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Pacing Indications

Indication Pacing option

Bradycardia Right ventricular apical pacing
RV septal pacing
Outflow tract pacing
Biventricular pacing

SEOUL NATIONAL UNIVERSITY HOSPITAL



MOST trial

DAVID trial
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Dual Chamber and VVI Implantable Defibrillator Trial

Cumulative Probability

No. at Risk

DDDR
VVI

Death or First Hospitalization for
New or Worsened CHF

4 T Rolative Hazard 5% O). 161 (106244 ] VP 60%
0.3-
VP 3%

0.2
0.1

0 6 2 18

Time, mo
250 159 76 21
256 158 90 05

Dual-Chamber Rate-Responsive Pacing (DDDR)
Ventricular Backup Pacing (VVI)

v ICD indication but No indication for PPM

v’ EF <40%

v" DDDR 70 BPM versus VVI 40 BPM

Sweeney M, Circulation 2003; Willkoff BL, JAMA 2002



Predictor of pacing induced cardiomyopathy
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PIC IS common

Pacing-induced cardiomyopathy (PIC) in Major Trials
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DAVID (2002)

MOST (2003)

Thambo et al {2004)

Kachboura et al (2008)

LZhang et al (2008)

PACE (2009)

Dreger et al (2011)

Hori et al (20011)

Khurshid et al (2014)

Ahmed et al (2014)

Kiehl et al {201&)

Table 1

Incidence of heart failure and pacing-induced cardiomyopathy in studies of right ventricular pacing

Number of Follow-up

Permanent Pacemaker

Clinical Heart Failure/
Pacing-induced

Clinical Trial or Study Patients (Mean) Pacing Mode Implantation Indication| Cardiomyopathy
Rosenquist et al," 1988 168 4y AAL vs VI SND 15% vs 37 %
Andersen et al,"® 1997 225 8y AAI vs VVI SND 23 vs 42% (NYHA 1I1-1V]
DAVID,*® (2002) 506 8 mo DDD vs WVI - 23% vs 13%
(HF + death)

MOST,** (2003) 2010 2.8y DDD vs WI SND 12% vs 10%
Thambo et a_I‘3 2004 23 9.7y DDD Congenital AVB 13% (NYHA 1I-111)
Kachboura et al,*” 2008 43 18 mo DDD and VVI AVB 25%
Zhang et al,*" 2008 304 78y DDD and WVI AVB 26%
PACE," (2009); PACE,>" 163 1y DDD vs CRT SND and AVB —

(2011) 163 2y DDD vs CRT SND and AVB
Dreger et al,'® 2011 26 25y DDD AVB
Hori et al, 2011 367 113 mo DDD and WVI SND and AVB 16%
Khurshid et al,’” 2014 277 33y RVP SND and AVB 20%
Ahmed et al,** 2014 91 28 mo DDD and WVI AVB 31%
Kiehl et al,” 2016 823 43y DDD, WVI, AAl + MVP,  AVB 12%

DDI

Abbreviations: AVB, AV node block; PPM, permanent pacemaker implantation; SND, sinus nede dysfunction.

Studies of ventricular pacing showing a wide range of incidence of LV dysfunction and clinical HF with RVP.

Cherian TS, Upadhyay GA. Card Electrophysiol Clin. 2018.



We cannot solve this problem in “RV”

