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Cardiomyopathie induite par la stimulation VD a 15 ans
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First case of LBBP

Case Report
A Novel Pacing Strategy With Low and Stable Output:

Pacing the Left Bundle Branch Immediately Beyond the
Conduction Block

Veijian Huang, MD, FHRS," Lan Su, MD,” Shengjie Wu, MD," Lei Xu, MD," Fangyi Xiao, MD,
Xiaohong Zhou, MD." and hmmth A. Hl::nhuyhn MD, FHRS
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Stimulation Physiologique: Nosologie

e Stimulation des Voies de conduction : Conduction System Pacing (CSP)
» His

»Branche gauche = Left Bundle Branch Pacing
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MELOS — MULTICENTER EUROPEAN LEFT BUNDLE BRANCH AREA PACING OUTCOMES STUDY

14

Q
Prospective, multicenter, 9990 g 2533
4 registry-based observational study Participants

LBBAP implantation success

LBBAP lead complications
¢ Acute perforation to LV
* Lead dislodgement

* Acute chest pain

Bradycardia indication success
Heart failure indication success

European centres

92.4%
82.2%

8.3%
3.7%
1.5%
1.0%

@re threshold rise

* Acute coronary syndrome
Independent predictors of LBBAP lead implantation failure * Trapped/damaged helix

Heart failure indication OR 1.49, 95% CI 1.01-2.21 * Delayed perforation to LV
Baseline QRS duration, per 10 ms  OR 1.08, 95% Cl 1.03-1.14 e Other

@DD, per 10 mm increasE OR 1.53,95% CI 1.26-1.86

BZD
04%
0.4%

0.1%
0.7%

Eur Heart J 2022;



Consensus EHRA 04/2025

European Society of Cardiology (ESC) clinical
consensus statement on indications for conduction
_system pacing, with special contribution of the
European Heart Rhythm Association of the ESC and
endorsed by the Asia Pacific Heart Rhythm Society,
the Canadian Heart Rhythm Society, the Heart
Rhythm Society, and the Latin American Heart
Rhythm Society 3

EP Europace, Volume 27, Issue 4, April 2025




Conduction system

Conduction system lead

Conduction system

Left ventricular lead

Conduction system lead

Right ventricular lead



CSP vs stim VD

Stim VD

Conduction system

Conduction system lead




Safety and efficacy of left bundle branch pacing in
comparison with conventional right ventricular

pacing
A systematic review and meta-analysis

Xing Liu, MS®, Wenbin Li, MS, Lei Wang, MD, Shachua Tian, MS, Xiaolin Zhou, MS, Mingxing Wu, MS"

LBBP RVP Mean Difference Mean Difference

Studyor Subgroup __Mean _ SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl

Cai» B 2020 10103 879 40 141.77 1201 38 156% -40.74[-45.43,-36.05) -

Chen, K 2018 11185 1077 20 16015 1504 20 138% -48.30[-56.41,-40.19) -

Das, A 2020 11227 857 22 14627 691 28 157% -34.00[-38.40,-29.60] -

Liu, @ 2020 11867 2131 42 14339 237 42 128% -24.72[-34.36,-15.08) -

Sun, ZJ 2020 109.38 1289 16 14938 194 16 11.7% -40.00[-51.41,-28.59] —

Wang, JF 2019 12149 987 61 14562 889 65 16.2% -24.13[-27.42,-20.84) y:

Zhang, JM 2019 11263 1214 20 13519 1221 21 14.2% -22.5630.02,-15.10) s

Total (95% CI) 221 230 100.0% -33.32[-40.44,-26.19] &

Heterogeneity. Tau*= 78.86, Chi*=61.47,df=6 (P < 0.00001), F= 90%
Test for overall effect Z=9.17 (P < 0.00001)

Medicine (Baltimore). 2021 Jul 9;100(27):e26560.
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CSP vs stim VD
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Even-free rate [%]
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Number at risk
LBBAP
RVP

MELOS RELOADED study
FE > 40% VP > 20%

European Registry Propensity score matching

I NON RANDOMISE I 3382 patients receiving LBBAP or RVP
matched. 4-year follow-up
All-cause mortality Heart failure hospitalization / CRT upgrade
100
P <0.001 P < 0.001
—_ 90
&,
LBBAP P LBBAP
—RVP s % —RVP
Q
o
y—
L 70
C
Absolute difference in survival of 11.8% (P S
.001) 60
50
0 1 2 3 4 5 0 1 2 3 4 5
Years Number at risk Years
1691 1465 943 368 95 3 LBBAP 1691 1438 922 362 95 3
1691 1528 1365 1166 901 665 RVP 1691 1481 1289 1091 842 620

