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Ctumynauusta Ha npoogHata cuctema (CSP) e TexHuka 3a kapaMOCTUMYnaLms, BKNKOYBALLA UMINAHTUPaHE Ha
€neKkTpoau 3a NOCTOSHHA KapAMOCTUMYNaLMs Ha Pa3nniHM MecTa Nno NPOTEXEHME Ha CbpAeYHaTa NPoBOAHA CUCTe-
Ma, BKMoYBaLLm cHona Ha His (HBP) n obnactta Ha nsiBoto 6egpo (LBBAP). MHTpakapamuanHata exokapanorpadus
(ICE) moxe fa ynecHu MMNNaHTUPaHETO Ha MOCTOSHHWSA €NeKTpos 3a CTUMynauus B obnacTtta Ha nssoto befpo
(LBB) Ha mexaykamepHus centym. [Joknageame cnyyait Ha 83-roguieH naumeHT ¢ geceH 6eapeH 6nok (RBBB),
nsB npeaeH dacumkynapeH 6nok (TN®E) u cBeToBLPTEX NO Bpeme Ha enu3oan Ha 2:1 aTpuoBEHTpUKynapeH (AV)
6ok, npu komto ce ocblyects CSP nog koHTpona Ha ICE B Hawws ueHTbp. OcBeH CTaH4apTHUS (ypOCKOMNCKM
KOHTPOM M MOHUTOPUPAHETO Ha WHTpaKapAManHuTe CurHanu, B To3u cnyyvai usnonssaxme u ICE 3a Busyanusauus
Ha NMPOHWKBAHETO Ha eNeKTPOAA B MEXAykaMepHaTa nperpagata no BpeMe Ha uMnnaHTauusTa. Jlokanusauusta Ha
eneKTpoAa Ha AECHOKAMEPHWS acnekT Ha MeXAyKaMepHUs CEenTyM, 1 JbnbounHaTa Ha NpOHUKBaHe Ha enekTpoaa
B CenTyma u gocturaHeto My go obnactra Ha nasoto 6eapo 6sxa necHo Budyanuampanm ¢ ICE. MocTurHa ce ce-
nektuseH LBBAP, gemoHcTpupaH ypes npuetute kputepum ot EKT v nHTpakapguanyute enektporpamu. /snonssa
Cce aBTOMaTuyeH strain rate cbe speckle tracking, 3a ga ce ageMoHcTpupa 3anaseHa nesokamepHa (LV) CMHXPOHHOCT
cnep npoueaypara. Mpv umnnantupaHeTo Ha LBBAP moxe aa ce usnonsea ICE 3a HabnogeHe Ha NPOHUKBAHETO
Ha enekTpoAa B CENTyMa, KOeTo NoTeHUManHo nogobpsisa besonacHocTTa 1 eguKkacHOCTTa Ha TO3M MOAXoA 3a
CTUMynaums.

WHTPaKapananHa eXOKap/J,VIOFpa(bVIﬂ; CTMMynauna Ha 30HaTta Ha naBoTo 6enpo; €1eKTPOoA, ynpaBnaBaH CbC CTUNET
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Conduction system pacing (CSP) is a pacing technique involving the implantation of permanent pacing leads at different
sites along the cardiac conduction system and includes His bundle pacing (HBP) and left bundle branch area pacing
(LBBAP). Intracardiac echocardiography (ICE) might facilitate the implantation of the permanent pacing lead in the left
bundle branch (LBB) area of the interventricular septum. We report a case of an 83-year-old patient presenting with right
bundle branch block (RBBB), left anterior fascicular block (LAFB), and dizzy spells during episodes of 2:1 atrioventricular
(AV) block who underwent CSP with ICE guidance at our center. Apart from standard fluoroscopic guidance and monitoring
of intracardiac signals, ICE was also used to monitor lead advancement in the septum during the implantation. The
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landing zone and penetration depth of the pacing lead through the RV septum, mid-septum, and LBB area septum were
easily visualized with ICE. Selective LBBAP demonstrated by the accepted ECG and electrogram criteria was achieved.
Automated strain rate protocol with speckle tracking was used to demonstrate preserved left ventricular (LV) synchrony
following the implantation. The use of ICE to guide LBBAP implantation can be used to monitor lead penetration in the
septum, potentially improving the safety and efficacy of this promising pacing modality.
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BbBEAEHME