Univariate Multivariate
Factor Hazard ratio 95% CI P Hazard ratio 95% (I P
Male gender 2.38 1.28-4.41 006 2.15 1.14-4.,02 .02
Age (per 1y increase) 1.00 0.98-1.02 9
Body mass index (per 1 kg/m? increase) 0.99 0.95-1.03 6
Coronary artery disease 1.20 0.69-2.12 5
Atrial fibrillation or flutter 0.97 0.56-1.69 9
Hypertension 1.04 0.57-1.92 9
Diabetes 1.28 0.68-2.42 8
Heart block after cardiac surgery 0.67 0.36-1.24 2
p-Blocker use 0.72 0.41-1.28 3
ACE inhibitor or angiotensin receptor blocker use 1.11 0.64-1.94 i
Left ventricular end-diastolic diameter (per 1 cm increase) 1.12 0.71-1.74 6
Left ventricular end-systolic diameter (per 1 cm increase) 1.42 0.84-2.40 .2
Left ventricular ejection fraction (per 1% increase) 0.97 0.94-1.00 .05 0.97 0.95-1.00 .09
Heart rate (per 1 beat/min increase) 0.99 0.98-1.01 3
Left bundle branch block 1.21 0.44-3.38 7
Right bundle branch block 0.70 0.33-1.49 4
Native QRS duration (per 1 ms increase)” 1.03 1.02-1.05 <.001 1.03 1.01-1.05 <.001
Single-chamber ventricular pacemaker 1.25 0.58-2.67 8
Apical right ventricular lead location 0.62 0.34-1.13 1
Paced QRS duration (per 1 ms increase) 1.01 0.99-1.03 3
Ventricular pacing percentage (per 1% increase) 1.00 0.99-1.02 7
Variable Hazard ratio 95% CI P
Age at implant 1.01 0.99-1.03 .265
Sex: male 1.40 0.87-2.26 170
Atrial arrhythmia 1.20 0.75-1.92 454
Hypertension 1.55 0.90-2.65 Jd12
Lower preimplant LVEF 1.047 1.002-1.087 042
Apical lead placement 0.70 0.44-1.12 139
Paced QRS 1.00 0.99-1.01 545
>20% RV paced 6.76 2.08-22.0 .002

Khurshid S, et al. Heart Rhythm 2014
Kiehl EL, et al. Heart Rhythm 2016

SEOUL NATIONAL UNIVERSITY HOSPITAL



BIOPACE

BiV pacing for AV block to prevent cardiac desynchronization

Indications for V pacing, EF >40%

MORTALITY/HF HOSPITALIZATION | MORTALITY/HF HOSPITALIZATION
1810 patients / LVEF 55.4£12.2% (LVEF=50%)
- \ SRt vencricaler oV 571 patients / LVEF 41.2:8.8%
B ™ T \ —
\\\. y : .\'-. .
5 IQ\‘\\ . - _“-‘\
; i1 p(adjusted): 0.08, HR 0.871, 95%-O: [0.75; 1.01) | E | 4

- . . . . " o « . . . .
Time sOCe rancomization (months)
BioPaci BioPac

————

“Biventricular pacing disappoints in BIOPACE trial” 2014/9/1 ESC congress media

SEOUL NATIONAL UNIVERSITY HOSPITAL



BLOCK-HF

EF <40%, CAVB

Primary Endpoint (Mortality/HF/LVESVI)

904\
Biventricular pacing vs Right ventricular pacing 80
(N=349) (N=342) < 70
. 2 604
Primary Outcome & "
:3_) \ Biventricular pacing
Composite of death, urgent care E 401 -
45 : 8 0/0 visit for HF and LV remodeling 55 . 6 0/0 @ 30
HR 0.74 (95% Cl 0.60-0.90) 204 Right ventricular pacing =
10+
Secondary Outcomes 5
0 12 24 36 48 60 72
0 Death or urgent care visit 0 Months
33 = 5 /O 0.73 (95% CI 0.57-0.92) 40 » 6 /0 No. at Risk
Biventricular pacing 349 161 87 62 38 17 3
0 Hospitalization for heart failure 0 Right Yentricular 342 126 59 39 28 18 10
22 / 0 0.70 (95% Cl 0.52-0.93) 263 / 0 pacing

SEOUL NATIONAL UNIVERSITY HOSPITAL Curtis AB et al. N Engl J Med 2013



Pacing Indications

Indication Indication

Bradycardia Right ventricular apical pacing
RV septal pacing
Outflow tract pacing
His bundle pacing
Left bundle branch area pacing
- Left bundle branch pacing
- LV septal pacing

