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ExxerogHoO oTmMevaeTcst pocT YmMcna geten m
naumMeHToOB MONOAO0ro Bo3pacTa C NOCTOSIHHbIMU
OKC, HOo kKonunyecTBo nmnnaHTupyemoix IKC B
OETCKOM BO3pacTe, BKNovas HOBOPOXAEHHbIX,
coctaBnseT He 6onee 1% Bcex IKC B mupe
[TocneaHee gecAaTnneTne oTMeYeHo
3Ha4YUTENBHbLIM NPOrPECCOM
ycoBepLleHcTBoBaHUSA cnuctembol OKC

OBOJIOLUMSA 3NIEKTPOKaAPANOCTUMYNALNN
npuBesia K NosABfIEHNO COBPEMEHHbIX
doumsnonornyecknx IKC, kotopble MoryT
MCrnosib3oBaThbCA y AeTen noboro sospacra.

Bce goCcTmkeHUs1, Kak B TEXHUYECKOM, TakK U
nporpaMmmHoOM obecneyeHum
Kap4ANOCTUMYNATOPOB CryXXaT OCHOBHOW Lenu —
afeKBaTHOW 3JIEKTPNUYECKON KOpPEKLNN
HapyweHUn puTMa 1 NpoBOAMMOCTUN TaKnUM
obpas3om, 4Tobbl MOAENMPOBATL ECTECTBEHHY!IO,
CBOMCTBEHHYIO CepaLy 3eKTPUYECKyHo

doyHKUMIO.
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Y peten oCHOBHOM npuunHon umnnaHtaummn 9KC asnsetca Hanuume
XXM3HeonacHbIX bpaguapuTtMnn, Taknx kak AB 6rnokaabl, CUHAPOMOM cnaboctu
CUHYCOBOrO y3ria nu buHoaanbHasa NaToriornsl, KOTopble MOryT BbITb
BPOXOEHHbIMU (NPY ayTOMMYHHbIX 3aboneBaHusax), nanonaTtnyecknmu, nmbo
pa3BMBalOTCS KaK OCNOXHEHUA Mnocre xupypruyeckon koppekumn BIIC.

2 2§
3 b8

0 820 s4a 3456
1 s 10 rt

MHorne negmatpmyeckmne ocobeHHOCTH, Takme
KaK: aHTPOMNOMETPUYECKMNE XapaKTEPUCTUKU, NX
BbICTPpOE N3MeHeEHNE NO Mepe pocTa pebeHka,
aKTMBHbIN 00pa3 XXM3HN, HEOBXOAMMOCTb
MHOroKpaTHou 3amMeHbl cuctembl OKC B
Byaywem, conyTcTeytowmne BIC, Hanu4une
OCTaTOYHbIX BHYTPUCEPLEYHbIX LUYHTOB - JOKHbI
ObITb pacCMOTPEHbI NPU peLLeHnn Bornpoca ob
nmnnanTauum IKC.
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(1) NonHas spoxaeHHas AB ia Y HOBOPOXOEHHOIO

MMageHua C XXenygoykoBgM puTMOM MeHee 55 ya B MUH nnu

B codeTaHun BINC u xenygo4kosbin putmom meHee 70 ya 6.0.

(C)

(2) NonHas BpoxaeHHas AB Brnokaga ¢ LUMPOKOKOMMNITEKCHBIM

3amMeLlarLmnM pUTMOM, XKenyaoykoBas aKTONUS nnm

xenygoykoas gucdyHkums. (B)

(3) NonHas BpoXaeHHas aTpUoBEHTPUKYNSpHas brokaaa

nocre NepBoro roga >XM3Hu CO CpeaHen 4YacToToM cepaeYHbIX

CokpalueHun, 50 ygapoB B MUHYTY, BHE3aMHbIE Nay3bl putma

B 2-3 pasa npesbiwakLme OCHOBHOW PUTM, TN CUMNTOMbI

CBsI3@aHHbIE C XPOHOTPOMHOM HEKOMMNETEHTHOCTLO0. (B)

Knacc Il

1) lNonHas BpoxaeHHaa AB 6nokaga y acMMNTOMHbIX AeTen
N NOOPOCTKOB C NpuemMnemMomn yactotom komnnekcos QRS
N HopManbHoW pyHKUnen xenygo4dkos. (C)

Knacc |

HenpowmbiweyHble 3aboneBaHns accoummpoBaHHble ¢ ABB 2-

3 CT BHe 3aBNCMMOCTU OT CUMIMTOMOB.

Disorders of atrioventricular conduction
Complete congenital atrioventricular block
Class |

(1) Complete congenital atrioventricular block in a newborn or an
infant with a ventricular rate <<55 b.p.m. or with CHD and a
ventricular rate <70 b.p.m. (C)

(2) Complete congenital atrioventricular block with a wide
complex escape rhythm, complex ventricular ectopy. or ven-
tricular dysfunction. (B)

(3) Complete congenital atrioventricular block beyond first year
of life with an average heart rate <250 bpm, abrupt pauses in
ventricular rate 2—3x basic cycle length, or associated with
symptoms of chronotropic incompetence. (B)

Class Il

(1) Complete congenital atrioventricular block in asymptomatic
children and adolescents with an acceptable rate, a narrow
QRS complex and normal ventricular function. (C)

Other non-surgical atrioventricular blodk
Class |

(1) Advanced second- or third-degree AV block associated with
symptomatic bradycardia, wventricular dysfunction, or low
cardiac output. (C)

Post-operative atrioventricular block
Class |

1. Post-operative advanced second- or third-degree AV block not
expected to resolve or persisting at least 7 days after cardiac

FLLEY

Other indications. Neuromuscular disease associated with AV conduction
disease [e.g. myotonic muscular dystrophy, Keams—>5ayre syndrome, Erb

dystrophy (limb girdle), peroneal muscular atrophy etc].
Class |

(1) Third-degree or advanced second-degree AV block with or

without symptoms. (B)
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t pacing modes, and
ventricular lead placement in pediatric patients with AV block, systemic LY, and absence of Antracardiac shunts

Patient size (kg) Access Pacing mode Yentricular lead placement
=10 Epicardial WVIR LY apex
Endocardial—in specific situations DDD{R)}—in case of a specific RV septum
(failed epicardial, centre preference) haemodynamic indication
10-20 Epicardial WWIR LY apex
Endocardial DDD{R) - in case of a specific RV septum
haemodynamic indication
=20 Endacardial DoDR) RY septum
Epicardial—in specific situations WVIR LY apex or free wall—based

(eg. concomitant with other cardiac surgery) on surgical feasibility

AV, atrioventricular; LY, left ventricle; RV, right ventricle
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resynchronization therapy
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of 54 years, padng from the RV outflow tract/lateral RV cused
a significant decrease in LV function, whereas LV apex/LV

mid-lateral wall pacing was associated with preserved LV

function.™™ For the purpose of single-ste LV pacing, either

epicardial implantation or implantation via the coronary sinus

may be used (Web Figure 12). However, the evidence is not

i

Indications for pacing therapy in paediatric patients and

congenital heart disease

Recommendations

1) Congenital AY block. Pacing
Is indicated In high degree and
complete A block In symptomatic
patients and In asymptomatic
patents with any of the following
rigk condrtions: ventricular
dysfuncton, prolonged QTc
Interval, complex ventricular
ectopy, wide QRS escape rhythm,
ventricular rate <50 b.pm,
vantricular pauses >three-fold the
cycle length of the undariying
rhythm.

1) Congenital AY block. Pacing
may be considered In
asymptomatic patients with high
degree and complete AV block In
absence of the above risk
conditions.

3) Postoperative AY block in
congenital heart disease.

Permanent pacing Is indicated for
advanced second
degree or complete AY block
persisting =10 days.
4) Postoperative AV block in
congenital heart disease.
Permanent pacing should be
considered for persistent,
asymptomatic post-surgical
bifascicular block (with or without
PR prolongation) assoclated with
transient. complate AV block.

5) Sinus node disease.
Permanent pacing Is indicated for
sinus node disease,
Including brady-tachy syndrome,
when 2 correlation batwieen

and bradycardia 1s
Judged to be esmblished.

6) Sinus node disease.
Permanent pacing may be useful
for asymptomatic resting heart
rate <40 bp.m. or ventricular
pauses lasting >3 sec.

AV = atrioventricular.

*Class of recommendation.

"L evel of evidence.