CtumynaumaTa Ha npoBogHata cuctema (CSP) e
TEXHWKA, KOATO BKIOYBA UMMNIAaHTUPaHe Ha NPOBOAHMUK
3a MOCTOsIHHA KapAMOCTMMYynaLumns no npoTexeHue Ha
pasnuMyHM MecTa Ha CbpAevHaTa NpoBodHa cUcTeMa,
BKIMOYBALLA CTMMYNaumsa Ha cHona Xuc, HeroBmute oc-
HOBHM KIOHOBE UMW TEXHUTE OOMbIAHUTENHN Pa3Kro-
HeHusl, B TOBa YWCNO AuCTanHuTe BnakHa Ha [ypku-
Hue. MNMopaan Bb3MOXHOCTTa 3a NOCTUraHe Ha no-crta-
OMIMHM enekTpuyeckn napamMeTpu Hackopo B KITUHWY-
HaTa npakTuka Oele BbBegeHa M MonynspvavpaHa
cTMMynaumsaTa Ha 3oHaTa Ha naBoTo 6eapo (LBBAP).
Mafi-Rad n cbTp. AEMOHCTpMpPAT OCBLLECTBMMOCTTA
Ha neBokamepHaTa cenTtanHa ctumynaumsa (LVSP)
ype3 TpaHccenTaneH Moaxod B MbPBOTO MpoyYBaHe
npu xopa [1]. Huang u cbTp. Mogmuduumpar Tasu Tex-
HUKa 1 OeMOHCTpupaT, Ye OMpeKkTHaTa cTuMynauus B
obnactTta Ha NpoKCMMarnHusi CerMeHT Ha NABOTO 6eapo
(LBB) moxe ga 6bae nocturHata uM ocbLuecTBEeHa Mo
TpaHccenTaneH nbT [2]. KoHBeHUMOHaNHW enekTpoau,
yrnpaBnsiBaHN CbC CTUIET, KakTo 1 TakMBa 6e3 nymeH
mMoraTt ga 6vaart musnonseaHu 3a CSP, kato enekTpo-
avTe, yrnpaBnsiBaHW CbC CTWUIET, npeanarart no-BuCo-
Ka 4yecToTa Ha ycnelwHa nvnnaHtaums Ha LBBAP npu
no-kpaTku npouenypHu BpemeHa [3]. HesaBucumo ot
TMNa enekTpoA, KOWTo ce nanonsea 3a CSP, yecTto ca
HeoOXoaMMM MHOTOKpaTHM OMNUTK 3a NPOHUKBAHE Npe3
cenTyma 3a (hmkcupaHe Ha enekTpoga B 6rnv3ocT Oo
unu gupekTHo Bbpxy LBB [4]. HTpakapguanHaTta exo-
kapaunorpadus (ICE) moxe ga e nonesHa 3a no-gobpo
nosnumnoHmpaHe Ha enektpoga [5, 6]. EgHo ot Han-LeH-
HuTe npeammcTea Ha ICE e cnocobHocTTa Aa ce oueHu
BnmnsocTTa Ha UKCHMpaLLMs MEXaHW3bM Ha Bbpxa Ha
enekTpoda Ao eHaokapaa Ha nsiearta kamepa (LV) nnm
3a paHHO OTKpMBaHEe Ha cenTanHa Mukponepdgopauums.

OMUCAHUE HA KNMHUYHUA CNYYAHN

[oknagsame cnyyan Ha 83-roguvileH naumeHT ¢ 2:1
AV 6nok, geceH 6egpeH 6nok (RBBB) n nsas npeneH
dacumkynapeH énok (JINMPB) (dwr. 1), npeacrassLy ce
CbC 3aayX, CBETOBbPTEX U NPUYEPHSBaHe Npea ounTe,
6e3 cuHkon. OnnakBaHusATa gatupat OT ABe CeaMuum

Intracardiac echocardiography; Left bundle branch area pacing; stylet-driven lead
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INTRODUCTION

Conduction system pacing (CSP) is a technique
of pacing that involves the implantation of permanent
pacing leads along different sites of the cardiac con-
duction system by pacing at the level of His bundle
or its major branches or their further ramifications
including distal Purkinje fibers. Recently left bundle
branch area pacing (LBBAP) was introduced and
accepted widely as it provides more stable pacing
parameters. Mafi-Rad et al. demonstrated the fea-
sibility of permanent left ventricular septal pacing
(LVSP) via the ventricular transseptal approach in a
first-in-human study [1]. Huang et al. modified this
technique and demonstrated that direct pacing of the
proximal part of the left bundle branch can be ac-
quired and accomplished using the transseptal route
[2]. Conventional stylet-driven and lumenless leads
could be used as CSP lead and stylet-driven leads
offer higher LBBAP lead implantation success rates
while shortening implant duration [3]. Regardless of
the type of permanent lead that is used for CSP, mul-
tiple screw-in attempts under fluoroscopy are often
needed to place the pacing lead tip near or at the left
bundle branch (LBB) [4]. Because of that, intracardi-
ac echography (ICE) guidance could be helpful for
better lead placement [5, 6]. One of the most valu-
able advantages of ICE is the ability to assess the
proximity of lead helix to the LV endocardium and
detect septal perforation early.