SEOUL NATIONAL UNIVERSITY HOSPITAL



Conduction system pacing

* Most physiological form of ventricular pacing

« Conduction occurs through native His-Purkinje system 95%  215%
* No pacing induced dyssynchrony iy Figre
QRS duration after pacemaker implantation Kaplan-Meier curves focrkgrima:y ::::ﬁ-cn:ise et
_ B P <0.001
« Both AV and VV synchrony can be achieved at the . 1 o——
Same tlme- _— g 90- Log-rank p = 0.05
£ 200 8|
£ 100 %
3 7 — LBBAP
Mean Mean — RV apex
0 125t123 ms 149il35 ms 60 | : | . |
LBBAP RV apex 200 L B,

SEOUL NATIONAL UNIVERSITY HOSPITAL Jastrzebski M, et al. EHJ 2022, Lee SR, Lee KY, et al. preliminary



His Bundle Pacing

Procedural Challenges Threshold Challenges

Success rates vary from 70-92% High pacing threshold in 10% at implant
Difficulty in fixation in 10% Unpredictable threshold increase in 10% at
Small target-requires precision follow-up

Limited tool set Lead revision ~5%

Lower success in infranodal, HV block Higher BBB correction thresholds

1% transient AV block, 2.5% persistent RBBB

Sensing Challenges

Smaller R waves (1-3mV)
Ventricular undersensing
Atrial oversensing

SEOUL NATIONAL UNIVERSITY HOSPITAL



Left bundle branch pacing

Stable, low thresholds

AVN

Pacing beyond the site of block ) p
roxima )/'

Distal HB

Large R waves, no oversensing

Bundle Branch

Septum

Left septal myocardial capture

SEOUL NATIONAL UNIVERSITY HOSPITAL



Clinical outcomes [Observational]

HBP vs. RVP
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LBBAP vs. RVP

703 patients with
pacemaker
implantations met
inclusion criteria

LBBAP RVP
(321 pts (382 pts)

Primary Composte Outcome
(Mortality, Heart fallure hospitalizations, or Upgrade to Biventricular Pacing)
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i
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Abdelrahman M, et al. JACC 2018; Sharma PS, et al. Heart Rhythm 2022



HBP vs. LBBAP in pacing indication [Observational]

HBP LBBAP
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Ongoing clinical trials

Clinical Trials

His-SYNC Il (LBBP vs BiVP) : LEFT HF (LBBP vs RVP)

(E:{)]
Death, HFH, LVEF>5% cv Death, HF Events (N= 1280)

e

|
|
His alt_2 (His/LBBP vs BVP) :
|
1
|
|

OptimPacing (LBBP vs RVP)

LVESV, Feasibility (N = 125) Death, HFH, PICM (N=683)

LEAP (LVS vs RVP)
Death, HFH, 10% LMEF (N=470)

His CRT (His/LBBP vs BVP)
In RBBB (N =120)

SEOUL NATIONAL UNIVERSITY HOSPITAL Adapted from EHRA 2023 Dr. Vijayaraman



PROTECT-SYNC: LBBAP vs RVP in patients with Vp>40% anticipated
:ClinicalTrials.gov ID: NCT05585411

PReventive Effect Of Left Bundle Branch Area Pacing Versus righT vEntricular paCing on All Cause
deaTh, Heart Failure Progression, and Ventricular dysSYNChrony in Patients With Substantial
Ventricular Pacing (PROTECT-SYNC): Multicenter Prospective Randomized Controlled Trial

ClinicalTrials.gov ID @ NCT05585411

Sponsor @ Yonsei University

. . . . . >
Information provided by @ Yonsei University (Responsible Party) Patients who is candidate for PM |mplantat|on and Vp>40%

anticipated (aged >19yrs)

Last Update Posted @ 2022-10-18

1:1

. Randomization
8 tertiary center

- Yonsei University Severance Hospital 450 patients LBBAP group RVP group

- Seoul National University Hospital With stylet driven leads
- Asan Medical Center
- Bucheon Sejong Hospital Screening (V0), 1, 3, 6, 12, 18, 24 (V1~V6) months follow-up
- Kyung Hee university Medical Center
- Seoul St. Mary Hospital

Primary analysis : Composite of All cause death + heart failure hospitalization + occurrence of pacing
- Chungbuk National University Hospital induced cardiomyopathy or an upgrading to biventricular CRT)

