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TpaHCKaTETLPHOTO A0PTHO KMarHO NpoTe3npaHe NOCTENEHHO Ce NMPeBpbLLa B OCHOBEH METOZ 3a NeYeHne Ha BUCOKO-
cTeneHHaTa aopTHa knamnHa cTeHosa. C NocTeneHHOTo paslunpsiBaHe Ha UHOMKaLMMTe 3a NpoLieaypaTa 1 ¢ noBuiLaBa-
HETO Ha YecToTaTa Ha TexkaTa aopTHa KranHa CTeHo3a Nnopajy 3acTapsiBaHETO Ha HaceneHneTo, 6posT Ha U3BbPLLBA-
HUTe NPOLieMypU Liie pacTe. Bbnpek MUHUMANHO MHBA3VBHIS XapakTep Ha npoLeaypaTa T 0cTaBa CBbp3aHa C HAKOM
XapaKTepHW 3a Hesl YCIoXHeHIs!. E4Ha YacT oT Tsx ca NPOBOLHUTE HApYLIEHWS Cried TpaHCkaTeTbpHA aopTHa kKnanHa
uMnnaHTauus. NMosHaBaHeTo Ha YecToTaTa Ha NnosiBa, PA3BUTUETO BbB BPEMETO U KIMHUYHOTO 3HaUYeHUe Ha TO3W TUM
YCIIOXHEHMS OT NnpoLieaypaTa e OT ronaMo 3HaueHWe 3a NPaBUMHOTO MeHaxupaHe Ha naiueHTute. Mpes nocreaHuTe
FOAMHIA PA3MNYHI KIMHUYHY U3MUTBAHWS MPOYYBAT YCNIOKHEHUATA OT CTpaHa Ha NpoBOAHaTa cucTeMa Criefi TpaHcka-
TETbPHO A0PTHO KManHo MMNnaHTUpaHe. Llenta Ha To3n nuTepaTypeH 0630p e Aa ce AMCKYTUPAT U3BECTHUTE AAHHM OT
nUTepaTypaTa, CBbP3aHi C YeCToTaTa, PasBUTUETO U KIMHNYHOTO 3HAYEHIE NPEAYMHO Ha HOBOMOSBUMNS CE MbIeH NS
GeapeH GMOK UMM Ha UMNNAHTUPAHUS NOCTOSIHEH ENEKTPOKAPAMOCTUMYMNATOP Criefl TPaHCKATETbPHO a0PTHO KNarnHo
UMNMaHTUpaHe.

NPOBOAHN HapYLUEHWs, aTPUOBEHTPUKYNapeH Gnok, mbreH nsiB 6eapeH Orok, TpaHckaTeTbpHa aopTHA KnanHa uM-
nnaxTayus, TAVI
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Transcatheter aortic valve implantation is gradually becoming the main method of treatment for high-grade aortic
valve stenosis. As the indications for the procedure gradually expand and the incidence of severe aortic valve stenosis
increases, given the aging population, the number of procedures performed will grow. Despite the minimally invasive
nature of the procedure, it remains associated with some inherent complications. One of them is the conduction
disturbances after transcatheter aortic valve implantation. Knowledge of the incidence, evolution over time and clinical
significance of this type of complications of the procedure is of great importance for the proper management of patients.
In recent years, various clinical trials have investigated complications of the conduction system after transcatheter aortic
valve implantation. The purpose of this literature review is to discuss established data from the literature related to the
incidence, evolution, and clinical significance, primarily of new-onset complete left bundle branch block or permanent
pacemaker implantation after transcatheter aortic valve implantation.

conduction disturbances, atrioventricular block, complete left bundle branch block, transcatheter aortic valve
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BbBEAEHME

[ereHepaTvBHaTa aopTHa KnamnHa CTeHO3a € e4HO
OT OCHOBHWTE MpeAu3BMKaTeNcTBa 3a KapguornosuTe
oT gecetunetus. Cneg ussiea Ha cumnTomaTtuka, 6o-
INHWTE C BUCOKOCTENEHHA aopTHa CTEHO3a ca C JoKasa-
HO HebnaronpusiTHa nporHo3a [1-3] (cur. 1).

[MbpBOHAYanNHO eANHCTBEH METOo 3a fevyeHue Ha
Te3n NauueHTn e XUPYPrmyHoOTO aopTHO KMamHO Mpo-
Te3npaHe. [onama 4yacT ot 60onHMTE C BUCOKOCTEMNEH-
Ha cTeHo3a obade ca C MHOrO BUCOK XMPYPIrMYeH puUCK,
KOeTO BOAM OO pa3BUTUETO Ha MO-Marnko MHBa3WBHa
onuusl 3a NeyeHne, a MMEHHO KaTeTbp-6asmpaHoTo.
Ctura ce OO pasBUTMETO Ha TpaHCKaTETbPHO aopT-
HO KJlanHo umnraHTupaHe (transcatheter aortic valve
implantation — TAVI). lMbpBoHayanHo XeHWHr AHOep-
ceH nybnukysa peayntati ot TAVI npu cBuHe ot 1992r.
[4]. Mo-kbecHo, npe3 2002 r., AneH Kpnbune n3ebpLuBa
nMbpBaTa TpaHCcKaTeETbpHa aopTHA KranHa MMnnaHTa-
uusa npu YyoBek [5]. OT ToraBa Hacam npoLeayparta Bce
noBeYye ce yTBbpXaaBa KaTo MeTo Ha u3bop npu Bb3-
pacTHN NAUMEHTN C BUCOK XUPYPIrUYEH PUCK.

B nocnegHute npenopbky 3a NeveHne Ha KnarnHu
cbpaeyvHn 3abonsaBaHua Ha EBponenckoTo kapamorno-
rMYHO apy»xecTBo [6], TAVI ce npenopbyBa npu No-Bb3-
pacTHN NauMeHTUn (= 75 roguHn) Unm npu Te3un, KoUTo
ca ¢ Bucok xmpyprudeH puck (STSPROM/EuroSCORE
[If > 8%) nnn Henoaxoasaww 3a onepauus [7-17]. Pan-
OOMU3MPaHN KOHTPONMPaHU U3NUTBAHUS Ca OLLEHUNN
OBaTa HauyMHa Ha MHTEPBEHUMS (XMPYPryYHa Unm TpaH-
cKaTeTbpHa) B LENUs CNekTbp Ha XUPYPruveH puck
npv NPeguMHO MHOTO Bb3pacTHU NauneHTn. Tesun npo-
yuBaHusa gemoHctpupart, ye TAVI e no-gobbp ot me-
OVKaMeHTO3HaTa Tepanus npv NauneHTn ¢ eKCTpemMeH
pUCK [7] N HE € NO-ManoCTOEH OT XUPYPrMYHOTO aopT-
HO KflanHo npoTe3npaHe Npu nauneHTn ¢ BUCOK [5-8] n
cpeneH puck npv npocnegssaHe, NpogbkaBallo 4o 5
roauHm [13-19]. Mo-HosuTe npoyyuBaHus PARTNER 3 n
Evolut Low Risk nokasgar, ye TAVI He e no-manocTo-
€H OT XMPYPrMYHOTO aOPTHO KNamnHO MpoTe3npaHe npwu
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PERCENT SURVIVAL

INTRODUCTION

Degenerative aortic valve stenosis has been
one of the main challenges for cardiologists for de-
cades. Once symptomatic, patients with high-grade
aortic stenosis have a proven adverse prognosis [1-

3] (Fig. 1)

Initially, surgical aortic valve replacement was
the only method of treatment for these patients.
However, a large proportion of patients with high-
grade stenosis are at very high surgical risk, leading
to the development of a less invasive catheter-based
treatment option, namely transcatheter aortic valve
implantation (TAVI) procedure. Initially, Henning An-
dersen published results of TAVI in pigs in 1992 [4].
Later in 2002, Prof. Alain Cribier performed the first
transcatheter aortic valve implantation in man [5].
Since then, the procedure has become increasingly
established as the method of choice in adult patients
with high surgical risk.

In the latest European Society of Cardiology recom-
mendations for the treatment of valvular heart disease
[6], transcatheter aortic valve implantation is recom-
mended for older patients = 75 years or those who are
at high surgical risk (STSPROM/EuroSCORE IIf >8%)
or unsuitable for surgery [7-17]. Randomized controlled
trials have evaluated both modes of intervention (surgi-
cal or transcatheter) across the whole spectrum of sur-
gical risk in predominantly very elderly patients. These
trials have demonstrated that transcatheter aortic valve
implantation is superior to medical therapy in patients at
extreme risk [7] and non-inferior to surgical aortic valve
replacement in high- [11-14] and intermediate-risk pa-
tients at follow-up lasting up to 5 years [13-19]. The

more recent PARTNER 3 and Evolut Low Risk trials
have shown that transcatheter aortic valve implantation
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Fig. 1. Aortic valve stenosis in adults. Natural course (based on
Ross J Jr, Braunwald E. Aortic stenosis. 1968. Circulation [1])
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HUCKOPWUCKOBM MaLMEeHTU U 2-roguvllieH CpoK Ha npo-
cneggasaHe [20-23]. OyakBaHuATa ca 3a paslnpsaBaHe
Ha nHamkaummTe 3a TAVI kbM Bb3pacTHU 6OMNHM C yme-
PEH 1 A0PU HUCBK XMpypruyeH puck. MNpeasug cnome-
HaTOTO M JaHHUTE 3a 3acTapsiBaHe Ha HaceneHneTo ce
o4akBa OpOAT Ha U3BbPLUEHUTE TPaAHCKATETbPHM aopT-
HW KIanHy uMmnnaHTaumMm ga Hapactea. [lopagn Tasu
npuyMHa € BaXHO Oa Ce MOo3HaBaT M XapaKTepHUTe
YCITOXXHEHUS, CBbP3aHu C npoueaypara. YectoraTta Ha
CbOBUTE YCINOXHEHUS], Hy)aaTa OT NOCTOSIHEH Kapau-
OoCTMMYyrNaTop WM napasarByfnapHata peryprutauus ca
3Ha4YMMo no-Bucoku crneq TAVI, gokaTo TexkaTta xemo-
parusi, o.cTpoTO ObOPEYHO yBpEXAaHe N HOBOMOSIBUMO-
TO Ce NpeacbpAHO MbXOEHe ca No-4ecTu creq xmpyp-
MMYHO AOPTHO KIanHo npoTesupaHe. VimnnaHTupaHeTo
Ha NercMerikbp 1 HOBOMOSABUUAT ce naB 6eapeH 6nok
MOXe [a MMaT ObAroCpOoYHM nocneacTteus [24-27] v
TSIXHOTO MO3HaBaHE € OT 0COBEHO 3HaYeHMe.