European Heart Journal (2025)



CSP vs stim VD

Cardiomyopathie induite a 2 ans: RCT CSPACE trial

Stim vD

JACC
2025

BAV sans indication de resynchronisation

RANDOMISE

269 consecutive
patients screened

Freedom From Pacing-Induced

Cardiomyopathy

v

202 patients
randomized

1:1
| Randomization |

1017 assigned
to RWVsP to CSP

v v

Assessed for composite endpoints:
PICM
Need for CRT upgrade
HFH
All-cause mortality

100%9: — 1
90% - = i
80% - | I
70% - —
60% -+ p=0.002
w T T T
e 20 40
Time Point (Months)
Randomization = RW Pacing CsP

Conduction system

Conduction system lead




CSP vs CRT

Biventricular

Conduction system

Left ventricular lead

Conduction system lead

Right ventricular lead




|

NON RANDOMISE

TABLE 2 Procedural Characteristics

Time to Death or Heart Failure Hospitalization

All Patients (N =1,778)

All Patients (n=1,778)

BVP LEBAP
(n = 981) (n=797) P Value
-:E 0.5- Procedural duration, min 124 + 48 142 + 55 <0.001|
lé x = | BBAP Fluoroscopy duration, min 16 £ 12 17 £ 15 0.63
= w—BVP Type of device
.§ 0.4~ Pacemaker 149 (15.0) 267 (33.0) <0.00
I ICD 832 (85.0) 530 (67.0) <0.00°
_'g: 28.0% Dual chamber - 237 (30.0) <0.00
2 0.3+ = CRT 981 (100.0) 537 (67.0) <0.00
k- o " Pacing threshold (LV-CS/LBBAP)
g e 205%, Implant, V 115 + 0.7 0.72+ 0.4 <0.00
= |0-2- _ -~ Follow-up, V 131407 0.74 + 03 <0.00°
; T - Threshold increase =1V 72 (73) 13 (1.6) <0.00
8 0.1 - y -~ - - Baseline QRS duration, ms 160 + 25 161 + 28 0.63
3 Vb [ Paced QRS duration, ms 144 + 23 128 + 19 <0.00
— V/ a HR: 1.495 (95% CI: 1.213-1.842) Ventricular pacing 96.0 95.2 0.17
£ 004 7 P <0.001 Lead revision 48 (4.9) 29 (36) 0.20
8 T | T T T T Procedural complications 74 (7.5) 30 (3.8) <0.00
0 1 2 3 4 5 Pericardial effusion 10 (1.0) 4 (0.5)
T Time to Death or HFH Pneumothorax 5 (0.5) 3(0.4)
BVP 981 728 546 352 166 18 Acute lead dislodgement 34 (3.5) 13 (1.6)
LBBAP 797 574 342 152 18 0 Infection 21 (2.1) 6 (0.8)
Other 4(0.4) 4(0.5)

Vijayaraman P et al. Comparison of Left Bundle Branch Area Pacing and Biventricular Pacing in Candidates for Resynchronization
Therapy. ] Am Coll Cardiol. 2023 Jul 18;82(3):228-241. doi: 10.1016/j.jacc.2023.05.006. Epub 2023 May 21. PMID: 37220862.




CRT vs CSP

415 Patients Requiring CRT
LBBB + LVEF <40%

NON RANDOMISE

BIVP (n = 243)

25 4
0 | | | | | | | L} Ll
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——— LBBP ——— LVSP —— BIVP
) o
Procedural Time (min) Fluoro Time (min) Change in LVEF (%) Improvement >INYHA ¢, Long-term Complications (%)
500 - 566 i 80 <601 1 Functional Class (%)
400 | p=0.128 p=0003 | | p=0.023 | | p=0.066 I ___P<0001 P < 0.001 40 - p=0.2683 |
: ] e : | P=0.001 P=0225' 100 - ip=0.541}  ip=0.155} |
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R e BP LBBP LVSP  BIVP LBBP LVSP  BIVP LBBP LVSP  BIVP BDP  LvoR  DIVP

Composite Outcome: HF-Related Hospitalizations and All-Cause Mortality

Probability of Survival (%)

Diaz JC et al. Left Bundle Branch Pacing vs Left Ventricular Septal Pacing vs Biventricular Pacing for Cardiac Resynchronization Therapy.

JACC Clin Electrophysiol. 2024 Feb;10(2):295-305.




