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Left Bundle Branch Area
Pacing (LBBAP)

Biventricular Pacing (BVP)




CRT opsiyonlari

HOT-CRT

* Endocardial RV pacing
+
Epicardial LV pacing

* His bundle pacing
(between distal AV node and His bundle
branching)

* Hisbundle
+

Epicardial LV pacing

* BB pacing
(between His bundle branching and LBB
division)

* LF pacing
{capture of LA, LS or LP fascicles)

* LVS pacing
(left side interventricular septum, no direct
activation of conduction system)

Epicardial LV pacing

* Overcomes electrical conduction
delays in case of septal scar
* Allows multipoint LV pacing
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More physiclogical form of CSP

* Improves electrical
'. resynchronization in case of slow

myocardial conduction

* Able to correct infra-Hisian blocks
* Lower capture thresholds

1

* Improves electrical
resynchronization in case of severe
His-Purkinje disease or slow
myocardlal conduction

* Non-physiological ventricular
activation {from epicardium to
l’ endocardium)
* |dentification of optimal LV pacing
site required to increase CRT
response

* Inability to correct infra-Hisian

§ blocks
’ * [lectrical resynchronization affected
by septal scar
* High capture thresholds

* High His capture thresholds
1 * Tailored AV and VV interval
’ programmings
* DF-1 connection if ICD therapy
required

* Electrical resynchronization affected
by septal scar

T

* Tailored AV and WV interval

programmings
* DF-1 connection if ICD therapy
required




leti sistemi pacingi
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His bundle pacing

Permanent, Direct His-Bundle Pacing

A Novel Approach to Cardiac Pacing in Patients With
Normal His-Purkinje Activation

Pramod Deshmukh, David A. Casavant, Mary Romanyshyn and ; 4 _ PPM-L
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His bundle pacing dezavantajlari

e Uzun prosedur suresi

* His demetinin fibroz bir kilif ile kapli olmasi sonucu penetrasyon
zorlugu

* Yuksek esikler

e Dusuk R dalgasi

* Atrial oversensing

* Sol dal blogu varliginda QRS normalizasyonunda basarisizlik

* Akut ve kronik dislodgement ve esik ylkselmesi



Sol dal pacing (LBBP)
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Case Report

A Novel Pacing Strategy With Low and
Stable Output: Pacing the Left Bundle
Branch Immediately Beyond the
Conduction Block

Weijian Huang MD, FHRS ® © &, Lan Su MD ©, Shengjie Wu MD °, Lei Xu MD °,
Fangyi Xiao MD ©, Xiaohong Zhou MD ®, Kenneth A. Ellenbogen MD, FHRS ©




LBBP

Medtronic SelectSecure™ model 3830 (Medtronic Inc.) : 4.1 F, limensiz, kateter ile yerlestirilen, fiks
aktif fiksasyon heliksli lead

The C315 His sheath

B Fulcrum Sign
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Neden CRT’de ileti sistemi pacingi ihtiyaci?
* BIVP ile non response rate (% 30-50)

* Non-fizyolojik resenkronizasyon ile repolarizasyon dispersiyonu ve QT
uzamasi > torsade de pointes?

* Koroner sinus dallarinin uygun anatomiye sahip olmamasi, venoz
kapakcik ve darliklar, ince kalibrasyon

* Koroner sinlis perforasyonu/diseksiyonu
* Frenik sinir uyarimi, yiksek esikler, CS lead’inde dislodgement

 Skar bolgesinden uyarinin faydasiz olmasi



CRT icin ilk tercin CSP olmal



Koroner sinUs pacing ile ile CRT

* Kilavuz énerisi standard tedavi

* Son yillara kadar tek CRT metodu

* Halen en sik kullanilan CRT metodu

* Bilgi-tecribe ve takip yonunden ciddi bir birikim olustu



>

All-cause mortality

\\

© O
Q QO

Event-free rate (%)
D =~
e e

Wy gaﬁ}fé%'fga‘gk_up — Hazard Ratio 0.66 (95% Cl 0.57-0.77)
40 ] T T T T T T T T T
0 6 12 18 24 30 36 42 48 54
Subjects at Risk Number of months post-implant

CRT: 2023 1678 1331 1155 980 737 586 418 286 205
Control: 1849 1440 1163 1033 899 686 532 369 247 186