- Gyeongsang National University Changwon Hospital

SEOUL NATIONAL UNIVERSITY HOSPITAL



Pacing Indications

Indication Pacing option
Cardiac Resynchronization Biventricular pacing

His-bundle pacing
LBBB Left bundle branch are pacing
RBBB - Left bundle branch pacing
IVCD - Left ventricular septal pacing
Mixed disease LOT CRT
Right ventricular pacing HOT CRT

AV node ablation in AF

SEOUL NATIONAL UNIVERSITY HOSPITAL



Limitations of BVP for CRT

* Non-physiological RV endocardial and LV epicardial pacing
« Dependent on venous anatomy

* Phrenic nerve stimulation

« Scar related latency limiting BVP efficacy

« ~30% non-response or reduced response

« Minimal efficacy in RBBB, IVCD, normal QRS, AV block

* Opportunity to improve further

SEOUL NATIONAL UNIVERSITY HOSPITAL



CSP vs. BiV in pateints requiring CRT [Observational]

Clinical outcomes of CSP (HBP or LBBAP) compared to BiV pacing in pateints requiring CRT

A non-randomized, observational, retrospective, two-center study showed CSP improved clinical
outcomes when compared to BiVP in a large cohort of patients with class | or Il indications for CRT.

CSP was associated with significant reduction in the combined endpoint of time to death or heart
failure hospitalization (28.3% vs 38.4%; HR 1.52; CI 1.082-2.087; p=0.013).

Time to Death or Heart Failure Hospitalization

A Freedom from Death or HFH (All, N=477) B Freedom from Death or HFH (LBBB, N=247)
- N --- CSP L - CSP
gy T - BVP T — BVP
.,__H‘_\x - ; I S .
. 283% 20.8%
s — 3
2 8.4% 2
: 2
- | =
w w
£ £
= 3
o o
HR 1.52 (1.082-2.087); log rank P =0.013 HR 2.1 (1.237-3.525); log rank P =0.006
0 1 2 3 0 1 2 3
Follow-up (Years) Follow-up (Years)
BVP 219 158 110 59 141 105 73 59
csP 258 221 107 35 106 97 49 15

SEOUL NATIONAL UNIVERSITY HOSPITAL Heart Rhythm 2022



His resynchronization vs. Biventricular pacing

. o 18 pateints with HFrEF and LBBB: HBP + BiV
His Resynchronization Versus b A B

Biventricular Pacing in
Patients With Heart Failure and
Left Bundle Branch Block

Ahran D. Arnold, MBBS,** Matthew J. Shun-Shin, BMBCwy,** Daniel Keene, MBCuB,” James P. Howard, MB BCuir,* Intrinsic, unpaced QRS His bundle pacing Biventricular
S.M. Afzal Sohaib, MBBS, PuD,*" Ian J. Wright, BSc,” Graham D. Cole, MB BCu, PuD,’ asen) et Comeion) o
Norman A. Qureshi, MBBS, PuD,* David C. Lefroy, MB BCur,* Michael Koa-Wing, MBBS, PuD,*
Nick W.F. Linton, MBBS, PuD,” Phang Boon Lim, MB BChr, PuD,” Nicholas S. Peters, MBBS, MD,*