MEXAHU3BM HA NOABA HA NMPOBOAHUTE
HAPYLWWEHUA cnER TAVI

MosiBaTa Ha nepunpoLenypHN MNPOBOLHU Hapy-
LIeHMs MOXe aa ce 0obsiCHM C aHaToMmmyHaTa 6rnmsocT
Ha aopTHMS KOPEH M aopTHaTa krnana Ao nposogHata
cucTtemMa Ha CbpLeTo. ATPUOBEHTPUKYNAPHUAT Bb3ern
e pasnonoxeH cybeHaokapoHO B cenTanHaTa yacT Ha
[ASICHOTO npeacbpame, KaTo 3aegHo € npunexawumTe
BXOLOBE KbM HEr0, aHraxupa 4act OT TPUbIbiHMKa Ha
Kox 1 cTon noa aopTHMS KOpeH. HeroBoTo npoabrike-
HMe - CHOMbT Ha X1C NpeMyHaBa HansBo, HaBMM3anKu
B LlEHTpasnHoOTO hmnOpOo3HO TAMO Ha cbpueTo. LleHTpan-
HOTO PMOBPO3HO TAMO e 30HaTa, KbAaeTo hmbposHaTa
TbKaH Ha MeMOpaHO3HWs cenTyM, PUbpPO3HNTE NPbC-
TEHW Ha aTPUOBEHTPUKYNAPHUTE Kranu 1 Ha aopTHaTa
knana, obpasyBat nbpo3eH KOHTUHYUTET. Cnyckamnkm
ce B MembpaHo3HaTa 4acT Ha MexaykamepHarta npe-
rpaga, CHombT Ha XUC ce pasgens Ha nsiBO U ASCHO
6enpo. B Ta3n cv YacT npoBogHaTa cuctema e pasmno-
rnoXeHa B 30HaTa MO aOPTHUSI KOPEH MeXAY HEKOpO-
HapPHOTO M ASCHOTO KOPOHapHo nNnaTtHo. OT Tam NABOTO
O6enpo npoabivkaBa xoga cu cybeHOoKapAHO B MycC-
KyfHaTa yacT Ha MeXaykamepHara nperpaga oT cTpa-
HaTa Ha nsiBa kamepa [27] (dur. 2). ToBa cpaBHUTENHO
NMOBBLPXHOCTHO Pa3nOfioKEHNE B U3XOOHUS TPaKT Ha
nsiBa kamepa, B 6nm3ocT Jo cybaopTHOTO MpocTpacT-
BO, 0BsiICHSIBa MOTEHUMANHUTE NPOBOAHM HApPYLUEHWS B
xopa Ha TAVI [28].

M3BecTHO €, Ye AMpeKkTHaTa MexaHU4yHa TpaBMa Ha
NnpoBoAHaTa cuctema OT MaHUMNYNMPaHETO C KaTeTpu U
BOJA4YM B X0Aa Ha npoueaypara unm ot caMmusi CTEHT Ha
Knanara, morar ia JoBeaart [0 HOBOMOSBWI ce NsiB Oe-
AP€eH Brok unu 4o BUCOKOCTENEHEH aTPUOBEHTPUKYMa-
peH (AB) 6rok [29, 30]. NaToaHaTOMWYHK NPOYYBaHUS
OOKa3BaT pornsTa Ha fOKarHOTO Bb3MnaneHne n oTok,

is non-inferior to surgical aortic valve replacement in
low-risk patients and 2-year follow-up [20-23]. The ex-
pectation is to expand the indications for transcatheter
aortic valve implantation to adult patients with moder-
ate and even low surgical risk. In view of the above
and the evidence of an ageing population, the number
of transcatheter aortic valve implantations performed
is expected to increase. Therefore, it is important to
know the typical complications associated with the pro-
cedure. The incidence of vascular complications, the
need for a permanent pacemaker and paravalvular re-
gurgitation are significantly higher after TAVI, whereas
severe haemorrhage, acute kidney injury and new-on-
set atrial fibrillation are more common after surgical
aortic valve replacement. Pacemaker implantation and
new-onset left bundle branch block (LBBB) may have
long-term consequences [24-26] and their knowledge
is of particular importance.

MECHANISM OF OCCURRENCE
OF CONDUCTION DISORDERS AFTER TAVI

The occurrence of periprocedural conduction dis-
orders can be explained by the anatomical proximity
of the aortic root and aortic valve to the conduction
system of the heart. The atrioventricular node is lo-
cated subendocardially in the septal portion of the
right atrium, and together with its adjacent inputs, it
engages part of the Koch’s triangle and lies below the
aortic root. Its continuation bundle of His passes to
the left entering the central fibrous body of the heart.
The central fibrous body is the area where the fibrous
tissue of the membranous septum, the fibrous rings of
the atrioventricular valves and the aortic valve form a
fibrous continuity. Descending into the membranous
portion of the interventricular septum the bundle of
His divides into left and right bundle branches. In this
part, the conduction system is located in the area be-
low the aortic root between the noncoronary and right
coronary cusps. From there, the left bundle branch
continues its course subendocardially into the mus-
cular portion of the interventricular septum on the left
ventricular side [27] (Fig. 2). This relatively superficial
location in the left ventricular outflow tract near the
subaortic area explains the potential conduction dis-
turbances in the course of transcatheter aortic valve
implantation [28].

It is known that direct mechanical injury to the con-
duction system from manipulation of catheters and
guidewires during the procedure or from the valve
stent itself can precipitate a newly developed left bun-
dle branch block or high-grade atrioventricular (AV)
block [29, 30]. Pathological studies have demonstrated
the role of the local inflammation, oedema, localised
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NoOKanm3npaHna XxematoMm U UCXemMunAata Ha OKOIMHUTE
TbKaHW, Npegu3BuKaHu OT TPAHCKATETbPHOTO aOpPTHO
KnanHo MMMNaHTMpaHe, 3a nossata Ha NPOBOAHM Ha-
pyLeHus [31].

YECTOTA HA NPOBOAHUTE HAPYLWIEHUSA
cnep TAVI

YecToTa Ha HOBOMMMIAHTUMPaH NOCTOAHEH
eneKkTpoKapanocTMMynaTop

Oule B paHHUTEe eTanu Ha nNpoy4BaHe Ha TAVI kaTto
MeTo4 e HabngaBaHo, Ye YecToTata Ha MMMNaHTa-
uMs Ha nocTosiHeH enekTpokapanoctumynarop (MEKC)
€ Mo-B1COKa CrpsSIMO Ta3u Npu XMPYPruyHOTO a0PTHO
KnanHo npotesupaHe. Hanuue e cbLlo 3Hauuma Bapu-
abunHocT B YecToTaTa Ha UMNNAHTUPaH eNeKTpoKapan-
OCTMMYyNaTop CMoped Buaa Ha M3norn3eaHata cuctema
3a TpaHCKATETbPHO AOPTHO KMamnHo npoTtesvpaHe. B
MeTaaHanms, BkroysBaly Hag 11 000 naumeHTn, nHTep-
BEHMpaHW C paHHO MOKOMEHNEe TPaHCKaTeTbpPHU CUC-
TEMW, Ce MOCOYBA, Ye YecToTa Ha HOBOMMMMAHTMpaH
MEKC e ot 13 go 17% [32, 33]. Ts1 e no-Hucka (6%) npm
GanoH-pasrbBawmTe ce cuctemm SAPIEN u 3Haummo
no-Bmcoka (okono 25%) npu camopasrbBaLLuTe ce cuc-
Temu CoreValve. Pasnukata ce ObmKM Ha pasnuyHus
MeXaHU3bM Ha eKCMaH3usl, KayecTBaTa Ha CTEHT-pamKa-
Ta, pagvanHuTe cunu u obnboyvmHarta Ha MMnaHTauus
no4 HMBOTO Ha AOPTHUSA aHynyc npu gsaTta BMAa CUC-
Temun. CbBpeEMEHHUTE MPOyYBaHMSA C MO-HOBU MOKOre-
HMS KNanHyW CUCTEMW MOKa3BaT pasnvky B NPOLEHTUTE.
HsAKonko npoyyBaHMs ¢ HOBO MOKOreHne GanoH-pasrb-
Bawm SAPIEN 3 cuctemu nokassaT Manko Mo-BUCOKa
yecTtoTa Ha HoBoummnnaHTupaH NEKC — okono 10-13%
[34-36]. MNocnegBalumTe aHanu3n onpenenaT ToBa Ha-
OnogeHre Kato ObIpKallo Ce BEPOSITHO Ha KpuBaTta
Ha oby4yeHne ¢ Te3n no-Hoeu cuctemn [37-39]. Owe
no-ckopoLHu npoyyBsaHust cbc SAPIEN 3 n SAPIEN 3
Ultra noTBbpX4aBaT ToBa TBbPAEHNE U AEMOHCTpUpar

W3nonseaHu cbkpawjeHusi: AVN — aTproBeHTpukynapeH Bb3en, LBB —
nsaBo 6e4po Ha npoBogHaTa cuctema

Abbreviations used: AVN — atrioventricular node, LBB — left bundle
branch

®dur. 2. AHaTOMUYHa BNN30CT MEeXay aopTHUS KOPEH, MeEMOPaHO3HMS
cenTyM 1 NPOBOAHAaTa cucTemMa A0 KnanHarta npotesa

Fig. 2. Anatomical proximity between the aortic root, the membranous
septum and the conduction system to the valve prosthesis

haematoma and ischaemia of surrounding tissues in-
duced by transcatheter aortic valve implantation, in the
occurrence of conduction disturbances and have been
described in previous studies [31].

INCIDENCE OF CONDUCTION DISORDERS
AFTER TAVI

Incidence of newly implanted permanent
pacemaker

Already in the early stages of the development
of transcatheter aortic valve implantation as a meth-
odology, the incidence of permanent pacemaker
implantation was found to be higher compared to
surgical aortic valve replacement. With this peculiar-
ity, there was significant variability in the incidence
according to the type of TAVI system used. A me-
ta-analysis including over 11,000 patients intervened
with early generation transcatheter systems reported
an incidence of newly implanted pacemaker of 13
to 17% [32, 33]. The incidence is lower at 6% with
the balloon-expandable SAPIEN (ESV) systems and
significantly higher at around 25% with the self-ex-
pandable CoreValve (MCV) systems. The difference
is due to the different expansion mechanism, stent-
frame properties, radial forces and implantation
depth below the level of the aortic anulus in the two
types of systems. More recent studies with newer
generations of valve systems have shown differenc-
es in rates. Several studies with newer-generation
balloon-expandable SAPIEN 3 systems have shown
slightly increased rates of newly implanted pace-
maker of approximately 10-13% [34-36]. Subsequent
analyses have identified this observation as likely
due to a “learning curve” with those newer systems
[37-39]. More recent studies with SAPIEN 3 and
SAPIEN 3 Ultra confirm this claim and demonstrate
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OTHOBO XapaKTepHUTe 3a 6anoH-pa3rbBalLMTe CUCTEMU
HUCKM YECTOTU Ha HeOoBXOAMMOCT OT eneKTpoKapamo-
ctumynarop — 4,4-6,5% [20, 40, 41]. Tean npoy4BaHus
CbLLO NoKa3BaT peaykums B Yectorara npu camopasrb-
BawuTe ce cuctemn Evolut R n PRO go okono 12-20%
[21, 42, 43]. Hakon no-manku cepymn AeMOHCTpuparT, ve
TO3M MPOLUEHT MOXe Aa ObAe OOMbIHMTENHO CBaneH
8o v nog 10% npw BUCOKa ekcnepTn3a Ha onepartopa u
crnasBaHe Ha Halr-gobpuTe npoueaypHU NpakTukn [44-
45]. MNpenBuag BEPOSITHOTO pa3npocTpaHeHue B 6baeLle
Ha TPaHCKaTETbPHOTO AOPTHO KMamnHO MMMMaHTUpaHe
KbM MO-MM1aan U HACKO PUCKOBU MAUMEHTU, CTPEMEXBT
KbM MOHWXaBaHe Ha YecToTaTta Ha MPOBOOHWUTE Hapy-
LLEeHNs OCTaBa BakHa Lien.

Hai-yectata vHavkaumsa 3a noctaesiHe Ha [MEKC
cnen TAVI e BUCOKOCTENEHHUAT N NbIHUAT AV Bnok,
kouto otroBapAT 3a 60 go 80% ot cnyyauTe. Nocnea-
BaHM ca OT CMHOPOMa Ha OOrfHMSA CMHYCOB Bb3er U
TpudacumkynapHusa 6nok [46-49]. NonamaTta 4yacTt oT
nposogHuTe HapyweHusa cneg TAVI (> 90%) HacTbn-
BaT B MbpBaTa nocTnpouenypHa ceamuua, ¢ MegnaHa
Ha umnnaHTauuna Ha MNMEKC Ha Tpetus aeH [46, 48-50].
KbcHUAT BUcokocTeneHeH AV 6nok cnen AeH 3 e us-
KIMIOYUTENHO pSiAKO CbOUTME NpY NAuUeHTU ¢ HopMar-
Ha enekTpokapauorpama, 0e3 npegxoxaal, AeceH
©enpeH 6nok, AV 6nok nbpBa cTeneH unn Hoe nsB be-
ApeH 6rnok n ce Habntogasa B 0o 7% o1 cnyvauTe [51].

