE 3TU KpUTEpPUM B BOnbLUEN CTENEHUN HOCAT PEKOMEH-
AaTenbHbI XapakTtep.

Ha cerogHsLWHMI AeHb cneunanucTbl UCNONb3YHT NoKasa-
Hust kK umnnanTauum SKC y getein, onybnukoBaHHble B 0630pe
pabouen rpynnel EBponenckon Accoumaumm aputMOonoros u
Accoupnaummn Eponencknx getckux kapauonoros (2013) [14].
Hwxe npvBeaeHbl nokasaHnsa ana nMmnnadtaumm IKC, npea-
CTaBreHHble B faHHONM nybnukauuu, y neten ¢ ABB.

lNokasaHus k umnnanmauyuu OKC y demeli ¢ 8poxxdeHHoU
ABbB (BABbB) 3-Ui cmeneHu:

Knacc |

MonHas BABB y HoBOpOXOEHHOro Mnu mnageHua ¢ xe-
NyAOYKOBOW YacToTow putMa MeHee 55 ya./MuH nnu B cove-
TaHum ¢ BIC n xenygoykoBon Yactoton putma meHee 70
yA./MyH (ypoBeHb JOCTOBEPHOCTU Aoka3aTenscTs C).

MonHas BABB B co4yeTaHum C LUMPOKO KOMMMEKCHBIM
3ameLLaloLM pUTMOM, XXENYA0YKOBON IKTOMUEN UMK Xeny-
Ao4ykoBow ancdyHkumen (B).

MonHas BABBE nocne nepBoro roga >Xu3Hu CO CpegHewn
YacToTon cepaeyHbix cokpatteHnin (HCC) meHee 50 ya./muH;
BHe3anHble naysbl Xenyao4koBoro putma, B 2—3 pasa npe-
Bbllalowne 6a3oBbIi pUTM; CUMNTOMbI, aCCOLMMPOBaHHbIE
C XPOHOTPOMHOW HEKOMMETEHTHOCThIO (B).

Knacc Il

MonHas BABB y acumnToMHbIX AeTel 1 nogpoCcTKOB C
npuemnemon YCC, yskumn komnnekcamn QRS 1 Hopmans-
How doyHKumen xenyao4dkos (C).

lMokasaHus k umnnaHmayuu 3KC y demel ¢ nocneorie-
payuoHHol ABB:

they cannot be used in pediatric practice, moreover, they
have their own drawbacks when used in clinical practice.
A battery discharge requires a surgery for battery replace-
ment though many specialists are currently searching the
ways to solve this problem via the wireless electromagnet-
ic recharge. Unfortunately, the experience of clinical use
of these devices is insufficient, which hampers their imple-
mentation in pediatric practice. Moreover, they have their
own disadvantages when used clinically [11, 12].

The arrhythmologists-cardiologists face some issues,
which should be solved considering all anatomical and physi-
ological characteristics of a child and prospects for long-term
stimulation. The main aim of a cardiac pacemaker implanta-
tion is not only the adequate restoration of heart rhythm, but
also a minimization of possible complications (side effects)
associated with both the implantation procedure itself and
the consequences of a long-term cardiac pacing.

The indications for cardiac pacemaker implantation
were corrected in accordance with updated information
and technological improvement in the development of
system for treatment of bradyarrhythmias. Cardiac pace-
makers were initially used only for a management of pa-
tients with postoperative AV blocks [1]. Later, the technical
parameters, capabilities of cardiac pacemakers, and their
programming were expanded, which allowed to use pace-
makers in other clinical situations associated with severe
bradycardia or significant pauses in the rhythm.

The recommendations on the use of cardiac pacemak-
ers in children have been developed by the different as-
sociations and societies and are quite useful in everyday
practice of a physician. However, one should remember
that the evidence grade of these recommendations is low.
Maijority of recommendations for children who require
permanent stimulation are not supported by prospective
studies and are based on the expert opinion [4, 5, 13—15].
The main indications for cardiac pacemaker implantation
in pediatric practice include the presence of symptoms
(Stokes-Adams attacks, low tolerance to physical exer-
cise, and rapid fatigability), severe bradycardia (less than
55 beats per minute (bpm) in children younger than one
year, less than 50 bpm in children older than one year,
and less than 40 bpm in teenagers), and duration of asys-
tole for over 3 s [14] though all these criteria are mostly
advisory rather than mandatory. The specialists currently
use the indications to cardiac pacemaker implantation to
children published in the review of a working group of the
European Heart Rhythm Association and the Association
of European Pediatric Cardiology (2013) [14]. The indica-
tions to cardiac pacemaker implantation in children and
AV block are given below in this paper.

Indications to cardiac pacemaker implantation in children
with third-degree or complete congenital AV block (CAVB):

Class |

Complete CAVB in a newborn or a baby with ventricular
heart rate less than 55 bpm or in a combination with
congenital heart disease and ventricular heart rhythm less
than 70 bpm (the level of evidence C).

Complete CAVB in combination with broad complex
escape rhythm, ventricular ectopy, or ventricular
dysfunction (B).
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Knacc |

MocneonepaumnoHHas ABB 2-i1 unu 3-i4 cteneHu, He pas-
peLualrLascsa nnm nepcucTmpyrollasl B TedeHme 7 gHewn no-
cne onepauun (B).

Knacc llb

Mpexoasiwasa nocneonepaunoHHaa ABB 3- cteneHn B
coveTaHum ¢ apyxny4kosou 6nokagon (C).

lMokasaHus k umnnanmayuu OKC y demeli ¢ ABB Opyeux
MPUYUH:

Knacc |

Haneko 3awepwasa ABB 2-n ctenenn nnn ABB 3-i cte-
NneHun, accoLMnpoBaHHas ¢ CUMMNTOMHOI Gpaankapauen, Ha-
pyweHvem YHKUMN XenygodKoB WUIW HU3KUM CepaeyqHbIM
BblIopocom (C).

HelipoMmbilleyHble 3aboneBaHusi, accouuupoBaHHble
¢ HapyweHuem AB-npoBogumoctTn (K npumepy, MUO-
TOHMYecKkasa MblwevHas auctpodus, cuHaopom KepHc —
CenpauT a.).

Monnast ABB nnn ganeko 3awepwan ABB 2-i cteneHn ¢
Hanuuvem nnu 6e3 cumntomos (B).

Knacc llb

ABB gpyrux crteneHein us-3a HenpenckasyemocTu npo-
rpeccupoBaHust HapyLleHus AB-nposogumocTy (B).

YpoBeHb [OKa3aHHOCTU BO BCEX MyHKTax He Mo3BofsieT
C NONHOW yBEepEeHHOCTbO NnonaraTeCA Ha AaHHble KpUTEpUm
npu NpuHATUKM pewwenusi o6 umnnarHTauum IKC. 3ayacTyto B
KMWHWYECKOWM MPaKTUKe BO3HUKAKOT CMOPHbIE MOMEHTHI, Ka-
cawoLmecs Heobxogumoctn nmnnanTaummn 9KC, 1, kak npa-
BWI10, MHOTWE KMUHULMCTBI OPUEHTUPYHOTCH Ha COOCTBEHHbIN
OMbIT M BO3MOXHOCTM KINUHWKK. TeM He MeHee, Hannmuue AaH-
HbIX NoKasaHwui obrneryaer NpUHATUE pelleHnss 06 MMnnaH-
Tauun IKC y peten.

lNokasaHus k umnnadmayuu OKC y demed, u3noxeHHble
8 pekomeHOayusix MuHucmepcmea 30pasooxpaHeHusi Poc-
cutickoli ®edepavyuu (2016) [15]:

|. BABB. 3nekTpokapaMoctumynauus nokasaHa ans cum-
NTOMHbIX 1 aCMMNTOMHbIX NauueHToB ¢ ABB Bbicokon cTe-
nexHu unu nonHon ABB npu Hannuum nto6oro ns cneayoLmx
ycrnosui (1C):

— cucTonuyeckas ANChYHKUUSA CUCTEMHOTO XeNyaoyka;

— YANVHEHNE KOPPUIMpoBaHHOro HTepeana QT;

— XKenyaoyKoBasi SKTOMMS (SKCTPACUCTONKUSA, XKemNyao4vKo-
Bas Taxukapams);

— 3aMeLLaoLLMIA PUTM C LUMPOKUMMU XKENYA0HKOBBLIMU KOM-
nnekcamu;

— pUTM enyaodkoB meHee 50 ya./MuH;

— nay3bl puTMa, 6onee 4yem B 3 pasa npeBbiwaroLwme ba-
30BbIV PUTM.

Il. MocneonepauunoHHas ABB 2-3-n cTenenwn, nepcu-
cTupylowasi B TeyeHne 6onee 10 gHew nocne BbINOMHEHUS
KapAaMoxmpyprmuyeckoro BMeluatenscTea (1B).

Il. HempombiweyHble 3aboneBaHus, accouuMpoBaH-
Hble ¢ ABB 2-3-1 cteneHn ¢ Hannunem unn 6e3 cumnTo-
MoB (1B).

IV. MNocneonepaunoHHasa nepcucTupyowas acuMmnToM-
Has BudacumkynapHasa 6nokaga (C HopmarnbHbIM UIK yBe-
NMYeHHbIM MHTepBanomM PQ) B coveTaHum ¢ npexopsiuen
nonHon ABB (2C).

OpHako cnegyeT OTMETUTb, YTO YPOBEHb OOKa3aHHOCTM
BO BCEX NMyHKTaX He COOTBETCTBYET knaccy |A. Cnegosatenb-
HO, BOMpoc O HeobxoammocTn umnnaHtauun OKC cnepyet
TLWATENbHO paccMaTpuBaTh AN1S KaXXA0ro KOHKPETHOro naum-
eHTa. Takum o6pa3oM, B HACTOsILLEE BPEMSI HE CYLLECTBYET

Complete CAVB after the first year of life with average
heart rate of less than 50 bpm; sudden pauses in the
ventricular rhythm exceeding the baseline R-R intervals
by two to three times; and symptoms associated with
chronotropic incompetence (B).

Class Il

Complete CAVB in asymptomatic children and
adolescents with acceptable heart rate, narrow QRS
complexes, and normal ventricular function (C).

Indications to cardiac pacemaker implantation in
children with postoperative AV block:

Class |

Second- or third-degree postoperative AV block, which
does not resolve or which persists for seven days after
surgery (B).

Class llIb

Transient complete postoperative AV block in
combination with bifascicular heart block (C).

Indications to cardiac pacemaker implantation in
children with AV block of other causes:

Class |

Advanced second- or third-degree AV block associat-
ed with symptomatic bradycardia, abnormal ventricular
function, or low cardiac output (C).

Neuromuscular diseases associated with abnormal
AV conduction (for example, myotonic dystrophy, Ke-
arns-Sayre syndrome, etc.)

Symptomatic or asymptomatic complete AV block or
advanced second-degree AV block (B).