D. Wyn Davies, MBBS, MD,” Amal Muthumala, MB BCHIR, MD,”* Mark Tanner, MBBS, MD,*

Kenneth A. Ellenbogen, MD,! Prapa Kanagaratnam, MB BCuir, PuD,” Darrel P. Francis, MB BCuir, MD,*
Zachary 1. Whinnett, BM BS, PuD*
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0 40 + 0 - 40 0 -
@ [} [ B 20 °
s 2 204 3 0 3 3 |
£ -10- E £ 0 0 : R
= c ° ; n 'I' e 9 P ]0 b £ é
: s O i § 0 o £ o] E ¢ e 210 3
a -20 1 g N ; Type E 220 4 0 @ Nonischemic 5 5, 0 o o Nonischemic 3 :, 10
= *® i S ’ @ B
% a % -20 ~ & ® Nonischemic = g % -20 ¢ Previous M TEI - 5 T @ Previous MI 8 335 ! -|- @ Nonischemic
g 30 - 24 e £ 58 * c £4 107 a ah °1 ! :
= E % 40 e o Previous M| g -30 £ % N g g % @ l g : a7 ) © Previous MI
= 9 . g 9T 40 ° S 20- 20 g : E O—J“
S -40 & 3 5 ® T - a g ,
< 5 604 o ] 40 4 5 =4 a g g .
& o . = £ -60 1 -30 4 g £ o5
_50 i "‘E [m] [] ® 0 [a) °
° 801 0 80 30 40 BVP HBP 071
BVP HBP BVP HBP . o p

SEOUL NATIONAL UNIVERSITY HOSPITAL Arnold AD, et al. JACC 2018



His-SYNC pilot trial

EF 28%, NYHA II-1V patients with QRS>120 ms

41 patients enrolled and 175 - p= 0.002 10 -+ p= 0.33
underwent randomization !
p=011 +9.1
/ (1:1) \ 170 4 91
21 assigned to His-CRT 20 assigned to BiV-CRT 165 - 8
. 7
1 withdrawal after 1
™1 randomization 160
10 crossed over to BiV-CRT B 1
* Failureto achieve QRS | _ | o _____ - 5 crossed over to His-CRT 155 - +5.2
narrowing <130ms = 3 1 * Unable to cannulate = 2 g
« No correction due to s i ki B Suboptimal CS target
IVCD = 5 : ! branch = 2 150 4
+ Inability to map His = 2 : : + Vascular occlusion = 1 4 1
1 [} .
+ i 145 3
11 received His-CRT 14 received BiV-CRT
per-protocol per-protocol 140 - 7 4
16 His-CRT as treatment- 24 BiV-CRT as treatment-
received received 135 4 14
130 - - 0 -
BiV-CRT His-CRT BiV-CRT His-CRT

SEOUL NATIONAL UNIVERSITY HOSPITAL Upadhyay GA, et al. JACC 2019



His-Alternative trial

EF <35%,

NYHA II-1V, LBBB,
ORS >130-140ms

50 patients
LVEF s35%

BiV-CRT arm

-

NYHA 1I-IV OMT
LBBB

25 patients

3

cereen JBNV2B%) 118 His (72%)
24 Biv (96%) : 1 His (4%) i
vy v v
BiV-CRT His-CRT
Per-protocol Per-protocol
31 patients 19 patients
v '
BiV-CRT His-CRT His-CRT
Per-protocol Per-protocol Intention-to-Treat
31 patients 19 patients 25 patients

Implantation
(V at 1 ms dur)

Pacing Thresholds

LV-leads (n =31)

: His-leads (n = 19)

* p <0.05 baseline vs. 6-months FU

SEOUL NATIONAL UNIVERSITY HOSPITAL

6-month FU
(V at 1 ms dur)

15:06*

2.4+16* :

+p <0.05 His-leads vs. LV-leads

QRS Intention-to-Treat NYHA Intention-to-Treat

ns ns

T T
p <0.00N p<0.00 3 p <0.001 p <0.001
]80 e P § | s | ~
160 2.5
140 2
120
100 1.5
80
60 L
40 0.5
20
0 0
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LVEF Intention-to-Treat LVESV Intention-to-Treat
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50% r 1 P r 1 140 P r Y P r J
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25%
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Vinther, M. et al. JACC EP 2021



LBBP-CRT vs. BiV CRT [Observational]

Comparison of LBBAP to Biventricular Pacing in Candidates for Resynchronization Therapy

CRT Population N Figure 4: Change in QRS duration and Functional class following CRT
YEART Rotv T
(N =1778) )
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LBBP-RESYNC

EF <35%, NYHA II-1V, LBBB, QRS >130-140ms

40 NICM Patients
SR + CLBBB

andomization (1:1;

LBBP-CRTP

LBBP-CRTD

‘ DF only Late
Treatment Effect at 6 Months:5.6 - A
(95% CI: 0.3-10.9)
Intention-to-Treat Analysis