CRT vs CSP

| NON RANDOMISE

Time to sustained ventricular tachycardia / ventricular Time to new new-onset atrial fibrillation in patients

fibrillation among all patients (N=1414) without prior history of atrial fibrillation (N=890)

--- LBBAP --- LBBAP
2 0.20 --- BVP # 0.20 --- BVP
5 g
] c
2 o1 O o1s
‘® HR 0.46 (95% Cl 0.29-0.74); p < 0.001 9.3% 3 HR 0.34 (95% Cl 0.16-0.73); p = 0.008 6.6%
3 3
Y=
e O o0
; 0.10 E—
E :
£ o 005
g 0.05 &
0.00 0.00
o 1 2 3 4 s 0 1 2 3 4 H
Time to Sustained VT/VF (Years) Time to New-Onset AF (Years)
 BRAP 707 629 404 198 41 6 D 436 397 255 123 24 3
- BVP 707 628 482 333 170 59 --- BVP 454 404 317 229 115 38

Herweg B et al. Arrhythmic Risk in Biventricular Pacing Compared With Left Bundle Branch Area Pacing: Results From
the I-CLAS Study. Circulation. 2024 Jan 30;149(5):379-390.



CRT vs CSP

RANDOMISE
40 NICM Patients
SR + CLBBB
Randomization (1:1)
100 -
Treatment Effect at 6 Months:5.6 9:?‘, 80 -
CEAERDE) g
S 60 -
30- P=0.039
I 1 & 40 -
=
(=]
& 20-
20~ &

EFT EFT LVESV! \ Super-
25% 210% 215% Respo
—a— LBBP —e— BiVP

2

LBBP-CRT Group Y BiVP-CRT Group
(n=20) (n=20)

L]
¥ ¥
LBBP-CRT LBBP-CRT BIVP-CRT BiVP-CRT
Intention-to-Treat jPerProtocoliPer-Protocoll Intention-to-Treat
(n=20) (n=18) (n=16) (n=20)

Wang Y, et al. J Am Coll Cardiol. 2022;80(13):1205-1216.

Change of LVEF from Baseline (%)

T
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consensus

European Society of Cardiology (ESC) clinical
consensus statement on indications for conduction
system pacing, with special contribution of the
European Heart Rhythm Association of the ESC and
endorsed by the Asia Pacific Heart Rhythm Society,
the Canadian Heart Rhythm Society, the Heart
Rhythm Society, and the Latin American Heart
Rhythm Society 3

EP Europace, Volume 27, Issue 4, April 2025




Stimulation branche gauche

STIMULATION VD RESYNCHRONISATION
e BAV stimulation V >20% e \/s CRT
 FE <40% e LOT
* FE > 40%

* BAV ablation NAV (st V 100%)



Figure 1 EHRA 2025
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Figure 1 EHRA 2025

 Anticipated VP <20%

RVP Csp
+MVP +MVP
P ¢

\d V)

[+ Advice TO DOy ) May be appropriate TO DOJ (=) Advics NOT DO DO




Figure 1 EHRA 2025

Y

Anlicipated VP <20%

Europace (2025) 27,

AVB

| LVEF
240%

Anticipated VP 220%
s 4 4
LVEF LVEF
41-50% = 50%

* In case of infra-nodal block, LBBAP is tha
preferred CSP modality, or HBP with a backup lead

CSP advised If coronary sinus lead implantation fails

() Advice TO DO ) May be appropriate TO DOJ (=) Advice NOT DO DO




Ablation NAV et FEVG intermediaire: CSP vs BiV

Change in LVEF - CSP vs.

BVP
LBBAP
Palmisano, Ziacchi etal. 2023 42 58 164 263 592 23 2 B -0.12 (-2.20,1.96) 20.33
Ivanovski et al. 2022 10 87 114 13 0 13 u 8.70 (-1.38,18.78)  6.42
Vijayaraman et al. 2022 46 32 199 56 7.1 187 —W—— -3.90 (-11.41,3.61)  9.42
Heterogeneity: t2 = 0.00, /2 = 0.00%, H2 = 1.00 ? ~0.04 (-2.01, 1.93)
Testof 6, =0, Q(2) =3.91 P=0.14
Testof = 0: Z=-0.04, P=0.97 _10 0 10 20

Favours BVP Favours CSP

Europace (2025) 27, euaf106



Figure 2 EHRA 2025
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Figure 3 EHRA 2025

| CRT indication |
. _I
N —]
. LBeB Non-LBBB |
| L SRR (IR |
LVEF LVEF LVEF LVEF
$35% 36-50% <35% | | 36-50%
| | - v