Class lIb

AV block of other degrees due to unpredictability of
progressing abnormalities in AV conduction (B).

The level of evidence in all paragraphs does not allow
to rely on these criteria with great confidence while making
a decision on cardiac pacemaker implantation.

The controversial points often occur in clinical
practice in regard to the necessity of cardiac pacemaker
implantation and, as a rule, many clinicians rely on their
own experience and capabilities of available clinical
services. Nevertheless, the presence of these indications
facilitates a decision making on cardiac pacemaker
implantation in children.

Indications to cardiac pacemaker implantation in
children according to the recommendations of the Ministry
of Healthcare of the Russian Federation (2016) [15]:

I. CAVB. Cardiac pacing is indicated to symptomatic
and asymptomatic patients with high-degree AV block or
complete AV block in the presence of any of the following
conditions (1C):

— systolic dysfunction of systemic ventricle;

— prolonged corrected QT interval;

— ventricular ectopy (extrasystoles,
tachycardia);

— substituting rhythm with wide ventricular complexes;

— ventricular rhythm with heart rate less than 50 bpm;

— pauses in the rhythm exceeding the baseline R-R
intervals by three times.

Il. Postoperative second- or third-degree AV block
persisting for over 10 days after cardiac surgery
intervention (1B).

ventricular
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obLwenpuHaTLIX NokadaHun ana umnnadtauum SKC y geten.
Mocne 2013 r. gpyrnx onybnuKoBaHHbIX NOKa3aHUn He ObIno,
HECMOTPS Ha HAKOMMEHHbIN 3a 3TV roAbl ONbIT UMAAaHTaUUn
OKC. B 6onbLuMHCTBE CriyvyaeB MHOMME KIMHUKA OPUEHTUPY-
I0TCS HA COBCTBEHHbIN ONbIT U OTAANEHHbIE pe3ynbTaThl Kap-
ONOCTUMYNAUMK Y AETEN.

Bbi6op cuctembl AKC: anu unu avpo?

Llenbto noctosiHHon OKC y naumeHToB ¢ nonHown ABB sB-
nsieTcs BOCCTaHOBMNEHMe onTumansHoro putma n YCC, obe-
crneyveHne cTabunbHOCTU reMoanHaMUKN 1, cneaoBaTterbHo,
ynyydLleHMe CaMoYyBCTBUSA NaumeHTa. J1a Lenb MOXET ObiTb
OOCTUrHyTa B pe3ynbraTe onTumanbHoro Bblibopa cnocoba
MMNNaHTauumn.

Kaxgplh MeTod umnnaHtaumy (anukapavanbHblil U 9H-
JoKapaunanbHbIil) UMEET CBOM MPEVMMYLLECTBA U HEQOCTaTKU
[16-18] (Tabnuua).

Tabnuua. MpenmyLiecTBa 1 HeOOCTaTKU 3MNW- U SHAOKapPAUAnbHOW cucTe-
Mbl OKC

MpenmyLiecTsa un
P yu Cnoco6 nMnnaHTaummn anekTpoaos

HeJocTaTkn
o OHaokapam-
Ne OnukapananbHbli A p.lfl.
anbHbIN
CpeauHHas
CTepHoTOMUS,
Paspes B
6okoBasi o
1. Ooctyn NOAKIIOYNYHOWM
TOpakoTOMMS,
o obnactu
cybkeuconaanbHbIn
noctyn
B nepepaHei GptoLuHom Mop manyo
2. TNoxe SKC CTeHKe, Nof, NpsIMoit unu 6onbLuyto

MbILLLEV XUBOTa rPYAHYIO MblLLILLY

CTeponaHoe nokpbiThe

3. + +
3nekTpoaoB
Hanuune aktusHOM 1
4. naccuBHOW hukcaumm + +
3neKTpoaoB
OnpepeneHne ToYKM
5. CTUMYNAUMK Nepeq, +/— +
dukcaumen
6. WHeKunoHHbIe + +
OCINOXHEHUS
lMNepenom anekTpoaa + +/—
Tpom603 BeH - +
o, Mpobnema aKkcTpakumm o .
3NeKTpoaoB
10. Briokaga Bbixoaa + +/—
1. [Oucnokauus anekT- o .
pona
12 Mepdopauusi cepaey- _ .
' HOW CTEHKM
13, BakTepuanbHbIi 9HAO- _ .
KapauT
14. MHeBMoOTOpakc +/- +
15. HepoctatoyHocTb TK -
FemaToma mnu Bo3ayx
B noxe OKC
+ +
16. Hematoma or air in the
pacemaker bed
Mpu

MNpu gnutensHon

CTUMYNALMK
CTUMYNALMK
. BEPXYLLKM
17. OnccuHxponns BGOKOBOW CTEHKMN UNn .
n 6okoBoW
BbIXOAHOrO oTaena
CTEHKU NpaBoro
npaBoro xenyao4ka
Xernygouka
18. CrpaHrynsaums +/— -

MprmeyaHne: «+» — NPUCYTCTBYET/BO3MOXHO; «+/—» — PEAKO; «—» — OT-
CYTCTBYET.

. Neuromuscular diseases associated with
symptomatic or asymptomatic second- or third-degree AV
block (1B).

IV. Postoperative persisting asymptomatic bifascicular
heart block (with normal or prolonged PQ interval) in
combination with transient complete AV block (2C).

However, one should note that the level of evidence in
all paragraphs does not correspond to class IA. Therefore,
the question on necessity of cardiac pacemaker
implantation should be carefully viewed for each patient.
Therefore, there are currently no commonly accepted
indications for cardiac pacemaker implantation in children.
After 2013, there were no other published indications
despite the experience on cardiac pacemaker implantation
has accumulated during these years. In the majority of
cases, many clinics rely on their own experience and long-
term results of cardiac pacing in children.

The choice of cardiac pacemaker system: Epi- or
endo-?

Permanent cardiac pacing in patients with complete
AV block aims at restoring optimal rhythm and heart
rate, maintaining stable hemodynamics, and, therefore,
improving health of patients. This aim may be achieved as
a result of optimal choice of implantation approach.

Each method of implantation (epicardial and
endocardial) has its advantages and disadvantages [16—
18], Table.

Table. Advantages and disadvantages of epi- and endocardial pacing

Ad_vantages and The method of lead implantation
disadvantages

No. Epicardial Endocardial
Median sternotomy, Subclavian
1 Approach lateral thoracotomy, s
L incision
subxiphoidal approach
Under the
In the anterior abdomi- pectoralis
2 Pacemaker bed nal wall, under the rec-  minor or pec-
tus abdominis muscle toralis major
muscle
3 Steroid-eluting leads + +
Active and passive
4 lead fixation * *
Determination of the
5 stimulation point before +/— +
fixation
6 Infectious . ¥
complications
7 Lead breaking + +-
8 Venous thrombosis - +
9 Electrode extraction o +
problem
10 Exit block + +/—
11 Lead dislocation +/— +
12 Heart wall perforation - +
13  Bacterial endocarditis - +
14 Pneumothorax +/— +
+
Tricuspid valve insuf- (in the
15 . - presence of
ficiency .
ventricular
lead)

16 Hematoma or air in the . +
pacemaker bed
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Mpw cpaBHEHUW Pa3NUYHBIX OCIIOXKHEHUI NPU 3NK- 1 3H-
AoKapAananbHbIX NoKanM3auusax 3reKTPOAOB YCTaHOBMEHO,
YTO NPV MCMNOMNb30BaHWUUN 3NNKaPAMAanbHbIX ANEeKTPOAOB Hau-
6onee yacTto HabnogatoTca nepenomel U 6nokaabl BeIxoaa,
CONpOBOXAALIMECA MOBbILEHWEM Mopora CTUMynAuuun, a
TaKkKe PUCKW, CBA3aHHbIE C TOpaKanbHOW XMpypruen; a npu
MCMNONb30BaHUN TPAHCBEHO3HbIX 3MEKTPOAOB — HapylueHue
N30NaLUN 1 ANCIOKaLMSA 3NeKTPoAOoB, a Takke nepdopaums
M TamnoHaga cepAua, BeHO3Hble Tpombo3bl [16], nHeBMmO-
TOopakc. VMMnnaHTUpoBaHHbIE 3HAOKapAuanbHbIe 3MeKTPo-
Abl NPUBOASAT K 3HAaYMTENbHOMY PUCKY Pa3BUTUS BEHO3HOrO
TpomMb03a y MnageHuUeB U ManeHbkux aeten. Npobrnema Be-
HO3HOW NPOXOANMOCTU Yy AETEN, HYXKOAOLWUNXCA B NOXNIHEH-
HOW CTUMYNSALMK, ABNAETCS OOHUM 13 OCHOBHbIX apryMeHTOB
B Nomnb3y anukapavansHou cuctemsbl [16, 19, 20]. MonHas
BeHo3Has obcTpykumsa 6bina 3apeructpupoBaHa y 1121%
OeTen B cpegHecpoyYHOM nepuoge Habnogenus [16, 21, 22].
YacTtmyHasa BeHo3Hasa obCTpyKUuusa MOXET HabnogaTbea ele
y 12% petew, KOTOPbIM MMMNAHTUPOBANV SHAOKapANarnbHYO
cuctemy SKC. OGCTpyKUMS BEH MOXET MMETb MECTO Mo BCeEW
NPOTSXKEHHOCTM 3NEKTPOAOB.

JononHuTtenbHyto npobnemy npu  3HAOKapgManbHOW
3MeKTPOoKapaNOCTUMYNALMN B NeaMaTpum NpeacTaBnseT Tak
HasblBaemMasi «CKYYEeHHOCTb» 3NeKTpOLOB BCREACTBME UX
pevmnnaHTaumm, BO3MOXHO, HEOOHOKPATHOM. A MOCKOMbKY
3MeKTpoKapanoCcTUMynauma HeobxogmMma Ha NpPOTSXKEHUU
HECKOMMbKNX AeCATUNETUI, TO BOMbLLOE KONMYECTBO 3MNEKTPO-
AOB NuLWb ycyrybnset HapyLleHns BHYTPUCEPAEYHON reMo-
AVHaMUKK, NPOXoAs Yepes TPaHCBEHO3HbIN knanaH. Kpowme
TOro, MPU WCMOMNb30BaHWN 3HOOKAPAUANBHOW CTUMYNALUN
BbI3bIBAIOT ONAacCeHWs Takue rpo3Hble OCMOXHEHUH, Kak nep-
hopaums knanaHa, MHPEKLMOHHbIE OCITOXHEHWSA W, KaK crnea-
CTBME, PUCK pasBuTUa BakTepmanbHoOro aHgokapauta [23].
MHpeKLMOHHbIE OCNOXHEHWS, CBA3aHHbIE C MHULIMPOBAaHN-
€M MMNNaHTUPOBaHHbIX YCTPOWCTB, NO AaHHBLIM pa3HbIX aBTO-
poB, coctaBnaT oT 1 40 19%. Npn 3TOM OKOHYaTENbHOE U3-
rfievyeHne naumeHTa BO3MOXHO TONbKO NpW NOMHOM yaaneHun
WHMMLMPOBaHHbIX 3rekTpoaos u kopnyca 3KC.