Mpu naumeHTuTe ¢ HoBoumnnaHTupax NEKC cneq
TAVI npoy4yBaHusa nokassar, ye camo 40% no 70% ot
TAX OcCTaBaT MNencMenKbp-3aBUCMMKW OO0 MbpBaTta ro-
OvHa, 6e3 3HaveHWe OT M3Mnon3BaHata cuctema 3a
mMmnnaHTauusa [46, 52]. C BpemeTo HacTbMnBa Bb3CTa-
HOBSIBAaHe Ha MpoBoAHaTa cuctema, kato go 50% ot
naunMeHTUTe BeYe He ca 3aBUCUMW OT MOCTOSIHHA ErlK-
TpokapguocTumynaumsi. B ronsma yact ot cnydauTe,
TOBa ce Cry4Ba OLle B MbpBUSA Mecel, crief KnanHara
mMnnaHTauuna [46]. Bbnpeku ToBa 3Ha4eHUETO Ha UH-
TEPMUTEHTHOTO BKIOYBaAHE Ha MOCTOSIHHUSA €NeKTpo-
KapguocTumynartop npv Tesm 6onHu, cnegga aa He ce
OoMarnoBaxaBa, 3all0TO WU HUCKUAT MPOLEHT CTUMYna-
umnsa Moxe ga 6bae xupoTtocnacsisall, ako npeBaHTMpa
KpaTKu enM3ogun Ha 3Hadmma bpagukapaums.

YecToTa Ha HOBOMOSABUII CE€ MbJIEH
nas 6egpeH 6nok

HoBonosiBunuatT ce nbneH nse GegpeH 6nok
(MJ1BB) ce cpelya cpaBHUTENHO PAOKO Cnea XMpypruy-
HO @aOPTHO KranHo MMMNIaHTMpaHe, C foKNaaBaHa Yec-
ToTa oT 4 0o 8% [20, 53]. NMpu TpaHcKaTETLPHOTO aopT-
HO KnarnHo npoTe3npaHe ¢ NbpPBO MOKOSIEHNE CUCTEMM
3a UMMMaHTaums OoKNaaBaHMAT NPOLEHT Ha HOBOMOS-
Bunusa ce MNMIB6 e 3HaunTenHo no-encok — ot 4 o 60%
[47]. Tyk OTHOBO YecToTaTa Bapupa u cnoped Buga Ha
n3nomnsBaHaTa CUCTEMA, KaTo 3a MbPBUTE MOKONEHNS
6anoH-pasrbBawm ce knanm SAPIEN e ot 10 go 25%,

again the low frequencies of need for pacemaker
typical of balloon-expandable systems, 4.4%-6.5%
[20, 40, 41]. More recent studies have also shown
a reduction in incidence with the Evolut R and PRO
self-expanding systems to around 12-20% [21, 42,
43]. Some smaller series have shown that this rate
can be further lowered to and below 10% with high
operator expertise and adherence to best procedural
practices [44, 45]. Given the likely future spread of
TAVI to younger and lower risk patients, the drive to
lower the incidence of conduction disorders remains
an important goal.

The most common indication for pacemaker place-
ment after transcatheter aortic valve implantation (TAVI)
is high-grade or complete AV block, which account for
60% to 80% of cases. This is followed by sick sinus
syndrome and trifascicular block [46-49]. The majority
of conduction disturbances after TAVI (>90%) occur in
the first postprocedural week, with a median day 3 of
pacemaker implantation [46, 48-50]. Late high-grade
AV block after this early period was seen in up to 7% of
cases. Being an extremely rare event in patients with
a normal electrocardiogram without prior right bundle
branch block, first-degree AV block, or new left bundle
branch block [51].

In patients with newly implanted pacemaker af-
ter transcatheter aortic valve implantation, studies
have shown that only 40 to 70% remain pacemaker
dependent in the first year, regardless of the implan-
tation system used [46, 52]. Consequently, conduc-
tion system recovery occurs as 50% of patients are
no longer dependent on permanent pacing. In the
majority of cases, this occurs in the first month after
valve implantation [46]. Although the importance of
even intermittent activation of the pacemaker should
not be overlooked, even a low rate of pacing can be
lifesaving if it prevents brief episodes of significant
bradycardia.

Incidence of new-onset complete left bundle
branch block

New-onset complete left bundle branch block is
relatively rare after surgical aortic valve implantation
with a reported incidence of 4 to 8% [20, 53]. In tran-
scatheter aortic valve implantation with first-generation
implantation systems, the reported rate of new-onset
complete left bundle branch block is significantly higher
ranging from 4 to 60% [47]. Here again, the incidence
also varies according to the type of system used, rang-
ing from 10 to 25% for first-generation balloon-expand-
able SAPIEN valves and 20 to 50% for self-expand-
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a 3a camopasrbBaLwmTe ce CoreValve e ot 20 go 50%
[25, 26, 53-55]. B HsKOMNKO Npoy4BaHMs C NO-HOBO MO-
KorneHue 6anoH-pasrbBaLly CUCTEMM 3a UMNMaHTaums
SAPIEN 3 ce gemMoHCcTpupa 4YecToTa Ha HOBOMOSABUIT
ce MNNBb ot 13 oo 24%, nogobHa Ha No-cTapuTe NoKo-
nexunsa SAPIEN knanu [20, 25, 26]. OTHOBO nuncata Ha
nogobpeHune B yectoTata Ha MNJ1B66 (24%) cbc SAPIEN
3 ce gemoHcTpupa B PARTNER 3. WHTepecHo e, ye
HOBUTE MOKONEeHWs camopasrbBalymn ce knanu Evolut
R n Evolut R Pro nsrnexaa ce cebp3BaTt CbC 3HAYMMO
Mo-HUCKa YeCcToTa Ha NbrieH nsiB 6egpeH 6ok cnpsamo
npeawecTteeHnumTe cn — ot 18 go 28% [56-57]. Ha-
KOMKO NpoyyBaHus nscneasaT pa3BUTUETO BbB BpeMe-
To Ha Hosonogasunusa ce NI cnen TAVI. Enektpo-
KapavorpadCcky aHanua B Te3u NpoyyYBaHUs Mokassa,
ye J1BB ce nonyyaBa No Bpeme Ha npouenypaTa B
MHO3WHCTBOTO OT Cly4anTe 1 € MHOro YeCTO TPaH3uTo-
PEH, KaTo B eAHa TpeTa OT cryvauTe He ce Habnoaasa
Ha enekTpoKapAavorpamara npegu aexocnuranmaaums
[58-59]. B rpynata c nepcuctupady Nibb npu gexoc-
nutanusaumaTa cblumaT nadessa B 40% oOT cnyvanTte
npu no-gbnro npocneasisaHe ot 30 aHwW. MNo-HaTaTbLu-
HO npocnefsiBaHe MokasBa, Ye YectoTaTa ce 3anassa
CpaBHUTENHO NOCTOsIHHA [26, 46, 60-62] (dur. 3). Crie-
posarenHo, HoonosunuaT ce MNJ1bb, konTo nepcuc-
TMpa cnep TpUMAaeceTus AeH, MOXe Aa ce npueme 3a
XpoHu4deH. KbcHo nosisunuat ce MNJ1B6 cnea tTpuaece-
TVS OEH e psako cpelaHd — npu 2 Ao 2,5% oT naumeH-
TuTe [26, 60].

NMPOBOJAHU HAPYLUEHUA CNEL TAVI
CONDUCTION DISTURBANCES AFTER TAVI

BPOM NAUMEHTH
NUMBER OF PATIENTS

Deaths=6
Total
deaths=14

U3X0AHO
BASELINE

NOCTNPOUEAYPHO
POSTPROCEDURE

AREXOCNUTANUSAUMA
DEHOSPITALISATION

Total
deaths=9

able CoreValve valves [25, 26, 53-55]. Several studies
with newer generation SAPIEN 3 balloon-expandable
implantation systems have demonstrated an incidence
of new-onset complete left bundle branch block of 13
to 24%, similar to older generations of SAPIEN valves
[20, 25, 26]. Again, the lack of improvement in the inci-
dence of complete left bundle branch block (24%), with
SAPIEN 3 was demonstrated in the PARTNER 3 study.
Interestingly, perhaps, the new generations of self-ex-
panding Evolut R and Evolut R Pro valves appear to be
associated with significantly fewer complete left bun-
dle branch blocks compared with their predecessors,
ranging from 18 to 28% [56-57]. Several studies have
investigated the time course of new-onset complete left
bundle branch block after TAVI. Electrocardiograph-
ic analysis in these studies showed that complete left
bundle branch block occurs during the procedure in the
majority of cases and is very often transient, with one-
third of cases not seen on the electrocardiogram before
dehospitalization [58-59]. In the group with persistent
complete left bundle branch block at dehospitalization,
the same disappeared in 40% of cases at longer fol-
low-up of 30 days; further follow-up showed that the
incidence remained relatively constant [26, 46, 60-
62] (Fig. 3). Therefore, new-onset complete left bun-
dle branch block that persists beyond the thirtieth day
seems to be considered chronic. Late-onset left bundle
branch block after the thirtieth day is rare in 2 to 2.5%
of patients [26, 60].

M3non3eaHu CbKpaweHus:
AVB — nbneH artpuoBeH-
TpukynapeH 6nok, LBBB
— nsB 6egpeH 6nok, LPFB —
nsaB 3ageH dacumkynapeH
6nok, LAFB — naB npeneH

HeW3BeCTHHU

= Unknown

mAVB dacuukynapeH 6ok, ICD —

m1888 BbTPEKaMepHO HapyLueHue
LPFB B MPOBEXAAHETO

H LAFB L.

- Abbreviations used: AVB

— complete atrioventricular
block, LBBB — left bundle
branch block, LPFB — left
posterior fascicular block,
LAFB - left anterior fascicu-
lar block, ICD — intraventric-
ular conduction delay

m None

6-12 MECEUA
6-12 MONTHS FOLLOW UP

®wur. 3. [lnarpama, nokasealla npomMsiHata Ha NPOBOAHUTE HapyLLEHWS ¢ BPeMeTo cref npoueaypaTta. [ToBeyeTo oT criyyanTe ¢ nbneH nsas 6e-
ApeH Grok nokaseart, Ye TO e NPexofeH, perpecvpaly 4o no-nek TUM NPoBOAHAa NaToNorMst UMK NPorpecypaly Ao MbfeH aTPUOBEHTPUKYIapeH

6nok (mo Urena M. et al., 2012 [58])

Fig. 3. Diagram showing the change in the conduction disturbances with time after the procedure. Most cases with complete left bundle branch
block show that it is transient regressing to a less severe type of conduction pathology or progressing to a complete atrioventricular block (based

on Urena M. et al., 2012 [58])
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KAWHUYHO U NPOrHOCTUYHO 3HAYEHUE
HA NPOBOAHUTE HAPYWEHUA cnefg TAVI