B All-cause mortality/HF hospitalization
10
< 901 Hazard Ratio 0.65 (95% CI 0.58-0.74)
@ o
5 80]
8 707
5 60
& 1|~ CRT-P/CRT-D
501 |—— OMT/ICD/back-up pacing
407 . ' T - . ; , , :
0 6 12 18 24 30 36 42 48 54
Subjects at Risk Number of months post-implant

CRT: 2023 1592 1234 1044 771 543 401 306 230 169




Group
Overall

ICD subject

Gender

Age

NYHA

LVEF

Morphology

Systolic BP

Ischaemic

Beta-blockers

Deaths/total subjects
(662/3872)

Yes (366/2437)
No (296/1435)

Male (534/3004)
Female (128/868)

<58 (100/980)
58-66 (150/967)
66-72.5 (181/964)
>72.5(231/961)

11(229/1877)
I (386/1849)
IV (47/146)

<15 (97/365)
16-20(143/784)
21-30(352/2162)
31-35(32/318)
>35(17/174)

LBBB (528/3036)
RBBB (65/346)
Neither (54/467)

<105 mmlHg (224/976)
106-116 mmHg (166/961)
117-130 mmHg (185/1168)
=130 mmHg (86/751)

Yes (458/2232)
No (204/1640)

Yes (477/3006)
No (185/866)

Hazard ratio (95% confidence intervals)

0.66 (0.57, g

0.2

+ U7/)
—o— 0.69 (0.56, 0.85)
e 0.63 (0.5, 0.79)
—:p— 0.68 (0.57, 0.8)
- 0.58 (0.41, 0.84)
- 0.55 (0.37, 0.83)
. 0.71 (0.51, 0.98)
—_—. 0.64 (0.48, 0.86)
—?— 0.68 (0.52, 0.88)
- e 0.62 (0.48, 0.8)
—_—— 0.69 (0.56, 0.84)
- 0.58 (0.32, 1.05)
-- 0.62 (0.41,0.92)
—.— 0.57(041,0.8)
—— 0.75 (0.6, 0.92)
- 0.52(0.25, 1.08)
—. 0.75 (0.28, 2)
— 0.66 (0.55, 0.78)
. 0.74 (0.44, 1.23)
: - 0.82(0.48, 1.41)
—_— 0.75 (0.57, 0.97)
- 0.66 (0.48, 0.89)
—. 0.59 (0.44, 0.79)
.- 0.61 (0.4, 0.94)
—_— 0.68 (0.56, 0.81)
—_—- 0.55(0.41,0.74)
- 0.67 (0.56, 0.8)
—_—— 0.67 (0.5, 0.9)
| | | |
05 1.5 2
Resynchronization better OMT = ICD better



Group
Overall

ICD subject

Gender

Age

NYHA

LVEF

Morphology

Systolic BP

Ischaemic

Beta-blockers

Subjects with events/total subjects

(1082/3872)

Yes (682/2437)
No (400/1435)

Male (871/3004)
Female (211/868)

<58 (211/980)
58-66 (242/967)
66-72.5 (311/964)
>72.5(318/961)

11 (441/1877)
111 (577/1849)
IV (64/146)

<15 (130/365)
16-20 (248/784)
21-30 (600/2162)
31-35(57/318)
>35(27/174)

LBBB (827/3036)
RBBB (115/346)
Neither (123/467)

<105 mmHg (346/976)
106—116 mmHg (282/961)
117-130 mmHg (297/1168)
>130 mmHg (153/751)

Yes (722/2232)
No (360/1640)

Yes (799/3006)
No (283/866)

Hazard ratio (95% confidence intervals)

—_——

0.65 (0.58, ™=

0.70 (0.6, 0.82)
0.58 (0.47,0.71)

0.69 (0.6, 0.79)
0.50(0.37, 0.66)

0.61 (0.46,0.81)
0.70 (0.54,0.9)

0.65 (0.52,0.82)
0.62 (0.49, 0.78)

0.63(0.52,0.76)
0.67(0.57,0.79)
0.52(0.32,0.87)

0.59(0.41,0.83)
0.56 (0.43,0.72)
0.71 (0.6, 0.83)
0.69(04,1.17)
0.56 (0.26, 1.23)

0.61 (0.53,0.7)
0.94 (0.65, 1.37)
0.95 (0.66, 1.36)

0.70 (0.57. 0.87)
0.68 (0.54,0.86)
0.56 (0.44,0.71)
0.61 (0.44,0.85)

0.69 (0.6, 0.8)
0.54 (0.44,0.67)

0.65 (0.56, 0.74)

|
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|
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I0.68 (0.54,0.87)
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Sorun ne?