CASE DESCRIPTION

We report the case of an 83-year-old male patient
with 2:1 AV block, right bundle branch block (RBBB),
and left anterior fascicular block (LAFB) (Figure 1)
presenting with shortness of breath and dizziness
without syncope dating back two weeks prior to hospi-
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npeou xocnutanu3auusita. [opagu m3sBa Ha CUMHKON
BegHara creg xocnutanu3auuaTta ce MMMnaHTMpa
BPEMEHEH KapAMOCTUMYNaTop Ypes3 U3MoNn3BaHEeToO Ha
€NeKTPoA 3a MOCTOSIHHA KapAMOCTUMYNaunsi ¢ akTuB-
Ha dmkcaLums, KOWTO Belle BbBEAEH cref AOCTbN Npes3
[OsiCHa BbTpELLHa torynapHa BeHa, prkcmnpaH 3a koxara
B obnacTTa Ha LmMaTa U CBbp3aH C NyricoB reHepaTop.
TpaHcTopakanHata exokapguorpadus nokasa 3ana-
3eHa neBokamepHa CUCTONHa yHKUMS, 6e3 3Ha4YMmMm
KnanHu nesun, a KopoHapHaTa aHrmorpadms yCTaHoBM
KOpoHapHu apTepun 6e3 cteHo3n. Mopagn ovakBaHus
BMCOK MPOLIEHT KaMmepHa CTUMynaums 1 Bb3MOXHOCTTa
3a pasBUTME Ha NENCMENKbP MHOYyLMpaHa KapguomMum-
onartus, ce B3e peLleHre 3a nMnnaHtaums Ha CSP.
KoHourypauumsata Ha enekTpodusmonornyHaTa cuc-
Tema, “3Nnof3BaHa B HaLLMS LEeHTbP, BKoyea 12-kaHan-
Ha EKI n vHTpakapgmanHu enekTporpamu, 3anucBaHu
cbe ckopocT 100 mm/s nNo Bpeme Ha MMnnaHTupaHe Ha
LBBAP, 1 npeacraBeHun oT curHan, untpupaH B gvana-
3oHa 30-500 Hz, kakTo n oT HedpunTpmpaH curHan. Kakto
€ CTaHgapTHaTa npakTvka B LEeHTbpa, U3Mon3Baxme rsiB
aKkcunapeH AOCTbI 3a MMMNaHTaumsaTa 1 ascHarta hemo-
parHa BeHa 3a nocraesHe Ha nHTpogtocepa 3a ICE (10 Fr,
25 cm). 3a nvnnaHTaumaTa u3non3eaxme enekTpog, ym-
paBnsiBaH CbC CTUIET, U BbBeXadala cucrema (Selectra
3D 65/39 cm, Biotronik, lepmaHust), kosaTo 6e BbBeAeHa
B AsicHaTa kamepa no Bogay nog, ICE koHTpor. 3oHaTta Ha
WHTEpEeC Mo CenTyma, OTKbAETO [a ce cTapTMpa MMMIaH-
TaumsiTa Ha enekTpoaa belue naeHTMMUMpaHa Ypes nH-
XeKTpaHe Ha KOHTpaCT npe3 BbBexJalllata cuctema, u
ce Busyanusumpa c nomowyta Ha ICE (cur. 2). EnektpogbT
(Solia S 60, Biotronik, l'epmaHus) 3a nocTosiHHa kapau-
ocTMMynauus ce nnacupa Bbpxy AecHokamepHus (RV)
acnekT Ha MexaykamepHusa cenTtym. [Npu ctumynauusTa
B Ta3n 30Ha Ce perucTpupa kamepeH KOMMIEKC, Xxapak-
Tepusmpall, ce ¢ HasbbBaHWA B fiatepanHute oTBexaa-
Hus u ,W* Mmopdonorus B otBexxgaHe V1 (cwur. 3, naHen
A). MNo-HaTaTbLWHOTO NPOHUKBAHE Ha ernekTpoda gosene
[0 CTecHsiBaHe Ha CTUMYNMPaHUsi KaMepeH KOMIMIEKC U
3aryba Ha Ha3bOBaHETO B NaTepasiHMTe OTBEXAaHWS, J0-
KaTo HazbOBaHeTo BbB V1 ce M3MeCTu KbM KpariHaTta My
yacT. lNukoBoTO Bpeme Ha R-BbnHaTta B oTBexaaHe V6
(V6RWPT) 6e noa 120 munucekyHam (ms), HO BCe OLle
Hag npuerata CTOMHOCT OT 75 ms. Te3n nsmepBaHus,
KaKTO 1 No3uUMsATa Ha eNeKkTpoaa B cpeara Ha cenTyma,
BepudmumpaHa ¢ ICE, ca nokasaHun Ha durypa 3, naHen
B. MNo-HaTaTbLWHOTO NPOHWKBAHE Ha efnekTpoda KbM re-
BokamepHus (LV) centym 6rm30 0O MpOKCUMMAarHus cer-
MeHT Ha LBB oTHOBO ce npocnean ¢ criyopockonusa u
ICE. B nageH MOMeHT cybeHO0KapaHOTO ,ManaTtkoBUaHO
oMbBaHe" Ha eHOoKapaa OT enekTpoda ce Bu3yanusmpa
¢ ICE (dwvr. 3, naHen C). CTumynaumsta B Tasu 30Ha Je-
MoHcTpupa V6RWPT o1 71 ms n nHTepsan Mexay Bbpxa
Ha R-BbrHara B otBexaaHe V6 1 Tasu B otBexxaaHe V1
0T 41 ms (MeXayn1KoBO pasCTosHUE), KOETO Npeanonara