“Reference(s) supporting recommendation (s).
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PeroMeHIyeTCH MPOBETEHHE TOCTOSHHONM
KTHHHIeCKHX T0KA3aHHAX

VAAIUHH OpH CTeTYHNIHE

1. Bposaennas AB 6nokana. JMeKTpOKAPIHOCTHMYIMAS MOKA3AHA T4 CHMITOMHEL H PeKOMeHﬂaLl,VWl M|/|H3p,paBa
ACHMITOMHEL, TATHEHTOE C BEICOKOH CTEIEHEN HIH MoaHOH AB Gnokagol NpH HATHYHH

mofore H2 CIeIVICIHY YCIOBHH: POCCMM 201 6 r no Bbl60py
-CHCTOMIHHEECKAT JHCDVHKIHA CHCTEMHOTO HETyI0UKa, CnNCTembl SKC y I'IaLI,I/IeHTOB C AB
-yIIHHEHHE KOPPHTHPOEAHHOTO HETepEana QT. 6J'IOK8D,OI7I n CCCy

-EeTyI0MKOEAT SKTOMHA (3KCTPAcHCTOMNA, KTy J0IKOBAT TAXHEAP/HT).
-3AMEIIAITHA PHTM ¢ IHPOKHMH HETYI0YKOBEMMHE KOMILISKCAMH,
-PHTM EeTyI0HUKOE MeHee 50 VIapoR B MHEVTY,

-IaYy3El pHTMA Domes 9eM B 3 paza MpeEBINAIONIHE 0a30BEE PHTM.

VpoEeHs y0eIHTeIbHOCTH peKoMeHIaUmil 1 (VpPOEEHE JOCTOBSPHOCTH JOKazaTemscTe — ).

Hocmonepaunonnaa AB onoxaga 11 - I1I creness DepeHCIHDVIOAT E TedeHHe Oomee 10

B.2 XHpVpradecKoe JedeHHE

+ PexonengoRaHO TPOEEASHHE NOCTOAHHON 3nekTpokapauocTHMyaanmn [17, 27, 28]

VporeH: vOeIHTeILHOCTH pekoMeHaanHid 1 (VpoReHEs J0CTOESPHOCTH J0KA23TENECTE — A).

Kommerrapun: A0comamysiMiy HOKAIAHUAMY ASTAENCR CLOMTIMOMEAE Bpadurapous
OMHBOCUmMEeIsno sospacmueix Hopa., Ihwnzanmayus IKC pexovendvenics ¢ Boapiiesl
HPedHON N ETEHACHIBIY MDY CUHOPaMe Maxi-Opaduxapduy ¢ Heobx0UMOCBIY HASHAYEHILE
AHMEADUMMUSecK ol Mepanuy, Ko20q padurkalbible Mepsl g% eHla Hes0IMOFCHEL 1WTL NPY
HATULLY cuMVcosold Bpadurapdun v demell ¢ epoxcdenneiM noporoy cepdya ¢ JCC g noroe
Menee 40 voSuun Wiy navsaMy pumma botee 3 cex,



Pekomenagaunn MuHsgpasa Poccum 2016 r no Beibopy cuctembl IKC

Lo 0docmuxxkeHusi eeca 15 ke nposodumcs umrnaHmauusi

3/71eKmMpoKapoOuoCcmuMyrnsimopa C Ucrosib308aHUEM MOJIbKO
anukapouaribHbIX 351eKmpooos.

OHOoKapOuaibHas umrniaHmayus arnekmpooos dorycmuma rio
docmuxxeHuUU pebeHKoM Macckbl mersia pasHou 15 Ke.

?

©

lpu macce mena om 15 0o 19 k2 umnnaHmupyemcsi 0OHOKaMepHas
3HOOKapOouaribHasi cucmema.

[pu macce mena 20 Ke u 6ornee umrnnaHmMupyemcs 0gyxkamepHasi
3HOOKapOuarsibHas cucmema.

OpgHako C y4eTOM COBPEMEHHbIX MUPOBbLIX TEHAEHLUUN, a TaKkKe OnbiTa BeAyLLUnX

3apy0eXXHbIX KNMUHWUK, HA CEroaHsILLIHUA OeHb BO3PacT 1 BEC NaLUeHTa He OOMKHbI
ObITb aOCONIOTHBIMU KPUTEPUAMU BbiOOPa aNMKapaManbHOM NN aHAoKapananbHOW

cuctembl n nobasa nepsas umnnaHTauuns cmctemol IKC y pebeHka noboro
BO3pacTa nNpeanoyTuTenbHa anvkapauansHas.

Llenb nepBnYHOM anukapananbHOM CTUMYISLMM COXPaHUTb BEHbI U BbIOpaThb
reMoANHAMNYECKN ONTUMArbHY 30HY CTUMYMSLIAN.
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REVIEW

Congenital and childhood atrioventricular blocks:
pathophysiology and contemporary management

Alban-Elouen Barutean'=' - Robert H Pass® « Jean-Benodt T hambo* +
Albin Behaghel” - Soléne Le Pennec” - Elndie Perdrean” « Nieolas Combes® «

Eur J Pediatr (2016) 175:1235-1248 Leonardo Liberman’ - Christopher 1. McLeod™

Table 1 Pacing indications in children and patients with congenital heart disease
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B 0630pe npuBeneH.l
Congenital AV block

Symptomatic advanced second- or third-degree AV block

Asymptomatic high degree AV block with ventricular dysfunction

Asymptomatic high degree AV block with prolonged QTe interval

Asymptomatic high degree AV block with complex ventricular ectopy

Asymptomatic high degree AV block with wide QRS escape rhythm

Asymptomatic high degree AV block with abrupt ventricular pauses
>threefold the basic cycle length

Asymptomatic third-degree AV block in the infant with a ventricular rate
<55 bpm or with CHD and a ventricular rate <70 bpm

Third-degree AV block beyond the first year of life with an average heart
rate <50 bpm

Asymptomatic high degree AV block with a ventricular rate <50 bpm

Third-degree AV block beyond the first year of life with symptoms due
to chronotropic incompetence

High degree AV block in asymptomatic children/adolescents in absence
of the above risk conditions

Asymptomatic type [ second-degree AV block

Class 1, level C
Class 1, level C
Class I, level C
Class I, level C
Class 1, level C
Class 1, level C

level C

Class IIb, level C

Class 1, level C
Class I, level B

Class I, level B
Class I, level B
Class Ila, level B

Class I, level C

Class Ila, Tevel B
Class IIb, level B

Class II1, level C

Postoperative AV block

Ostoperative advanced second- or third-degree AV block that persists
=7 days after cardiac surgery (10 days in ESC guidelines)

Class 1, level B

Class 1, [eve

Transient pos
with residual bifascicular block

Unexplaimed syncope in the patient with prior CHD surgery complicated
by transient complete heart block with residual fascicular block

Transient postoperative AV block with return of normal AV conduction
in the otherwise asymptomatic patient

Asymptomatic postoperative bifascicular block with/without first-degree
AV block in the absence of prior transient complete AV block

[:alla'l 1

Class IIb, level C
Class Ila, level B
Class II1, level B

Class II, level C

Levels of evidence are classified in “level A™ if data are derived from multiple randomized clinical trials or meta-analyses, “level B” if data are derived
from a single randomized clinical trial or large non-randomized studies, and “level C™ if there is a consensus of opinion of the experts and/or if data are

CpaBHEHMS NOKa3aHU K
NMOCTOAHHOM CTUMYIALUN Y
aeTteun, eBpoONencKoro n
o6LLecTBO Kapanosioros u
aMepUKaHCKOro

[MokasaHuna no cyTw,
CBOAOATCHA K TOMY YTO
KaXKabl CUMMTOMHbIN
nauueHT, ¢ HeobpaTtumon AB
©rnokagon BbICOKOW CTENeHn
TpebyeT NOCTOSIHHON
nMnnaHTayum
Kapanoctumynaropa.



PekomeHaaunmn no npuMeHeHUIo NOCTOAHHOM o~ BCEPOCCUVICKOEHAYUYHOE OBLLECTEO
KapauoCTUMYNALUUK Y AeTel, NOAPOCTKOB U @ Q% CMELMAIMCTOB MO K/IMHUYECKOM
NauueHTOB C BPOXAEeHHbLIMU MOpoKaMu cepaua “ HV f ?A"F'fﬂg%ﬁg;@ggom'*("égg'ﬂ”c’”om““
Knacc Yposens %%'ﬁom.,gcﬁ” A .

pexKoMer-  AoKasaH- Pexomengauymm
Aayw HOCTH

Hapywenne dyrxumm CMNY ¢ koppenaumen CHMNTOMOB C HECOOTBETCTBYIOWER

B n.O 6
L or Sorcacia e U e T MokasaHMa K KapaoOCTUMYMSLIAN Y
MocneonepaumnonHan AB-6nokana 2 creneny 2 Tuna nnm AB-6noxana 3 HOBOPOXAEHHbIX U ,D,eTeVI

B TR AC MM I IO IONAINTIN 4¢ PaIpelom i noc e psaw VN cApd OCHOBBIBAOTCA HE HA KIMMHUYECKOWN

WM 8CNK OHA He paspewaeTca s Tevenne 10 auein.