* Non-response



CRT ile non-response

* % 30-50 hasta
* Universal bir tanimi yok

e Subjektif degerlendirmeler baz alinarak hesaplanirsa daha yuksek,
ancak remodeling ve sonlanim noktalari baz alinirsa daha dustk

* Semptomatik iyilesme her zaman ekokardiyografik ya da fonksiyonel
iyilesme ile paralel degil

* Remodelingin ne zaman degerlendirilmesi gerektigi ile ilgili de fikir
birligi yok



Factors associated with Interventions associated with

suboptimal CRT response Prevalence improved CRT response

- Suboptimal AV timing — . ::vi(::w optimization: echo, ECG or
- Arrhythmia _ -::m::seraoy or electrophysiological
- Anemia - ———] - Iron therapy, transfusion, etc,

- <90% biventricular pacing === Ry s L M
- Suboptimal LV lead position 'gdlm mlzmsqwdripow lead/multipolar
e e
. Persistent Mechanical ¢ hrony - -::dl::;l mi:nam;quadripow lead/multipolar
- Underlying narrow QRS = - Consider withholding CRT pacing
- Compliance issues | - HF education
- Primary RV dysfunction F



Non-responder oranlarini azaltma stratejileri

* Hasta seciminin optimizasyonu

QRS > 150 ms + LBBB

Non-iskemik KMP, ciddi skar yiikii olmayan hasta secimi

Skar gorintileme (MR)

Dissenkroninin ekokardiyografik olarak degerlendirilmesi ve en ge¢ bolgelerin belirlenmesi
Elektriksel gec¢ bolgelerin belirlenmesi

* Lead yerlesimi ve tipi
* Postero-lateral/lateral dallar ve bazal-mid miyokardiyal segmentler
* Apikal uyaridan kacinmak
* Frenik sinir uyarimini
e Kuadripolar (multipoint pacing)
* Multisite pacing
* Leadless endokardiyal LV pacing
* Endokardiyal LV uyarimi

AV ve VV optimizasyon
LV Pacing oraninin artirilmasi

Atrial ve ventrikiler aritmi yuktnun azaltilmasi
* Antiaritmik, ablasyon, AVNA



Elektriksel aktivite gecikmesi ve goruntileme

* Gecikmis elektriksel aktivasyonun belirlenmesi
e Akut hemodinamik yanit arastirmasi

e Skar yuku ve lokalizasyonu belirlenmesi

* Elektriksel ve mekanik haritalama



Cardiovascular death or hospitalisation for heart failure "
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Eur Heart J, Volume 28, Issue 1, January 2007, Pages 33—-41, https://doi.org/10.1093/eurheartj/ehI379
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Multipoint LV pacing

* Kuadripolar leadlerin kullanima girmesi ile mimkun hale geldi

* Kuadripolar Lead boyunca multiple LV noktasinin uyarilmasi sonucu daha
genis bir eksitable miyokardium capture mimkin

e Akut hemodinami ve kontraktilite Gizerinde anlamli etkiler

10 LV Confiqurations
D1 - M2
D1 - P4
D1 - RV coil
‘M2 - P4
‘M2 - RV coil

Q@ =
- = ‘M3 - M2
’ /A ) ‘M3 - P4
3 ‘M3 - RV coil
Z-\ P4 — M2

‘P4 - RV coil




Graphical abstract

MultiPoint pacing in non-responders to CRT:

The MORE CRT MPP trial

CRT responders/non-
responders at 6 months of
biventricular pacing

CRT
non-responders
CRT 39.3%
responders 1463/3724
60.7%
(2261/3724)

~

Exit trial

Followed through
12 months

Randomized
1:1

|

Outcome

MPP

v

Non-responder to responder
conversion rate
in ITT patients
60% -
50% |
SOZeR P=0.743