MpPOrHoCTUYHO 3HaYeHNe Ha HOBOMMNAHTUPaHUS
eneKTpoKapAuoCcTMMyraTop

[ bNrocpoYHOTO KITMHUYHO 3HAYEHME Ha MMMSaHTa-
UMsiTa Ha enekTpOoKapAMOCTUMYNaTop cref TpaHcka-
TETHPHO AOPTHO KIanHO NpoTe3npaHe ocTaBa CMOPHO.
Ot epgHa cTpaHa, NEKC nma sBHa NpoTeKTMBHaA pornsi
Mo OTHOLUEHME Ha BUCOKOCTENEHHUST AV BroK 1 NOTeH-
uMarnHo XuBoTo3acTpallaBawmTte 6pagnaputmun. OT
Apyra cTpaHa, XpOHWYHOTO LECHOKaMepHO anuKasiHo
nericupaHe e nokasaro, Ye Boau 40 KaMepHa OUCCUH-
XPOHUS, KOSATO MOXe Aa [oBede [0 pemojenvpaHe
Ha nsBaTa kamepa W 00 NOoHWXaBaHe Ha hpakuusaTa
Ha matnackeaHe [63]. HAKonko paHgomMu3upaHu npo-
y4BaHVs Npy gpyru nonynauun naumMeHTn ca SEeMOH-
CcTpypanu HebrnaronpuaTHUTE ePekTU OT XPOHUYHOTO
AEeCHOKaMepHO anukanHo nencupaHe, KaTo MOBULLIEH
pPUCK OT MpeacbpoHO MbXAEHE, KaMepHU apuTMUn 1
CbpAeyHa HegocTaTbyHOCT [64-66]. B nonynauusarta
Ha TAVI naumeHTn nmnnaHtmupaHeto Ha [NEKC e cBbp-
3aHO CbLLO M C penyKuuss Ha NeBoKamepHUs yoapeH
06em 1 no-cnabo Bb3CTaHOBSIBAHE Ha NleBOKamepHaTa
cuUcTONHa OYHKUMA Ha LWecTUuss Mecel 40 efHa rogu-
Ha [48, 67]. CKOpoOLLEH ronsm MeTaaHanms, BKNo4vBaLy,
naumeHTn, npemuHann TAVI, nokasa, 4e HoBOMMMIaH-
TupaHuaT NEKC ce cBbp3Ba ¢ nokaysaHe Ha obLiara
egHoroguwHa cmbpTHOCT (RR 1.17; P < 0.001), HO
HEe N Ha cbpAedHo-cbaoBata cMmbpTHOCT (RR 0.84;
P = 0.13). MNoBuweHne ce Habnogaea v Npu €gHOro-
OVLWHNTE XOocnuTanusaummn 3a cbpaevHa HegocTaTby-
HocT (RR 1.18; P = 0.02) [68]. No-HoBa anTepHaTuBa
Ha Knacuyeckarta anvkanHa cTumynaumsi Ha AsicHata
Kamepa e CTUMmyrnauusita Ha NpoBoAHaTa cUcTeMa,
KOSITO MMa MoTeHUuana ga Hamarnu enekTpomMexaHuy-
HaTa [OUCCUMHXPOHMWS, CBbp3aHa C [AecHOoKamepHaTta
cTumynaums. Ta ce CbCTOM B CTUMYNMpaHe Ha cHona
Ha His (HBP) w/unn ctumynupaHe Ha 3oHaTta Ha ns-
BoTO 6egpo (LBBAP). HeotaaBHaLLHO MHOFOLEHTPOBO
npoy4BaHe Mokasa, 4Ye NMencupaHeTo Ha npoBogHaTa
cuctemMa € OCbLUECTBUMO MpuM Mo-rofisiMaTta 4acT oT
naumeHTUTe, HyXOaewm ce OT eNeKkTpoKapgnocTu-
mynatop cneg TAVI. NMpoueHTbT Ha ycneBaeMoCT Ha
HBP e no-Hucsk (63%) B cpaBHeHve ¢ LBBAP (93%)
[69]. LBBAP e cBbp3aHa C No-HUCKW nparoBe Ha CTu-
MynupaHe B cpaBHeHue ¢ HBP 1 no-Bucokn amnnury-
On Ha R-BbnHaTa npu nMmnnaHTupaHe. PpakumaTa Ha
N3TrackBaHe Ha NsiBata kKaMmepa ocTaBa HenpoMeHeHa
no BpeMe Ha CpeaHoTo npocnegssaHe ot 12 + 13,7
mMeceua [69]. Opyr pn3mMonormyeH HayuH Ha CTUMY-
nupaHe e ABYKaMepHOTO MencupaHe, OCurypsisaHo ot
yCTpoMCTBaTa 3a CbpAevHa pecHXpoHM3mnpaLLla Tepa-
nua (CRT). TakoBa ycTponcTBO TpsibBa Aa ce obmucnm
npv naumeHTn, NokasaHn 3a MMMMaHTMpaHe Ha CTaH-

CLINICAL AND PROGNOSTIC SIGNIFICANCE
OF CONDUCTION DISTURBANCES AFTER TAVI

Prognostic significance of newly implanted
pacemaker

The long-term clinical significance of pacemaker
implantation after transcatheter aortic valve implan-
tation remains controversial. On the one hand, the
pacemaker has a clear protective role with respect
to high-grade AV block and potentially life-threaten-
ing bradyarrhythmias. On the other hand, chronic
right ventricular apical pacing has been shown to
lead to ventricular dyssynchrony, which may re-
sult in left ventricular remodeling and a decrease
in ejection fraction [63]. Several randomized trials
in other patient populations have demonstrated the
deleterious effects of chronic right ventricular apical
pacing such as increased risk of atrial fibrillation,
ventricular arrhythmias, and heart failure [64-66].
In the TAVI patient population, pacemaker implan-
tation was also associated with a reduction in left
ventricular stroke volume and less recovery of left
ventricular systolic function at six months to 1 year
[48, 67]. A recent large meta-analysis including pa-
tients undergoing transcatheter aortic valve implan-
tation showed that newly implanted pacemaker was
associated with an increase in overall 1-year mor-
tality (RR 1.17; P < 0.001), but not cardiovascular
mortality (RR 0.84; P = 0.13). There was also an in-
crease in one-year hospitalizations for heart failure
(RR1.18; P =0.02) [68]. A newer alternative to clas-
sic right ventricular apical pacing is conduction sys-
tem pacing which has the potential to reduce elec-
tromechanical dyssynchrony associated with right
ventricular pacing. It consists of His bundle pacing
(HBP) and/or left bundle branch area pacing (LB-
BAP). A recent multicenter study showed that con-
duction system pacing is feasible in the majority of
patients requiring pacemakers post-TAVI. Success
rates of HBP were lower (63%) compared to LB-
BAP (93%) [69]. LBBAP was associated with lower
pacing thresholds compared with HBP and higher
R-wave amplitudes at implantation. Left ventricu-
lar ejection fraction remained unchanged during a
mean follow-up of 12 £+ 13.7 months [69]. Anoth-
er physiological way of pacing is the biventricular
pacing provided by cardiac resynchronization-ther-
apy (CRT) devices. Such a device should be con-
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JapTeH enekTpokapanoctumynartop crieq TAVI, konto
ca C HamaneHa gpakuusi Ha U3TnackBaHe 1 ce o4yakea
aa nmart > 20% kamepHa ctumynauus. HeotaaBHallHO
PETPOCMNEKTUBHO NPOYYBaHE C ronsaM Opor naumeHTy,
nognoxeHun Ha TAVI, nokasa, 4ye MMNNaHTUpPaHeTo Ha
CRT ycTtporicTBa € cBbp3aHO C No-gobpa npexunsse-
MOCT B CpaBHEHWEe C UMMNMAaHTUPaHETO Ha CTaHaapT-
HW KapguoCcTMMynaTopy C AeCHOKaMepHO newncupaHe
[70]. CbLio Taka e BepoATHO, KaTo CbAMM MO ApYrx
nonynauuu ¢ MNMEKC, 4e we ca Hanuue JOMbAHUTENHM
OBbINTOCPOYHM PUCKOBE, CBbP3aHM C MMMMaHTUPaAHETO
Ha MNEKC cnep TAVI, kaTto AncdyHKLNS Ha yCTPONCTBO-
TO, UHMEKUMM M TPUKYCNMaanHa peryprutaums. Heob-
XOAMMM Ca NPOYYBaHUSA C AbITOCPOYHO NpocneasaBaHe
3a perncTprvpaHe Ha Te3u KbCHU YCMOXHEHMUS, KOUTO
e ce HabnogasaT No-4ecTo Npu npunaraHe Ha TAVI
npv NO-Mragm U HUCKOPUCKOBYM Monynawun.

B HacTosiwata enoxa Ha MOBULLEHO BHMMaHue
KbM M3MOM3BaHETO Ha (hMHAHCOBUTE pecypcu e Ba-
XHO [a ce B3eme npeaBug M PakTbT, Ye HOBOUM-
NaHTMPaHUAT NENCMENKBP € BaxeH dhakTop 3a ne-
punpouenypHute pasxogu. lNpoyyBaHuATa nokasear,
Yye MMMNIAHTMPAHETO Ha enekTPOoKapAUCTMMYnaTop
cnep TpaHCKATETbPHO @OPTHO KramnHo npoTe3vpaHe
€ CBbp3aHO C No-ronsiMa NPOAbLIMKUTENHOCT KaKTo Ha
NpecTosi B UHTEH3MBHOTO OTAENEHNe, Taka U Ha obLLms
B6onHu4eH npecton [68, 71]. Hakonko aHanusa CbLUO
Taka nokasaxa oTpuuaTenHoTo Bb34eNCTBME HA HOBO-
UMNIIaHTUPAHUS NENCMENKBP BbPXY MKOHOMMYECKaTa
PEHTabMMHOCT Ha TPaHCKATETbPHOTO AOPTHO KrarHo
npotesvpaHe [72, 73]. Pa3xogute BEpPOSATHO Le npo-
ObIDKaT Aa ce yBenuyasaT C TEYEeHUe Ha BPEMETO NMpu
no-mnagu nauuMeHT, KOMTO MOXe [a Ce HyXOasT OT
ObaeLm MHTEPBEHLMU, CBbP3aHu C YCTPONCTBOTO.

KnnHn4yHoO 3HayeHMe Ha HOBOMOABUMNUA
ce nbleH NAB begpeH 6ok

KrMHWYHOTO 3HaYeHne Ha HOBOMOSIBUNUS Ce U nep-
cucTupaly nbneH nas 6egper 6nok cnieq TAVI e He fo-
Kpam u3sicHeHo. HAKonko paHHn obcepBauMOHHN Npo-
y4YBaHUS MOKas3BaT Bpb3Ka MeXAy HOBOMOSABUNUSA Ce
MJIBB v noBuweHata gbnrocpoyHa (> 1 rogmHa) obwa
N CbpAeYHO-CbAoBa CMbPTHOCT [25, 60, 74, 75], ooka-
TO ApYrK NPOyYBaHUS He ycnsiBaT Aa AoKaxaT nogobHa
Bpb3Ka [58, 59, 61, 66-78]. Pasnukute B pesynratute
Ha Te3n paHHW NPOYy4YBaHUS MOXe [Aa Ce ObIKaT Ha
pasnukn B geduHuumaTa, manonseaHa 3a [J1Bb, He-
OOCTaTbYyHOTO NpocrnefsBaHe U BKIOYBAHETO Ha BU-
COKOPMCKOBU NauUMEHTU C ronsiMa obLia CMbPTHOCT U
MHOXeCTBO puckoBu paktopu. C HanpeaBaHeTO Ha
npoy4yBaHusTa B Ta3n obnact obave craBa BCe MO-KiC-
HO, Ye MbIHMAT naB GegpeH GNok cren TpaHckaTe-
TBPHO a0OPTHO KManHo NpoTe3npaHe ce CBbp3Ba C He-
GnaronpuaTHM ObATOCPOYHU CHOMTUS, BKMOYUTENHO
cMbpTHOCT. CKOpOLLEH MeTaaHanus, BKMNoYBaLy 6nm3o

sidered in patients undergoing device implantation
after TAVI, who have reduced ejection fraction and
are expected to have > 40% ventricular pacing. A
recent retrospective study with a large number of
patients undergoing TAVI showed that CRT-device
implantation was associated with improved survival
compared to non-CRT-device implantation [70]. It
is also likely, judging from other pacemaker popu-
lations, that there will be additional long-term risks
associated with pacemaker implantation after tran-
scatheter aortic valve implantation, such as device
dysfunction, infection, and tricuspid regurgitation.
Long-term follow-up studies are needed to record
these late complications, which will be seen more
frequently with the use of TAVI in younger and low-
risk populations.