MMNAAHTAUMA NOCTORHHOIO KAPANOCHMYNATOPS NOKAAHA NAUMEHTEM Ka pTM HE 2 a Ha 4YacTtote ce pﬂ'ehI HOro
C BPOMACHHON BHICOKOYPOBHEBO MK NONHOM ATPHOBEHTPUKYNAPHON BoKa- p nTMa , n pO,D,OJ'I)KVITeJ'I bHOCTU nay3 ,

AOW NPH HANHUYNKM CHMNTOMATHKM M C KAKMM-1G0 U3 CNEAYIOWMX COCTOAMMIA:

- Yenyaouxkossiih puTm Mexee 50, N
E a”czymum MUOKAPAB WENYAOUKOB; TONEepPaHTHOCTU K CbVI3I/I‘-IeCKOVI
C - Wnpoxue xomnnexcel QRS zamewaowero purma; -
= HenyaouKoBan IKTONKA BICOKMX rpasaumi (nonumMopdHan n/mnu napHan, Ha rpy3 Ke ’ CT pyKTyp HOW NaToJ10rnn

w/nnm annopurMuns),
= May3si 8 MENYAOUKOBOM PUTME NPEBLILLAIOLUME 3 HTepBana 633080r0 pUTMA; ce p.D. L'.a .
= MpononrmuposannHsin uHTepsan QT ¢ HANMYMEM BHTHUTEN K KNETKAM NPOBOAR=-

wed cucTems: cepaua

T EABOC T THIOTS PaOIEARORIS Ly Tas Pag npocnekTUBHbIX
O ol i s it s s nccnenoBaHun Jokasanu

Gpaan, eCnM CBA3L MEXAY CHMNTOMaMKU 1 6PaaUKapAHER AOKA3aHA.
beccuMnToMHAN CHHYCOB8an Gpa-ANKAPAMUA Y 4ETEIH CO CAOMHBIM BPOMACHHBIM Sd)cbe KTUBHOCTb pa HHEN
C nopokom cepaua npu HCC 8 nokoe meHee 40 yaapos 8 MUHYTY MM Nay3ax Kap,D,I/IOCTVIMyJ'IﬂLMVI (OT MOMEHTa

B MENYAONKOBOM puTME Bonee 3 cexyHa
lalVeNTE C BPOWGEHHSIM OPOKOM CEPAL 4 HIPYLLICHHEM FEMORMHAMMNIH NOCTAHOBKM AMarHo3a) B
c s ORCA CONTARPR M IS ACAPR RS yBeNIMYeHN BbIXKMBAEeMOCTU

ANCCUHXPOHMH.
CHHKONBAEHEIE COCTORNMA HEACHOO FeHE3a y NALMEHTOB NOCNE _ OONbHbIX, npeaorspalleHnto
B | danh S cTar A i OCTRRGHI O BXOs O 1his e THCa Tl T CUHKOManbHbIX COCTOSIHUN,

CTEBMM MHBIX NPDUYMH CHHKONANBHBIX COCTORHMA.

NpoUNaKkTUKe CTPYKTYPHOTO
| e s e ol oo pemMoaenMpoBaHna Muokapaa ¢

badediiudasdollainns Pa3BUTUSA cepaeyHon
MMNNAHTALUMA KAPAHOCTHMYNATOPA MOXET B5ITh PACCMOTPEHE ANA NAUMEHTOB

¢ C NEPCHCTUPYIOLLEH NOCTONEPAUMOHHON BrudacumxynapHon Gnoxkanon H e,IJ,OCTaTOH HOCTW.
(c/6e3 yanunennenns PQ nirepsana), 8 CoONeTaHMK C NPEXOAALLE
AB-6nokagon 3 crenexn. |




Hapsgy ¢ oueBnaHbIMU NONOXUTENBHBIMMA
adpdpeKkTamm BOCCTaHOBIIEHUS pUTMa cepaua
NpU UCNOMb30BaHUM TPAANLMOHHON CXEMbI
OKC, nogpasymeBatoLLen TPaHCBEHO3HYO
CTUMYNSALMIO NPaBoOro Xenygoyka, paborta
cepaua octaeTcs ganekou ot «MpupogHomn» u
Bbl3blBaeT aHOMarsbHYO 3M1EKTPUYECKYHO CXEMY
aKTMBaLUK, YTO NPUBOAMUT K MEXAHNYECKOM
ANCCUMHXPOHUK U, KaK creacTBue, HapyLLEHUIO
HaCOCHOW (PYHKLUMN, peMOOENTUPOBAHNIO
NeBOro Xenyaoyka n pucky passutna CH.

Bo Bpems xenygo4ykoBom CTUMYSALMK Havano
N NocrieoBaTeNlbHOCTb 3SIEKTPUYECKOM
Xenyoo4vykoBOW akTUBaLMKW OTNNYAKOTCS OT TEX,
KOTOpble NPOABNATCA MNPU 0BbIYHbBIX
(cTaHpapTHbBIX) PU3MONOrnYecKnx
obcTosATeNbCTBaX

bnarogapst metoguke 2D strain (speckle
tracking) Mbl MOXXeM onpeaenuTb
BbIpaXX€HHOCTb AUCCUHXPOHUN.
CTpenkamun ykasaHa OMCCUHXPOHUS
6asanbHbIx cermeHToB JIXK.
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[NaTtodursnonorns cTMmMynaumm

KeJlyaOo4KoB

Bo Bpems XenygoykoBouM CTUMyNAUMM Hadano u
nocnenoBaTesNibHOCTb ANEKTPUYECKON XKeNya04KoBOM
akTuBaLum oTnnyarTcs oT HOpPManbHbIX
domanonorndeckmx ycrnosmn. C TOYKM CTUMYNALMN,
BOJTHA 3MEKTPUYECKON aKTMBaLMN pacnpoCcTpaHaeTCs
NO  MUOKap4y ’>KenygoykoB 4epe3  MeaneHHo
nepenawLwmn Mmokapa, BMECTO TOro, 4tobbl ObICTpO
NpPoOBOOMTL WMMYNbC MO MPOBOAALWEN CUCTEME.
MeoneHHass nepegada OT  SYEUKM K SiYENKe
3MEKTPUYECKOro UMNynNbCcanpmBoanT K aCUHXPOHHOM
3MEKTPUYECKON Xenyao4vyKoBOW akTMBaLMA C paHHeun
aKkTMBauuen Onuanexanmwmx MUOUUTOB K MECTy
CTUMYNALUNUM U OTCPOYEHHOM aKTMBaLMW KNETOK B
OTAaneHHbIX ydacTKkax Muokapaa.

OneKkTpuyeckas acuMHXPOHHOCTb, MWHAYLMPOBaHHas
npu  KenygovykoBoWM  CTUMyNAUMWM  NpUBOAUT K
AVUCCUHXPOHHOMY COKpaLLEHUIO.

Sinus node Bundle of His
70/min

AV node
s0/min

f"_“)

Bundle branches

Purkinje fibers
15-30/min

normal conduction RV apical pacing

30 @
0
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o)) What's new in cardiac pacing in children?

Van Janousek and Peter Kubus

Purpose of review

To review and prioritize data on pediatric cardiac pacing published during the period of the last 18

months.

Recent findings

New hes to preservation f

niricular function in pediatric pacing are based on recent

p
pubhmnans cmﬁrmmg maijor influence of the ventricular puclng snre on left ventricular (LV) Funcncn and
nchra Cur

ic and ischemic cardiomyopathy are likely to infuence CR
give inferesting insights into implantable cardioverter-defibrillator ucm \

enced by
y (CRT) in

Children Novel

val as well as the use

of ICDs in young patients with hypertrophic cardiomyopathy.

Summary

Pediatric cardiac pacing and ICD therapy is

siill @ developing field likely to improve with technical

refinements, proper lead placement and more spescific therapy indications. The current review will give the
reader information about recent developments and directions for the future.

Keywords
cardiac pacing, cardiac

, heart failure, implantable

lbrillator, leads, p

INTRODUCTION

Four major topics emerged from the review of recent
literature: novel approaches to preservation of
ventricular function in pediatric pacing; long-term
survival of epicardial and transvenous pacing systems
in childhood; new amendments of the cardiac
resynchronization therapy guidelines; and novel
data on implantable cardioverter-defibrillator (ICD)
therapy in children and patients with congenital
heart disease.

Based on experimental [1] and dlinical (2]
studies, right ventricular (RV) pacing induces left
ventricular (LV) electromechanical dyssynchrony
associated with contraction inefficiencv and devel-

ization therapy, children, d
ker, sudden cardiac death

(=>28%) in all LV-paced individuals and decreased
in 16.6% of patients paced from the endocardial or
epicardial RV (P=0.029). Fueled by these results,
two further studies [7%,8%] on the influence of
pacing on LV function were recently published to
provide meaningful conclusions regarding the
choice of the ventricular pacing site in children.
Discussion on proper technique of cardiac
pacing in children has persisted for several decades,
focusing primarily, but not only, on the choice and
respective advantages of transvenous vs. epicardial
pacing. Clarity of published evidence has been influ-
enced by differences in the characteristics of epicar-
dially and transvenously paced patients. The latter

RVOT RVLat RVA RVS Lva

P=0.001

Lviat LVB
Pacing site

sjection fraction at crosssectional
ten normal and subnormal values.

follow up. Each bar indicales a specific
(b) Proportion of palients with decreased

MepBuyHas JIK ctumynauma coxpaHseT dyHkuuio JK'y geten,
Bonblioe MHoroueHTpoBoe nccrnegosaHme 6bino nposegeHo 2013 r.
[Janous’ek J, van Geldorp IE, Krupic’kova“ S, et al., Working Group
for Cardiac Dysrhythmias and Electrophysiology of the Association for
European Pediatric Cardiology. Permanent cardiac pacing in children:
choosing the optimal pacing site: a multicenter study. Circulation
2013].