30% |

% of patients

20% -

10% |

0% -

M MPP arm W BiV arm

v

Non-responder to responder
conversion rate
in ITT patients with V pacing > 98%
60% -
50% P=0.043

40% -

30% -

% of patients

20% -

10% -

0% -

m BiV arm

M MPP arm

Europace, Volume 25, Issue 10, October 2023, euad294, https://doi.org/10.1093/europace/euad294

The content of this slide may be subject to copyright: please see the slide notes for details.
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Multipoint pacing arti optimal Lead pozisyonu
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MPP + optimal Lead poziasyonu ile LV volime index ve NYHA'ya gore responder orani sirasiyla % 90 ve 95

Zanon F. Heart Rhythm, 2016-08-01, Volume 13, Issue 8, Pages 1644-1651



LBBP



LBBB

* Basari oranlari % 89-97
 HBP’e gbre daha kolay prosedur
* Non responder rate %11-15

* Komplikasyon oranlari % 10’lara yakin



Left bundle branch area pacing vs biventricular pacing |[® creccrorupastes
for cardiac resynchronization: A systematic review and
meta-analysis

Amman Yousaf, MD,** Soban Ahmad, MD,* Joshua Peltz, MD,"

Muhammad Junaid Ahsan, MD,* Kirellos Said Abbas, MBBCh,"

Shoaib Muhammad, MBBS,'! Christopher Watson, MD, " Zain UL Abideen Asad, MD, MS,*
Michael H. Kim, MD, MMM, FHRS**

From the *Department of Medicine, McLaren Flint-Michigan State University, Flint, Michigan, +Department
of Medicine, East Carolina University, Greenville, North Carolina, *Division of Cardiology, lowa

Heart Center, Des Moines, lowa, *Department of Medicine, Alexandria University, Alexandria, Egypt,
"Departmenr of Medicine, Gulab Devi Hospital, Lahore, Pakistan, 1'Departmenr of Medicine, University

of Oklahoma Health Sciences Center, Oklahoma City, Oklahoma, and **Department of Medicine,
Creighton University and CHI Health, Omaha, Nebraska.

LBBAP versus BiVP for CRT: A Systematic Review and Meta-Analysis

Methods Results Conclusion

Data Search 3004

) Compared to BiVR
S MEDLINE Studies. w1} Patients ‘\ﬂ LBBAP jated
| LeftBundle Branch Area | ¢ = —g I X was associate
| i cogle 1242 =)y 1762 | with better
Pacing (LBBAP) Google Scholar LBBP ' BiVP
Scopus .
e ehane \ elecfrc.)mechamcal and
clinical outcomes,

LBBAP Showed

a Upto May 22, 2023 including heart failure

Biventricular Pacing (BiVP) Improved Reduced hospitalization, and all-
 — 4 Calculated S S o
LVEF QRS Duration cause mortality in
Risk Ratios o e : :
\ Standardized Mean Difference NYHA Class HF Hospitalizations p atle_nts with leﬂi
" Left Ventricular Systolic Survival Pacing Threshold ventricular systolic
> Dysfunction RevMan version 5.4 software failure.

Yousaf A. Heart Rhytm 02 Nov 2023; 4 (11):671-680



Mean

follow-up
Study Country of Total duration NOS
First author, year design origin cohort LBBAP BiVP (mo) CRT criteria used score
Guo et al, 2020° Prospective  China 42 21 21 143 QRSd >150 ms, typical LBBB 8
Li et al, 2020 Prospective  China 81 27 54 6 LBBB (QRSd N/A) 7
Wang et al, 2020° Prospective  China 40 10 30 6 QRSd =140 ms (men) and 7
>130 ms (women), typical
LBBB
Wu et al, 2021’ Prospective  China 86 32 54 12 Typical LBBB (QRSd N/A) 8
Liu et al, 2021"° Prospective ~ China 62 27 35 6 QRSd >150 ms, typical LBBB 7
Chen et al, 2022"° Prospective ~ China 100 49 51 12 QRSd >150 ms, typical LBBB 8
Hua et al, 2022"" Prospective  China 41 21 20 23.71 QRSd >150 ms, typical LBBB 8
Wang et al, 2022*¢ RCT China 40 20 20 6 QRSd >140 ms (men) and N/A
>130 ms (women), typical
7 LBBB
Liang et al, 2022" Retrospective China 491 154 337 31 QRSd >130 ms 8
Rademakers et al, 2023'“ Prospective  The Netherlands 80 40 40 6 QRSd >150 ms, typical LBBB 7
Ezzeddine et al, 2023'®  Retrospective United States, 169 50 119 8 (LBBAP) and QRSd >120 ms 8
Spain, Canada 10 (BiVP)
Vijayaraman et al, 2023"’ Retrospective North America, 1778 797 981 33 NYHA II-1V, LVEF <35%, and 8