Failed coronary sinus lead implantation | “Various definilions exist for PICM
= Mos! evidence is for BIVP with LVEF £35%

CSP ) Advice TO DO () May be appropriale TO DO
@ (x) Advice NOT DO DO (7) Areas of uncertainty



ESC09/2025 PHYSIOSYNC-HF

CRT vs LBBAP

173 patients

BBG typique QTS 180 ms
2/3 CMD FE 26%

66% LBBP succes

0 sortie 0 perdu de vue
Comité adjudication

Symptomatic HF (NYHA I1-111)
LVEF €35%
LBBB (QRS 2130 ms)

Key exclusion: plan to receive an ICD

RANDOMISE |

>

1:1

Trial design

Clinicaltrials.gov: NCT05572736

Conduction system pacing —

L et bundie =@ His bundie =@ deep seplal = coronary sinue

Biventricular .
Conduction system

Left ventricular |

Conduction system lead

Right ventricular lead

Primary hierarchical endpoint:
- Death
- Hospitalization for HF
- Urgent visit for HF

.

Biventricular pacing

Treatment assignment was blinded to patients and non-electrophysiology personnel.

Endpoints were independently adjudicated by blinded committees.

- Change in LVEF at 12 months

Zimerman A et al., Am Heart J 2025,;290:38-45



66% Capture branche gauche

pﬁvmb%
SYNC-HFJ

Primary endpoint

M All-cause W Hospitalization © Urgent visit LVEF LVEF increase | LVEF increase M LVEF increase
death for heart failure for heart failure decrease 0to <10% 10 to <20% >20%
Worse Better

Biventricular

20% 40% 60% 80% 100%
Percentage of patients

pacing
(n=86)
Conduction
system pacing 23 25
(n=87)
%

0

Odds ratio, 2.36 (95% CI 1.37—4.06)

p=0.99 for non-inferiority of conduction system pacing Assessed at 12 months
p=0.002 for between-group difference favoring biventricular pacing '

TOGETHER WITH GOVERNO FEDERAL



Futur

Trial name Design Interventions arm Unique identifier n Primary endpoint

LeCaRt trial RCT LBBP-CRT vs BiVP-CRT NCT05365568 170 Composite of death, HF hospitalization or
worsenung HF

LEFT-BUNDLE- RCT LBBP-CRT vs BiVP-CRT NCT05434962 176 Positive CRT response: improved clinical

CRT trial composite score or > 15% reduction in
LVESV

RAFT-P & A trial RCT AV nodal ablation + LBBP-CRT vs NCT05428787 284 Change in NT-ProBNP at 6 months follow-up

AV nodal ablation + BiVP-CRT

Left vs left trial RCT HBP/LBBP-CRT vs BiVP-CRT NCT05650658 2136 All-cause mortality and HF hospitalization at

55yr




Conclusion

e LBBAP (stimulation aire branche gauche) futur gold standard BAV et CRT?

* LBBAP consensus prudent
* Possible si BAV FE <40% et taux stim >20% ... 100% Ablation NAV
* CRT en cas d’echec . Possible en premiere intention.

* Etudes randomisée et Progres technologiques en cours



FEVG <40% :

LBBAP vs CRT

3141 pts

10 observationnal, 1

RCT

C. NYHA class

Mean Difference
IV, Random, 95% CI

A. All-cause mortality

Study or Subgroup

Risk Ratio

Total Events Total Weight M-H, Fixed, 95% Cl

Risk Ratio
M-H, Fixed, 95% CI

Chen et al. 2022

Diaz et al. 2023

Cuo et al, 2020

Hua et al. 2022

Liang et al. 2022

Li et al. 2020
Radernakers et al. 2022
Vijayaraman et al, 2023
Wang et al. 2020

Wang et al. 2022

Total (95% CI)
Total events

LEBAP-CRT EVP-CRT
Events
1] 49 0 51
T 128 29 243
o 21 0 21
1 16 1 15
5 154 14 337
i} 27 0 54
2 31 i 40
99 TE7 168 981
1] 10 1] 30
i} 20 i} 20
1253 1792
114 214

Heterogeneity: Chi* = 1,65, df = 4 (P = 0.80); I" = 0%
Test for overall effect: Z = 3.20 (P = 0.001)

B. Heart failure hospitalizations

11.0%

0.6%
4.8%

1.0%
B2.7%

100.0%

Mot estimable
0.46 [0.21, 1.02]
Mot estimable
0.94 [0.06, 13.68]
0.78 [0.29, 2.13]
Mot estimable
1.29 [0.19, B.65]
0.73 [0.58, 0.91]
Mot estimable