[MaumeHTbl co CTPYKTYPHO HopMarnbHbIM cepauem (N - 178) ns 21
LueHTpa ¢ anarHo3om nonHon ABB, nepuoa Habniogenuss 5,4 roga.
ABTOpPbI OLEHUNN BAUSHWE 7 30H CTUMYNALUM HA CUHXPOHHOCTb U
dyHkumto JIK (CeoboaHas cteHka XK, BOIMK, 6okosas cteHka XK,
Bepxywka MK, neperopogka X, sepxywka JIK, cpeagHaa 6bokosas
cteHka JDXK).

MecTo CTUMYNALUKM XenyaoyKkoB OKasblBaeT CyLLeCTBEHHOE BrNAHNE
Ha CUHXPOHUIO, 3(PPEKTUBHOCTL N HAacoCHy dyHKumo JDK. U3
OLlE€HEHHbIX Y4aCTKOB, CTUMYNALNSA BepxyLkn JIXK n 6okoBasa CTeHKM
JDK nmena Hambonblumin noTeHuMan ans npegoTBpaLleHns
OVNCCUHXPOHUYECKOW NencMeKkepuHayLMpoOBaHHOW KapamMoMuonaTuu,
TOorga Kak ctumynaumns BbixogHoro otaena MXK n 6okoBOW CTEHKM
MK cBA3aHHa ¢ BbICOKMM pUCKOM aucdyHKumm JIXK.

Posterior

Anterior

LV EF [%]

llow up. LVA, LV apex; LVB, LV base; LVLal, lateral LV wall; RVA, right venl
RVOT, free wall of the right veniricular oufflow tract; and RVS, right ventrict

-




012

[OnutenbHoCTb kKOoMnnekca QRS He aBnsaeTcd
MHOrornapamMmeTpuy4eckum nNpegmuKTopoM NMOHMXEHHOW dOYHKLIY
JDK, nockonbKy NpoaosmkKuUTenbHOCTL KoMsiekca QRS
oTpaxaeT obuiee BpeMs aIeKTPMYECKON akTuBaLmn, HO He
nocriegoBaTtesibHOCTb akTuBaumn. iccnegosaHme nokasarso
YTO oTpuUaTenbHble addeKkTbl ANCCUHXPOHUU JDK,
BO3HMKatowme npu ctumynaumm MK, moxxHo npegorepaTtuTtb
neBoXenyaodkoBon CTUMynaumMen He3aBMCMMO OT
npogomkntenoHoctn QRS.
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MK cTmynsuus cessaHa ¢ nogaBneHneM CUCTONNYECKON
dyHkumen JIK 1 Bbi3biBaeT NocTeneHHoe (nocneaoBaTesibHoe)
CHWXeHne cuctonundeckon pyHkuum J1XK no cpaBHeHuto ¢ 4o
UMNMIaHTaUUOHHbIMUN 3HAYEHUSIMN.

PesynbTaTtbl 3TOro nccriegoBaHNA TakxKe nokasbiBaloT, YTO
ctumynaumnsa JIXK MoxeT 3aMeHUTb NepBUYHYIO
BMBEHTPUKYNAPHYIO CTUMYNALNIO, KOTOPas, Kak HegaBHO BbIno
nokasaHo, coxpaHseT pyHkumio JIK y B3pocnbixX naunueHToB C
NOCTOAHHOW CTUMYNALMEN.

Tomacke n coaBT. 1 Vanagt et al. B manom onmcatenbHOM
Aoknage no getam o6o6uwatoT, 4To ANg ynyyveHns pyHKumm
NEeBOro Xenyaoyka BMeCTo BMBEHTPUKYNAPHOW CTUMYSALMA
MOXET MCMONb30BaTbCA CTUMYNALMS JIEBOr0 Xenyaodka,
KOTOPbIN BblST CKOMNPOMETUPOBAH ANUTENbHON
NnpaBoXXenygo4KoBON CTUMYNALMVEN.

MpogomkutenbHocTb QRS He Gbina MHoronapameTpuyecknm
NpeanKTopoM CHMKeHNA pyHKUuKM JIK, NOCKorbKy OHa
oTpaxaeT obLiee BpeMsa 3reKTPUYECKON akTuBaLmm, HO He
nocnegoBaTernibHOCTb akTUBaLUN.

Nccneposanne MADIT-CRT nokasano, 4To mopdonorus
6rokagbl NeBon HOXKM Ny4ka 'nca, a He NPOAOITKUTENTbHOCTb
QRS, aBnsaeTcs HeobxoanmMbIM ycnosueM anst ahHeKTUBHOCTHU
cepaeYvyHON peCUHXPOHU3NpYoLLLen Tepanuun. iccneposaHume
yKasblBaeT, YTO oTpuratesibHble addeKTbl ANCCUHXPOHUN JTIK,
Bbl3BaHHble cTuMynsumen MK, MoXXHO NpeaoTBpaTuTb C
nomotubto JIK ctumynsaumna HesaBucmmo ot
npoaomkutensHoctn QRS.

oy popE Moy
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ANMKAJbHAA CTUMYJISAUSA JIEBOI0 KeJYA04YKA y AeTel: HeJ1eco00pa3HOCTb U
JA0JITOCPOYHOE BJIUSIHHE HA KeJYA0YKOBOK (PYHKIHUIO.

CLINICAL RESEARCH
Padng and cardiac resynchronization therapy

@ E SC Eurcpace (2020) 22, 306-313

European Saciety doi:10.1093/curopace/euz32s
of Cardiology

Left ventricular apical pacing in children:
feasibility and long-term effect on
ventricular function

Conclusions

Left ventricular apical pacing maintains mechanical synchrony be-
tween LV septum and free wall at the price of a significant apical to
bazal mechanical delay associated with LV contraction inefficiency as
compared to healthy controls. Global LV systolic function is, how-
ever, not negatively affected. Results are similar in both the presence
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Aims Left ventricular apical pacing (LVAP) has been reported to preserve left ventricular (LV) function in chronically
paced children with complete atrioventricular block (CAVB). We sought to evaluate long-term feasibility of LVAP
and the effect on LV mechanics and exercise capacity as compared to normal controls.

Methods Thirty-six consecutive paediatric patients with CAVB and LVAP in the absence (N=22) or presence of repaired

and results structural heart disease (N=14, systemic LV in all) and 25 age-matched normal controls were ci
studied after a median of 39 (interquartile range 2.1-6.8) years of pacing using echocardiography and exercise

stress testing. Pacemaker implantation was uneventful and there was no death Probability of the absence of

ross-sectionally

pacermaker-related surgical revision (elective penerator replacement excluded) was 89.0% at S years after implanta-
tion. Left ventricular apical pacing patients had lower maximum oxygen uptake (P=0.009), no septal to lateral but
significant apical to basal LV mechanical delay (P < 0.001) which correlated with decreased LV contraction efficiency
(P=0.001). Left ventricular ejection fraction and global lengitudinal LV strain were, however, not different from
controls. Results were similar in both the presence and absence of structural heart disease.

Conclusion Left ventricular apical pacing is technically feasible with a low reintervention rate. Mechanical synchrony between LY
septurn and free wall is maintained at the price of an apical to basal mechanical delay associated with LV contraction

inefficiency as compared to healthy controls. Global LV systolic function is, however, not negatively affected by LVAP.
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Table | Demographic and clinical data
Group A (N= 11) Group B (N =14) Group (
CAVB CAVB Age-matt
(structurally normal heart) (structural heart disease) contre

Age at implantation (years) 104 (0.02-5.79) 1.74 (0.75-279)

Pacing duration (years) 4.35 (168-6.18) 3.14 (1.73-8.79)

Age at evaluation (years) 7.31 (546-1039) 7.55 (3.35-10.48) 784 (5%

Growth during pacing period (A height %) 45.1(16.6-1205)
WIR =18/DDD =4
Subxiphoid = 18
Sternotomy =4

115 (77-1275)

n2

38.02 (15.4-45.4)
VVIR=1/DDD =13
Subxiphoid =0
Stemotomy =14
188 (116-431)
613

Pacing mode
Surgical approach

NT-praBMNP at evaluation (ng/L)?
Patients with increased NT proBNP (N)*

Datz are given as median (interquartile range) or absolute numbers.

CAVE, complete atrioventricular block; NT-proBMP, M-terminal fragment of pro-brain natriuretic peptide.

“In three patients in Group A and one patient in Group B MT-proBNP levels were obtained earier than at the fime of crosssectional eva
pacing).

and absence of structural heart disease. Padng-related complications

MexaHun4yeckas CUHXPOHHOCTL MexXay neperopoakon JIHK
N cBOBGOOHOWM CTEHKOW COXPaHSAETCS 3a CHET anuKkanbHO
GasanbHOM MexaHNYEeCKOM 3a4epPXXKu, KOTopasi cBs3aHa C
Hea(PPeKTUBHOCTLIO cokpaLleHuns J1XK no cpaBHeHUIo co
300poBbIM KOHTporieM. OgHako Ha rnobasnbHyto
cuctonuyeckyro oyHkumio JIK LVAP He Bnnger.