Ewe ogHMM pegkum, HO MOTEHUManbHO OnacHbIM Me-
XaHUYECKMM OCITOXXHEHMEM, CBSI3aHHbIM C UMMMAaHTaumewn
anukapguansHon cuctembl OKC y geten, sBnseTca CTpaH-
rynaumsa cepaua, kotopas Bbi3blBaeT caasneHve cepaua
Unu maructpanbHbix cocynoB [24, 25]. C poctom pebeHka
3NeKkTpoa caaBnMBaeT cepaue U MOXET MPUBECTU K CTEHO-
3y KOpoHapHbIX apTepui. Ocoboe BHMMaHWE OOMKHO GbiTb
yaeneHo AeTsM, KOTOPbIM 3nuKapauanbHasa 3dneKkTpokap-
avoctumynsaumsa Obina BbinonHeHa B Bo3pacTe Ao 6 mec.,
B CBSI3W C TEM, YTO Y HUX NpoucxoamT 6onee MHTEHCUBHBIN
U3NYEeCKUn pocCT, NOBbLILLAETCS BEPOATHOCTb POPMUPOBA-
HUSI CepOeYHON CTPaHrynsumMm BCreacTBUE Hanuyms arnek-
TpogoB B cpepocTeHun. CepaeyvHasi CTPaHrynaums Moxet
ObITb 3anogo3peHa Mpwu MpoBedeHUn 3xokapauorpaduu,
peHTreHorpadmm opraHoB rpyaHON KNETKM B ABYX NPOEKLU-
ax (nepepgHen 1 neson GOKOBOM), NPUYEM MMEHHO pEHTre-
Horpamma B 6okoBoM npoekuun, no mHeHuto E.M. Carreras
W COaBT., CYMTAETCHA NPEeAnoYTUTENLHON AN AMarHOCTUKM
AaHHOro OCMNOXHeHWs [24].

Tem He MeHee C y4eTOM COBPEMEHHbIX MUPOBbLIX TEHAEH-
LI 1 onbiTa BeOyLmnx 3apy0exHbiX KNMHUK HA CEFOOHALIHUIA
AeHb BO3pacT M BEC MauueHTa He OOSMKHbl ObiTb abconioT-
HbIMW KpuUTepuaMK Bblbopa cnocoba umnnaHtauum VBP, a
nepsuyHasa umnnaHtauusa cuctemsl OKC y pebeHka noboro
BO3pacTa AOmkHa BbiTb NO BO3MOXHOCTW anuKapAanansHON
[18, 26].

End of table

Aanntages and The method of lead implantation
disadvantages

During
stimulation of
the apex and

With prolonged stimu-
lation of the lateral wall

17 Dyssynchrony or outlet of the right lateral wall
ventricle of the right
ventricle
18 Strangulation +/— -

Note: + — present/potentially; +/— — rarely; — — absent.

The comparison of different complications between
the epi- and endocardial localizations of pacemaker leads
showed that the use of epicardial leads was associated
most often with the lead fractures and exit blocks followed
by an increase in the stimulation threshold and the risks of
thoracic surgery. The most frequent complications in case
of transvenous leads consisted in disrupted lead isolation
and dislocation, cardiac perforation and tamponade,
venous thrombosis [16], and pneumothorax.

Implanted endocardial leads lead to a significant
risk of developing venous thrombosis in infants and
small children. The problem of venous patency in
children, who require life-long stimulation, is one of the
main arguments for the epicardial system [16, 19, 20].
Complete venous obstruction was registered in 11-21%
of children in the medium term observation [16, 21, 22].
Partial venous obstruction may be observed in 12% of
children implanted with endocardial pacemaker system.
The venous obstruction may take place along the entire
lead length.

Additional problem of endocardial pacing in pediatrics is
the so-called lead crowding due to the lead reimplantation,
which may recur. Considering that cardiac pacing is required
for several decades, the large number of leads worsens
the abnormal intracardiac hemodynamics passing through
the transvenous valve. Besides, the use of endocardial
pacemaker raises concerns for such threatening
complications as valve perforation, infectious complications,
and, as a consequence, the risk of bacterial endocarditis
onset [23]. The rate of infectious complications associated
with the infection contamination of implanted devices ranges
from 1% to 19% according to data of different authors.
Thereby, a full recovery of a patient is possible only in case
of complete pacemaker and lead extraction.

Another rare, but potentially life-threatening mechanical
complication, associated with the epicardial pacemaker
system implantation in children, is cardiac strangulation,
which causes compression of the heart or great vessels
[24, 25]. As the child grows, the lead compresses the
heart and it can lead to stenosis of the coronary arteries.
Particular attention should be paid to children who
underwent epicardial pacing before the age of six months
because they have more intensive physical growth
and the likelihood of cardiac strangulation increases
due to the presence of the leads in the mediastinum.
Cardiac strangulation can be suspected based on data
of echocardiography and chest X-ray in two projections
(anterior and left lateral). According to E.M. Carreras et
al., the lateral X-ray is considered the preferred method
for diagnosing this complication [24].
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B nocnepHve rogbl MEAULIMHCKOE COOOLLECTBO CTOMKHY-
nocb € NPOGNEeMOoN 3KCTpaKLUM IHAOKapANanbHbIX 3eKTpo-
[OOB, KOTOpasi B HacTosLee BpeMs B 60nbLUMHCTBE CriyYaes
OCYLLECTBMSAETCH B NpoLecce onepauun Ha OTKPbITOM cepa-
Lue C MCnomnb30oBaHWEM MWCKyCCTBEHHOrO KpoBoobpalleHus
(UK), a meToanKN MUHWMHBA3MBHOIO NA3epPHOro MNuM Mexa-
HWYECKOTO yAaneHus anekTpoAoB y AeTel noka He Nomnyymnm
NONOXWTENbHBIX pPe3ynsTaTtoB He Tonbko B Poccun, HO 1 B
mupe [17, 27].

B 2016 r. K U3BECTHBLIM NOKa3aHuAM K nmnnaHtauum 3KC
y geten pgobaeneHbl kommeHTapun MuHucTepcTBa 3apaso-
oxpaHeHusa Poccuiickon ®epepaunn [15], kacarowmecs cno-
coba mmnnaHtauum OKC oTHOcUTenbHO Beca MNauueHTOB.
CornacHo 9TMM KOMMeHTapusiM, npegnaraeTcs Ao JOCTMKe-
Husa pebeHkom Beca 15 kr npoBogutb umnnaHtauumo SKC ¢
MCMONb30BaHMEM TOMbKO dMNMKapAnanbHbIX 9NeKTpoaoB. OH-
AoKapAavanbHas uMmnnaHTaums 3nekTpogoB AonycTuma no
AocTuxeHun pebeHkom macchl Tena, pasHow 15 kr. MNpu mac-
ce Tena ot 15 oo 19 kr MNnNaHTUpyeTcs ogHOKaMepHas 9H-
AokapaunanbHasa cuctema, npu macce tena 20 kr n 6onee —
AByXKaMepHas aHgokapauanbHasa cuctema.

Macca Tena B neguaTpuu OnpefeneHHo urpaeT cylle-
CTBEHHYIO pOfb B [A0O3MPOBaHWM JEeKapCTBEHHbIX Mpena-
patoB, Bblbope TakTuku neveHus pebeHka. OgHako cTouT
NOMHUTb, YTO OPUEHTMPOBATLCS TOMNBKO Ha OAMH NnokasaTenb
Macchbl Tena npu NpuHaTUK pewenns o6 nvnnaHtaumm SKC
HEefoMnyCTMMO, CreayeT yuuTbiBaTbh U OPYrMe He MeHee Bax-
Hble dakTopbl, K NpuMepy, HeOBXOAMMOCTb MOXMU3HEHHON
3MNeKTPOKapAMOCTUMYNALMMK, NOBTOPHbIE ONepaTUBHbIE BMe-
LatensbcTBa, NpenMyLLecTsa U HegocTaTku anu- U 3HOOKap-
AVanbHbIX SMEeKTPOAOB B KaXA0W KIMHNUYECKON CUTyauun.

CornacHo pesynsratam NOCnegHWX uccregoBaHui, Bec
naumeHta He sBnsetca abCconioTHbIM KpuTepuvem BblGO-
pa cuctembl IKC. Vcnonb3oBaHue TOM MMM MHOW CUCTEMBI
OKC 3aBuCUT OT onbiTa KOHKPETHOIO KapAMOXMPYPruyecko-
ro ueHtpa. Takum obpasom, BbiGop cnocoba mmnnaHTaumm
MBP ans nocToOAHHOW 3nMeKTPOKapAMOCTUMYMSALMM OCTaeTcs
AnckyTabenbHon Npobnemon n 4OCTaTOMHO CMOXHBIM peLue-
HWEeM ANSA NPaKTUKYLWEro Bpaya.

lMokasaHus k anukapduansHol cucmeme OKC y demel
[1, 18, 26, 27]

— AHOManuu BeH unu Nopoku, NPensTCcTBylOLME TpaHC-
BEHO3HOMY BBEAEHWIO anekTpoga (aTpesvs Tpukycnuaanb-
Horo knanaHa — TK), nu6o cocTosiHusA nocne remognHamuye-
ckown koppekuun BIMC (npouepypa PoHTEHA).

— HecootBeTcTBMe anameTpa anekTpoja BHYTPEHHEMY
AnameTpy BeH.

— MNocne koppekuumn BINC, TpebytoLwmx nocneayowmx go-
NOoMHUTENbHbLIX ONepaLuun ¢ ucnonb3osaHvem UK.

— Tpom603 1 pa3BuTME CUHAPOMA BEPXHEN MOON BEHbI.

— Hannuve wyHTta cnpaea Haneeo.

— [lNpodunaktuka Apyrux OCMOXHEHWIN, BO3HUKAIOLLMX
npuv 3HAOKapAnansHON CTUMYNAUUK Y AeTeln MNajLuero Bo3-
pacTa.

M3 Bcex BblleNepeyncreHHblX KpUuTepneB abCconoTHbIM
nokasaHvem K MWMMANaHTauum anukapaunanbHOW CUCTEMBI
OKC y peten cuvMtaeTcs Hanuyme LWyHTa C NpaBo-NeBbIM
cbpocom, KOTOpbIA SBNSETCS 3Ha4YMMbIM (PaKTOPOM pucka
pas3BUTUSI CUCTEMHBIX aMBoNu.