Q 30- P=0.039 30 -
= - Treatment Effect: 5.6
£ s (95% Cl: 0.3-10.9) 211
2 == 20 P =0.039 :
‘2 20~ > 16.5 15.6
g B
= % 10 116

Crossover E 109 E
o (]
QL
2 0 : .
o
5 0 T . 0 3 6

LBBP-CRT BiVP-CRT Months Since Intervention
LBBP-CRT BiVP-CRT LVEF (%) .
Intention-to-Treat Intention-to-Treat (Mean + SD) Baseline ~ 3-Month  6-Month
(n=20) (n=20) =
—eo— LBBP 283+53 449 +131 494 +13.2

—e— BiVP 311+56 427+100 465+94

QRSd=170ms QRSd=130ms QRSd =110 ms

SEOUL NATIONAL UNIVERSITY HOSPITAL

BiVP-CRTP

csLv

BiVP-CRTD

s Early

Late

Per-Protocol Analysis
30 -
9“3 233
& 20 - 181
= 15.9
o
2 10 1.4
E Treatment Effect: 7.5
(W] (95% Cl: 2.0-13.0)
0 r r
0 3 6
Months Since Intervention
LVEF (%) .
(Mean * SD) Baseline 3-Month  6-Month
—— LBBP 28751 464 +11.9 52.0 £11.
—o— BiVP 296 +52 409+10.3 454+98
QRSd =165ms QRSd =150 ms QRSd =145 ms

Zou et al. et al. JACC 2022



Ongoing clinical trials

Clinical Trials

His-SYNC Il (LBBP vs BiVP) [
i s : LEFT HF (LBBP vs RVP)

U peath, HeH, IvErs5% | CV Death, HF Events (N= 1280)

His alt_2 (His/tBBP vs BvP) | OptimPacing (LBBP vs RVP)

 WVESV, Feasibilty (N = 125) : Death, HFH, PICM (N=683)

r:—-____——__?’
ms CRT (His/LBBP vs BVP) i LEAP (LVS vs RVP)
In RBBB (N =120) I Death, HFH, 10% LMEF (N=470)

SEOUL NATIONAL UNIVERSITY HOSPITAL Adapted from EHRA 2023 Dr. Vijayaraman



Non LBBB

Non-LBBB — QRS duration > 150ms : CRT Class lla

Evidence of CSP - only small retrospective
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pacing COMPANION
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orll CRT with BiV
R pacing
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c ;ac'n:g RR (95% CI) zValue PValue
P QRSd 2150 — (2. B-R) If effective COMPANION (QRS, 148-168 ms, n=314) 0.78 (0.59-1.04) -1.70 09 -
CRT cannot COMPANION (QRS, >168 ms, n=287) 0.66 (0.47-0.93) -2.35 02 ——
Ve CRT with BiV be achieved CARE-HF (QRS, >159 ms, n=505) 0.60 (0.46-0.79) -3.70 <001 —-
Ly cass _p  pacing REVERSE (RS, >151 ms, n=307) 042(022081) 261 009
or IV (2a. A) MADIT-CRT (GRS, >149 ms, n=1175) 048(037-063) 541 <001 -
RAFT (QRS, >149 ms, n=1036) 0.59 (0.48-0.73) -4.93 <001 : 3
Meta-analysis 0.60 (0.53-0.67) -8.67 <.001 ’
02 05 1 2 5
CRT Better Control Better

SEOUL NATIONAL UNIVERSITY HOSPITAL Arch Intern Med 2011



Ongoing clinical trials

Clinical Trials

~ His-SYNC Il (LBBP vs BiVP)
(-800) LEFT HF (LBBP vs RVP)

-

His alt_2 (His/LBBP vs BVP) OptimPacing (LBBP vs RVP)
LVESV, Feasibility (N = 125) Death, HFH, PICM (N=683)

His CRT (His/LBBP vs BVP) LEAP (LVS vs RVP)
In RBBB (N =120) Death, HFH, 10% LMEF (N=470)