talization. A temporary pacemaker using externalized
permanent pacing lead was implanted via the right
jugular access due to syncope occurring immediately
after hospital admission. Transthoracic echocardiog-
raphy demonstrated a preserved left ventricular sys-
tolic function without significant valvular lesions, and
the coronary angiography revealed non-obstructed
coronary arteries. We decided to implant a CSP sys-
tem as we felt that this could prevent pacing-induced
cardiomyopathy in the setting of a high expected ven-
tricular pacing burden.

The recording system setup used at our cen-
ter included 12-lead ECG and intracardiac electro-
grams recorded at 100 mm/s sweep speed during
LBBAP implantation, representing unipolar record-
ing from the lead tip filtered 30-500 Hz and also un-
filtered unipolar signal from this pole. Following the
standard routine at our center, we used the axillary
vein for the implantation and the right femoral vein
for ICE sheath placement (10 Fr, 25cm sheath). We
used a stylet-driven lead and an introducer system
(Selectra 3D delivery sheath 65-39 cm, Biotronik,
Germany) that was advanced into the right ventricle
over a guidewire under ICE guidance. The landing
zone for the delivery system was identified using
contrast injection through the delivery sheath and
verified using ICE (Figure 2). The stylet-driven lead
(Solia S 60, Biotronik Germany) was advanced to
the interventricular septum, in particular at the right
ventricular (RV) side of the septum through the
sheath, and an initial pacing attempt was performed
for QRS morphology verification. Pace-mapping
of the RV septum showed QRS characterized by
notches in lateral leads and “W” morphology in lead
V1 (Figure 3 panel A). Further advancement of the
lead in the septum resulted in deep septal paced
QRS which is narrower and without notching in
lateral leads while the notch in V1 moved towards
the terminal portion of the QRS. R-wave peak time
in lead V6 (VBRWPT) was below 120 milliseconds
(ms) but still exceeding the accepted value of 75 ms.
These findings, as well as the position of the lead
into the mid-septum verified with the ICE can be
seen in Figure 3 panel B. Further penetration of the
lead into the left ventricular (LV) septum close to the
proximal left bundle was monitored on fluoroscopy
and ICE. At some point, a subendocardial “tenting”
of the lead could be visualized by ICE (Figure 3,
panel C). Pacing at that position revealed VBRWPT
of 71 ms and interpeak distance (IPD) — the time
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3axBalwlaHe Ha LBB. TecTbT Ha nmpar Ha cTumynauusa ¢
MOHVKaBaLla eHeprus Nno Bpeme Ha umnnaHTaumara (5V,
2V, 1,5V @ 0,5 ms), U3BbpLUEH B YHUMOISIPEH PEXNM,
AeMoHCTpupa npexod oT HecenektveeH (NS-LBBAP)
KbM cenektuBeH (S-LBBAP) 3axeat Ha LBB npu 2V @
0,5 ms cpelty 1,5V @ 0,5 ms, pecnekTMBHO, KakTo 1 no-
sBaTa Ha Abnboka S-BbrnHa BbB V6 1 RsRy mopdhonorus
BbB V1. JleanoHHuaTt Tok (COI) Ha Bbpxa Ha enekTpoda
©e no-ronsM OT TO3M Ha MPOKCUMArNHWUS My MPBLCTEH B
KpaviHaTa no3uums Ha enekTpoaa, KOeTo M3KIoYBa cen-
TanHa nepdopauus [7]. B Tasm nos3numsa Ha enektTpoaa,
HaTvBHUAT QRS e npefwecTsaH ot noteHuman Ha Myp-
KnHue n nspaseH COI, kakTo e nokasaHo Ha qour. 4.

OBCBHXAAHE

Mpu naumeHtn ¢ RBBB gsacHaTta kamepa ce cbkpa-
LLlaBa aCMHXPOHHO C NpeaMHO HopMariHa fieBoKkaMepHa
aktmBauus [8]. KoHBeHLMOHanNHaTa gecHokamepHa CTu-
Myrnaumsi BOAM A0 fioKanHa npeekcutaums Ha gscHata
Kamepa C Mo-n3pas3eHo 3abaBsHe Ha aKTVBUPAHETO Ha
nsiBaTa kamepa, Kato Mo TO3M Ha4YvMH Bb3HWKBA PUCK OT
nencMenkbp MHAyumMpaHa Kapavomuonatusa npu naum-
€HTW, 32 KOWTO Ce O4akBa [a Mory4ar BUCOK MPOLEHT