In the current era of increased attention to the use
of financial resources, it is important to consider the
fact that a newly implanted pacemaker is an import-
ant factor in periprocedural costs. Studies have shown
that pacemaker implantation after transcatheter aortic
valve replacement is associated with longer lengths of
both ICU and total hospital stay [68, 71]. Several recent
analyses have also demonstrated the negative impact
of a newly implanted pacemaker on the cost-effective-
ness of transcatheter aortic valve implantation [72, 73].
Costs are likely to continue to increase over time in
younger patients who may require future device-relat-
ed interventions.

Clinical significance of new-onset complete
left bundle branch block

The clinical significance of new-onset, per-
sistent complete bundle branch block after tran-
scatheter aortic valve implantation is incompletely
understood. Several early observational studies
showed an association between new onset LBBB
and increased long-term (> 1 year) total and car-
diovascular mortality [25, 60, 74, 75], whereas
other studies failed to demonstrate such an asso-
ciation [58, 59, 61, 68, 76-78]. Differences in the
results of this early study may be due to differenc-
es in the definition used for complete left bundle
branch block, insufficient follow-up, and the inclu-
sion of high-risk patients with high total mortality
and multiple risk factors. However, as research in
this area has progressed, it has become increas-
ingly clear that post-TAVI LBBB is associated with
adverse long-term events including mortality. A re-
cent meta-analysis involving nearly eight thousand
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8000 nauneHTV nokasea, Ye HoonosBunuAT ce MNJ166
cnep TAVI ce acouunpa c nosuLLeH puck ot obuia (RR
1.32; P < 0.001) n cbpgeyHo-cbaoBa cmbpTHOCT (RR
1.46; P < 0.001), kakTO 1M noBe4ye xocnutanusaumm 3a
CbpaeyvHa HeQoCTaTbYHOCT NPU €4HOIOAMLLHO Npocrie-
assaHe (RR 1.35; P < 0.02) [68]. MNMputecHuTenHu ca u
OaHHuTe oT ronam aHanua Ha PARTNER 2 npoyuyBa-
HeTO, BKIMOYBALLO YMEPEHOPVCKOBY NaLUMEHTH, NOAMO-
»eHun Ha TAVI. [1ByrogMLLIHOTO UM npocnegsBaHe CbLUO
nokasa, ye HosonosBunuat ce MNJ166 e 3Hauum map-
Kep 3a nosuweHa obwa (HR 1.98; P < 0.001) u cbp-
AeyHo-cbaoBa cmbpTHOCT (HR 2.66; P < 0.001) [26].
CnepoatenHo HoonosiBunuaT ce MNJ16b we npeacra-
BNsBa NpUTECHEHME C HapacTBaLLOTO pasnpocTpaHe-
Hue B 6baeLe Ha TAVI kbM NO-Mnaam U HUCKOPUCKOBU
naumMeHTM C 0YaKBaHa No-Abrira NPeXuBsaeMocT. VI3BbH
cmbpTHOCTTa MJ1BB cneg TAVI e nokasan kopenauus
C yObIDKEH OONHMYEH NPEeCcTor 1 NO-BMCOKA YeCcToTa Ha
NOBTOPHM XocnuTtanuaaumn [26, 61]. Ton ce acouyuu-
pa 1 ¢ No-BMCOKa YeCTOTa Ha HyXXaa OT UMmnnaHTaums
Ha MOCTOSIHEH enekTpokapanoctumynatop o 30-ms
OEH 1 Npu no-gbiro npocriegsieaHe [26, 61, 78]. O6es-
MOKOWUTENHO €, Ye MPOCMNEKTUBHOTO MHOrOLEHTPOBO
npoyysaHe MARE, B k0eTO ca u3nonssaHv UMnnaHTu-
pyemu cbpaedHn MoHuTopu npu 103-ma naumeHTu c
nepcuctupady Hosonosisun MNB6 cneng TAVI, nokassa
3Ha4YMMM BpagnapuTMmnYHN cbouTnsa npy 20% ot naum-
eHTuTe npw npocrnegsasaHeto. OT Te3n cvbutnsa 76%
ca bunn 6e3 3HauMma KnNMHWYHa cuMmnTomarmka [62].
Te3n gaHHM noBauraT BbMpoca fanuv He € onpaepfa-
HO MO-ObNITOCPOYHOTO MHBAa3UMBHO MOHUTOPUpPAHE Ha
CbpAeYHMST pUTBM MpY NauUMeHTM C HOBOMOSBUN Ce
MIBB unu gpyro 3Ha4MMOo NPOBOAHO HapyLUeHne cres
TAVI. ToyHuaT mexaHnsbm, no konto MNJ166 cnen TAVI
noBuULLIABa CMBbPTHOCTTA MPU Te3W MauUeHTU, OcTaBa
HesiceH. Ham-oueBmagHaTa noTeHUManHa npuynHa e
nporpecusata Ha NPOBOAHOTO HapyLleHWe A0 KUBOTO-
3acTpallaBalla apuTMUsi KaTto BUCOKOCTEMEHEH Wnmn
MbfeH aTPMOBEHTPUKYNapeH 6rnok. AHanm3 Ha KbcHaTa
cbpaevHa cMmbpTHOCT cnef TAVI nokasea, Ye HOBOMO-
asunuaT ce MJIBB, ocobeHo ¢ QRS-komnnekc Hag 160
ms, € He3aBMCMM NPESNKTOP Ha BHE3anHaTa CbpAaeyHa
cMbpT. pyr noTeHumnaneH MexaHn3bm 3a noBuLleHaTa
CMBPTHOCT € Mporpecusita Ha CbpAevHaTa HegocTa-
TBYHOCT, KaTO HSIKOMKO MPOYyYBaHUSA MoKasBaT Hamnu-
yMe Ha KaMepHa OMCCUHXPOHWSI U BriOLLIA@BaHe Ha e-
BOKamMepHaTa CUCTONHAa (PYHKLMSA MpU Te3N NauneHTu
[26, 58, 61, 71, 77]. BbTpekamepHaTa OUCCUHXPOHUSA
CbLUO Taka ce cMsTa 3a BaXeH (pakTop B kKamepHaTa
apuTMoreHesa 1 nogobpsiBaHETO Ha CUHXPOHa BOAM A0
peaykumsa Ha kamepHute aputMmum [79]. MbnHuaT nas
6eapeH 6rok okasBa oTpULATENHO BRUSIHWE BbPXY An-
acTornHaTta (oyHKUMSA Ha NnaBaTa kamepa npy naymeHTm
C gunatatuBHa Kapguomuonatusa. BnowaBaHeTo Ha
AnacTtonHaTa yHKuusa ce Habnogasa v B criydamTe Ha

patients showed that new-onset complete left bun-
dle branch block after transcatheter aortic valve
implantation was associated with an increased risk
of total ( RR 1.32; P < 0.001) and cardiovascular
mortality ( RR 1.46; P < 0.001), as well as more
hospitalizations for heart failure at 1-year follow-up
(RR 1.35; P < 0.02) [68]. Also of concern are data
from a large analysis of the PARTNER 2 trial in-
volving moderate-risk patients undergoing TAVI.
Their 2-year follow-up also showed that new-onset
left bundle branch block was a significant marker
of increased total (HR 1.98; P < 0.001) and cardio-
vascular mortality (HR 2.66; P <0.001) [26]. There-
fore, new-onset complete left bundle branch block
will be a concern with the increasing future prev-
alence of TAVI in younger and lower risk patients
with expected longer survival. Beyond mortality,
new onset left bundle branch block after transcath-
eter aortic valve implantation has shown correla-
tion with prolonged hospital stay and higher rates
of rehospitalization [26, 61]. New-onset LBBB was
also associated with a higher incidence of need-
ing permanent pacemaker implantation by day 30
and within longer follow-up [26, 61, 78]. Worrying-
ly, the prospective, multicenter MARE study, which
used implantable cardiac monitors in 103 patients
with persistent new onset left bundle branch block
after TAVI, showed significant bradyarrhythmic
events in 20% of patients at follow-up. Of these
events, 76% were without significant symptoms
[62]. These data raise the question of whether
longer-term invasive cardiac rhythm monitoring is
warranted in patients with new-onset complete left
bundle branch block or other significant conduc-
tion abnormality after TAVI. The exact mechanism
by which post-TAVI LBBB increases mortality in
these patients remains unclear. The most obvious
potential cause is progression of the conduction
disorder to a life-threatening arrhythmia such as
high-grade or complete atrioventricular block. An
analysis of late cardiac mortality after TAVI showed
that new-onset LBBB especially with QRS complex
over 160 milliseconds was an independent pre-
dictor of sudden cardiac death. Another potential
mechanism for increased mortality is progression
of heart failure as several studies have shown the
presence of ventricular dyssynchrony and worsen-
ing left ventricular systolic function in patients with
new-onset complete left bundle branch block af-
ter transcatheter aortic valve replacement [26, 58,
61, 71, 77]. Intraventricular dyssynchrony is also
thought to be an important factor in ventricular ar-
rhythmogenesis, and improvement in synchrony
leads to a reduction in ventricular arrhythmias [79].
Complete left bundle branch block also influences
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Hosonosisui ce MNJIBB cnen TAVI B HAkou npoy4yBaHus
[80, 81]. CnoxxHOTO B3aMMOAENCTBME MEXAY TE3N Bb3-
MOXHU MeXaHW3MW, BOAELUM OO0 HexXenaHu cboutus
npy naumeHtTn ¢ Hosonosisun ce [NJ1BB, ycnoxHsaBa
MEHaX1UpaHeTo UM n cnegpa ga 6vae AOMbAHUTENHO
Npoy4eHo.