SEOUL NATIONAL UNIVERSITY HOSPITAL Adapted from EHRA 2023 Dr. Vijayaraman



AF AVN ablation with clinical HF

Patients with AF

. Decision to "~ . 'Meets CRT ~.
<_ perform AVJ =®—> implant -

~.. ablation .-
o -

e =l
M &
u

es

CRT with Biv pacing
i2a, B-R)

i

HEP with or without
= ventricular backup lead .-

{2b, C-LDY

Implant LEEAP lead

- b, C-LD) -+

SEOUL NATIONAL UNIVERSITY HOSPITAL

FAN
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L &)

-

. criteria -
~ -
M 4
b

fes

CRT with BV pacing
{23, B-NR]

APAE-CRT trials

AF > 2 years, mean EF 41% (EF<35%, 40%), HR 101 bpm

AV junction ablation and cardiac resynchronization for patients with permanent atrial fibrillation and narrow

QRS: The APAF-CRT Mortality Trial. Brignole M et al.

Trial population >> Randomization >> Optimization >>

Death from any cause (ITT analysis) >

Survival probability (%)
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« 21 HF hospitalization % Esmatgg eat 4 3(/)@(')104
+ Severe symptoms Rate control 0 =0.26, p=0.
70 HR =82 bpm || 29% (20 pts + RRR=74%, ARR=27%
DRUGS p b(20pts) |, ; SRRTY
0'l 1 L L 1 L |
0 1 2 3 4

Death from any cause in patients with EF <35%

100 4% 4%
20 B I 10% Li% Abl+Pm
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70
L D
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50
40k
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Years

Death from any cause in patients with EF >35%
o% 6%
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42%

HR: 0.27 (95%Cl 0.08-0.84)
P=0.024 by Cox regression
P=0.035 by log-rank test

1 L | | " |

1 2 3 4
Years

Eur Heart J 2021



AF, AVN ablation, EF =40%

Alternative AF trials
HBP vs BVP AVN ablation, AF, EF<40%

Patients with AF

y

FAN

HBP for 9 months

N

- = - ey
L e N N
- _ % o , ™S {
- Decisionte . 7 Meets CRT ~. SR
L perform AV - . implant -~ X I\
- ablation _- ~._criteria - . — o ‘\‘ )
a2 a7 107.6+12.5 ms A ®ANBP ©ABVP
h P~0.165
Patients achieved HBP and BVP 40 2132127
Yes Yes with AVNA N=50 —_—
Randomization 1:1 to HBP/BVP % - : : Exa s
r - B Sequence 1 HBP
L . . [ J Sequence 2 BVP
e S, CRT with BV pacing
- L)
- N {23, B-NR} A B
<. LVEFs5 f@ T P=0.015 HBP vs. BVP
e . LT 99.5+14.3 ms 70 =l . 80
. ;
\- r - 65
~
60
53.9+11.9 60
55 54.8+9.4
-~ e~
) ) AVJ + HBP 3 § 50 51.5+14.7 e\:
CRT with Bi\' pacing = 5 . 513174 = 40
» {28, B-R) 5 ~
40 | 34.6x4.6 ALVEF: 4.6, *P=0.165 -
95%CI: (-2.0,11.3)
35 ALVEF: 13,1 P=0.730 20
HBI_: with or without S it 95C1%: .(-,6.3,8.9.)
—p= ventricular backup lead - e : o 30 326264
Majority required back-up pacing lead (58%) Not required
{2, S B o Shore procadpnet SRR S 25 0
Risk of acute risc in HBP thresholds (14%) No risk of acute rise in thresholds Baseline 9 months 18 months Baseline 9 months 18 months
Significant proportion with chronic thresholds 32,5V (48%)| N chronic thr sv Sequence 1 18 18 18 Sequence 1 18 18 18
—- Implant LEBAP lead B Chronic HBP lead deactivation/extraction in 17% BBAP lcad deactivation/extraction Sequence 2 20 20 20 Sequence 2 20 20 20
m‘ mn" CSP with either HBP or LBBAP preserves or restores LV systolic function in patients with

refractory AF post AVJ ablation despite 100% ventricular pacing burden.