between the peak of R-wave in lead V6 and lead
V1 of 41 ms suggestive of LBB capture. Step-down
threshold test during implantation (5V, 2V, 1.5V @
0.5 ms) performed in a unipolar mode demonstrat-
ed a transition from non-selective (NS-LBBAP) to
selective (S-LBBAP) capture of the LBB at 2V @
0.5 ms vs. 1.5V @ 0.5 ms with the appearance of
a deep S-wave in V6 and RsR’ morphology in V1.
The current of injury (COI) at the tip of the lead was
greater than one at the ring in the final lead posi-
tion, speaking against septal perforation [7]. At this
position, the sensed QRS was preceded by a Pur-
kinje potential and an expressed COIl as shown in
Figure 4.

DiscussION

In patients with RBBB, RV contracts asynchro-
nously with mostly normal LV activation [8]. Routine
RV pacing leads to local RV myocardium pre-ex-
citation but more pronounced LV activation delay,
thus taking the risks of pacing-nduced cardiomy-
opathy for patients expected to receive a high per-
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Fig. 1. Twelve-lead ECG of the patient before the implantation demonstrating 2:1 AV block, right bundle branch block (RBBB) left anterior

fascicular block. Sweep speed 25 mm/s
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®dur. 2. Manen A. dnyopockonus B gsicHata npegHa koca (RAO) npoekums nokassalla BbBexgallara cuctema npes TpukycnuganHarta knana.
Mpe3 nHTpoatcepa belle NHXEKTUPaAH KOHTPACT, 3a Aa Ce BU3yanuampart oKorHuTe cTpykTypu. Obnactta Ha cHona Ha Xuc (BbpXbT Ha CTpen-
KaTa) e pasnonoxeHa B brbfa Mexay TpUKycnuaanHara knana v npoekumsita Ha aopTHaTa Krana, KakTo € O4epTaHO C OpaHXeBUTE NMHUK.
Moxxe Oa ce BMAM 1 enekTpoabT 3a BpEMEHHa kapamMocTumynaums 6nv3o 4o Bbpxa Ha AsicHa kamepa. BbBexaallata cuctema e pasnonioxeHa
TOYHO BbPXY ,30HaTa Ha MHTepec” — 3oHaTa, OTKbAETO MOXE [a 3anovyHe NPOHMKBAHETO Ha eneKkTpoda npe3 MmexaykamepHarta nperpaga. Ma-
Hen B. O6pas oT uHTpakapavanHaTta exokapguorpacdums nokassaly, centyma nog aoprara, KbAeTO Ce HaMmmpa 3oHaTa Ha uHTepec. BbpxbT Ha
WHTPOAIOCEpa MOXe Aa Ce BM3yanuaupa fexall cpeLly Hes (BbpxbT Ha cTpenkara). PascTosHMeTo OT TpuKycnuaanHus aHynyc 4o Toukarta Ha
neHeTpauusi Ha enekTpoaa B To3u criyda e 27 mm. Ao — aopta, RVOT — naxofeH TpakT Ha AsicHa kamepa, TV — TpukycnuaHa knana, DS — Bb-
Bexaawa cuctema, TPM lead — enekTpog 3a BpeMeHHa cTumynaums

Fig. 2. Panel A. Fluoroscopy in the right anterior oblique (RAQ) position shows the delivery system across the tricuspid valve. Contrast was injected
through the sheath to visualize surrounding structures. His bundle area (arrowhead) is located at the angle between the tricuspid valve and the
projection of the aortic valve as delineated by the orange line. The temporary pacemaker near the right ventricle’s apex could be seen. The delivery
system is positioned just over the “landing zone” which in fact is the area where the lead could start penetrating the septum. Panel B. The “home
view” on the intracardiac echocardiography shows the septum below the aorta where the landing zone is located. The introducer sheath tip can be
visualized lying against the landing zone (arrowhead). The distance from the tricuspid annulus to the point of penetration in this case was measured
27 mm. Ao — aorta, RVOT - right ventricular outflow tract, TV — tricuspid valve, DS — delivery system, TPM — temporary pacemaker lead.