LVAP cBsizaHa C MonHbIM COXpaHeHUeM rnobarnbHou
cuctonmyeckon oyHkumm JIHK
CuHxpoHHOoCTb JIK coxpaHsaeTcsa He3aBUCUMO OT
HanM4na NN oTCYTCTBUA CTPYKTYPHOU BonesHu
cepaua.

LVAP TexHn4ecku ocyLlecTBMMa C HN3KOM
BEPOATHOCTbLK XMPYPrm4yecKkoro noBTOPHOIo
BMeLLaTesibCTBa, HECMOTPA Ha 3HAYUTENbHbLIN
aKTUBHbIN POCT NauMeHTOB, N aCCOLMNPYETCH C
HOopMarnbHbIM YPOBHEM 3apsiaa 6atapen SKC u
CTabunbHbIMM NOPOraMn CTUMYIISLNN.



Beibop cnocoba nmnnaHtaunu - anukapauanbHbIA UK
3HAOKapAnanbHbIN

dHpokapamanbHaa OKC:

HapyLLeHe U30NaLUnn, AUCroKaums anekTpoaos,
nepdopaums cepaua, HeoCTaTOMHOCTU KnanaHoB B
CneacTBMM OOMbLLOW CKYYEHHOCTU SNEKTPOAOB,

6aKTepmaanb||7| QHOOKapAuUT, BEHO3HbIE TpOM603bI.

TIS2.3 MI1.2
Cardiocenter TOMSK S5-1/asa2

Ha anektpoge B npaBom npeacepaun
Msirkoe "KonbLeBuaHOE" noaBuKHoOe
HanoxeHwe (Tpomob).

AnukapananbHaa JKC:

HapyLLUeHne LerIoCTHOCTM arekTpoaa
BCNeACTBME MEXaHNYECKOro NoBpeXaEHUS,
MeHee OnMTenbHasa BbKMBAEMOCTb
anekTpogos (?7), cTpaHrynauma cepgua, puckm
CBA3aHHble C TopakKanbHON XUPYpPrueun.

PGSPbIB ANMnKapanarnbHOro afiekTpona

Hu anukapguanbHbIn, HU SHOOKapAMarbHbI Noaxon B NOCTOAHHON
KapanocTMmMmynaumm He cBoboaHbI OT OCNOXHEHUW. YUNUTbIBasi « CEPLE3HOCTbY
OCINOXHEHUN 3HAOKapANansHOM CTUMYNSALUUK, SNuKapananbHbIn cnocod
nmnnaHtaunm SKC Bce valle CTaHOBUTCA MPUOPUTETHLIM XUPYPruiYeckum OOCTYNOM

Npu NepBNUYHOU OABYXKAaMepHOU UMMNMaHTauun y OeTen.



OHOokapananbHas CTUMYNALNS
remogmMHamuyeckme npobnemsoi

Bepxywka X asndetca camon 4actom 30HOM
cTumMmynaumm scneacrtene 6ornee AOCTYMHOroO
TPaHCBEHO3HOro 40CTyna, KOTopbIn
obecrneynBaeT cTabunbHOE NOSIoXKeHNe
ariekTpofa C OTCYTCTBMEM CMELLEeHUA, OgHaKo
anuTernbHaa anukanbHasa sHgoKapamanbHas
ctumynauma X Bbi3biBaeT ATPOreHHbIn 610K
BeTBeW nyyka [ nca n MoxeTt NpMBoauUTL K
nencMeKkep-nHAyLMpoBaHHOM KapanomMmonaTumu.
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Cardiovasc Electrophysiol 18:373-377

Thambo JB, Bordachar P, Garrigue S, Lafitte S, Sanders P, Reuter
S, Girardot R, Crepin D, Reant P, Roudaut R, Jais P, Haissaguerre

M, Clementy J, JimenezM(2004) Detrimental ventricular remodelling in patients with
congenital complete heart block and chronic right ventricular apical pacing.
Circulation 110:3766-3772

Alban-Elouen Baruteau, Robert H. Pass Jean-Benoit Thambo
Congenital and childhood atrioventricular blocks:

pathophysiology and contemporary management. Eur J Pediatr (2016) 175:1235—
1248




PHILIPS

Cardiocenter TOMSK S$5-1/asa2
FR 15Hz

PHILIPS TIS0.9 MI 1.4

Cardiocenter TOMSK S5-1/asa2
FR 50Hz ]

OnekTpoa B NpaBoOM NpeAcepAnm 1 NPaBOM Xenyaouke.

Peryprutauus Ha TpMKycnvganbHOM KrnanaHe 3 cTeneHu.

Ha anekTpoge B npaBoM npeacepann Msirkoe

"konbueBnaHoEe" NOABUMXHOE HaNoOXeHne (TpOM6).

baktepuanbHbi 93HOOKaAPANUT
yepes 10 neT nocne nepsBuU4HOU
nvnnantaumn KO

[Moa Hawmm HabnogeHnem HaxoguTcs
pebeHOoK, KOTOPOMY NEPBUYHAS
aHAokapananeHas umnnantauma UKL
BbIMOSIHEHA B BO3pacTe 8 neT, yepes 6
neT npoBegeHa cMeHa barapewn, Torga
e no OxoKI BbigBneHa
HegocTaTtodHocTb TK 3 cT. Yepes 10 net
nocrne nMmnnaHTaunmn y pebeHka
AnarHoCTMpoBaH bakTepuanbHbIN
aHOoKapauT. Nocne kynupoBaHUs
aKTUBHOro 6aktepuanbHoOro npouecca
pebeHKy npoBegeHa onepaums
yaaneHue MHMUUNUpoBaHHbIX
anektpogos u VK — npoTteamnpoBaHue
TK. Pemmnnantaumns UKL n anekTtpooos
BbIMOSTHEHA 3nnKapanarbHo.

B HacTosiLee BpeMms, yunTbIBas
HaKOMJIEHHbIN HAMU OnbIT, NEPBUYHYIO
MMMNAaHTaUMI0 TakoMy NauneHTy
(pebeHky 8 net) Mbl 661 NpoBOANIIU
anukapamanbHbiM CcNOCObOM.



TexHn4yeckne I'IpO6J'IeMbI UMIJ1laHTauunuun

3HMKapAMaanOﬁ cTUmMynsaummn

MecTo Ans omKkcaummn annkapamanbHbIX 3NeKTPoaoB.
OnTuManbHas o6racTb AOSMKHA COOTBETCTBOBATb
creayroLLMM YCIOBUSIM: OTCYTCTBUE XKMPOBOWN TKaHMU;
oTcyTcTBUE (hUbpMHA; reMaToMbl; OTCYTCTBME
KapOnoTOMHOro pybua; oTCyTCTBUE BETBEW KOPOHAPHbIX

apTepl/l|7| UM BEH; OTCYTCTBUE NEepuKkapanasribHbIX Crnaek.

TexHn4yeckon Nnpobremon MoryT ObITb pasmeLleHne
N30bITOYHOWN ANUHbI 3M1EKTPOAOB

SHAoKapAnanbHOW CTUMYNALUU

n36bITOYHbIE NETNM ANEKTPOOOB pacnonararT B
npaBom npeacepann, YTobbl y4ecTb pocT pebeHka.
Linkn He gormkeH 6bITb CANWKOM Ype3MEepPHbIM Tak
Kak BO3MOXXHO MNpuUnunaHne anekTpoaos K
TPUKyCnMaanbHOMY KnanaHy CTeHKe npeacepaus ¢
BO3MOXXHOW nepdopaumen unm BoinageHue
n36bITOMHON NeTnu B nonoctb MK.




[Mpobnema aKkcTpakLumn aHaoKapAnanbHbIX 3N1EKTPOOB

[ononHutenbHyo Npobnemy B negMaTpuyeckon KapauocTUMynsaumm
NpeacTaBnseT «CKYYEHHOCTbY 3NeKTPOAOB BCIeACTBUE NX
peuMmniaHTaumm npu TpaHcBEHO3HOM cnocobe JKC.

TIS0.9 MI 1.4

Cardiocenter TOMSK S$5-1/asa2

M3

Cecchin F, Atallah J, Walsh EP, et al. Lead extraction in pediatric and congenital heart
disease patients. Circ Arrhythm Electrophysiol 2010; 3:437-444.



SnMKapnmaanaﬂ nMmnnaHTauus . Jleeas narepaljibHad TOPakOTOMUA.

4@

XOPOLINM KocMeTuyeckmnin adpdpekT
OOCTYMNHOE pacrnonoXxeHne (HenocpeacTBEHHYO BrIM30CTb) NEBOro
Xenygoyka npu donkcaumm anekTpoaoB Ha ero NOBEPXHOCTb.