BHenpeHue B NpakTVKy COBPeMEHHbIX BUNONSIPHbIX 3MeK-
TPOAOB CO CTEPOUAHBIM MOKPBLITUEM NPUBENO K YIyYLLEHWIO
3P PEKTUBHOCTU U «BbIKMBAEMOCTU» Kak anvKapamarnbHbIX,
Tak 1 aHgokapamanbHbeix anekTpogos [28-30]. MNpumeHeHne
CTEpPOMOHOro MOKPbITUS  OrpaHUYMBAET BOCMaNUTENbHbIN

However, taking into account modern world trends and
the current experience of leading foreign clinics, the age
and weight of a patient should not be absolute criteria for
choosing the method of pacemaker implantation, whereas
the primary implantation of the cardiac pacemaker system
in a child of any age should be epicardial whenever
possible [18, 26].

In recent years, the medical community has faced the
problem of endocardial lead extraction, which is currently
performed in most cases during open heart surgery with
cardiopulmonary bypass (CPB), whereas the methods of
minimally invasive laser or mechanical lead extraction in
children have not received favorable esteems neither in
Russia nor worldwide yet [17, 27].

In 2016, the well-known indications for pacemaker
implantation in children were updated with the comments
from the Ministry of Health of the Russian Federation
[15], concerning the method of pacemaker implantation
depending on a patient weight. According to these
comments, a pacemaker implantation is proposed to be
performed only with the epicardial leads if a child weighs
less than 15 kg. Endocardial implantation of the leads is
acceptable when the child reaches the weight of 15 kg.
A single-chamber endocardial system is implanted to
children weighing 15 to 19 kg; a two-chamber endocardial
system is implanted to children weighing 20 kg or more.

Body weight in pediatrics definitely plays an essential
role in dosing drugs and choosing a treatment tactics
for a child. However, it is worth remembering that it is
unacceptable to take into account body weight as the
only indicator when deciding on implanting a pacemaker.
Other equally important factors should be considered,
for example, the need for lifelong pacing and repeated
surgical interventions as well as the advantages and
disadvantages of epi- and endocardial electrodes in each
clinical situation.

According to recent studies, patient weight is not
an absolute criterion for choosing a cardiac pacemaker
system. The use of a particular pacemaker system
depends on the experience of a given cardiac surgery
center. Therefore, the choice of pacemaker implantation
method for permanent pacing remains a controversial
issue and presents rather a difficult decision for a
practitioner.

Indications for the epicardial pacemaker system in
children [1, 18, 26, 27]

— Venous malformations or defects that prevent the
transvenous introduction of lead (tricuspid valve (TV)
atresia), or conditions after the hemodynamic correction
of CHD (Fontan procedure).

— Mismatch in lead—vein diameters.

— Condition after CHD correction further requiring
additional surgeries with CPB.

— Thrombosis and development of superior vena cava
syndrome.

— Presence of right-to-left shunt.

— Prevention of other complications occurring in
endocardial stimulation in young children.

Among all the above criteria, the absolute indication
for the epicardial pacemaker system implantation in
children is the presence of a right-to-left shunt, which is
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OTBET B MeCTe COMNPUKOCHOBEHWS 3MneKTpoda U cepaeqHoun
TKaHW, YTO NPUBOOUT K CHMKEHUIO OCTPOro M XPOHUYECKOrO
NMoporoB CTUMYNALMU U YBENUYMBAET CPOK CNyx0bl 6aTtapen
[31]. NMpun cpaBHEHWM COBPEMEHHLIX 3HAOKapAMarbHbIX WU
anuKapananbHbIX 3MeKTPOAOB CO CTEPOUAHBLIM MOKPbITUEM
NpPOAEMOHCTPMPOBAHO MNPaKTUYeckoe OTCYTCTBME pasHU-
Ubl BbIXMBaeMOCTM 3MeKTpoAdoB. Takum obpasom, MeHee
nNpoaoImkuTENnbHOe  PYHKUMOHMPOBaHME  anuKapAananbHbIX
aneKkTpoaoB, HabnogasLleecs Ha 3ape dnekTpoKapanocTu-
MynsuMK, B HacTosiLLiee BpeMS CTaHOBUTCS MeHee akTyarb-
HbIM. Heobxoaumo oTMETUTb, YTO AanbHenLwme TeXHUYeckne
YCOBEPLLUEHCTBOBAHUA 3NMKapAnanbHbIX 3MeKTpoaoB MOryT
UMETb MOMNOXWTENbHOE BMMSHWE Ha OOMrOCPOYHbIN pesyrib-
TaT M NPUMBOAMTL K elle Gonee nNpogomKMTensHon cnyxote
anuKapananbHOW CUCTEMbI CTUMYMALUMMW, YTO MO3BOMMUT Bbl-
OpaTb OonNTMMarnbHYH CTUMYNALMIO MaumeHTaMm MrajLlero
BO3pacTa, OTCPO4MTb TPAHCBEHO3HYIO MMMNaHTauuo 4o 6o-
nee crapLuero Bospacra.

Takvum 06pasom, eCTb MHOXECTBO apryMeHTOB «3a» W
«MPOTUB» UCNOMb30BaHWA ANUKapAManbHOW M 3HAoKapan-
anbHow cuctembl OKC B pasHbix mogrpynnax neguvarpuye-
CKMX BONbHbIX.

B HacTosiLee Bpems CyLLEeCTBYHOT TPYAHOCTUN SKCTPaKLmm
SHAOKapamarnbHbIX MEeKTPOAOB, B CBSA3N C YEM MPUXOAMTCH
WMMNNaHTMPOBAaTb HOBbIE 3MEKTPOAblI PSAOM CO CTapbiMu.
Bce a1o npuBoanT K 60MbLLION CKYyYEHHOCTU SMEKTPOAOB, YTO
BMOCNEACTBMMN BbI3biBaeT TPOMOO3 BEH BMNMOTb 0 BO3HMK-
HOBEHUS KMMHWKU CMHOPOMAa BEpXHEW Monow BeHbl. Takke
BO3MOXHO pa3BUTME HapyLUEHWI BHYTPUCEPAEYHON reMoan-
HaMuKW, 0BYCNOBNEHHbIX HanMYneMm B0onbLIOro KonMyecTsa
3MeKTPoAOoB, KOTOPbIE MOTYT MpendATcTBOBaTb MOMHOMY 3a-
kpbiTnio TK, 4TO ABNAETCS MPUYMHON NPUOBPETEHHON TpW-
KycnmaanbHON peryprutaummn BbICOKMX CTEMEHEN, KoTopas, B
CBOI odepeb, NPMBOANT K Aunataummn npaeoro npeacepaus
().

HdocTynbl NpyM MNNaHTauun anukapguanbHOn
cuctembl IKC

OnukapgmanbHas UMNNaHTauust 3NekTpodoB OCYLLECT-
BMSIETCA MOCPEACTBOM CPEAMHHOW CTEPHOTOMWM, NNBO ye-
pe3 cybkcudongansHbii goctyn 6e3 crepHoToMun, nubo ¢
MCMNonb30BaHMEM NEBON naTepanbHOM TOPaKOTOMUN.

JleBass naTtepanbHas TopakoToMusi Obina npeanoxeHa
naumeHTaMm C BbICOKMM PUCKOM Pa3BUTUS HE4OCTaTOYHOCTU
npaeoro xenygo4yka (MK) npy noBTopHoM cTepHOTOMUK. STOT
Ccrnocob MMEeeT XOPOLUMI KOCMEeTUYeCkuin achpdekT, a Takke
AOCTYMHOE pacrnonoXeHne (HenocpeacTBEHHYH OnmM3ocTb)
nesoro xenygodka (JIK) npy npuwmnBaHum aneKkTpogoB Ha
€ro noBepxHocTb [22]. OaHAaKO OH HEe NULIEH CYLLECTBEHHbIX
He[QoCTaTKoB: ObOLMpHAs Xupypruyeckass TpaBmMa Mexpe-
6EepHbIX MbILLIL; TOPAKOTOMUS AOCTAaTOYHO YacTO NPUBOAMT K
pa3BUTUIO CKONMo3a, 0cobeHHO ecnu onepaums BbINOMHEHa
B paHHEM [OEeTCKOM BO3pacTe; TPYAHOCTM C pasMeLLeHVEM
OKC B mognonaTtoyHOM NPOCTPaHCTBE; MpU pa3meLLeHn B
nnespanbHon nonoctn AKC aBnsieTca MHOPOAHBIM TENOM 1
MOXET BbI3bIBaTb BbIpaXKeHHbIN Gonesow cuHapoM. Kpome
TOro, onKcaunsi MpeacepaHoro anekTpoda npu aTom AOCTy-
rne OCyLLEeCTBMSAETCH K CTeHke nesoro npeacepaus — J1M (kak
n3BecTHo, pasmepsbl JII meHbwe MMI1; ywKko MeHbLllero pas-
mMepa u 6onee n3BuToe; cteHka JIM ToHbLe NpaBoro; aHaTo-
MUS BMaJEeHUs NEerovHbiX BeH He Bcerga No3BorisieT BbisBUTb
onTMMarnbHy 30Hy rKcaummn 3NeKTpoaoB).

MmnnaHTauma anukapguansHon cuctembl OKC 4epes
CpeaviHHY0 CTEPHOTOMUIO obecrnevmBaeT NPOCTON AOCTYN K

a significant risk factor for the development of systemic
embolism.

The implementation of state-of-the-art bipolar steroid-
eluting leads into practice resulted in an improvement of
the efficiency and both epicardial and endocardial lead
survival [28-30].

The use of a steroid elution limits the inflammatory
response of the cardiac tissue adjacent to the lead,
resulting in a decrease in acute and chronic stimulation
thresholds and an increase in battery life [31]. Comparison
of modern endocardial and steroid-eluting epicardial
pacing leads did not show any difference in the survival
between the leads. Therefore, the shorter functioning of
epicardial leads, observed at the dawn of pacing, is now
becoming less relevant.

It should be noted that the further technological
improvements to epicardial leads can have favorable
effects on the long-term outcomes and even prolong the
life of epicardial pacemaker system, which will allow to
choose the optimal stimulation for younger patients and
to delay the transvenous implantation until an older age.
Therefore, there are many pros and cons for using epicardial
or endocardial pacemaker systems in different subgroups
of pediatric patients. The extraction of endocardial leads
is currently challenging so the new leads have to be
implanted next to the old ones. All this factors result in
a significant lead crowding, which subsequently causes
the venous thrombosis up to clinical manifestation of
superior vena cava syndrome. Intracardiac hemodynamic
disturbances can also develop due to the presence of
a large number of leads, which potentially prevent the
complete closure of the TV. It causes the acquired high-
grade tricuspid regurgitation, which, in turn, leads to right
atrial (RA) dilatation.

Approaches to epicardial pacemaker system
implantation

The epicardial lead implantation is performed through
a median sternotomy, subxiphoid approach without
sternotomy, or using a left lateral thoracotomy.