MPENOPBKU 3A NOBEAEHMUE
NPU NALUEHTU C NPOBOAHMU
HAPYLWEHUA cneg TAVI

Cnopepg npenopbknte Ha EBponenckoTo kapamo-
norn4Ho apyxectso oT 2021 r. 3a KapanoCcTUMynaLums
N CbpAeYHa pecnHXpoHu3MpaLla Tepanus [82] nauneH-
TMTe 6e3 HOBOMOSBUNM Ce NMPOBOAHM HapyLUEeHUa cneg
TAVI ca ¢ MHOroO HUCBHK PUCK OT pasBUTUE Ha BMCOKO-
CTEMNeHeH aTpuMoBEHTPUKYapeH 6nok [77, 83, 84]. Nm-
NaHTMPaHETO Ha MOCTOSIHEH MENCMENKbP U3rnexaa
onpaegaHo Mpu NauMeHTy C MHTpanpoueaypeH MbieH
NN BUCOKOCTEMNEHEH aTPUOBEHTPUKYNapeH Onok, Kow-
TO nepcuctupa 24-48 vaca cneg TAVI n npu naymeHTm
C HOBOMOSIBUNY CE anTepHUpaLum nsiB 1 geceH 6egpeH
6nok. Enektpokapanorpadckute NnpegmkTopu 3a Hyx-
4a OT MOCTOSIHHA KapAnoCTUMynauus, Kato yabimKeHu-
a1 PR-uHTepBan, neBuaT npeaeH xeMmbriok u ocobeHo
MbAHUAT AeceH GegpeH GNok, KOUTO e maeHTUULn-
paH KaTto Han-MOCTOSIHHUA U MOLLEH NPeaukTop 3a
Hy>Xda OT UMMNMAaHTMPaHe Ha NOCTOSIHEH KapaNOCTUMY-
nartop, TpsidbBa Aaa 6baaT B3eTM Npeasug npu npoueny-
PHOTO MriaHMpaHe, B TOBa 4MCro M36OpbT Ha KnanHa
cucTeMa, BUCOYMHATA Ha MMMIaHTMPaHe u HygaTa oT
GanoHHa nocT-gunartauus. lNoHacTosweM HamMa goka-
3aTencTBa B nogkpena Ha uMmnnaHtupaHeto Ha MNEKC
KaTo ,npodunakTnyHa“ mspka npean TAVI npu acumn-
TOMHM NaUUeHTN N Npu NauneHTn, KOUTo He OTroBa-
PSAT Ha CTaHOapTHUTE MHAMKAUMKU 32 UMMNaHTUPaHe Ha
kapaunoctumynaTop. Npy naumeHTn ¢ Beye CbLUECTBY-
BaL, geceH GeapeH Griok n HOBOMOSIBUIT Ce NPEeXoaeH
aTpPUOBEHTPUKYNapeH GNokK, yab/hkaBaHe Ha NPOBOA-
HOTO BpeMe mnu NpomMsiHa B ocTa Ha QRS-komnnekca
TpsibBa ga ce obMUCIM MMNNAHTUPAHETO Ha MOCTOsI-
HeH nencmenkbp [82]. Npu naumMeHTn ¢ HOBOMOSBUI Ce
MNBB ¢ QRS-komnnekc no-wmpok ot 150 ms, nnm PR
> 240 ms, Tps6Ba ga ce obmucnm cuctema 3a ambyna-
TOpHO npopbikutenHo EKI moHuTOpupaHe (Mmnnas-
TUPYEM MOHUTOP WUIM BBLHLUHO YCTponcTBo) 3a 7-30
OHW 1nn enekTpodumanonornyHo uscrnegsaHe (EOU)
[85-87]. Ako ce obmucna E®U, To TpsibBa pa ce us-
Bbpwn = 3 gHu cneq TAVI. 3abassaHeto B HV-npoBgo-
HoTo Bpeme = 70 ms npu E®U moxe ga ce cuuta 3a
NMHOWKaLUNA 3a NOCTOSIHHA enekTpoKapanocTumMynaums
[88-90]. HayueH ekcnepTeH naHen ot AMEpPUKaHCKOTO
KapOuomnormyHo Apy>XeCcTBO KaTeropmanpa naumeHTmuTe
C NpoBoaHW HapyweHuna creq TAVI B 5 rpynu cnopef,
TEeXHWUTE U3Xo4Hu u noctnpouenypHn EKIN otknoHeHns

left ventricular diastolic function in patients with di-
lated cardiomyopathy, with new-onset LBBB after
TAVI leading to diastolic dysfunction in some stud-
ies [80, 81]. The complex interplay between these
possible mechanisms leading to adverse events
in patients with new-onset LBBB complicates their
management and should be further investigated.

RECOMMENDATIONS FOR MANAGEMENT
OF PATIENTS WITH CONDUCTION
DISORDERS AFTER TAVI

Based on the European Society of Cardiology
2021 Guidelines on cardiac pacing and cardiac re-
synchronization therapy [82] patients without new
conduction disturbances post-TAVI are at very low
risk of developing high-degree atrioventricular block
[77,83,84]. Permanent pacemaker implantation ap-
pears warranted in patients with intraprocedural
complete or high-degree atrioventricular block that
persists for 24 -48 hours after TAVI and in patients
with new onset alternating left and right bundle
branch blocks. Electrocardiographic predictors for
permanent pacing like PR-interval prolongation, left
anterior hemiblock and especially RBBB, which has
been identified as the most consistent and power-
ful predictor for permanent pacemaker implantation,
should be incorporated into procedural planning in-
cluding transcatheter heart valve selection, implan-
tation height, and balloon post dilatation. There is
currently no evidence to support permanent pace-
maker implantation as a ‘prophylactic’ measure be-
fore TAVI in asymptomatic patients or in patients who
do not meet the standard indications for pacemaker
implantation. Patients with pre-existing right bundle
branch block with new transient high-degree AVB,
PR prolongation, or QRS axis change should be con-
sidered for permanent pacemaker implantation [82].
Ambulatory continuous ECG monitoring (implantable
or external) for 7-30 days or electrophysiologic study
(EPS) should be considered for patients with new
LBBB with a QRS wider than 150 ms or PR > 240
ms [85-87]. EPS should be performed =3 days after
TAVI. Conduction delay with HV 270 ms may be con-
sidered positive for permanent pacing [88-90]. A sci-
entific expert panel from the Journal of the American
College of Cardiology categorized patients with TA-
Vl-related conduction disturbances into five groups
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N oyepTaBa MpakTUYEeCKN HacoKu 3a NOBEAEeHWne, CbOo-
OpaseHu ¢ Bcdka rpyna [91]. B 3aBUCMMOCT OT pucka
oT Bbpagnaputmus, mnanckeaila NEKC BbB BCska rpy-
na, anropuTbMbT Npeanara NpenopbKX 3a TOBa, KOMKO
OBbIro Aa NPOABLIMKN HanM4mMeTo Ha BpeMeHHaTa enek-
Tpokapanoctumynaums (BEKC), TenemetrpmyHoTO Ha-
6nogeHne, Kora ga ce gexocnutanuavpar v ganu ga
ce obmucnn NOCTOSIHEH eneKTPOKapAMOCTMMYnaTop,
enekTpomn3anonornyHo mn3cneasaHe unu ambynatop-
HO HabnoaeHne Ha puTbma (dur. 4).

3AKNIOYEHUE

TpaHckaTeTbPHOTO a0PTHO KarnHo NpoTe3npaHe ce
npwnara Bce No-4ecTo KaTo MeTOA, 3a JleYeHne Ha BUCO-
KOocTerneHHaTa CUMMNToMaTyHa aopTHa KnanHa cTeHo3a
npy NauMeHTV B LENUS CMEKTbP Ha XUPYPIUYEH PUCK.
Bbnpeku 3HaUMMmUsi HanpPeabK B TEXHOMOMMYEH acmekT 1

TAVI nayuenTt
TAVI candidate

v

according to their baseline and post-procedure EKG
abnormalities and outlined practical management
approaches tailored to each group [91]. Depending
on the risk of bradyarrhythmia requiring a pacemaker
in each group, the algorithm offers recommendations
on how long to continue temporary pacing and te-
lemetry monitoring, when to discharge patients from
the hospital, and whether to consider a permanent
pacemaker, electrophysiologic testing, or outpatient
rhythm monitoring (Fig. 4).

CONCLUSION

Transcatheter aortic valve replacement is in-
creasingly being used as a treatment for high-grade
symptomatic aortic valve stenosis in patients across

MpoueaypHO MOHUTOPUPaHe 1 12-kaHanHo EKI 8 Kpaa Ha

npoueaypara

Procedural telemetry and 12 lead ECG at the end of the procedure

be3 EKIN npomenn
bes ussecren NA66 \

No ECG changes
No pre-existing RBBB W3secten NAB6
No ECG changes

Pre-existing RBBB

be3 Hyxaa or BEKC
MoHuTopupaHe 3a 24
4Yaca unM NoHe Ao Kpas
Ha AeHAa

No temporary pacing
Telemetry for 24 hours or
at least overnight

Be3 gonbaHuTenHa oueHka/HabnogeHne

No further evaluation/observation

be3 EKIN npomenu

Aonvauurennu EKI npomenu npun
NauMeHTy C BeYe U3BECTHU NPOBOAHM
HapyweHwusa. Hosonosasun ce MN/166,
BCABB/NABB

Further ECG changes in the presence of
prior conduction disturbances
New-onset LBBB

HAVB/CHB

>
v

3ana3saHe Ha BEKC 3a 24 Yaca nav noHe A0 Kpas Ha AeHA

Temporary pacing for 24 hours or at least overnight

) v
[onvauutenna EKM oueHka/HabnogeHuve NEKC
(BEKC, E®U, npogvnskutenHo EKI PPM
MOHUTOpUpaHe)
Further ECG evaluation/observation

(temporary pacing, EPS, continuous ECG
monitoring)

U3nonseaHu cokpaweHus: EKI — enektpokapanorpama, MABB — nbneH geceH 6enpeH 6nok, BEKC — BpeMeHeH enekTpokapauoctTumynarop,
BCABB — BucokocTeneHeH atpvoBeHTpukynapeH 6nok, NABB — mbneH aTpuoBeHTprKynapeH 6rnok, E®U — enekTpodnsnonornyHo nacneasaxe,

[MEKC — nocTosiHeH enekTpokapanocTumynaTop

ECG - electrocardiogram; EPS — electrophysiologic study; LBBB — left bundle branch block; PPM — permanent pacemaker; RBBB — right bundle

branch block; TAVI — transcatheter aortic valve implantation

dur. 4. lNMpumepeH anropuTbm 3a NoBeAeHVe NPU HOBOMOSBUIN Ce NPOBOAHM HapyLleHus cried TAVI

Fig. 4. Algorithm on how best to manage conduction disturbances that develop after TAVI
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B YCbBBbPLUEHCTBAHETO HA TEXHMKATa Ha UMNNaHTauus
noCcTnpoLenypHUTE MPOBOLHU HApPYLIEHUd, Hanarallim
UMNNaHTaumMss Ha MOCTOSIHEH eneKTPOKapANOCTUMY-
nartop, U HOBOMOSBUMMAT ce MblieH NAB 6egpeH 6rnok
OCTaBaT CPaABHUTENMHO YECTO yCrioxHeHue. [osiata Ha
TE31 YCNOXHEHNs] HAaN-4eCTO Ce ObIDKM Ha MEeXaHu4yHa
TpaBMa Ha MpOBOAHATa CMCTEMa Ha CbpLETO nopaau
aHaToMu4HaTa 1 Onn3ocT 40 30HaTa Ha KnanHo UMMnaH-
TupaHe. YecToTata Ha NnosiBa Ha Te3N HapyLleHWs e 3a-
BYCMMa OT BWAA Ha M3Mnon3BaHaTa cucTema 3a KranHo
UMNNaHTUpaHe, KaTo YecToTata e No-B1coka 3a camo-
pasrbBallMTe ce knanu. Hemarnka 4Yact oT npoBogHUTE
HapyLleHus1 TbpnAT AVMHAMUYHO pasBUTUE B MbpBUTE
OHW crieq npouenypara. lNocneaHuTe gokasatencrea B
nutepartypata noacka3saT HebnaronpuaTHO KIMHUYHO
3Ha4YeHVe Ha HOBOMOSIBUMMS CE XPOHWUYEH MbIEH NsiB
GegpeH 6rnok nocTnpoueaypHo, JOKaTO 3HAYEHMETO Ha
HOBOMMMMAHTUPAHUA NENCMENKbP OCTaBa HESICHO U e
HeobXxoaMMO AOMbIHUTENHO ObITOCPOYHO Mpocnens-
BaHe. [lo3HaBaHETO Ha YecToTaTa Ha NnosiBa, pasBuUTUE-
TO BbB BPEMETO N KIMMHWYHOTO 3HAYEHWE Ha TO3M TuUn
YCINOXHEHUS1 OT TPaHCKaTETbPHOTO aOPTHO KMarnHo MM-
nnaHTUpaHe e oT rofsiMo 3Ha4YeHne 3a NPaBUINHOTO Me-
Ha)XknpaHe Ha nauueHTuTe.

He e deknapupaH KOHAUKM Ha uHmepecu

Bubnuorpadus/References

1. Ross J Jr, Braunwald E. Aortic stenosis. Circulation. 1968
Jul;38(1 Suppl):61-7. doi: 10.1161/01.cir.38.1s5.v-61.

2. Kelly TA, Rothbart RM, Cooper CM, et al. Comparison of
outcome of asymptomatic to symptomatic patients older than 20
years of age with valvular aortic stenosis. Am J Cardiol. 1988 Jan
1;61(1):123-30. doi: 10.1016/0002-9149(88)91317-3.