Mot estimable

0.71 [0.57, 0.87]

——of

*

0.02

0.1

10 50

Favours LEBAP-CRT Favours BVP-CRT

LEBAP-CRT BVP-CRT
Study or Subgroup Mean SD Total Mean SD Total Weight
Guo et al. 2020 1.3 0.9 21 1.5 0.7 21  10.7%
Hua et al, 2022 1.72 0.75 21 194 0.87 20  10.4%
Li et al. 2020 1.5 05 27 23 07 54 16.0%
Rademakers et al. 2022 1.6 06 31 16 0.7 40 15.1%
Vijayaraman et al. 2023 201 0.7 797 219 0.8 981 20.0%
Wang et al. 2020 1.5 0.55 10 197 0.61 30 12.5%
Wu et al. 2021 1.3 05 32 1.9 09 54 15.3%
Total (95% CI) 939 1200 100.0%

Heterogeneity: Tau’ = 0.07; Chi’ = 29.27, df = 6 (P < 0.0001); I* = 80%
Test for overall effect: Z = 3.06 (P = 0.002)

-0.20 [-0.69, 0.29)
-0.22 [-0.72, 0.28]
-0.80 [-1.07, -0.53)]
0.00 [-0.30, 0.30]
-0.18 [-0.25, -0.11]
-0.47 [-0.87, -0.07]
-0.60 [-0.90, -0.30)

-0.36 [-0.59, -0.13]

LEBAP-CRT BVP-CRT Risk Ratio Risk Ratio
dy or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Ci M-H, Fined, 95% C1
e et al. 2022 ] 49 § 51 L™  0.42[0.08, 2.05] e
et al. 2023 28 128 a6 243 23.1% 0.55 |D.j9, 0.80) —.—
Mean Difference et al. 2020 0 21 0 21 Mot estimable
IV, Random, 95% CI yetal 2022 4 21 4 20 1.4%  0.95(0.27, 3.30] e
ng et al. 2022 16 154 60 337 13.1%  0.58]0.35, 0.98] ——
it al. 2020 0 27 i 54 Mot estimable
— fermakers et al, 2022 1 i1 2 40 06% 0,65 (0.06, 6.79]
— wyaraman et al. 2023 93 797 188 981 SE.EN  0.61]0.48,0.77] |
- ng et al. 2020 0 10 1 30 0.3% 0.94[0.04, 21.40]
———— ng et al. 2022 0 20 o 20 Mot estimable
L= et al. 2021 o 12 3 49 10%  0.22 [0.01, 4.06]
tal (95% CI) 1290 1846 100.0%  0.59 [0.50,0.71] *»
+ ". + + al events 144 359
-1 -0.5 0 0.5 1 erogeneity: Chi’ = 1.48, df = 7 (P = D.98); I¥ = 0% +

Favours LBBAP-CRT Favours BVl;-CRT

it fior overall effect: Z = 5.78 (P < 0.00001)

Rev. Cardiovasc. Med. 2023; 24(11): 312

0.01

0.1 10
Favours LEBAP-CRT Favours BVP-CRT

100



Advice: CSP for AV block

Advice TO DO
In patients with AV block in whom BiVP is
desired, it is advised to implant CSP* as a
rescue strategy if coronary sinus lead
implantation fails'*”
May be appropriate TO DO
It may be appropriate to implant CSP* in
patients with LVEF >40% with an
anticipated ventricular pacing burden
Bive nt ric u Ia r $20%,+26:51,102-106,108,114-116
— It may be appropriate to implant CSP* in
lieu of BIVP in patients with AV block | Conduction SyStem
and LVEF <40% with an anticipated
ventricular pacing burden >20%'3%1*2

In patients with AV block and infrequent
(<209%) anticipated ventricular pacing, it
may be appropriate to implant CSP* in
combination with minimized ventricular
pacing strategies, in order to provide
physiological ventricular pacing in case
Left ventricular lead the conduction disorder progresses
/Iﬁnay be appropriate to choose CSP* as\
opposed to BiVP as a primary strategy,
taking into account operator Conduction system lead

experience, in the presence of specific

patient populations where a simpler
| device is desired (e.g. frail patients,

Right ventricular lead |

patients with limited life expectancy, or
vhose requiring a smaller device) /
Advice NOT TO DO
It is advised to avoid RV pacing inpatients
with AV block, LVEF <40%, and

frequent (>20%) anticipated ventricular
119121

pacing