Left lateral thoracotomy was proposed for patients
at high risk of developing right ventricular (RV) failure in
case of repeated sternotomy. This approach has a good
cosmetic effect and LV proximity while the leads are
attached onto its surface [22]. However, this approach has
some serious shortcomings: the extended surgical trauma
to the intercostal muscles; thoracotomy quite often leads
to the development of scoliosis especially if the surgery
is performed in early childhood; difficulties of cardiac
pacemaker placement in subscapular space; when placed
in the pleural cavity, cardiac pacemaker is a foreign body,
which can cause a severe pain syndrome. Besides, in
this approach, the atrial lead is fixed to the left atrial (LA)
wall (as known, the LA sizes are smaller than RA sizes;
LA appendage is smaller and more convoluted; LA wall
is thinner than that of the right atrium; the anatomy of
pulmonary venous return does not always allow to detect
the optimal zone of lead fixation).

Implantation of epicardial pacemaker system through
the median sternotomy ensures a straightforward approach
to the right atrium, but it is associated with the difficulties of
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M1, HO NpM 3TOM BO3HUKAKOT TPYQHOCTU C hUKCaLMENn IneKT-
pogoB B npoekuun Bepxywkn JDK. Ewe oguH MomMeHT, koraa
Heobxoauma nMnnaHTauma SKC y naumeHToB nocne xvpyp-
rmyeckon koppekuum BIMC 1 npyv NnOBTOPHON CTEPHOTOMWUM,
y Takux NauueHTOB UMEET MEeCTO BbICOKMN PUCK pasBUTUS
NpaBoOXerygo4YKOBOW HEAOCTAaTOMHOCTW, XOTA MPW HanMymm
NpOTMBOCNAEYHOW 3annaTtbl M AOCTaTOMHOrO OnbiTa TaKMX
onepauvin OaHHbIn noaxoA (CpegvHHas CTEPHOTOMMSA) UM-
nnaHtauun OKC anga snukapguanbHOW CTUMYNALUK OCTaeT-
cs Hanbonee ontTumanbHbIM. Mpy NCNONB30BaHNW AaHHOIO
AOCTyna Hepeako BNocneAcTBUM BO3HMKAIOT nocneonepawm-
OHHble AedopMaumn rpyavHel. Tem He MeHee AaHHbIn O0-
CTyn ABNSETCA BapnaHTOM Bbibopa nNpu umnnaHTauum AByx-
kamepHon cuctembl IKC, 0COGEHHO Yy MauneHTOB paHHEro
BO3pacTa.

CybkcudpomaansHbil AOCTYN UMMANAHTAUUM SnNuKapau-
anbHom cuctembl KC 6onee npeanoyvtuTeneH aetam c ABb
unun BasoBaranbHbIMU PEerEKTOPHBIMM CUHKOME, KOTOPbIM
BO3MOXHa MMMMaHTauus oO4HOKaMepPHOW Xenyao4koBOW Cu-
ctembl. OCHOBHbIMM NPenMyLLECTBaMU AAHHOW TEXHWKN O0-
cTyna ABMsOTCA OTCYTCTBME CTEPHOTOMMU, CreaoBaTensHo,
MUWHUW-pa3pes, paHHAa peabunuTaums naumeHTa, oTCyTCTBrE
nocneonepaumoHHor Aedopmauun rpyanHbl. HepgocTtaTku
AaHHOro AOCTyna 3aknioyalTcs B MarblX pa3mepax onepa-
LIMOHHOM paHbl N TEXHUYECKUX CIIOXHOCTAX Mpu Heobxoam-
MOCTV NOALLINBAHWSA NPpeacepAHOro anekTpoaa. JToT AOCTyn,
KaK npaBumo, MCMonb3yeTcs nNpyv NepBUYHOW MMMMaHTaumm
opHokamepHbIx IKC y aeten paHHero Bo3pacrta.

BesycnoBHo, BbIGOp cnocoba uMnnaHTauuu, npexae
BCEro, 3aBMCUT OT OMbiTa KIWHWKM Onepauuy Ha OTKPbITOM
cepaue y neten.

B nokasaHusax ansa umnnantauum SKC y geten HeT yeT-
KMX pekoMeHAaumn no Bblbopy cnocoba nMmnnaHtaumm. Tak,
B PEKOMEHAALUMAX KOHCEHCyca 3KcnepToB AMEpUKaHCKOro
Konnegxa kapguonoros, AMeprKaHCKoW accoumauun cepa-
ua coBmecTHo ¢ Ceepo-AMeEpUKaHCKMM OOLEeCTBOM MO
KapguoctTumynsaummn u anektpodwusmonornn n Esponericko-
ro obLiecTsa kapguonoroB y geten ¢ cuctemHbiM JK v npu
OTCYTCTBMMN BHYTPUCEPAEYHOrO LYHTUPOBaHWSA KPOBU A0 O0-
cTmkeHus Beca 10 kr npegnaraercs MMNNaHTauusa cuctem
C UCMONb30BaHMEM TOMbKO 3MMKapamanbHbIX SMeKTPOAOB,
y oOcCTanbHbIX NauUMEeHTOB PEKOMEHAYETCS WCMnonbL30BaTb
NpevMyLLIECTBEHHO TPaHCBEHO3HbIe cucTembl [14]. OgHako,
cornacHo nyénukaunsam nocnegHux net, Cnonb3oBaHne me-
TOAVK 3NuKapananbHOW UMMMaHTaumum anekTpoaoB HaxoauTt
BCe Oonbluee NpuUMeHeHVe Kak B cuny Gonee cepbesHbiX
OCIMOXHEHWA NpY MMNAaHTauum TPaHCBEHO3HOW CUCTEMBbI
OKC, Tak 1 B CBSI3N C BO3MOXHOCTbIO onpeaeneHus 1 Bolbo-
pa remoguHaMu4eckn ONTUManbHOM 30HbI CTUMYMALMK NpK
anvKapananbHOW MeToanke AN NpegoTBpaLLeHns Nnencmen-
Kep-MHOyumMpoBaHHON anccuHxpoHum [18, 33]. Takon nogxopn,
No3BONSET MaKCMManbHO OTCPOYUTL YCTAHOBKY 3HAOKapau-
anbHOW CUCTEMbl CTUMYNALMKN, MPUMEHEHMNE KOTOPOW aKTy-
anusnpyeT HepeLLEHHYIO Ha CerogHsLWHUA AeHb npobnemy
9HA,0BACKYNSAPHOWN 3KCTPAKLMW NEKTPOAOB Y AETEN.

3oHa cTun mMynaguun

Hapsigy ¢ o4eBMAHbIMU MONOXUTENbHBbIMK 3dchekTamm
BOCCTaHOBIEHMS pUTMa cepaua npy UCnonb30oBaHWM Tpaau-
umoHHon cxeMbl JKC, nogpasymeBarolenn TpaHCBEHO3HYIO
ctumynsumio Bepxywku MXK, pabota cepgua ocraetcs aa-
NEeKoN OT «NPUPOAHOM» (BHaYane aneKkTpu4eckuin MMnynbc
NPeuMyLLIECTBEHHO PacnpoOCTPaHsieTCss No Muokapgdy npa-
BOTO KEMNyAo4Ka) U Bbi3bIBAET aHOMAIbHYIO 3NEKTPUYECKYHD

lead fixation in the projection of the LV apex. When cardiac
pacemaker implantation is required in patients after surgical
correction of CHD and repeated sternotomy, another issue
is a high risk of right ventricular insufficiency though this
approach (median sternotomy) for cardiac pacemaker
implantation for epicardial stimulation remains the most
optimal if there is adhesion barrier patch and sufficient
experience in performing these surgeries. While using this
approach, the postoperative sternal deformations develop
quite often. Nevertheless, this approach is a choice for
implantation of two-chamber cardiac pacemaker system,
especially in patients of early age.

Asubxiphoid approach for the implantation of epicardial
cardiac pacemaker system is more preferable in children
with AV block or reflex vasovagal syncope, in whom the
implantation of a single-chamber ventricular system is
possible. The main advantages of this technique include
the mini-incision as sternotomy is unrequired, early
patient rehabilitation, and the absence of postoperative
sternal deformation. A limitation of this approach is the
need for atrial lead attachment. This approach is used, as
a rule, in primary implantation of single-chamber cardiac
pacemakers in children of early age.

Undoubtedly, the choice of the method for implantation
primarily depends on the experience of clinic in performing
open heart surgery in children.

The indications for implantation of cardiac pacemakers
in children lack clear recommendations regarding the
choice of implantation method. Indeed, the implantation
of only epicardial leads in children weighing less than
10 kg with systemic left ventricle in the absence of
intracardiac shunts is recommended by the consensus
of experts from the American College of Cardiology and
the American Heart Association together with the North
American Society of Pacing and Electrophysiology and
the European Society of Cardiology. They recommend
predominantly using the transvenous systems [14].
However, according to the publications of recent years,
the use of epicardial lead implantation methods come
into growing use due to more serious complications of
transvenous cardiac pacemaker system implantation as
well as due to an opportunity of detection and choice of
hemodynamically optimal stimulation zone in the epicardial
method to prevent pacemaker-induced dyssynchrony [18,
33]. Such an approach allows to maximally postpone the
administration of endocardial stimulation system, which
refers to the still unsolved problem of endovascular lead
extraction in children.

Stimulation zone

Along with the obvious beneficial effects of cardiac
rhythm restoration using traditional cardiac pacemaker
scheme implying the transvenous right ventricular apical
stimulation, cardiac function remains far from natural
(at first, the electric impulse predominantly spreads
over the RV myocardium) and causes the anomalous
electrical activation pattern, which results in mechanical
dyssynchrony, abnormal pump function, LV remodeling,
and the risk of heart failure development [34].

Clinical significance and practical questions regarding
the various zones of cardiac pacemaker in both variants of
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CXeMy aKTvBauuu, 4YTO NMPMBOAUT K MEXaHW4EeCKOW AWUCCUH-
XPOHWUM W, KaK CNeacTBue, HapyLUEHWI0 HaCOCHOW (PyHKLMHN,
pemogenumpoBanuto XK 1 pucky pa3sutusa cepaeyHon Hego-
cTtaToyHocTM [34].

B HacTosilee Bpems obcyxagaeTcs KMHWYECKoe 3Ha-
YeHne N NpakTU4eckne BOMPOChI O Pas3nuyHbIX 3oHax IKC
npn oboux BapuaHTax mMmnnaHTauum anektpopgos IKC. Y
naunMeHToB C NOMHbIM BNOKOM, HYXXOAKLMXCA B MOCTOSH-
HOW XXenyao4YKoBOM CTUMYNALMK, NpodunakTnka nocnenyto-
LLEen BHYTPU- N MEXOKENYyA04YKOBOW ONCCUHXPOHMN ABNSETCA
rmaBHOW 3apjadven Hapsgy C BOCCTAHOBMEHWEM CepaeqHoro
putMa 1 onpeaenseT Boibop Hanbonee onTUMansbHON 30HbI
cTumynsaummn npym umnnantauum 9KC.