Asia, Europe

indication for CRT or

expected V-pacing >40%




A Improvement in LVEF

LEEP give Stel. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Welght IV, Random, 95% Cl_ Year IV, Ramdom, 95% CI

Guo et ol 2020 205 96 21 154 n2 2 4% 0.48 [-0.13, 1,09 2020 -
Lietal, 2020 155 6.6 27 718 72 54 6.8% 1.09 10.60, 1.58] 2020

Wang et al, 2020 189 6.7 10 13 208 30 35% 0.51 [-0.41, 1,03] 2020 pm—
Wu et ¥ 2021 24 1211 32 168 15.7 54 B.1% 0.49 10.05, 0.94] 2020

LUu et al, 2021 172 93 27 137 115 35 6%% 0.55 [-0.18, 0.83] 2021 -
Chen et al, 2022 209 118 49 152 10 s1 9.5% 0.5210.12, 0.92] 2022

Mua et al, 2022 157 146 21 128 111 20 4% 0.22 |-0.40, 0.83] 2022 —
Wang et al, 2022 21.1 142 20 156 109 20 4.5% 0.43 [-0.20, 1.05] 2022 —

Rademakers et al, 2022 152 11.7 40 96 121 40 B80% 047 10.02,091] 2022
Vijayaraman et al, 2023 13 12 797 10 12 98 32.1% 0.2510.16, 0.34] 2023

“"‘H|HH|

Ezzeddine et al, 2023 10 125 44 73 94 119 11.6%  0.26[-0.09, 061 2023 .
Total (95% C1) 1088 1425 100.0% 040 [0.25, 0.54)
Huterogeneity: Ta' = 0.01, Chi* = 13.91, df = 10 (P = 0.18), F' = 28X T R
Test for overall effect: Z = 5.44 (P < 0.00001) Favours BIVP Favours LESP
B Echocardiographic response rate

LssP Bive Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI _Year M-H, Random, 95% C1
Ui et al, 2020 24 27 36 54 B85% 1.33 [1.06, 1.68) 2020
Wang et al, 2020 10 10 19 30 5.8% 1.52 [1.12, 2.05) 2020
Wu et al, 2021 0 32 33 54 BS% 1.53[1.22, 1.93) 2020
Guo et al, 2020 19 21 17 21 7.6% 1.12 [0.87, 1.43] 2020 —r—
Lius €1 al, 2021 24 27 24 35 7.8 1.30 [1.00, 1.68] 2021 f———
Rademakers et al, 2022 25 29 28 36 8% 1.11[0.88, 1.39] 2022 —t—r—
Chen et al, 2022 42 4 41 51 12.0% 1.07 [0.89, 1.27] 2022 —
Wang et al, 2022 18 20 18 20 9.9% 1.00 [0.81, 1.23] 2022 ———
Ezzeddine « al, 2023 32 44 57 95 798 1.21 [0.95, 1.55] 2023 T
Vijayaraman et al, 2023 492 667 495 757 23.9% 1.13 [1.05, 1.21] 2023 iy
Total (95% CI) 926 1153 100.0% 1.19 1110, 1.29] -
Total events 716 768
Heterogeneity: Taw' = 0.01; Chi’ = 1467, &f = 9 (P = 0,10); ¥ = 39% °¢s 097 1:5 S
Test for averall effect: Z = 4.22 (P < 0.0001) " Favours BIVP Favours L8P