HepocTtaTku:

- TPaBMaTUYHbIN

- COMPSKEH C pasrepmMmeTursaumen nnespanbHON NonocTn n obLLIMpHON
XUPYPruyeckon TpaBMon MeXpedepHbIX MbILLLL.

- OrpaHn4YMBaET pasmelleHne n opMmnpoBaHUE noxa
KapanocTumMmynaTopa B nognonartodyHoM NPOCTpPaHCTBe, a pa3MeLleHne
OKC B nneBparnbHOW NOAOCTU, AOBOSIbHO YacTO ABNSETCA NPUYMHON
boneBoro cuHapoma

- OrpaHn4eH ansa NpMMEHEHNS HOBOPOXKAEHHbIX MaLNEHTOB UNK
NnaLuneHToB C HU3KOW Maccou Tena.

-puKcauma npeacepaHoro anekTpoaa npu 3Tom gocrtyne
ocyllecTsnseTcs K cteHke J1I1.

Left heart atrial and ventricular epicardial pacing through a left lateral
thoracotomy in children: a safe approach with excellent functional and cosmetic

results

Ali Dodge-Khatami. Alexander Kadner, Hitendu Dave, Mariette Rahn, René Prétre and

Urs Bauersfeld

Eur J Cardiothorac Sure 2005:28:541-545



CpeAanHHasa cTepHOTOMMUSA

- obecneyeH npocton goctyn Kk 1M1

- BO3MOXHbI TPYAHOCTU C (hrKcaumen anekTpoaoB B NpoeKLnm
BepXxyLukn JIXK.

- nocrieonepaunoHHble AedopMaLmmn rpyanHbl,

- (hopmmpoBaHmne cnaevyHoro npowecca.

HecmoTpsi Ha HegocTaTKK, cpeanHHas CTEPHOTOMUS NPU
annkapguanbHOMN ABYXKaMePHOW CTUMYNSLMM OCTaeTcs
MEeToAOoM Bbibopa y NauMEHTOB paHHEro Bo3pacTa, yyYuTbiBas
N3BECTHbIE OCITOXXHEHUS 3HAOKapAManbHOW CTUMYNSALUMN BCe
Yalle CTaHOBUTCS NPUOPUTETHBIM XMPYPrMYECKMM OOCTYNOM Npn
nepsun4Hon nmnnanTauum IKC.

B HacTosiLee BpemMsA Kaxaas KNMHUKa, ucxoas N3 CO6CTBEHHOro
onbiTa onepauuu, CaMOCTOATENILHO onpeaenseT cnoco6
XUPYpPruyeckKoro AocTtyna ans yctaHOBKU ABYXKaMepHOM
anuKapaunarbHOMN CUCTEeMBbI,.




Original Article

Minimally Invasive Epicardial Pacemaker Implantation in Neonates
with Congenital Heart Block

Roberto Costa,” Katia Regina da Sitva,” Martine Martinelli Filha,! Roger Carrilla®
Institute do Coragio (InCor) do Hospital daz Clinicas da Faculdade de Medicina da Universidade de Sdo Paule.' Sdo Paule, 5P — Brazil;
University of Miami - Miller School of Medicine, * Miami - LSA

Abstract

E.tckground Few studies have characterized the surgical outcomes following epicardial pacemaker implantation in
with ital complete atrioventricular block (CCAVED.

Objective: This study sought to assess the long-term outcomes of a minimally invasive epicardial approach using a
subxiphoid access for pacemaker implantation in neonates.

Methods: Between July 2002 and February 2015, 16 consecutive neonates underwent epicardial pacemaker implantation
due to CCAVE. Among these, 12 (75.0%) had congenital heart defects associated with CCAVE. The patients had a mean
age of 4.7 + 5.3 days and nine (56.3%) were female. Bipolar steroid-eluting epicardial leads were implanted in all patients
through a minimally invasive subxiphoid approach and fived on the diaphragmatic ventricular surface. The pulse generator
was placed in an epigastric submuscular position.

Results: All procedures were successful, with no perioperative complications or early deaths. Mean operating time was
90,2 £ 16.2 minutes. None of the patients displayed pacing or sensing dysfunction, and all parameters remained stable
throughout the follow-up period of 4.1 + 3.9 years. Three children underwent pulse generator replacement due to
normal battery depletion at 4.0, 7.2, and 9.0 years of age without the need of ventricular lead replacement. There were
two deaths at 12 and 325 days after pacemaker implantation due to bleeding from thrombolytic use and progressive
refractory heart failure, respectively.

Conclusion: Epicardial pacemaker implantation through a subxiphoid approach in neonates with CCAVE is
technically feasible and associated with excellent surgical outcomes and pacing lead longevity. (Arq Bras Cardiol.

2017; 109(4):331-339)

Keywords: Heart Defects, Congenital; Infants, Newborns; Pacemaker, Artificial; Atrioventricular Block. Figure 3 — Chest radiographic projections displaying the appearance of epicardial pacemaker 10 years later, in anteroposterior (A) and lateral projections (B).
Introduction impossible. Third, there is a significant disproportion between - ff AP B
Permanent pacemaker implantation in neonates with the size of the permanent device and the childs body size. .
congenital complete atriovenicular block (CCAVE) stechnically | Urthermore, the effects of growth on the leads and on the 5 m .
challenging due to the small size of the patients, presence of Ie.:d-.mg,'oc.:rdlal_]unctlor?. Iruesl..lll: in a high incidence of exit
concomitant structural heart defects, and rapid child growth. block and lead fractures. 1 v \P-T/
This results in a high complication rate, including lead fracture Deciding on the best surgical approach for pacemaker B : 5
and pacingsensing dysfunction.™” Fortunately, the number of implantaticn in neonates requires a thorough assessment and ]
children requiring pacemaker implantation in the first month a highly experienced cardiac surgery team, as evidence-based A
of Ffe is extremely low."* This i one reason why the surgical  guidelines are still unavailable. "1 The purpese of this study B ¢ D
outcomes in this subset of patients remain poorly elucidated. was bo assess the long-term outcomes of a minimally invasive
Several age-specific factors may contribute to the  =picardial approach using a subxiphoid access for pacemaker
occurrence of pacemaker-related complications in pediatric implantation in this patient population. - 1\ .\
patients. First, pulse generators and leads are primarily = ‘..\‘ «
designed for adults. Second, small vessel size and associaved Methods i gl 4 — —_— @« |
intracardiac defects make transvenous implantation difficult or vt Biid @
— Patients N Q_// Y,
Mailing Address: Roberto Costa = P > N2 -
Ay Dx. Enéas de Canvalho Aguiar, 44, CEP: 03403-500. Cerqueira César, Berween July 2002 and February 2015, a total of 16 / R
Séin Paulo, SP— Bracil consecutive necnates underwent epicardial pacemaker
mep ri‘_’::’m 04, 2016, Manuscript revised April 12, impliam.'nicn in a ca.rdiox-aswl.ar referral center (S..!D.PSI.IHD. E F G H
2017, accepbed Apil 12, 2017 Brazil). The Institutional Review Board of the institution
R — approved this study. Device implantation was achieved
DOI: 10.5935/abe. 20170126 through a minimally invasive subxipheid incision.
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MuHMMUM3aLmMa AocTyna Ans anukapananbHOW nMmnnataumm AByxkamepHom CUCTEMBI
SNEKTPOKapANOCTUMYNALNN AETAM paHHEero Bo3pacTta 6e3 npoBeaeHust CTEPHO - U
TopakoTOMUKM NyTem cybkcudonganbHOro AocTyna.

MmnnaHTauma gByxkamepHoun anukapguansHon cuctembl OKC nytem cybkecudomganbHoro gocryna y

naumeHTa 3 fneT ¢ BpoXaeHHou nonHon AB Grnokagon.
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A traditional pacemaker compared to the new Micra® Transcatheter Pacing
System, nicknamed the “world’s smallest pacemaker” by manufacturer Medtronic

MmnnaHTauuns 6e3anekTpogHoro
KapANOCTUMYNATOPA OCYLLECTBIISETCSH Yepes
6eapeHHy BEHY C MOMOLLIbIO creumarnibHON
CUCTEMbI JOCTaBKN N 3aKpenndeTca Ha
cteHke MK rnbkumm 3ybuamm

OTcyTcTBME HEODXOAMMOCTU CO34aHUS JTOXKE
ANa KapanocTumyndaTopa no3songder
n3dexaTb PUCK NHPEKUNOHHBIX OCITOXHEHUN
CO CTOPOHbI ONepPaUMOHHbIN PaHbI.

N36exaTb noBpexaeHne KnanaHoB
TpoMb0o3MOonnKn, cBsi3aHHbIE C YCTAaHOBKOW
SMEeKTPOOB B MOSOCTAX cepaua.

Pabota OKC paccuntana Ha 10-12 neTt
aBTOHOMHOW paboThl

B cBs3un ¢ 6onbwmmMmn pasmepamm
AocCTaBnsAowWwero yctponucrtesa — 24 Fr, atoT
BUA CTUMYNSLUM HE MOXET ObITb JOCTYMEH Y
neTen.