CTMMynAuMSa «ONTUMarnbHOro y4acTka» AormkHa 6biTb Ha-
npaeneHa Ha nNpounakTnky nencmenkep-nHAYLMpPOBaHHON
mexaHunyeckon amnccuuxpoHun (MAMA), ocobeHHo y aeten,
koTopbiM SKC 6bIn MMNNaHTUpoBaH B MnagweM OeTCKOM
BO3pacTe U MMEeKLMUX NepCrneKkTMBY NOXU3HEHHOW 3MEKTPOo-
KapanocTUMynsauun.

B 2014 r. J. JanouSek n coaBT. Ha OCHOBaHWN MYMbLTU-
LEHTPOBOro mnccnenosaHus (21 ueHTp, 178 naumeHToB aeT-
CKOro Bo3pacTa) npoaHanuaupoBanu Hanbonee achdekTuB-
Hble TOYKM 3NEKTPOKapANOCTUMYNALMKM, NpeaoTBpaLlaLme
anccunxpormto JK. Bbino nokasaHo, YTO CTUMYNAUUSA Bep-
XyLUKM 1 6okoBon cTeHkn JTXK npu anmkapgnansHon cTuMmyns-
uun MMeeT HambonbLlUniA NoTeHuman AN npegoTBpalleHns
AVCCUHXPOHUM U CHUXEHUS coKpaTuTenbHON dyHkuun JIK,
TOrAa Kak CTUMYNALMSA BbIXOAHOTO oTaena 1 60KkoBOW CTEHKN
X cBsAzaHa ¢ BbIcOKMM prckom amcdyHkumm JTK [18].

B paHHOM uccnegoBaHum Obin NPOAEMOHCTPUMPOBAH TOT
dakT, 4To AnuTenbHoCcTb komnnekca QRS He Obina mMHoro-
napameTpuyeckuMm nNpeaukTOpoOM MOHWKEHHOW  PYHKLMM
JDK, nockonbky npogomkutensHocTe QRS oTpaxaet obuee
BPEMSA 3MeKTPUYECKON aKTMBauuu, HO He mnocnegoBsaTenb-
HocTb aktTuBauun. B 2011 r. 6binm onybnukoBaHbl pesynera-
Tbl uccnegosanus MADIT-CRT (The Multicenter Automatic
Defibrillator Implantation Trial Cardiac Resynchronization
Therapy) [35], aeMoHCTpupytowue, 4To Mopdonorusi Grnoka-
Obl neBow BeTBM nyyka [uca, a He anutenbHocTb QRS saB-
naeTca NpegukTopom 3pEKTUBHON CEPAEYHON PECUHXPO-
Hu3upyollen Tepanun. CnegosaTtensHO, Npu BbIboOpe TOYKM
CTUMYNALMN HeobX0oaMMO OPUEHTUPOBATLCA HE TOMbKO Ha
AnNnTenbHOCTbL kKomnnekca QRS (nokasartenb aneKkTpuyeckon
AVCCUMHXPOHUM), HO M y4nTbIBaTb HanNMyne Tak HasbiBaeMoWn
MEXaHNYeCKON AUCCUHXPOHWUM, KOTOPYID, MO pesynbraTtam
nocnegHWX WccneaoBaHWA, MNPeacTaBnAeTcs BO3MOXHbLIM
YCTpaHWUTb NOCPEACTBOM CTUMYNSALmMK 13 BepxyLiku JIXK [36].

CyLiecTBytoT coobLieHnst o Hopmanusauum cyHkumm JHK
(npn passutum NMAMIO Ha doHe NOCTOAHHOW CTUMYMALMM
[MX) nocne peMmnnaHTauMmn aNekTpoaoB Ha BEPXYLUKY MK
cBobogHyto cteHky JDK [33, 37]. bonee Toro, 6bino nokasa-
HO, YTO CTUMYNAUNS BEPXYLLKM NGO cBobogHom cTeHkn JIK
conocrtaBMma No CBOMM pesyrnbrataM C CepaeYHOW pecuH-
xpoHuaupytowen Tepanuen [7, 38—40]. OcobeHHO 3Ta npo-
Onema akTyanbHa y OeTel B CBSA3M C NEepPCrneKTUBOM MOXN3-
HeHHon cTumynsuun. CoxpaHeHne cepaeqHon yHKLMM Npu
SMEeKTPOKapAMOCTUMYNALMA Yy 3TOW KaTeropuv nauueHToB
AOIMKHO ObITb BbICOKONPUOPUTETHBIM.

CnepyeT yuuTbiBaTb, YTO 3nuKapavanbHas CTUMYyns-
UMsi MPOTUBOMOSOXHA MO HanpasneHuio guranonormyecko-
My pacnpocTpaHeHutio BO3Oy>aeHus, KOTopoe B HOpMe Mo
BOMOKHaM ny4yka lca pacnpocTpaHseTca OT aHaokapga K
anukapgy. W ecnu B nocnegHee Bpems nNpv SHAOKapAunans-
HOW CTUMYNALUW NPEeAnoYTEHNE OTAAIT CTUMYNALUN 3MeKT-

cardiac pacemaker lead implantation are currently under
discussion. In patients with complete AV block who require
permanent ventricular stimulation, the main task is the
prevention of following interventricular and intraventricular
dyssynchrony along with the restoration of cardiac rhythm,
which determines a choice of the most optimal stimulation
zone in pacemaker implantation.

Stimulation of the optimal area should aim the
prevention of pacemaker-induced mechanical
dyssynchrony, especially in children, in whom cardiac
pacemaker was implanted in early childhood and who
have prospects for life-long cardiac pacing.

In 2014, J. Janousek et al., based on a multicenter
study (21 center, 178 pediatric patients) analyzed the
most effective spots for cardiac pacing preventing LV
dyssynchrony. It was shown that the stimulation of the
apex and lateral wall of the left ventricle in epicardial
stimulation has the highest potential for the prevention
of LV dyssynchrony and reduced contractile function
whereas the stimulation of RV outflow area and lateral
wall is associated with the high risk of LV dysfunction
[18].

This study demonstrated the fact that the QRS duration
is not a multivariable predictor of decrease in LV function
because it reflects a total time of electrical activation,
but not the sequence of activation. In 2011, the results
of MADIT-CRT (The Multicenter Automatic Defibrillator
Implantation Trial Cardiac Resynchronization Therapy)
were published [35], demonstrating that the morphology
of left bunch branch block, but not the QRS duration is
a predictor of effective cardiac resynchronization therapy.
Therefore, while choosing the stimulation point, one
should consider not only the QRS duration (indicator of
electrical dyssynchrony), but also the presence of so
called mechanical dyssynchrony, which, according to
the results of recent studies, seems possible to eliminate
through the stimulation of LV apex [36].

There are reports on the LV function normalization
(in case of a development of pacemaker-induced
dyssynchrony) after the reimplantation of leads to the LV
apex or free wall [33, 37]. Moreover, it was shown that the
LV apex or free wall stimulation is comparable in its results
with cardiac resynchronization therapy [7, 38-40]. This
problem is especially relevant in children in regard to the
prospects for life-long pacing. The preservation of cardiac
function in pacing in this category of patients should be of
high priority.

One should take into account that the epicardial
stimulation is opposite to the direction of physiological
excitation propagation, which normally spreads along the
His bundle fibers from the endocardium to the epicardium.
Recently, the stimulation by the lead in parahisial and
intra-hisian position has been considered preferable even
if using the selective stimulation of the left His bunch
branch through the intraventricular septum [41]. However,
in case of epicardial stimulation, it is hard to determine
the optimal stimulation zone where the spread of electrical
impulse over the myocardium of both ventricles would be
sufficiently homogenous.

In regard to above-said, the best practice in this
area will contribute to the justification of optimal choice
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poaoM B MaparmcuanbHOW Unn MHTparncuanbHOW No3uunm,
OaXe MPUMEHSI CENEeKTUBHYK CTUMYMSLMIO NEBON BETBU
nyyka nca 4yepes MexokenyqoykoByk neperopogaky [41],
TO MpU 3NMKapananbHOW CTUMYNALUM CIIOXHO ONpenennTb
ONTUMarnbHYH 30HY CTUMYNSAUMMK, NMPU KOTOPOW pacnpocTpa-
HEHVE 3NEeKTPMYECKOro MMnynbca no Mmokapay obomx >xeny-
A04KOB ObIno 66l 4OCTATOYHO PAaBHOMEPHbBIM.

B cBs3n ¢ Bblllecka3aHHbIM 0600LleHne onbiTa B 3TON
obnactu Byget cnocobcTBOBaTH 060CHOBAHMIO ONTUMAIBbHO-
ro Bbl6opa 30HbI CTUMYMALMMK, YTOYHEHUIO MOKA3aHUA K UM-
nnanTauun JKC.

OpHo- unu gByxkamepHasa cuctema 3KC

MepBoHayansHO npu Bbibope cnocoba NepBUYHON UM-
nnanTauumn AKC HeobBXoaMMO 1CMonb30BaTh BCE BO3MOXHO-
CTW OQHOKaMepPHOM CTUMYNALMK, B YaCcTHOCTU Gonee aonrui
Cpok cnyx0bl 6aTapeun No cpaBHEHUIO C ABYXKAMEPHON CTU-
MynsiLMen, a B HEKOTOPbIX CIy4asix NonoXuUTenbHOE BNUsIHUE
Ha reMoavHaMuKy B YCNOBUAX MUHUMAnbHOIO NPEACEPAHOr0
BKMaja B CepAevHbli BbIOpOC y [eTel paHHero Bospacrta.
OnukapauanbHbIi cnocob OfHOKaMEPHOW CTUMYNSALMKU Mo-
3BONSET U3bexaTb OCNOXHEHUSI SHAOKAPAMANbHON CUCTEMBI
OKC, B TOM umncne BeHo3Hol o6¢cTpykumm [16]. Mpu anukap-
AnanbHoMm cnocobe MMnnaHTauMm npenMyLlecTBaMmm OgHO-
KaMepHOMN >XenyLo4YKOBOM CTUMYNSLMKU SBMSIHOTCA: YMEHb-
LeHne obbema Kapanmoxmpypruyeckoro goctyna (BO3MOXeH
cybkcmdonaanbHbli gocTyn 6e3 CTEPHOTOMMM), COXpaHEHUE
BEHO3HOro AocTyna Ans AeTel Gonee crapliero Bospacra.
OpHokamepHasa xenygoukoBas ctumynsaums (VVI) moxet
ObITb UCNoNb30BaHa B cnyvasx npexogsien ABB, korga He
TpebyeTcsa NOCTOsIHHAs 3neKTpokapAMocTUMynaums [5].