3. Bouma BJ, van Den Brink RB, van Der Meulen JH, et al. To
operate or not on elderly patients with aortic stenosis: the decision
and its consequences. Heart. 1999 Aug;82(2):143-8. doi: 10.1136/
hrt.82.2.143.

4. Andersen HR, Knudsen LL, Hasenkam JM. Transluminal
implantation of artificial heart valves. Description of a new expand-
able aortic valve and initial results with implantation by catheter tech-
nique in closed chest pigs. Eur Heart J. 1992 May;13(5):704-8. doi:
10.1093/oxfordjournals.eurheartj.a060238.

5. Cribier A, Eltchaninoff H, Bash A, et al. Percutaneous tran-
scatheter implantation of an aortic valve prosthesis for calcific aor-
tic stenosis: first human case description. Circulation. 2002 Dec
10;106(24):3006-8. doi: 10.1161/01.cir.0000047200.36165.b8.

6. Vahanian A, Beyersdorf F, Praz F, et al. 2021 ESC/EACTS
Guidelines for the management of valvular heart disease. Eur Heart
J. 2022 Feb 12;43(7):561-632. doi: 10.1093/eurheartj/ehab395.

7. Leon MB, Smith CR, Mack M, et al. Transcatheter aor-
tic-valve implantation for aortic stenosis in patients who cannot un-
dergo surgery. N Engl J Med. 2010 Oct 21;363(17):1597-607. doi:
10.1056/NEJM0a1008232.

8. Deeb GM, Reardon MJ, Chetcuti S, et al. 3-Year Outcomes
in High-Risk Patients Who Underwent Surgical or Transcatheter Aor-
tic Valve Replacement. J Am Coll Cardiol. 2016 Jun 7;67(22):2565-
74. doi: 10.1016/j.jacc.2016.03.506.

the spectrum of surgical risk. Despite significant ad-
vances in technology and in refinement of implan-
tation technique, postprocedural conduction distur-
bances requiring permanent pacemaker implantation
and new-onset complete left bundle branch block
remain a relatively common complication. The oc-
currence of these complications is most often due to
mechanical trauma to the conduction system of the
heart because of its anatomic proximity to the area of
valve implantation. The incidence of these disorders
is dependent on the type of valve implantation sys-
tem used, with a higher incidence for self-expanding
valves. Quite a few conduction disturbances under-
go dynamic change in the first days after the pro-
cedure. Recent evidence in the literature suggests
an adverse clinical significance of newly developed
chronic complete left bundle branch block postproce-
durally, while the significance of the newly implanted
pacemaker remains unclear and further long-term
follow-up is required.

No conflict of interest was declared

9. Smith CR, Leon MB, Mack MJ, et al. Transcatheter versus
surgical aortic-valve replacement in high-risk patients. N Engl J Med.
2011 Jun 9;364(23):2187-98. doi: 10.1056/NEJMoa1103510.

10. Mack MJ, Leon MB, Smith CR, et al. 5-year outcomes of tran-
scatheter aortic valve replacement or surgical aortic valve replace-
ment for high surgical risk patients with aortic stenosis (PARTNER 1):
a randomised controlled trial. Lancet. 2015 Jun 20;385(9986):2477-
84. doi: 10.1016/S0140-6736(15)60308-7.

11. Adams DH, Popma JJ, Reardon MJ, et al. Transcathe-
ter aortic-valve replacement with a self-expanding prosthesis.
N Engl J Med. 2014 May 8;370(19):1790-8. doi: 10.1056/NEJ-
Moa1400590.

12. Thyregod HG, Steinbrichel DA, Ihlemann N, et al. Tran-
scatheter Versus Surgical Aortic Valve Replacement in Patients With
Severe Aortic Valve Stenosis: 1-Year Results From the All-Comers
NOTION Randomized Clinical Trial. J Am Coll Cardiol. 2015 May
26;65(20):2184-94. doi: 10.1016/j.jacc.2015.03.014.

13. Leon MB, Smith CR, Mack MJ, et al. Transcatheter or Surgi-
cal Aortic-Valve Replacement in Intermediate-Risk Patients. N Engl J
Med. 2016 Apr 28;374(17):1609-20. doi: 10.1056/NEJMoa1514616.

14. Thourani VH, Kodali S, Makkar RR, et al. Transcatheter aor-
tic valve replacement versus surgical valve replacement in interme-
diate-risk patients: a propensity score analysis. Lancet. 2016 May
28;387(10034):2218-25. doi: 10.1016/S0140-6736(16)30073-3.

15. Reardon MJ, Van Mieghem NM, Popma JJ, et al. Surgical
or Transcatheter Aortic-Valve Replacement in Intermediate-Risk Pa-
tients. N Engl J Med. 2017 Apr 6;376(14):1321-1331. doi: 10.1056/
NEJMoa1700456.

16. Makkar RR, Thourani VH, Mack MJ, et al. Five-Year Out-
comes of Transcatheter or Surgical Aortic-Valve Replacement. N Engl
J Med. 2020 Jan 29;382(9):799-809. doi: 10.1056/NEJMoa1910555.



MpoBogHM HapylweHna cnen TpaHCKaTeTbpPHO aOPTHO KNnanHO MMnNaHTupaHe... 33

17. Gleason TG, Reardon MJ, Popma JJ, et al. 5-Year Out-
comes of Self-Expanding Transcatheter Versus Surgical Aortic Valve
Replacement in High-Risk Patients. J Am Coll Cardiol. 2018 Dec
4;72(22):2687-2696. doi: 10.1016/j.jacc.2018.08.2146.

18. Thyregod HGH, Ihlemann N, Jegrgensen TH, et al. Five-Year
Clinical and Echocardiographic Outcomes From the NOTION Random-
ized Clinical Trial in Patients at Lower Surgical Risk. Circulation. 2019 Jun
11;139(24):2714-2723. doi: 10.1161/CIRCULATIONAHA.118.036606.

19. Siontis GC, Praz F, Pilgrim T, et al. Transcatheter aortic valve
implantation vs. surgical aortic valve replacement for treatment of se-
vere aortic stenosis: a meta-analysis of randomized trials. Eur Heart
J. 2016 Dec 14;37(47):3503-3512. doi: 10.1093/eurheartj/ehw225.

20. Mack MJ, Leon MB, Thourani VH, et al. Transcatheter aor-
tic-valve replacement with a balloon-expandable valve in low-risk pa-
tients. N Engl J Med 2019;380:1695-705.

21. Popma JJ, Deeb GM, Yakubov SJ, et al. Transcatheter aor-
tic-valve replacement with a self-expanding valve in low-risk patients.
N Engl J Med 2019;380:1706-15.

22. Siontis GCM, Overtchouk P, Cahill TJ, et al. Transcatheter
aortic valve implantation vs. surgical aortic valve replacement for
treatment of symptomatic severe aortic stenosis: an updated me-
ta-analysis. Eur Heart J. 2019 Oct 7;40(38):3143-3153. doi: 10.1093/
eurheartj/ehz275.

23. Leon MB, Mack MJ, Hahn RT, et al. Outcomes 2 Years After
Transcatheter Aortic Valve Replacement in Patients at Low Surgical
Risk. J Am Coll Cardiol. 2021 Mar 9;77(9):1149-1161. doi: 10.1016/].
jacc.2020.12.052.

24. Greason KL, Lahr BD, Stulak JM, et al. Long-Term Mortality
Effect of Early Pacemaker Implantation After Surgical Aortic Valve
Replacement. Ann Thorac Surg. 2017 Oct;104(4):1259-1264. doi:
10.1016/j.athoracsur.2017.01.083.

25. Auffret V, Puri R, Urena M, et al. Conduction disturbances af-
ter transcatheter aortic valve replacement: current status and future
perspectives. Circulation 2017;136:1049-69

26. Nazif TM, Chen S, George |, et al. New-onset left bundle
branch block after transcatheter aortic valve replacement is as-
sociated with adverse long-term clinical outcomes in intermedi-
ate-risk patients: an analysis from the PARTNER Il trial. Eur Heart
J 2019;40:2218-27.

27. Piazza N, de Jaegere P, Schultz C, et al. Anatomy of the aor-
tic valvar complex and its implications for transcatheter implantation
of the aortic valve. Circ Cardiovasc Interv 2008;1:74-81.

28. Shu-I Lin, Mizuki Miura, Ana Paula Tagliari, et al. Intraven-
tricular Conduction Disturbances After Transcatheter Aortic Valve Im-
plantation, Interventional Cardiology Review 2020;15:e11.

29. Young Lee M, Chilakamarri Yeshwant S, Chava S, et al.
Mechanisms of heart block after transcatheter aortic valve replace-
ment - cardiac anatomy, clinical predictors and mechanical factors
that contribute to permanent pacemaker implantation. Arrhythm
Electrophysiol Rev 2015;4:81-5.

30. Hamdan A, Guetta V, Klempfner R, et al. Inverse relationship
between membranous septal length and the risk of atrioventricular
block in patients undergoing transcatheter aortic valve implantation.
JACC Cardiovasc Interv 2015;8:1218-28.

31. Moreno R, Dobarro D, Lépez de Sa E, et al. Cause of
complete atrioventricular block after percutaneous aortic valve im-
plantation: insights from a necropsy study. Circulation. 2009 Aug
4;120(5):€29-30. doi: 10.1161/CIRCULATIONAHA.109.849281.

32. Siontis GC, Juni P, Pilgrim T, et al. Predictors of permanent
pacemaker implantation in patients with severe aortic stenosis un-
dergoing TAVR: a meta-analysis. J Am Coll Cardiol 2014;64:129-40.

33. Khatri PJ, Webb JG, Rodés-Cabau J, et al. Adverse effects
associated with transcatheter aortic valve implantation: a meta-anal-
ysis of contemporary studies. Ann Intern Med 2013;158:35-46.

34. Kodali S, Thourani VH, White J, et al. Early clinical and echo-
cardiographic outcomes after SAPIEN 3 transcatheter aortic valve

replacement in inoperable, high-risk and intermediate-risk patients
with aortic stenosis. Eur Heart J 2016;37:2252-62.

35. Wendler O, Schymik G, Treede H, et al. SOURCE 3: 1-year
outcomes post-transcatheter aortic valve implantation using the lat-
est generation of the balloon-expandable transcatheter heart valve.
Eur Heart J 2017;38:2717-26.

36. Webb J, Gerosa G, Lefévre T, et al. Multicenter evaluation of
a next-generation balloon-expandable transcatheter aortic valve. J
Am Coll Cardiol 2014;64:2235-43.

37. De Torres-Alba F, Kaleschke G, Diller GP, et al. Changes
in the pacemaker rate after transition from edwards SAPIEN XT to
SAPIEN 3 transcatheter aortic valve implantation: the critical role of
valve implantation height. JACC Cardiovasc Interv 2016;9:805-13.

38. Mauri V, Reimann A, Stern D, et al. Predictors of permanent
pacemaker implantation after transcatheter aortic valve replacement
with the SAPIEN 3. JACC Cardiovasc Interv 2016;9:2200-9.

39. Schwerg M, Fulde F, Dreger H, et al. Optimized implantation
height of the Edwards SAPIEN 3 valve to minimize pacemaker im-
plantation after TAVI. J Interv Cardiol 2016;29:370-4.

40. Nazif T, Daniels D, McCabe J, et al. editors. Real-world expe-
rience with the SAPIEN 3 Ultra TAVR: a propensity matched analysis
from the United States. Transcatheter Valve Therapies; 2020.

41. Saia F, Gandolfo C, Palmerini T, et al. In-hospital and thir-
ty-day outcomes of the SAPIEN 3 Ultra balloon-expandable transcath-
eter aortic valve: the S3U registry. Eurolntervention 2020;15:1240-7.

42. Forrest JK, Kaple RK, Tang GHL, et al. Three generations
of self-expanding transcatheter aortic valves: a report from the STS/
ACC TVT registry. JACC Cardiovasc Interv 2020;13:170-9.