C Improvement in NYHA functional class

LBBP VP Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SO Total Meas SO Total Weight IV, Randem, 95% O Year IV, Random, 95% C1I
Wu e al, 2021 -15 06 32 -09 11 54 13.2% -0.63(-1.08, -0.18] 2020 —_—
Guo et #, 2020 -1.7 08 21 -1% 07 21 88%  -0.26[-0.87,035] 2020 ———
Wang et al, 2020 -14 07 10 -12 07 30 68% -0.28]-1.00,0.4¢] 2020 —_t—
Liu et al, 2021 -16 06 27 -09 08 35 1065 -0,96(-1,49, -0.43] 2021 ——
Rademakers etal, 2022 ~-1.2 0.7 40 ~11 09 40 135% -0.12(-0.56,0.32] 2022 —_1
Mua et al, 2022 117 09 21 -111 07 20 87 -007[-069,054) 2022 —_——
Wang et al, 2022 <122 011 20 -11 011 20 7.7% -1.07[-1.74, -0.40] 2022 —_—
Vgsyaramanmetal, 2025 08 08 797 -05 09 981 30.7% -0.35[-0.44, -0.26] 2023 -
Total (95% CI) 968 1201 100.0% -0.44 [-0.65, -0.23] B
Heterogentity: Tau” = 0.04; Ch' = 12.71, of = 7 (P = 0.08); ' = 45% .3: _3‘ ;

Yest for overall effect: 2 = 408 (P < 0.0001) Favours LBBP l’nwr!lllw



LBBP ile ilgili belirsizlikler

e LBBP yeni bir teknik, uzun donem sonuclara ait takip verisi yok

* Non-response rate?

e KY hastalarinda veriler gozlemsel calismalardan ve bu nedenle
selection bias’e acik, sadece 1 adet randomize calisma

e Septal skar olan hastalarda LBBP etkinlik?
e AV tam blok hastalarinda sag ventrikil dissenkronisi?

e Selektif LBBP ile stimUle sag dal blogu paterni ile potansivel
interventrikiler dissenkroni?

e Distal sol dal ya da dalcik bloklarinda senkronizasyon

e Diffiiz intraventrikiiler iletim gecikmesinde senkronizasyon?




Sl i e T * Sonuclar NIKMP hastalarina
40juc aters sinirl
Randomizaton (1) * Primer son noktalar
kardiyovaskuler olaylar ya da
(95% C1: 0.3-10.9) . .
T mortaliteyi kapsamiyor

?

* Orneklem kiicuk, power yalnizca

Change of LVEF from Baseline (%)

o LVEF’'deki degisimleri
i L belirlemeye yeterli, bircok p
e Y — degeri sinira yakin

Intention-to-Treat btecoll Intention-to-Treat

(n=20) (n=20)

Wang Y, et al. J Am Coll Cardiol. 2022;80(13):1205-1216. ¢ Ta ki p g(.j re Ce k I S a




Sag dal blogu olan hastalarda LBBP?

* Yuksek outputlu bipolar pacing ile Ring (anodal) capture ya da ylksek
outputlu unipolar pacing ile komsuluk yolu ile sag dalinyakalndigina ve
RBBB’nin dizeltildigine yonelik veriler var

* |leri calismalara ve sonlanim noktalarina bakmak lazim

* RBBB veya non-LBBB olan ve QRS’i ileri derece genis hastalarda BIVP
su anda daha 6nde goérunuyor



Distal iletim gecikmesi olan hastalarda LBBP?

e Distal LBB, LV purkinje agi ya da miyokardiyumda ileti gecikmesi
durumunda LBBP fizyolojik aktivasyonu dizeltme kabiliyeti azaliyor

* Hastalarin 6nemli bir kisminda sadece sol ventrikuler septal
miyokardiyal capture olusabiliyor, bu da LV lateral duvar
aktivasyonunda kucuk ancak potansiyel olarak énemli bir non-
fizyolojik gecikme meydana getirebilir.