OpgHokamepHasi CTUMYynsiLus

B cBA3K ¢ BypHbIM TEXHUYECKMM COBEPLUEHCTBOBaHMEM AByxKamepHbix OKC HeobocHOBaHHO
OTOBMHYTa Ha KpanHUM NsiaH o gHOKaMepHas CTUMYINSUNA, Torga Kak no MHEHUKO MHOMMX
9KCMNepTOB AaHHbIN BUL CTUMYNALMS MOXET LUMPOKO NMPUMEHATLCS B nNeanaTpum B TOM YMcCre m
y NaumMeHToB C HapyLueHnem pyHkumn AB nposeaeHus.

MepBoHavanbHO Npu BbIbOpe cnocoba nepsuyHon nmnnaHtauum AKC Heobxoammo
MCnonb3oBaTh BCE BO3MOXHOCTN OAHOKAMEPHON CTUMYMALMK, B YHAaCTHOCTM Bonee Jonrum cpok
cnyx6bl 6aTapen N0 CpaBHEHUIO C ABYXKAMEPHOW CTUMYIISILMEN, @ B HEKOTOPbIX Cryyasx
NONOXUTENbHOE BIIUAHWE HA reMOANHAMUKY B YCITOBUSAX MUHMMANbHOMO NpeacepaHoro Bknaaa
B cepaeydHbIn BbIBpOC y AeTen paHHero Bo3pacTa.

SnukapamanbHbii cnocob ogHOKaMepHOM CTUMYNALMM NO3BOMSIET N3BEXaTb OCNOXHEHNS
sHOoKapanansHon cuctembl AKC, B TOM vncne BeHO3HOM 06CTPYKUNN. yMEHbLLEHNE 0bbema
Kapanoxmpyprideckoro goctyna (Bo3aMoxeH cybkcmdonganbHbi goctyn 6e3 ctepHOTOMUN),
coxpaHeHne BEHO3HOro gocTtyna ans 6onee craplwero Bo3pacta. OgHokamepHas xenygodkosas
ctumynauus (VVI) moxet 6bITb ncnonb3oBaHa B criydasx npexogsawen ABB, korga He
Tpebyetcs noctosiHHaa IKC.



KnuHnyecknn npumep, naumneHT K

B 10 mecsaues (2005 r.) pebeHky bbina nposeneHa
paavkanbHas koppekums BI1C: Tetpaga ®anno. B paHHem
nocrieonepaunoHHOM nepuoae peructpmpoBanack AB
onokapga 1 ctenexHu

B 2015 roay (4epe3 10 neT nocne onepawum) B CBA3N C
nporpeccupoBaHmnem AB 6nokagbl 4o 2-3 CT npoBegeHa
onepauna nmnnaHtaumna SKC Medtronic Advica DR u
BMNoNApHbIX anMKapanarnbHbIX NpeacepaHoro n
XKEenyao4YKOBOro aMeKTpoaoB.

MmnnaHTaumsa annkapananbHbiX 3NeKTPoA0B BbINOMHEHa Ha
I, Bepxywky MX. (He yaanoch BbissBUTb 3 EKTUBHYIO
TOUKY cTumynsaumm JHK)
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PHILIPS

FR 9Hz
15¢cm

2D
51%
C 50
P Med
HGen

Uepes rog ( Hosibpe 2016 1.) no
aaHHbIM IxoKI Ha doHe DDD
ctumynaummn: B 36-39 % -
cokpaTtumocTb JIK cHmKeHa,
AaCUHXPOHHOCTb COKpaLLEHUS
JDK, yBennueHune JIXK, oba

npeacepavs.

[TauueHTy nnaHnpoBanacb
CRT

S5-1/asa2

&

TIS2.4 MI1.2

M3 M4
+61.9

=

15¢cm

P Med
HGen
-61.6
cm/s
©
P /N

1.7

R
34

it

FR 50Hz

LV Mass Index(Cubed) 112 g/m?

PHILIPS TIS0.5 MI 1.3
Cardiocenter TOMSK S5-1/asa2
FR 25Hz M3
15cm
> ®,
M % B
C 50 e
P Med :
HGen ~—
HR-LV 77 bpm.g
- e -~ LVIDs 4.76 cm
T | —a——_ 1. — s — LVPWd 0.756 cm
' - LvIDd 5.79 cm
& -IVSd 0.832cm
—— e —— - RVIDd 2.84 cm'S
3 EDV (MM-Teich) 166 ml
IVS/LVPW (MM) 1.10
LV Mass (Cubed) 173 g

2 ESV (MM-Teich) 105 mi 1°
FS (MM-Teich) 17.8 %
EF (MM-Teich) 36.7 %
CO (MM-Teich) 4.70 limin

‘ A ‘75‘mnyrlsv ‘*“bpm

S5-1/asa2

JPEG




PebeHok Obin nepesegeH Ha VVI
CTUMYIALNIO.

B TeueHne 6 mecsaues
OVHaAMW4YecKoro HabnaeHnsa Ha PHILIPS
dooHe cTumynauum B pexume VVI, y L
nauveHTa Habmoganacs -
nonoXuTensHaa AnHaMmnka: rno oo %
aaHHbiM CM 3KI — putm 3KC He Fen
6onee 20%, cCOBCTBEHHbLIN PUTM C
ann3ogamm AB brnokaabl 1 cteneHun
(meHee 5%); no gaHHbIM Ix0-KI -
yny4lleHne CoKpaTUTENbHOM
dyHKkumn JOK, oTcyTcTBue

ONCCUHXPOHUNM JDXK.

[aHHbIN KITMHUYECKUA NpUMep
OEMOHCTPUPYET OoTpuuaTeNbHbIN
adpeKkT ANUTENBHON NOCTOSAHHOMN
K ctumynaumn, Torga Kak
HebonbLwon npoueHT VVI
CTUMYISLUM HEe OKa3bliBaeT Takoro
oTpUUATENBLHOIO BNUAHUSA Ha
doyHkumo JOK.

Cardiocenter TOMSK

TIS0.7 MIi 1.4

S5-1/asa2
M3

61 bpm.g
3.64 cm

0.817 cm

5.64 cm
1.27 cm
2.66 cm

EDV (MM-Teich) 156 ml

IVS/LVPW (MM) 1.55
LV Mass (Cubed) 235¢g
LV Mass Index(Cubed) 131 g/m>10
FS (MM-Teich) 35.5%

B Sy (MM-Teich) 55.9 ml

EF (MM-Teich) 64.2 %
CO (A4C-AlL) 5.6 limin.q5

CO (MM-Teich) 6.10 I/min
. R




Cpean MmexaHN4eCcKuUx OCITIOXHEHUIN AnNuKapauanbHOm
CTUMYNAUNKM Hamnbonee peaknum, HO O4EHb CEPLESHBIM,
ABNAeTCcA cepaevyHas CTPpaHrynsauuvsa, npu
HECBOEBPEMEHHON ANArHOCTUKE MOXET ObITb
NPUYMHON NeTanbHOro ncxoaa.

KapauanbHasa cTpaHrynsauus nocrne umnnaHtaumm 3KC
N aNUKapananbHbIX 3N1EKTPOAOB Y pebeHka 4-x neT ¢
KoppurnposaHHbiM BINC n nocneonepaunoHHon AB
onokagown Il cT.

ﬁAwopMauui Ko

PeHTreHorpachus opraHoB rpyaHOM KNneTki B NPsAMOM 1 BOKOBOW MPOEKUMM  Nedhopmanmst koHTypa JIXK B MPOeKLMM BEPXYLLKHA



CtpaHrynauunsa JIXK npeacepaHbIM 51EKTPOAOM

Ocoboe BHUMaHMe O0MKHO BbITb yaeneHo
aeTaMm, KoTopbiM annkapananbHas OKC 6bina
BbINOSIHEHA B BO3pacTe A0 6 MecsiLeB, B CBA3U C
TEM, YTO Y HMUX npoucxoanT 6onee MHTEHCUBHbLIN
dom3ndecknin pocT n bonee BbICOKa BEPOATHOCTb
dopmmpoBaHuna CC BcrneacTemne Hanmvns
N30bITOYHOW AMNHLI 3NEKTPOAOB B CPEAOCTEHUN.

-
CTtpaHrynsumoHHas 6oposga
Ha noBepxHocTh JIXK CC MoxXeT 6bITb 3anogo3peHa npu npoBeaeHnN

OX0oKI, peHTreHorpadunn opraHoB rpyaHoOwn
KIETKN B 2-X NPOEKUMNAX — NnepegHen n nesomn
OOKOBOM NpNYEM MMEHHO PEHTreHorpaMmma B
OOKOBOW MPOEKLNN CHNTAETCS
OCHOBoOMoOnararLLen.