®dwur. 3. ViHTpakapaunanHa exokapavorpadusa 1 noBbpxHocTHa 12-kaHanHa EKT, 3aegHo ¢ duntpupaHa v HedwmnTpupaHa enekTporpama ot
BbpXa Ha enekTpoda Ha pasnuyHu ObnbOoYMHM MO BpemMe Ha MracuMpaHeTo Ha enekTpoga npe3 centyma. [NaHen A. BbpxbT Ha enektpoga
(cTpenkata) e npukpeneH kbM fieCHOKaMepHUs acnekT Ha centyma. CTumynaumsTa oT Ta3u 30Ha MacTo npeamssukea QRS, KoNTo e HazbbeH
B natepanHute oTBexaaHus u uma ,W* mopdonorua B otBexaarHe V1. MNaHen B. EnektpoabT 3a cTuMynauums, pasnonoxeH B cpefarta Ha
centyma, kakto e nokasaHo Ha ICE (cTpenkarta coun kbMm Bbpxa Ha enektpoga). Ctumynupanmat QRS-komnnekc e no-teceH, 6e3 Ha3bbBaHe
B NnaTepanHuTe oTBeXAaHusl, a 3b0elbT BbB V1 ce e npemMecTun KbM KpanHaTa yacT Ha QRS-komnnekca. MNukoBoTo Bpeme Ha R-BbnHaTa B
otBexaaHe V6 (VBRWPT) e 82 ms, a MexaynukoBoTo pasctosiHue (Bpeme ot RWV6 o RWV1) e kpaTtko - caMo 24 ms, KakTo ce o4yakBa npu
abnboka centanHa ctumynauus. MaHen C. BepxbT Ha enekTpoaa e No3MuMOHNpaH TOYHO Mo eHaoKapaa Ha NeBoKaMepHUst acnekT Ha cenTy-
Ma, kakTo e nokasaHo ¢ ICE. MNo-HaTaTbLIHOTO 3aBbpTaHe Ha efnlekTpoAa No Nocoka Ha YacoBHUKOBATa CTpernka MoXe Aa NpuYnHU nepdopaums
Ha cenTyma n HeobXxooMMOCTTa OT NMOBTOPHO NO3ULMOHNPaHe Ha enekTpoda. Ctumynupanusat QRS e ¢ VBRWPT ot 73 ms 1 MexgynukoBoTo
pascTtosHue V1-V6 e 41 ms, AeMOHCTpUpanki HeCenekTMBHO 3axBallaHe Ha nsaBoTo 6eapo. LBip — dountpupaH EGM o1 Bbpxa Ha enekTpoaa;
L Uni — HedunTpupaH EGM ot Bbpxa Ha enektpoga. CkopocT Ha 3anuca 100 mm/s

Fig. 3. Intracardiac echocardiography and twelve lead surface ECG along with filtered and unfiltered electrogram from the lead tip at different
depths during lead penetration. Panel A. The tip (arrowhead) of the pacing lead is attached to the RV septum. Pacing from this site produced a
QRS which is notched in lateral leads and has a “W” morphology in lead V1. Panel B. The pacing lead is shown located at the mid-septum as
shown on ICE (the arrow points at the tip of the lead). The paced QRS was narrower, without the notches in lateral leads and the notch in V1 has
moved towards the terminal part of the QRS. R-wave peak time in lead V6 (V6BRWPT) was 82 ms and the interpeak distance (RWV6 to RWV1
time) was short — just 24 ms as expected with deep septal pacing. Panel C. The lead tip was positioned just below the endocardium on the left
ventricular (LV) septum as shown with ICE. Further clockwise rotation of the lead could cause perforation of the septum and the necessity of lead
repositioning. The paced QRS demonstrated a VBRWPT of 73 ms and the interpeak distance V1-V6 of 41 ms demonstrating non-selective LBB
capture. L Bip — filtered EGM from the lead tip; L Uni — unfiltered EGM from the lead tip. Sweep speed 100 mm/s.
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®ur. 4. 12-kaHanHa nosbpxHocTHa EKI™ 3aegHo ¢ dunTpupaHa 1 HedpunTpupaHa enekTporpama oT Bbpxa Ha enektpoga. Naxen A. Npexog ot
HecenekTUBHa (MbPBUAT CTUMYMMPaH KOMMNMEKC) KbM CenekTMBHa (Crneasalyute CTUMYNMpaHW KoMmnnekcun) ctumynauvsa Ha LBB no Bpeme Ha
onpepensHe Ha npara Ha ctumynauus. BugHa e npomsiHata B mopdonoruata Ha QRS-komnnekca BbB V1 oT R kbM RsR’ 1 nosBata Ha gbn6oku
S-BbnHKM BLB V6. Birkaa ce 1 gnckpetHa enekTporpama, crnefgalla CTumynaunoHHus aptedakT (cTpenkarta). CenekTvBHO 3axBallaHe Ha fsiBoTO
6eapo HacTbnBa Ha TpeTus Komnnekc. MaHen B. ®acuukynapeH noTeHuman v NeamoHeH TOK Npuy KpalHaTta no3uumus Ha enekTpoga. MiHtepsansT oT
dacumKynapHusi noteHuman Ao nuka Ha R-BbnHata BbB V6 e 65 ms, npubnuanTtenHo pasHsiBawy ce Ha VE6RWPT no Bpeme Ha ctumynauus, kato
CbLUMAT € namepeH 72 ms Ha dur. 3, naHen C. CbkpalyeHusita ca kakto Ha cur. 3. CKopocT Ha 3anuc Ha enekTporpamute 100 mm/s