MonoxuteneHble remoaMHammyeckne 3ddEKTbl CUH-
XPOHHOW ABYXKamepHou ctumynsummn npu ABB 6binm xopoluo
onucaHbl y B3pocnbix. CBoeBpeMEHHOE COKpallleHune npea-
cepaus, npueogsiee K AB-CMHXpOHM3aUWKW, yBenuymMBaeT
HanorHeHWe XernyaodkoB U cepAeyHbln Bbibpoc Gnarogaps
3akoHy ®paHka CTapnuHra, ynydwaeT BEHO3HbI BO3BpaT
M cnocobCcTBYET CBOEBPEMEHHOMY 3aKpbiTuto AB-knanaHoB
[42]. 3HayeHne AB-CMHXPOHHOCTM ObINO NPU3HAHO B Havarne
1970-x rr. y nayneHToB ¢ ABB nocne xvpypruyecknx sBMeLla-
TenbCTB M Ha ¢hoHe ocTporo nHdapkta Mnokapaa [43, 44].
O6Lwen3BecTHbl NpenmMyLlecTsa ctumynsumm DDD no oTHo-
weHuio VVI y B3pocnbix. [1pn acMHXpOHHOW ogHOKaMepHOMn
CTUMYNSALMU Npeacepanst MOryT COKpaLLaTbCs NMpU 3aKpbIThiX
aTPUOBEHTPUKYNSPHBIX KNanaHax, YTo Bbi3blBaeT npeacepa-
HOE pacTsKeHUe C MocrneayLnM NOBbILLEHNEM AaBMNEHUS
NEroYHOro 3aKNMHNBAHWUS U LIEHTparnbHOro BEHO3HOrO AaBne-
Hus [43]. [JaHHbIE MexaHM3Mbl NnexaT B OCHOBE TakK Ha3blBa-
€MOro CUHApPOMa KapOuoCTUMYNSATOpPa, KOTOPLIN BKIOYaeT
crnegyoLme CMMNTOMbI: cnabocTk, oAblLuka, rornoBHasi 6onb,
ycTanoctb, 06MOPOYHOE COCTOSIHNE, CHUXKEHUE TONEPAHTHO-
CTU K dmamyeckmm Harpyskam [44]. OgHako MmeroTcs npo-
TMBOMOMNOXHbIE [aHHble, Kacawlimecs OeTer, Yy KOTopbIX
MCMonb3oBaHME OHOKaMEPHOro YCTPOWCTBa npeanonaraet
HanuMumMe Takux NpemMyLLecTB, Kak NpocToTa MMMMaHTaumm
W ONUTENbHbIN cpok cnyxbbl GaTtapen. CMHOpPOM kapauo-
CTUMYynsiTopa, 0OyCrnoBMEHHbIA NpeacepaHO-Kenyao4KoBon
OVUCCUHXPOHUEN, Ype3Bbl4alHO peako BCTpeyaercst B OET-
CKOM nonynsuuu u passmsaeTcs He bonee yem y 50% geten
¢ ogHokamepHbiMn IKC Ha npoTsikeHun B cpegHeM 11 net
NOCTOSIHHOW KapguocTumynsauun. [45, 46]. JaHHasa 3akoHo-
MEpHOCTb Y AeTel, 0cobEeHHO y AeTel MNazLlero Bo3pacra,
06BSACHAETCH MUHUMarbHBLIM NPEACEePAHbIM BKNAAoM B cep-
OeYHbI BbIOPOC MO cpaBHEHMO co B3pocnbimn. da3a nac-

of stimulation zone and to revision of the indications to
pacemaker implantation.

Single- or two-chamber cardiac pacemaker system

While choosing the approach to primary cardiac
pacemaker implantation, one should initially consider all
benefits of single-chamber stimulation, in particular, a
longer battery life compared with two-chamber stimulation,
and, in some cases, a beneficial effect on hemodynamics
in terms of minimum atrial contribution to cardiac output in
children of early age. The epicardial approach to single-
chamber stimulation allows to avoid the complications
of endocardial pacemaker system including the venous
obstruction [16]. The advantages of ventricular stimulation
in case of epicardial approach to implantation are as
follows: a decreased volume of cardiac surgery exposure
(subxiphoidal approach without sternotomy is possible)
and a preservation of venous approach in children of older
age. A single-chamber ventricular stimulation (VVI) may
be used in case of transient AV block if the permanent
cardiac stimulation is not required [5].

The beneficial hemodynamic effects of synchronous
two-chamber stimulation in AV block have been well
described in adults. A timely atrial contraction leading to
AV synchronization increases the ventricular filling and
cardiac output owing to the Frank—Starling law, improves
the venous return, and contributes to the timely closure of
AV valves [42]. A significance of AV synchronization was
recognized in early 1970s in patients with AV block after
surgical interventions and in case of acute myocardial
infarction [43, 44]. The advantages of DDD mode of
stimulation relative to VVI stimulation in adults are well
known. In case of the asynchronous single-chamber
atrial stimulation, the atria can contract with the closed AV
valves, which result in atrial dilatation with the following
increases in pulmonary artery occlusive pressure and
central venous pressure [43]. These mechanisms underlie
the so called pacemaker syndrome, which includes
the following symptoms: fatigue, shortness of breath,
headache, tiredness, faintness, and reduced tolerance to
physical exercise [44]. However, there are opposite data
obtained in children, in whom the use of a single-chamber
device requires the advantages of implantation simplicity
and long battery life. Pacemaker syndrome, caused by
AV dyssynchrony, occurs extremely rarely in pediatric
population and develops no more than in 50% of children
with the single-chamber cardiac pacemakers during 11
years of permanent cardiac pacing on average [45, 46].

This pattern in children, especially in children of early
age, is explained by the minimum atrial contribution to the
cardiac output compared with that in adults. The passive
ventricular filling phase is longer (the entire LV volume is
virtually filled due to the passive filling phase), whereas
the active ventricular filling phase during atrial stimulation
contributes insignificantly (E>A) [46]. The use of a single-
chamber pacemaker is preferable as an initial pacing
regime, which was shown by the studies in children with
structurally normal heart, isolated AV block, and normal
ventricular function.

Adecision on replacement of a single-chamber cardiac
pacing with a two-chamber in children may be postponed
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CMBHOTO HamnoMHEHNs Xenyao4ykoB Gonee npodormkutensHa
(npakTnyeckn Becb ob6beMm JIK HanonHseTcs 3a cyeT dhasbl
NacCMBHOrO HamnonHeHus), Toraa Kkak dasa akTMBHOrO Hamnor-
HEeHWS XXenyao4koB BO BpPeMsi CTUMYNAUMW npeacepann He
umeet cyliecTBeHHoro Bknaga (E > A) [46]. Ha ocHoBaHuK
AaHHbIX UCCneaoBaHWI y AeTeln Co CTPYKTYPHO HOPMaribHbIM
cepauem, mdonuposaHHon ABB u HopmanbHoOW yHKUmnen
XKenyaovykoB B KayeCTBE WCXOAHOMO pexuma KapauocTu-
MynAUMM NPeanoyTUTENbHO MPUMEHEHWE Of4HOKaMepHOro
YCTPOWCTBA.

PeweHne o cmeHe OfHOKaMEpHOW CUCTEMbl 3NEKTPOo-
KaponoCcTUMynsauun y Aeten Ha ABYXKaMepHYHo MOXeT ObiTb
OTMOXEHO A0 TeX Mop, NoKa y 3TUX NauMeHTOB He NOSIBATCH
CMMMNTOMbI XPOHUYECKON ANCCUHXPOHUN Mexay npeacepau-
AMU 1 KenygodKamu.

Oco6eHHOCTH ANeKTpokKapanocTnmynaumnm
Yy nauneHTOB OeTCKOro so3pacTta

Mpn NpUHATUKM peluennst B nonb3y mMmnnaHTaumm 3KC
HeobxoauMo yunThiBaThb cneayowme akTopbl: aHTponome-
Tpudeckme faHHble pebeHka U Ux COOTBETCTBUE pasmMepam
kopnyca OKC u anekTpogoB, HEOOXOAMMOCTb AJIMTENbHOMN
(«NOXXM3HEHHOWM»)  ANEKTPOKApPANOCTUMYISALUN,  BbICOKMIA
YPOBEHb aKTUBHOCTU pebeHKa, M3MeHeHne hr3n4eckux na-
pameTpoB Tena B AMHaAMUKE (HEOOXOAUMOCTb MMMMaHTaumMm
3MEKTPOAOB «C 3anacom» AJIMHbI U UX nocrenyLen 3ame-
Hbl), B page cny4daeB conytcreytowme BIC, ocobeHHo npu
HanNM4YnMn BHYTPUCEPAEYHbIX LWYHTOB [6, 18, 16].

B neguatpunyeckon npakTMke Bpayu CTankuMBalTCs C
HEeoOXOOAMMOCTbLIO MHAMBUAYANbHOW ONTUMU3aUUK napa-
METPOB 3MEKTPOKAPANOCTMMYNAUMN N Bonee TwaTenbHo-
ro HabnogeHusa 3a naumeHtamm ¢ QKC. Bce atu Bonpochkl
cnegyet yuuTbiBaTb MpU NPUHATUM pelleHnst o6 umnnax-
Taumm IKC. B negmnatpmyeckon npakTuke CyLLeCTBYyeT He-
CKONMbKO (hpakToOpoB, KOTOpPbIE MOryT CMocoOCTBOBAaTbL BO3-
HUKHOBEHWNIO CBSA3aHHbLIX C 3NEKTPOKapAWOCTUMYMSITOPOM
OCNOXHEeHUN. Bo-nepBbIX, 3NEKTPOKapaNOCTUMYNATOPbLI U
3NeKTpoAbl NpegHa3HayeHbl Ansi B3pocnbix. Bo-BTOpbIX, He-
OonbLon pasmep cepaua M CBA3aHHbIE C HUM BHyTpUcep-
OeYHble AedekTbl 3aTpPygHAOT TPAHCBEHO3HY MMMMaHTa-
LMo, Nnbo aTO BOBCE HEBO3MOXHO. B-TpeTbunx, He06xoaumo
npu NePBUYHOM MMMMAHTaLMM OCTaBNATbL NETNM 3NeKTpoaa
C 3anacom AN ganbHENLEero BbITSHXKEHMS MO Mepe pocTa
pebeHka.

CHWmXeHne NpoueHTa CTUMYIMPOBAHHBLIX KOMMJIEKCOB C
MOMOLLbIO MCMONb30BaHUA NPocTbIX pyHkunn IKC cnocob-
CTBYET ONTUMaribHOMY COOTHOLLEHWUIO COOCTBEHHOro putma
n putMa IKC: ato ontumanbHbIn nogbop 6asoson UCC B
3aBMCMMOCTM OT Bo3pacTa pebeHka, ontummsauus AB-3a-
OEPXKKN Y NAUMEHTOB C YAaCTUYHbIM COXpaHeHMeM OyHKLMK
AB-npoBegeHus.