SEOUL NATIONAL UNIVERSITY HOSPITAL

Huang W, et al: A multicenter, randomized, crossover study-The ALTERNATIVE-AF trial.

Heart Rhythm 2022,.



HOT-CRT (Feasibility study)

! : :
i HOT CRT trials demonstrated the HBP with LV lead implantation resulted in reduction in QRS duration, :

I improvement of EF, LV diameter and symptom relief. I
e oo o oo e e e e e mw e mw e o e o o S e D EEn DEn D SEn EEn DEn EEn DEn DEn DEn DEn EEn DEn EEm DEn D Gan D GEn EEm GEn EEn Gan Dan Dan Dan Sam Eam EBmm mew Emm mmm -
27 Patients LBBB/IVCD, QRSd >140ms ‘ Success rate : 25/27 patients (93%)
NYHA class -1V, LVEF <35%
e ——————————— ' 38+10
183+27 : i P <0.001 a |
QRS Duration 1 P < 0.001 : 40 64
200 162+17 i = —q | w 80 g 62 P <0.001
s 151424 : *vs baseline : :’L: g 6
120 = 1 vs BVP | > 2 g .
R : *VS HBP I w
i : 10 2 56
160 | 1 0 54
1 120+16 : Baseline Follow-up Baseline Follow-up
140 i ¥ ek | 250 P <0.05 gf—l— :
I 1 [ 3.5 P <0.001
120 1 : @ 200 " 3
- : § 150 é 2':
100 - I S 100 = as
| : ; S 1
1 o 50 2
80 i I 0.5
Baseline BvpP HBP 1 : Y Y
I J EDV ESV Baseline Follow-up

SEOUL NATIONAL UNIVERSITY HOSPITAL Vijayaraman P, Herweg B, Ellenbogen KA, Gajek J. Circ AE 2019



Ongoing clinical trials

Clinical Trials

~ His-SYNC Il (LBBP vs BiVP)
(500) LEFT HF (LBBP vs RVP)

-

His alt_2 (His/LBBP vs BVP) OptimPacing (LBBP vs RVP)
LVESV, Feasibility (N = 125) Death, HFH, PICM (N=683)

LEAP (LVS vs RVP)
Death, HFH, 10% LMEF (N=470)

SEOUL NATIONAL UNIVERSITY HOSPITAL Adapted from EHRA 2023 Dr. Vijayaraman



LOT-CRT [Observational]

112 patients, CRT indications
LBBAP with CS/LV pacing
Successful in 91/112 (81%)
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LOT-CRT
Narrower QRSd than BiVP, LBBAP alone
Compared to baseline, improved LVEF, LV volume, NYHA Fc

SEOUL NATIONAL UNIVERSITY HOSPITAL
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Jastrzebski M, Vijayaraman P, et al. Heart Rhythm 2021



 Bradycardia
- HBP, LBBAP > RVP : lower death and HF hospitalization [observational]

- No large-scale randomized controlled trial, especially for LBBAP.
- PROTECT HF, LEFT HF, LEAP, OptimPacing, ... PROTECT SYNC

SEOUL NATIONAL UNIVERSITY HOSPITAL



 Bradycardia

- HBP, LBBAP > RVP : lower death and HF hospitalization [observational]
- No large-scale randomized controlled trial, especially for LBBAP.

- PROTECT HF, LEFT HF, LEAP, OptimPacing, ... PROTECT SYNC

« Cardiac Resynchronization therapy
- HBP, LBBAP = or > BiV [observational]
- Small pilot studies prove the findings in observational study
using surrogate outcome (QRSd, NYHA Fc Class, BNP, LVEF...)
- No large-scale randomized controlled trial, evaluating clinical outcomes
- LEFT vs LEFT, HIS-SYNCI I, ...
- Patients with non-LBBB (for CSP, no data), His-CRT trial
- AF AVN ablation (only for HBP, Alternative AF, no RCT data for LBBAP)
- HOT-CRT, LOT-CRT (no RCT data), HOT CRT trial...

SEOUL NATIONAL UNIVERSITY HOSPITAL
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