Fig. 4. Twelve lead surface ECG along with filtered and unfiltered electrogram from the lead tip. Panel A. Transition from non-selective (the first beat)
to selective (the subsequent beats) during threshold testing. Please note the change in morphology in V1 from gR to RsR’ and the occurrence of
deep S waves in V6. A discrete electrogram following the pacing spike is also visible(arrowhead). Selective left bundle capture occurred at the third
beat. Panel B. Fascicular potential and the current of injury at the final position of the lead. The interval from the fascicular EGM to R-wave in V6 is 65
ms approximating the V6RWPT during pacing, shown to be 72 ms in Figure 3, Panel C. The abbreviations as in Figure 3. Sweep speed 100 mm/s.

kamepHa ctumynaums [9]. OT gpyra ctpaHa, korato BiV
CTUMyrauus ce mpunara Ha nauueHTM CbC 3anaseHa
aKkTuBauus no nssoTo 6egpo, ToBa BOAM [0 SATPOreHHO
yObIDKaBaHe Ha BPEMETO 3a aKTVBMpaHe Ha nsiBata Ka-
Mepa crnpsamo HaTuBHUS puTbM. MogensT Ha RBBB, cb3-
pasaly ce npu LBBAP, e oTpaxkeHne Ha OTHOCUTENHOTO
3abaBsiHe Ha aKTUBMPAHETO CpeL, OcTaHanara npoBoaHa
cucTema B CpaBHeHMeE ¢ nisiBoTo 6eapo. ObLiaTa nesoka-
MepHa enekTpuyecka CUHXPOHHOCT ce 3anasBea, Tbil KaTo
UMMYNCbT Ce pasnpocTpaHsaBa 6bp30 Npe3 UHTAKTHOTO
LBB [9]. CnegoBaTenHo no TO3u MbT Ce MOCTUra HayvH
Ha cTumyrnaums, 6nmsbk 0o PU3noNorMiHus, 3a pasnu-
Ka oT BiV ctumynauudarta, KOATo Mo CbLUECTBO CbLIO €
HedM3NONorMyeH HayvH Ha cTumynaums. 3anaseHarta
CVHXPOHHOCT Ha LV npu Hawms nauneHT Gelle OeMOH-
CTpvpaHa 4pes3 M3non3saHe Ha aBToMaTu4yeH strain rate
cbe speckle tracking cneg npouenyparta (dwr. 5), kato He
ovyakBame BriollaBaHe Ha LV dyHKumsATa npu To3n naum-
€HT BbIPEKN BUCOKMS NPOLIEHT KaMepHa CTUMYynaLuusi.

centage of ventricular pacing [9]. BiV pacing, when
delivered to patients with preserved activation via
the left bundle, results in iatrogenic prolongation of
LV activation time relative to the intrinsic rhythm.
However, the RBBB pattern created in LBBAP is
a reflection of the relative delay of the activation
among the rest conduction system in comparison
with LBB. The general LV electrical synchrony is
preserved because the impulse propagates rapidly
through intact LBB [9]. Because of that, we strongly
believe that there is no better pacing manner than
the physiological one, since even BiV pacing, in es-
sence, is a non-physiological pacing manner. The
preserved LV synchrony in our patient was demon-
strated by using an automated strain rate protocol
with speckle tracking after the procedure (Figure 5)
and we do not expect deterioration of LV function in
this patient despite of high percentage of ventricular
pacing.
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dur. 5. Exokapanorpadus cbe speckle tracking Ha naBarta kamepa cnep cTuMynvpaHe Ha 3oHaTta Ha nasoTo 6egpo (LBBAP), nokassaiya rno-
6aneH noHrutyamHaneH crpeiiH (GLS) ot -22% v 3ana3eHa neBokaMepHa CUHXPOHHOCT

Fig. 5. Echocardiography with speckle tracking of the left ventricle after left bundle branch area pacing (LBBAP) displaying a global longitudinal