Kalp yetersizliginde LBBP ile ilgili belirsizlikler

* Bu hastalarda septal fibrozis implantasyon basarisini dustruyor
* LV ve QRS genisledikce implantasyon basarisi azaliyor

* Dedicated implant ekipmaninin ve LBBP implantasyon prosedurunin
gelistirilmesi gerekli

* Septal fibrozis durumunda daha proksimal veya distalden pace?
Koroner sinus pacing?
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Prospective, multicenter, 2533 14
2 registry-based observational study Participants European centres

LBBAP implantation success
Bradycardia indication success ~ 92.4%

< Heartfailure indication success  82.2%

LBBAP lead complications 8.3%

e =5 ¢ Acute perforation to LV 3.7%

dies LBBP ; * Lead dislodgement 1.5%

' g * Acute chest pain 1.0%

e Capture threshold rise 0.7%

* Acute coronary syndrome 0.4%

Independent predictors of LBBAP lead implantation failure * Trapped/damaged helix 0.4%
Heart failure indication OR 1.49, 95% ClI 1.01-2.21 * Delayed perforation to LV 0.1%
Baseline QRS duration, per 10 ms  OR 1.08, 95% Cl 1.03-1.14 e Other 0.7%

LVEDD, per 10 mm increase OR 1.53, 95% Cl 1.26-1.86

Jastrzebski et al. Eur Heart J. 2022 Oct 21; 43(40): 4161-4173.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9584750/

Variables Unsuccessful LBBAP | Successful LBBAP p Value
N=36 N=305

Age (years); Mean + SD 70.8 £10.7 722+12.1 0.53

26 (72%) 182 (60%) 0.20
16 (44%) 85 (28%) 0.05
14 (39%) 92 (30%) 0.34
6 (17%) 31 (10%) 0.25
4 (11%) 46 (15%) 0.80

Left Ventricular Dysfunction 17 (47%) 61 (20%) 0.001*
(EF<50%)

- ---
1

Males (%) 28 (78%) 159 (52%) 0.004*

8 (23%) 31 (10%) 0.047
)

Intra Ventricular Conduction 4(11% 16 (5%) 0.14
Delay

69 (23%)

Sadala SK. JACC: Clin Electrophysiol, 2020: 6-14; 1773-1782



TABLE 1 Baseline Characteristics
Successful  Unsuccessful
All Patients Lesp Leep
(N -325) (n-277) (n - 48) p Value
Age nN+12 70 £13 75+8 0.03
Female 13 (35) 101 (36) 12 (25) 0.07
Medical history
HTN 224 (69) 188 (68) 36 (75) on
DM 113 (35) 100 (36) 13 (27) 0.08
CAD 161 (50) 126 (46) 35 (73) 0.01
AF 184 (57) 166 (60) 18 (3B) 0.01
Ischemic cardiomyopathy 144 (44) 14 (47) 30 (63) 0.01
Baseline NYHA functional class Il or IV 209 (64) 184 (68) 25 (52) 0.24
Baseline NYHA functional class 27+£07 27+ 07 25+ 07 0.92
Echocardiographic parameters
LVEF 32+12 33+£10 27 £10 0.06
LVEDD, mm 57 +£10 56 +9 61+9 0.03
LVESV, ml Nns+£70 114 = 68 124 = 81 0.45
LVEDV, ml 170 + B6 169 = B4 175 + 90 0.8
LA volume index, ml/m? 58 = 22 58 + 23 59 +£16 0.92
IVSD, mm nN6+£3 n4 +£2 14+£3 0.04
Electrocardiographic parameters
Baseline QRS duration, ms 154 + 32 152 = 32 169 + 35 0.02
Baseline QRS duration >150 ms 198 (61) 168 (62) 30 (63) 0.86
LBBB 126 (39) 116 (42) 10 (21) 0.02
RBBB 54 (17) 48 (17 6 (13) 0.81
vCoD 49 (15) 32(12) 17 (35) 0.02
RV paced 48 (14.5) 36 (13) 12 (25) 0.06
Narrow 48 (14.5) 45 (16) 3(6) 0.62

(Vijayaraman et al. ] Am Coll Cardiol EP 2021;7:135-47)



Lead ile ilgili potansiyel sorunlar

Lead kirig
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* Koroner yaralanma

Ravi V, Hanifin JL, Larsen T, Huang HD, Trohman RG, Sharma PS. Pros and Cons of Left Bundle Branch Pacing: A Single-Center Experience. Circ Arrhythm
Electrophysiol. 2020 Dec;13(12):e008874. doi: 10.1161/CIRCEP.120.008874. Epub 2020 Nov 16. PMID: 33198496.



Lead kirig

Fulcrum Sign

Fulcrum isareti: lead septuma dayandiginda ring
bolgesinde olusan destek noktasi

Septumda derine ilerlemek icin lead Gzerinde
ekstra mekanik stres uygulaniyor

Konduktor kirigi riski!