[laHHbIN MeToa uccnegoBaHNa Yy aCUMNTOMHOIO
nauneHTa OOoMmKeH BbINMOSTHAETCS
nocrnegoBaTternibHO Kaxable 3 roga nocrne
anMKapgunanbHoOW uMmnsaHTaumm o Tex nop, noka
B Nepukapae HaxoauTcsl N30bITOYHbIN 3NEKTPOL,

PevmMnnaHTauus snukapamanbHbIX
3neKkTpoaoB



OcCnoXXHEeHNA anMKkapanuanbHOW CTUMYNALUN

BCTpeqaeMOCTb CC ropas3go Bblille, 4eM OHa npeacrtaslieHa B nutepartype, 1 BO3MOXHas NnpuinHa
OTCYTCTBUA ny6n|/||<au,vu71 BO3HMKaET 1U3-3a Toro, 4to CC MoXeT ObITb HEJOOLEHEHA, KakK Nnpun4nHa
BHe3arHoun CMEpPTN y NauneHToOB C SHMKap,EI,MaJ'IbHOI\/‘I CTI/IMW'IFILI,I/IGVI.

Congenital Heart Disease Carreras et al

Cardiac strangulation following epicardial pacemaker implantation:
A rare pediatric complication

Erick M. Carreras,*” Walter J. Duncan, MD, FRCP(C), FACC,> Ognjenka Djurdjev, BAH, MSc,” and
Andrew L M. Campbell, BSc, MD, FRCS(C)>"

Objectives: The aim of our smdy was 2-fold: to determine the incidence of cardiac strangulation (CS) and to
develop a clinical pathway to aid in the diagnosis and prognasis of CS. In <2 years, 2 cases of CS occurred
in our institution, which caused much alarm and led to the study’s objectives.
Methods: All patients who underwent i of an epicardial from January 1992 to March
2012 were included. There were no exclusion criteria. Health records were used to locate all subjects and gather
all retrospective data. Prospectively, subjects without a chest mdiograph from the previous 2 years were
approached for imaging.

- Results: This smdy included 86 patients retrospectively, and 84 patients prospectively. There was a 2.3% inci-

dence, and a 12% mortality, related to CS. A pattern of posterior looping of the ventricular lead was seen in
radiographs of both CS-diagnosed patients. Five variables were significantly associated with an outcome of
CS(P = 0153),

Conclusions: Our data indicate that the 2 cases of CS were not caused by a lack of follow-up but by a lack of
consistent imaging for diagnosis. This conclusion is supported by the 8 cases of CS found in the English-
language literature. If the patient is age <6 months at the time of implantation, particular attention should be

given to the placement of leads and follow-up. (J Thorac Cardiovasc Surg 2015:149:522-7)

See related commentary on pages 528-9.

Cardiac strangulation (CS) is a mechanical complication
that can occur with epicardial pacemaker (EP) systems in
any individual undergoing somatic growth, by causing the
entrapment of the patient’s heart or great vessels. CS occurs
when the epicardial leads of a pacemaker adhere tothe heart
in a circumferential manner and over time constict the
encompassed structures. As the patient grows, the lead
tightens around the heart, and depending on the location
of maximal compression, this may lead to coronary

stenosis, valvular insufficiency, or ventricular dysfunction,
with the potential of cardiac arrest and death.'” As
somatic growth is necessary for CS w© occur, this
mechanical complication is himited to the pediatric
population.

Globally, CS is considered a rare pediatric complication,
with only 8 published cases.* However, there are 2 known
cases at our institution, suggesting a much higher local
incidence than the number of cases cumently reported in
the literature. Thus, the primary objective of the current
study was to investigate the true incidence of CS, with the
hypothesis that, based on the local incidence of CS, this
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Abstract  Cardiac strangulation from epicardial leads is a
rare but potentially lethal complication associated with
epicardial pacemaker implantation in growing children.
Early diagnosis and quick lead removal are required to
rescue patients suffering from cardiac strangulation. In
April 2013, the Japanese Association for Thoracic Surgery,
Japan Society of Arrhythmia and Japan Cardiovascular
Surgery Society published information about cardiac
strangulation from epicardial leads in children on the home
page of each organization's website to increase awareness
of this condition Here, we review ten previously reported
cases and discuss cardiac strangulation from the point of
view of the pediatric cardiologist.

Keywords Pacemaker - Child - Epicardial pacing lead -
Cardiac strangulation

Introduction

body size, intracardiac shunting, or poor venous access | 1-
4]. Cardiac strangulation from epicardial leads is a rare
complication associated with pacemaker implantation in
growing children.

Loops of lead are often created in the pericardium to
allow for cardiac growth, but pacing leads can dislodge,
adhere to surface of the heart, or be outgrown by the heart
and body as a child grows. This growth mismatch between
leads and heart can cause ischemia and heart failure, a
potentially lethal condition known as cardiac strangulation,
from the progressive extrinsic compression of the coronary
arteries or ventricles, even if there is no strangulation at the
time of pacemaker implantation [5-13].

In October 2012, Health Canada was made aware of rare
cases of cardiac strangulation in pediatric patients
implanted with epicardial pacemaker leads in Canada and
advised healthcare professionals and the public of the
existence and risks of the condition [14] to prevent future
increases. Based on this situation, in April 2013, Japanese
Association for Thoracic Surgerv [151. Jaban Societv of

He pasmelyatb NeTnu anekTpoaa Ha
nepegHen NOBEPXHOCTUN Nepukapaa ms-
3a pucKa caasneHus nepegHen nesomn
HUCXOASLLEN KOPOHAPHOW apTepuun.

Ocoboe BHMMaHne OOMKHO ObITb yoeneHo geTtdam, KOTopbIiM 3rnnkapanaribHas OKC 6bina BbinonHeHa B BO3pacTe 4o 6
mMecAdueB, B CBA3N C TE€M, YTO Y HUX NMPponUcxoanT Gonee NHTEHCUBHBbIN dJI/ISI/I‘-IeCKVIVI POCT K Gonee BbICOKA BEPOATHOCTb
CbOpMVIpOBaHMFI CC un3-3a Hanmuus n30bLITOYHOW OSMHbI ANEeKTpoAoB B CpeAOCTEHUN



3akrntodyeHume

Ha cerogHAWHWN OeHb Noka3aHWA K MOCTOAHHOM CTUMYNALMA Y AeTenl HOCAT
NCKITIOUYNTENBHO PEKOMeHAATESNbHbIN XapaKkTep, OCTAETCHA HESICHBLIM, YTO ABNSETCS
npeanoYTUTENbHbIM SHAOKapAMaribHass CTUMYNAUUS UK anukapauanbHas cuctemMa, 3to
eLle NpeacTouT BbISICHUTb.

Heobxoanmo yuntbiBaTh, YTO ropa3go MeHbLINn 06beM negmaTpuyecKknx naumeHToB C
nmnnaHTnposaHHbiMM SKC He obecneunBaeT AOCTaTOYHbIM 0ObeM MHOpMaUMn  Ans
NPUHATUS KIMUMHUYECKUX PELLEHUIN, KOTOPbIE OCHOBaHbI NULLIb HA HEKOTOPbIX
PETPOCNEKTUBHbBIX JAHHbIX.

MepBrYHasa anvkapananbHas UMNNaHTauus aNeKTPoa0B B AETCKOW NONynsaumMmn no3sonuTt
MaKCMMarbHO OTTSIHYTb YCTaHOBKY SHAOKapAManbHON CUCTEMbI CTUMYMALNN. BO3MOXHOCTb
BblOOpa remoanHaMMYeckn onTMManbHoro mecta (Bepxywku JK) ctumynauum
npenoTBpaTUT pemodennpoBaHme cepaua. [Npu aToM Bec nauneHTa He A0MKeH ObiTb
eNHCTBEHHbIM KpUTEepeM BbiGopa MeXay ann- U TPaHCBEHO3HOW CTUMYNALMEN

Heobxoanmo yunTbiBasi, YTO KenyaovykoBasi CTUMYNSALUMUA MEHSET (pU3NONOrNYECKYHo
MOJerb 3NEeKTPUYECKon akTueBaLUun, ee crieqyeT nsderatb (MU MUHUMU3MPOBATL) Y
NaLMeHTOB C (4aCTUYHO) coxpaHeHHbIM AB-npoBeaeHneM, Kak HanpumMmep, CUHAPOM

cnabocTu CUHYCOBOTO Yy3na.

O60ocHOBaHO ocyLLecTBNATbL KOHTPOSb AeTen ¢ AKC 1, 0cobeHHO, y AeTen Co CTUMYISLNEN
NpaBoro enyagoyka. KOHTPoONMpoBaTb Hann4ne BO3MOXHOro BoccTaHoBneHnst AB
NnpoBeaeHns y NauMeHTOB C XUPYPrnvyeckn nHayumposaHHbiM AB 6rokom. Mpu BbisBNEHUM
axokapauorpadunyeckmx MNpU3HaKoOB XKernyaoyuKoBOWM aunatauum unm gucgyHKumMm
HeobxoaQMMo paccMaTpmBaTb BO3MOXXHOCTb CMEHbI MECTa CTUMYIIAILMN.

COXpaHeHI/Ie Ka4yeCTBO XN3HW Y B3POCSIbIX NauneHToB C UMMJTaHTUPOBaAHHbIMU OKC
3aBUCUT OT Bbl60pa TaKTUKN BeaeHnA nauneHToB C 6pa,£|,|/||<ap,u,|/|$|M|/| B AETCKOM BO3pacTe.