strain (GLS) rate of -22% and preserved LV synchrony

Ot pgpyra cTpaHa, npu naumeHTn ¢ ronemMu OecHu
CbpAeYHU KYXMHU, MO3ULMOHHO POTMPAHO Cbpue wUnm
[opy KnanHu npoTesn, MaHUNynMpaHeTo Ha BbBeXada-
Liata cucTemMa, Kakto 1 OnpedensHeTo Ha ,30Hata Ha
nHTepec* 3a LBBAP Bbpxy AeCHOKaMepHUs acrnekT Ha
CcenTyma, a CbLO M CTENEHTa Ha NPOHMKBAHE Ha enek-
Tpoga B centyma, Bvxa MOrmM ga ce OUEHSIT TPyAHO
CcaMO C peHTreHockonusa. B paHgomusnpaHo npoyysa-
He Kuang u cbTp. nokasear, 4e uanona3eaHeTo Ha ICE
no speme Ha LBBAP e cBbp3aHo c no-kpartka npoabn-
XWUTENHOCT Ha npoueaypata u riyopocKorcko Bpeme,
KaKTO M Ye npokcumarnHa ctumynaumnsa Ha LBB LBBAP
BbOOLLIE Ce MOCTUra Mo-4ecTo M C No-mMarnko onuTK 3a
nosvumMoHnpaHe Ha enekTpoga [4]. aHHuTe oT peruc-
Tbpa MELOS nokassart, 4e no-ronsimara 4acT OT YCrox-
HeHuaTa Ha enekTpoaa 3a LBBAP (8,7%) ce obmxart Ha
ocTtpa nepdopaums Ha JIK (3,7%) n pasmecTtBaHe Ha
enektpoga (1,5%) [10]. Han-yectnaTt npmusHak Ha cen-
TanHa nepdgopaums no BpeMe Ha MMMMaHTUupaHe Ha
LBBAP e cnagaHeto Ha COl [7]. YeCTO MOMEHTBT TOYHO
npegn nepdopauusita moxe ga 6bae naeHTdmumpaH
ypes ICE n moxe ga 6bae npegoTBpateH Ypes Habro-
JeHve Ha ,nanaTkoBUOHOTO OnbBaHe“ Ha neBokamep-
HWS eHJoKap OT Bbpxa Ha enekTpoda 3a CTumyrnauuns
(dour. 3, naHen C). ETo 3awo uanonssaHeTto Ha ICE no
Bpeme Ha umnnaHTupaHe Ha LBBAP moxe 3HauuTen-
HO Ja Hamanu YyecTtoTaTa Ha ToBa YCNOXHeHWe nopaau
Bb3MOXHOCTTa 3a N0-4006p0 BU3yanuanmpaHe Ha NPOHUK-

On the other hand, in patients with large right
heart chambers, positionally rotated hearts, or even
prosthetic valves, manipulating the delivery system as
well as the determination of the “landing zone” for LB-
BAP and the degree of lead penetration into the sep-
tum could be difficult to estimate using X-Ray alone.
In their randomized study Kuang et al. demonstrated
that ICE guidance during LBBAP was associated with
shorter procedure duration and fluoroscopy time and
is more likely to achieve LBB trunk pacing and LBBAP
more frequently and with fewer implantation attempts
[4]. Data from The MELOS registry showed that the
majority of the LBBAP lead complications (8,7%)
were attributed to acute perforation to LV (3,7%) and
lead dislodgement (1,5%) [10]. The most common
sign of septal perforation during LBBAP implantation
is the drop of the COI [7]. But when the COI drops,
the septal perforation has already occurred. Often
the moment just before the perforation could be de-
tected on ICE and it can be prevented by monitoring
the “tenting” of the LV endocardium by the tip of the
pacing lead (Figure 3, Panel C). Therefore, the use of
ICE during LBBAP implantation could reduce these
complications significantly due to the ability for better
visualization of the lead penetration into the septum
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BaHeTO Ha enekTpoaa B centyma. Tpsbea cbLUo Taka Aa
ce oTbenexu hakTbT, Ye KONKOTO NoBeYe Ce yBenvyasa
ONUTBLT Ha onepaTtopa npu umnnaHTupaHe Ha LBBAP
nog, koHTpona Ha ICE, pasnosHaBaHeTo Ha no3vumsTa
Ha enekTpoga B cenTymMa camMoO 4Ype3 U3rorf3BaHe Ha
enekTtporpamn n EKI ctaBa no-necHo. [JOKONMKOTO HKU
€ N3BECTHO, TOBA € MbPBUAT ONUT C UMMIAHTUPaHE Ha
LBBAP nop koHTpona Ha ICE B Hawarta cTpaHa. [Mo-wu-
POKOTO M3MoOMn3BaHe Ha TO3W NoaxXo4 Moxe Aa nogobpu
paboTHus npouec npu nMmnnaHtupaHe Ha LBBAP n ga
MUHMMM3MPa YCNOXHEHUSATA Ha MMNNaHTaumsTa.

N3Boau

M3non3saHeTo Ha ICE no Bpeme Ha nmnnaHTaum-
saTa Ha LBBAP e npunoxumo v ce cBbp3Ba C Bb3MOX-
HOCT 3a HamarnsiBaHe Ha YecToTaTa Ha YCIOXHEeHUATa
MW NOBULLIABaHe Ha ycrnexa Ha npoueayparta nopagu
Bb3MOXHOCTTA 3a BM3yanusaumsi Ha NPOHUKBAHETO Ha
enekTpoda npes centyma B peariHo BpemMe Nno Bpeme
Ha umnnaHTaumara. Heobxooummn ca OONMbNHUTENHU
Npoy4YBaHNs, KOUTO Oa MoKaxaT NPUIIOKUMMOCTTa Ha
TO3U NOAXOA B eXXeAHeBHAaTa KIMMHMYHA MpakTukKa.

He e deknapupaH KOHIUKM Ha uHmMepecu
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