Bbibop pexuma cCTUMynaumm npexae BCEro 3aBUCUT OT
OCHOBHOIO AMarHosa, Buaa BHYTPUCEPAEYHON MPOBOAMMO-
CTM W Hanuuusa Apyrmx ¢akTtopoB (HEOOXOAMMOCTb B MOCTO-
SAHHOW 3MNEeKTPOKapAMOCTUMYNSALMKN; COMYTCTBYOLLME Hapy-
LeHns puTMa cepaua).

MuHMManbHOEe KONMMYEeCTBO 3MEKTPOAOB — 3TO [MaBHas
3agjada npv MUCMONb30BaHUM 3SHOOKAPAMANbHOM CUCTEMBI
CTUMYNSILMM B CBSI3N C ManbiM AMaMeTpOM COCYAOB Y AeTem
1 HEeobXoAMMOCTbI MMMNNAaHTaALUN OONONHUTENbHbBIX 3MNEKT-
POAOB C TEYEHMEM BPEMEHM.

Hanbonee uvacTton npuuvHon wumnnaHtauum IKC sB-
NATCA MOCNeonepaLMoHHble HapylleHus puTMa cepaua,
pas3BMBalOLLMECS BCrieACTBME NOBpEeXaeHnst 6nmsko pacno-

until these patients develop the symptoms of chronic
dyssynchrony between atria and ventricles.

Specifics of cardiac pacing in pediatric patients

While making a decision regarding the benefits of
cardiac pacemaker implantation, one should take into
account the following factors: anthropometric data of
a child and matching of these data with the sizes of a
pacemaker and the leads, the need for prolonged (life-long)
cardiac pacing, a high level of child’s activity, a change of
physical parameters of child’s body in dynamics (the need
for the lead implantation with reserve of length, and further
lead substitution), and, in some cases, the presence of
concomitant CHD, especially when there are intracardiac
shunts [6, 18, 16]. In pediatric practice, physicians face the
need for individual optimization of parameters for cardiac
pacing and more careful follow-up for patients with cardiac
pacemakers. All these questions should be considered
while making a decision on cardiac pacemaker implantation.
In pediatric practice, there are several factors, which can
contribute to the occurrence of complications associated
with a cardiac pacemaker. First, the pacemakers and leads
are designed for adults. Second, the small size of heart and
the associated intracardiac defects hamper or completely
preclude from the transvenous implantation. Third, while
doing primary impanation, one should leave the enough
loops of the lead to ensure further stretching along with the
growth of the child.

A reduction in the percentage of stimulated complexes
using simple functions of cardiac pacemaker contributes
to the optimum ratio of own rhythm and cardiac pacemaker
rhythm. The optimal adjustment of a baseline heart
rate depends on a child age and AV delay optimization
in patients with partial preservation of AV conduction
function.

The choice of stimulation regime, first of all, depends
on the main diagnosis, intracardiac conduction type, and
the presence of other factors (the need for permanent
pacing; concomitant heart rhythm disorders).

Considering the small diameter of blood vessels in
children and the need for implantation of additional leads
as time passes, the minimum number of electrodes is the
main task when using the endocardial pacemaker system.

The most frequent reason for a pacemaker
implantation consists in the presence of postoperative
heart rhythm disorders, which develop due to the injury
of closely adjacent conduction pathways in the area of
intervention [5]. These children are predominantly in the
early infancy or early age and, as a rule, they receive the
implantation of epicardial pacemaker system. At the same
time, some surgical procedures hamper the implantation
of endocardial cardiac pacemaker system. For example,
it is impossible to bring the leads to the right heart after
Fontan operation.

Conclusion

Cardiac pacing is currently the only method for
correction of bradyarrhythmias, in particular, AV block,
which, considering the prospects of life-long stimulation,
demands higher standards to this system, especially for
children of early age.
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NOXEHHbIX NPOBOAALMX NyTEN B 30HE OnepaTVBHOIO BMe-
wartenscTtea [5]. MNpeMMyLecTBEHHO 3TO AETW PYAHOro 1
paHHero Bo3pacTa, OTYEro UM, Kak MpaBuio, UMMMaHTMPY-
10T anukapgmansHyto cuctemy IKC. K Tomy xe HekoTopble
XMpypruyeckvie npouegypbl NpensaTCcTBYOT B nocneayoLlemM
MMnnaHTauumn aHgokapavansHon cuctembl OKC, Hanpumep,
nocne onepaumm PoOHTEHa HEBO3MOXHO TPAHCBEHO3HO [0-
CTaBUTb ANeKTpoAbl B NpaBble OTAemNbl cepaua.

3akno4yeHue

OneKTpoKapaAMOCTUMYNAUNS — Ha CETOAHALIHUA [eHb
€OMHCTBEHHbI MEeTo KOppeKUMn GpagmapuTMnii, B YacTHO-
ctn ABB, 4TO C y4eToM nepcnekTuBbl NOXWU3HEHHON CTUMY-
NSAUUN NpeabsaBASIET K 3TON CMCTEME MOBbILLEHHbIE TpeEOOBa-
HWs, 0COBEHHO y ieTel paHHero Bo3pacTa.

Wcnonb3oBaHve MeToaMK 3nukapauansbHOW UMMNnaHTa-
LM 3NeKTpoaoB HaxoauT Bce Bonbliee NpUMEHEHWE Kak B
cuny 6onee cepbe3HbIX OCMOXHEHUA TpaHcBeHO3HON JKC,
Tak U B CBSI3U C BO3MOXHOCTbIO BblibOpa remoaMHamMmuyecku
ONTMMAarbHOM 30HblI CTUMYTSILIMU NPU 3NUKapAWansHON MeTo-
OviKke Onsi NnpefoTBpalleHus nencMmenkep-mMHOyLuMpoBaHHOM
BHYTPU- Y MEXKENYLOYKOBOW AMCCUHXPOHUU U pemMogenu-
poBaHus cepaua. BoamoxHocTb BblbOpa reMoanHamMmnyecku
onTuMarnbHOro mecta ctumynauun (Bepxywkm JIXK) n otcyt-
CTBME puCKa OKKIO3MS BEH MOTYT MPEBOCXOAUTL PUCKM, CBS-
3aHHble C aNuKapauanbHbIMU 3nekTpogamn. Takow noaxop,
No3BONSIET MaKCMMarbHO OTCPOYUTL YCTAHOBKY 3HAOKapau-
anbHOW CUCTEMbI CTUMYNSALMKU, MPUMEHEHME KOTOPOW akTy-
anuanpyeT HEPELLEHHYIO Ha CEroaHsIlHUA AeHb npobnemy
9H0BACKYNSIPHOW 3KCTPaKLUMK 3NekTpoaoB y Aetei. Jliobas
nepeasi umnnaHtauus OKC y pebeHka MO BO3MOXHOCTM
JomkHa ObITb anukapauanbHoi. Macca Tena nauveHTa He
OOmkHa ObITb KpuTEpPMEM BbibOpa Mexay anu- U SHAOKaPAM-
anbHoW ctumynsiumein. OgHokamepHas KapauoCcTUMynsiLus
npegnoyTUTENbHA Y AETel Mnaflero Bo3pacta C MOSHOM
ABB 1 HopmanbHoW xenygo4koBon yHKUNEN.

O606LeHne onbiTa B 310N obnacty 6yaetr cnocobcTBo-
BaTb 060OCHOBaHWIO ONTMMAarbHOrO Bbibopa 30HbI CTUMYIS-
LMK, YTOYHEHMIO Noka3aHuin kK umnnaHtauum OKC. PelueHne
3TUX BOMPOCOB MMeeT 6onblioe 3HayYeHue Ans pasBUTUS
OTEeYeCTBEHHOW NeaNaTPUYECKON KapaMOCTUMYMSILUN.

JIlntepartypa

1. Aquilina O. A brief history of cardiac pacing. Images Paediatr. Cardiol.
2006;8(2):17-81.

2. Udink ten Cate F.E.A., Sreeram N. Pacing therapy in infants and children
with congenital and acquired complete atrioventricular block: Optimal
pacing strategies, management, and follow-up. In book: Modern Pace-
makers — Present and Future; ed. M.R. Das. Rijeka, Croatia; Shanghai,
China: InTech; 2011:89-116. DOI: 10.5772/10521.

3. Welisch E., Cherlet E., Crespo-Martinez E., Hansky B. A single institu-
tion experience with pacemaker implantation in a pediatric population
over 25 years. Pacing Clin. Electrophysiol. 2010;33(9):1112-1118. DOI:
10.1111/j.1540-8159.2010.02781.x.

4.  Pesuwsunn AW, Bbonuos C.A., faBtaH K.B., 3eHnH C.A., KysHe-
uos B.A., Kynuos B.B. n gp. KnuHuuyeckve pekomeHgaumm no npose-
[EHUI0 3NeKTPodU3NONOrniecKnX nccneaoBaHunil, katetTepHol abnauum
N NPYMEHEHUIO UMMNAHTUPYEMbIX aHTUAPUTMUYECKUX YCTPOWCTB; 3-e
n3a. M.: MAKC Mpecc; 2017:704.

5. Eropos O.0., lNopgee O.J1. [duarHoctnka M neyeHve nauueHTOB C

VMNMNaHTUPOBaHHLIMK ~ aHTUapuTMuyeckumm  yctporicteamu. Cr16.:
Yenosek; 2005:256.
6. McLeod K.A. Cardiac pacing in infants and children. Heart.

2010;96(18):1502—-1508. DOI: 10.1136/hrt.2009.173328.

7. Toogood G. Pacemaker therapies in cardiology. Australian Family Physi-
cian. 2007;36(7):518-524.

8. Lotfy W., Hegazy R., AbdEIAziz O., Sobhy R., Hasanein H., Shaltout
F. Permanent cardiac pacing in pediatric patients. Pediatr. Cardiol.
2013;34(2):273-280. DOI: 10.1007/s00246-012-0433-2.

The use of methods for epicardial lead implantation
comes into increasing use both due to the more
serious complications of transvenous pacing and due
to an opportunity of choosing the hemodynamically
optimal zone of stimulation in the epicardial method to
prevent pacemaker-induced intra- and interventricular
dyssynchrony and cardiac remodeling. A possibility of
choosing hemodynamically optimal place of stimulation
(LV apex) and the absence of risk for venous occlusion
may exceed the risks associated with the epicardial
leads. This approach allows to postpone the placement
of endocardial pacemaker system for as long as possible
as its use is associated with the unsolved problem
of endovascular lead extraction in children. Any first
implantation of cardiac pacemaker in a child, whenever
possible, should be epicardial. A patient weight should not
be a criterion of choice between the epi- and endocardial
implantation. Single-chamber cardiac pacing is preferable
in children of early age with complete AV block and normal
ventricular function.

Generalization of experience in this area will help to
justify the optimal choice of a stimulation zone and to
clarify the indications for implantation of pacemakers. The
solution of these questions is of great importance for the
development of national pediatric cardiac pacing.
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