Her ne kadar 10 yillik lead kirik orani tahmini %
0.02 hesaplanmis ve mevcut RV lead’lerinden
farkl olmasa da, ve kisa-orta donem sonuglar kirik
riskinin artmadigina isaret etse de mevcut lead
septuma girsiteki destek noktasindaki mekanik
strese dayanmak icin Uretilmemis ve bu nedenle
henuz uzun donemli lead performansi ve
guvenilirlik verisi de elimizde yok

infektif endokardit durumunda ekstraktibilite ile
ilgili veri yok

Cardiovasc electrophysiol, Volume: 34, Issue: 3, Pages: 718-725, First published: 04 February 2023, DOI: (10.1111/jce.15843)




Microdislodgement ve sag ventrikller septal
capture

* Normal LVEF ve/veya disuk pacing ylki olanlarda sorun olmayabilir

* Ancak disiik LVEF ve/veya ylksek pacing ylikii olanlarda, bazalde
LBBB olanlarda potansiyel problem, bunlarda lead revizyonu gerekli



Prosedurel komplikasyonlar

e Ortalama 10-15%

* Naturul geregi en blyuk kaygl septum ve septumdan gecen vaskiiler
yapilarla ilgili kaygilar

 Septal perforatorler ye da LAD’nin kendisinde yaralanma, okulizyon
* Gogus agrisi, ST elevasyonu ya da troponin yuksekligi % 1
* AKS orani % 0.4 > genellikle benign seyirli

e Septal perforator oklizyonu (septal ST elevasyonu)
e Koroner arter spazmi (yaygin ST elevasyonlari)

* LV kavitesine akut perforasyon % 0.3-6.0. Genellikle ciddi duruma yol
acmiyor ancak lead’in farkli bir yere vidalanmasi elzem




LV kavitesine gec perforasyon % 0.1-0.4, potansiyel olarak ciddi bir
durum, stroke veya periferik embolizme yol acabilir. Lead repozisyonu
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Ravi V, Hanifin JL, Larsen T, Huang HD, Trohman RG, Sharma PS. Pros and Cons of Left Bundle Branch Pacing: A Single-Center Experience. Circ Arrhythm
Electrophysiol. 2020 Dec;13(12):e008874. doi: 10.1161/CIRCEP.120.008874. Epub 2020 Nov 16. PMID: 33198496.



MELOS

Complications attributed to the transseptal route of the pacing lead

Intraprocedural perforation into the LV cavity
Delayed perforation into the LV cavity

Acute chest pain

Acute ST-segment elevation in multiple leads
Acute coronary syndrome <

Coronary vein fistula

Coronary artery fistula

Painful pacing/chest pain

LBBAP lead unscrewable/trapped/damaged helix
LBBAP lead dislodgement

Threshold rise to an absolute value =2 V
Threshold rise = 1 V from baseline

Threshold rise leading to re-intervention
Stroke/TIA

Summary

93 (3.67%)
2 (0.08%)
25 (0.98%)
6 (0.24%)
11 (0.43%)
7 (0.28%)
2 (0.08%)
4 (0.16%)
11 (0.43%)
38 (1.5%)
17 (0.67%)
18 (0.71%)
4 (0.16%)
0 (0)

209 (8.25%)




JACC Clin Elecrtrophysiol. 2020; 6: 1337-1338.



Sonuc olarak

* Randomize kontrolli calisma datasi gelene

* Ozellikle kalp yetersizligi, septal fibrozis ve dilate LV’si olan hastalarda
prosedurel basarinin artana

* Non-response rate ve iliskili faktorler belirlenene
* Uzun dénemli sonlanimlar bildirilene
e Sag dal blogu ve distal iletim blogunda LBBP yeri aydinlatilana kadar

e Komplikasyonlarin natirintn ve sikliginin aydinlatilmasi ve
yonetimleri konusunun yerlesmesine kadar

Koroner sinus pacing ilk tercih olmali, prosedur feasible, basarili, veya
optimal degilse ya da hasta non-responder ise LBBP tercih edilmeli.






LOT-CRT

LOT CRT Left bundle branch area pacing (LBBAP) optimized CRT is feasible, safe and
provides greater electrical resynchronization in comparison to BiV-CRT.
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