43. Forrest JK, Mangi AA, Popma JJ, et al. Early outcomes with
the evolut PRO repositionable self-expanding transcatheter aortic
valve with pericardial wrap. JACC Cardiovasc Interv 2018;11:160-8.

44. Jilaihawi H, Zhao Z, Du R, et al. Minimizing permanent pace-
maker following repositionable self-expanding transcatheter aortic
valve replacement. JACC Cardiovasc Interv 2019;12:1796-807.

45. Tang GHL, Zaid S, Michev |, et al. ,Cusp-Overlap* view
simplifies fluoroscopy-guided implantation of self-expanding valve
in transcatheter aortic valve replacement. JACC Cardiovasc Interv
2018;11:1663-5.

46. Nazif TM, Dizon JM, Hahn RT, et al. Predictors and clinical out-
comes of permanent pacemaker implantation after transcatheter aortic
valve replacement: the PARTNER (Placement of AoRtic TraNscathe-
tER Valves) trial and registry. JACC Cardiovasc Interv 2015;8:60-9.

47. Steinberg BA, Harrison JK, Frazier-Mills C, et al. Cardiac
conduction system disease after transcatheter aortic valve replace-
ment. Am Heart J 2012;164:664-71.

48. Urena M, Webb JG, Tamburino C, et al. Permanent pace-
maker implantation after transcatheter aortic valve implantation: im-
pact on late clinical outcomes and left ventricular function. Circulation
2014;129:1233-43.

49. Buellesfeld L, Stortecky S, Heg D, et al. Impact of perma-
nent pacemaker implantation on clinical outcome among patients
undergoing transcatheter aortic valve implantation. J Am Coll Cardiol
2012;60:493-501.

50. Erkapic D, De Rosa S, Kelava A, et al. Risk for permanent pace-
maker after transcatheter aortic valve implantation: a comprehensive
analysis of the literature. J Cardiovasc Electrophysiol 2012;23:391-7.

51. Nazif TM, Chen S, Kodali SK. Disarming the ticking time
bomb: post-procedure electrocardiography predictors of high-degree
conduction disturbances after transcatheter aortic valve replace-
ment. JACC Cardiovasc Interv 2018;11:1527-30.

52. Meduri CU, Kereiakes DJ, Rajagopal V, et al. Pacemaker im-
plantation and dependency after transcatheter aortic valve replace-
ment in the REPRISE Il trial. J Am Heart Assoc 2019;8:e012594.

53. Poels TT, Houthuizen P, Van Garsse LA, et al. Frequency
and prognosis of new bundle branch block induced by surgical aortic
valve replacement. Eur J Cardiothorac Surg 2015;47:e47-53.

54. van der Boon RM, Nuis RJ, Van Mieghem NM, et al. New
conduction abnormalities after TAVI--frequency and causes. Nat Rev
Cardiol 2012;9:454-63.



34

K. Kones, B. Bbrikos, A. AHeernos

55. Panchal HB, Barry N, Bhatheja S, et al. Mortality and major
adverse cardiovascular events after transcatheter aortic valve re-
placement using Edwards valve versus CoreValve: a meta-analysis.
Cardiovasc Revasc Med 2016;17:24-33.

56. Finkelstein A, Steinvil A, Rozenbaum Z, et al. Efficacy and
safety of new-generation transcatheter aortic valves: insights from
the Israeli transcatheter aortic valve replacement registry. Clin Res
Cardiol 2019;108:430-7.

57. Zaid S, Sengupta A, Okoli K, et al. Novel anatomic predictors
of new persistent left bundle branch block after evolut transcatheter
aortic valve implantation. Am J Cardiol 2020;125:1222-9

58. Urena M, Mok M, Serra V, et al. Predictive factors and long-
term clinical consequences of persistent left bundle branch block
following transcatheter aortic valve implantation with a balloon-ex-
pandable valve. J Am Coll Cardiol 2012;60:1743-52.

59. TestalL, LatibA, De Marco F, et al. Clinical impact of persistent
left bundle-branch block after transcatheter aortic valve implantation
with CoreValve Revalving System. Circulation 2013;127:1300-7.

60. Houthuizen P, van der Boon RM, Urena M, et al. Occur-
rence, fate and consequences of ventricular conduction abnormal-
ities after transcatheter aortic valve implantation. Eurolntervention
2014;9:1142-50.

61. Nazif TM, Williams MR, Hahn RT, et al. Clinical implications
of new-onset left bundle branch block after transcatheter aortic valve
replacement: analysis of the PARTNER experience. Eur Heart J
2014;35:1599-607.

62. Rodés-Cabau J, Urena M, Nombela-Franco L, et al. Arrhyth-
mic burden as determined by ambulatory continuous cardiac moni-
toring in patients with new-onset persistent left bundle branch block
following transcatheter aortic valve replacement: the MARE study.
JACC Cardiovasc Interv. 2018;11:1495-505.

63. Sweeney MO, Hellkamp AS. Heart failure during cardiac
pacing. Circulation 2006;113:2082-8.

64. Nielsen JC, Kristensen L, Andersen HR, et al. A randomized
comparison of atrial and dual-chamber pacing in 177 consecutive
patients with sick sinus syndrome: echocardiographic and clinical
outcome. J Am Coll Cardiol 2003;42:614-23.

65. Sweeney MO, Hellkamp AS, Ellenbogen KA, et al. Adverse ef-
fect of ventricular pacing on heart failure and atrial fibrillation among pa-
tients with normal baseline QRS duration in a clinical trial of pacemaker
therapy for sinus node dysfunction. Circulation 2003;107:2932-7.

66. Wilkoff BL, Cook JR, Epstein AE, et al. Dual-chamber pacing
or ventricular backup pacing in patients with an implantable defibril-
lator: the Dual Chamber and VVI Implantable Defibrillator (DAVID)
Trial. JAMA 2002;288:3115-23.

67. Dizon JM, Nazif TM, Hess PL, et al. Chronic pacing and ad-
verse outcomes after transcatheter aortic valve implantation. Heart
2015;101:1665-71.

68. Faroux L, Chen S, Muntane-Carol G, et al. Clinical impact
of conduction disturbances in transcatheter aortic valve replace-
ment recipients: a systematic review and meta-analysis. Eur Heart
J 2020;41:2771-81.

69. Vijayaraman P, Cano O, Koruth JS, et al. His-Purkinje Con-
duction System Pacing Following Transcatheter Aortic Valve Re-
placement: Feasibility and Safety. JACC Clin Electrophysiol. 2020
Jun;6(6):649-657. doi: 10.1016/j.jacep.2020.02.010.

70. Kirchner J, Gergek M, Sciacca V, et al. Mortality after cardiac
resynchronization therapy or right ventricular pacing in transcatheter
aortic valve replacement recipients. Clin Res Cardiol. 2024 May 2.
doi: 10.1007/s00392-024-02450-1.

71. Hoffmann R, Herpertz R, Loffipour S, et al. Impact of a new
conduction defect after transcatheter aortic valve implantation on left
ventricular function. JACC Cardiovasc Interv 2012;5:1257-63.

72. Chevreul K, Brunn M, Cadier B, et al. Cost of transcatheter
aortic valve implantation and factors associated with higher hospital
stay cost in patients of the FRANCE (FRench Aortic National Core-
Valve and Edwards) registry. Arch Cardiovasc Dis 2013;106:209-19.

73. Gutmann A, Kaier K, Sorg S, et al. Analysis of the additional
costs of clinical complications in patients undergoing transcatheter

aortic valve replacement in the German Health Care System. Int J
Cardiol 2015;179:231-7.

74. Schymik G, Tzamalis P, Bramlage P, et al. Clinical impact of
a new left bundle branch block following TAVI implantation: 1-year
results of the TAVIK cohort. Clin Res Cardiol 2015;104:351-62.

75. Houthuizen P, Van Garsse LA, Poels TT, et al. Left bun-
dle-branch block induced by transcatheter aortic valve implantation
increases risk of death. Circulation 2012;126:720-8.

76. Carrabba N, Valenti R, Migliorini A, et al. Impact on left ven-
tricular function and remodeling and on 1-year outcome in patients
with left bundle branch block after transcatheter aortic valve implan-
tation. Am J Cardiol 2015;116:125-31.

77. Urena M, Webb JG, Cheema A, et al. Impact of new-onset
persistent left bundle branch block on late clinical outcomes in pa-
tients undergoing transcatheter aortic valve implantation with a bal-
loon-expandable valve. JACC Cardiovasc Interv 2014;7:128-136.

78. Regueiro A, Abdul-Jawad Altisent O, Del Trigo M, et al. Im-
pact of new-onset left bundle branch block and periprocedural per-
manent pacemaker implantation on clinical outcomes in patients un-
dergoing transcatheter aortic valve replacement: a systematic review
and meta-analysis. Circ Cardiovasc Interv 2016;9:e003635.

79. Kutyifa V, Pouleur AC, Knappe D, et al. Dyssynchrony
and the risk of ventricular arrhythmias. JACC Cardiovasc Imaging
2013;6:432-44.

80. Xiao HB, Lee CH, Gibson DG. Effect of left bundle branch
block on diastolic function in dilated cardiomyopathy. Br Heart J
1991;66:443-7.

81. Priesler O, Biner S, Finkelstein A, et al. Conduction abnormalities
after transcatheter aortic valve implantation and diastolic dysfunction.

82. Michael G, Jens CN, Mads BK, et al. 2021 ESC Guidelines on
cardiac pacing and cardiac resynchronization therapy, European Heart
Journal, Volume 42, Issue 35, 14 September 2021, Pages 3427-3520

83. Toggweiler S, Stortecky S, Holy E, et al. The electrocardio-
gram after transcatheter aortic valve replacement determines the risk
for post-procedural high-degree AV block and the need for telemetry
monitoring. JACC Cardiovasc Interv 2016;9:1269-1276.

84. Mouillet G, Lellouche N, Lim P, et al. Patients without pro-
longed QRS after TAVI with CoreValve device do not experience
high-degree atrio-ventricular block. Catheter Cardiovasc Interv
2013;81:882-887.

85. Rodes-Cabau J, Urena M, Nombela-Franco L, et al. Arrhyth-
mic burden as determined by ambulatory continuous cardiac moni-
toring in patients with new-onset persistent left bundle branch block
following transcatheter aortic valve replacement: the MARE study.
JACC Cardiovasc Interv 2018;11:1495-1505.

86. Urena M, Webb JG, Eltchaninoff H, et al. Late cardiac death
in patients undergoing transcatheter aortic valve replacement: inci-
dence and predictors of advanced heart failure and sudden cardiac
death. J Am Coll Cardiol 2015;65:437-448.

87. Jorgensen TH, De Backer O, Gerds TA, et al. Immediate
post-procedural 12-lead electrocardiography as predictor of late con-
duction defects after transcatheter aortic valve replacement. JACC
Cardiovasc Interv 2018;11:1509-1518.

88. Tovia-Brodie O, Ben-Haim Y, Joffe E, et al. The value of
electrophysiologic study in decision-making regarding the need for
pacemaker implantation after TAVI. J Interv Card Electrophysiol
2017;48:121-130

89. Rivard L, Schram G, Asgar A, et al. Electrocardiographic
and electrophysiological predictors of atrioventricular block after tran-
scatheter aortic valve replacement. Heart Rhythm 2015;12:321-329

90. 90. Kostopoulou A, Karyofillis P, Livanis E, et al. Perma-
nent pacing after transcatheter aortic valve implantation of a Cor-
eValve prosthesis as determined by electrocardiographic and elec-
trophysiological predictors: a single-centre experience. Europace
2016;18:131-137

91. Rodés-Cabau J, Ellenbogen KA, Krahn AD, et al. Manage-
ment of conduction disturbances associated with transcatheter aortic
valve replacement: JACC Scientific Expert Panel. J Am Coll Cardiol
2019;74:1086-106.



