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LBBAP concept

aVR
avL
aVF

ve (

AV node

Contrast in septum

VijayaramanHeartRhythm 2019



CSP concept araefinitions

LBBAP

CSP
HBP LBBP
RBBP LFP

Figure 2 Synopsis of different entities of C5P and related forms of
stimulation.CSP = conduction system pacing; DSP = deep septal pacing
HBP = His bundle pacing; LBBAF = left bundle branch area pacing
LBFF = left bundle branch pacing; LFP = left fascicular pacing; LVSP
= left ventricular septal pacing RBBP = right bundle branch pacing.
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The left bundle area
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Belgianregistry

L-LBBAF n =353 Pacing characteristic Implant 1 Month & Months 12 Months  p value
Implant success 334 (33) Mumber of patients, n 353 349 259 &7
Procedural characteristics Pacing threshold at 04 ms, V06204 06202 07202 07203 291
Screw atbemn n 22219
- R-wawve sensing, m\ 11+5 12+5 12+5 13+ & 041
Implant depth, mm 132
Unipolar impedance, Ohms 441+ 106 399290 384+74 397+ 75 115
Procedural time, min &0 [60=80]
. . Received: 21 February 2022 | Revised: 10 May 2022 | Accepted: 1% May 2022
Total fluoroscopy time, min 7 [4-11] oL 10111155
Electrophysiological characteristics
prvsIE ORIGINAL ARTICLE WILEY
Paced QRS duration, ms 126+ 21
Stimulus to LVAT, 74+17 . . . .
s e Initial experience of left bundle branch area pacing using
LEB potential, n (%) 48 (14)

stylet-driven pacing leads: A multicenter study
LEBAP capture type

NS-LBBP, n (%) 192 (57) Jan De Pooter MD, PhD® | Emine Ozpak MD!' | Simon Calle MD?! |

S-LBBEP, n (%) 52 (16) Peter Peytchev MD? | Ward Heggermont MD, PhD? | Sebastien Marchandise MD® |
Frank Provenier MD, PhD* | Bart Francois MD* | Wim Anné MD, PhD® |

LVSP, n (%) kit Peter Pollet MD, PhD® | Cynthia Barbraud MD® | Kris Gillis MD, PhD” |
Pacing characteristics at implant Frank Timmermans MD, PhD' | Frederic Van Heuverswyn MD? |
Unipakir pacing Hweshold a1 0.4ms, V 0604 Roderick Tung MD® @ | Aurélien Wauters MD, PhD?® |
) Jean-Benoit le Polain de Waroux MD, PhD’

Bipolar pacing threshold at 0.4 ms, ¥ 0F+17

Unipolar R wave amplitude, my 105

Bipolar R wave amplitude, mV/ 115
Collége Unipaolar impedance, chms 441 + 106 Avec e porainage de I3
National des . i r
Cardiologues des Bipolar impedance, chms &O07 + 74
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CSP In young adults

Study type Target population ll  Arms | __ Primary outcome

b i
. — : f
eRwEe ﬂ p t LBBAP
— g \J
T — .
Age <65 years 2 years follow-up CV Mortality

Registry-based
randomized trial — 4. __“—!
TREEBEARD t RVP %
(NCT06324682) Heart failure
hospitalization
(HFH)

Primary outcome Secondary outcomes

Composite outcome
G 15
100 "8 Hazard ratio, 0.78 (95% CI, 0.59-087) Hazard ratio, 0.79 (35% C), 0.63-0.86)
90 - P=0.001 . P =0,001 .
£ s0- 1 S B-ﬁ"' L WeHe Tradtonal RVP
8 70 . 83 5
i 60 + 34
o
£ 50 0 0 T T T T T T T
£ 40 0 6 12 18 26 30 36 42 48 O 0 A2 G 23k B M0 &c B
i 30 4 Traditional BVP 172 172 170 167 164 161 158 157 156
5 i LBSAP 172 172 171 170 169 168 167 166 166
10 + 157 Hazard ratio, 1.02 (35% CI, 0.78-1.32)
é 5 P=083
T T T T T T T T 11
0 6 12 18 24 30 36 42 48 cv mlny% 10
Months B ..
rtini [, Eur 202
Tragitional RVP 172 171 170 168 165 160 156 154 150 s S a4 ert et al, eu Opace O 5
LBBAP 172 171 168 166 165 164 163 162 161 —_— 29
ol T T T T T Ll T
ILBBAP:LeﬁBuMeBramhArsaPaw‘g:RVP:FﬁgMVentrMPacing] 0 6 12 18 24 30 35 42 48
Teaditional AVP 172 172 172 171 170 189 168 167 166
Collége LBSAP 172 172 172 171 170 169 160 168 167

National des
Cardiologues des
Hépitaux




LBBAP vs BVP

CENTRALIEEUSTRATION:{Deathior Heart Fallure Hospitalization CENTRAL ILLUSTRATION: Left Bundle Branch Pacing vs Biventricular

Time to Death or Heart Failure Hospitalization Pacmg for cardiac Resynchromzatlon Therapy
All Patients (n =1,778)

40 NICM Patients
—LBBAP SR + CLBBB

=-—BVP

05+

0.4

28.0%

03 Randomization (1:1)

0.24

014

HR: 1.495 (95% CI: 1.213-1.842)
P <0.001

Treatment Effect at 6 Months:5.6

Death or Heart Failure Hospitalization (HFH)

0.0+
r . T T ; T (95% Cl: 0.3-10.9)
[ 1 2 3 4 5
Time to Death or HFH
BUP 981 728 546 352 166 18 30+ P=0.039
LBBAP 797 574 342 152 18 0

Biventricular Pacing (BVP) Left g:gg;e(ErBagig)Area

3

3

Crossover

LBBP-CRT Group (n=2) BiVP-CRT Group
(n=20) e (n=20)

Change of LVEF from Baseline (%)

o
1

LBBP-CRT

BiVP-CRT

BiVP-CRT
Intention-to-Treat

Vijayaraman P, et al. J Am Coll Cardiol. 2023;82(3):228-241.

Wang Y, et al. J Am Coll Cardiol. 2022;80(13):1205-1216.
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CONSYST-CRT Trial 12-montn follow-up

* Al p values for noninferiority Secondary e nd poi nts -
LBBAP vs BVP * - T
25%- p<0.01
res N:nse o G ——
iy ?
CENTRAL ILLUSTRATION: Primary and Secondary Endpoints of the — 15%~
CONSYST-CRT Trial (Intention-to-Treat) 66.6% Posnonse o ® i
: =0.03
CONSYST-CRT Trial —— BiVP s = ,
Noninferiority of C5P Compared to BiV/F at 12-Month Follow-Up: Echocardiographic response ; A:"cta‘:_'s: :‘0“?:“:}” 3
ransplant, ospitalization
Primary Endpoint Secondary Endpoints
50% A i D Y
P=0.02 - Echocardiographic 25- :p<0.001 40- p=0.06
. 40% oy : response (from fast deflection) oy
All-cause mortality, 29.8% SHOMENNG, (150, decrease in LVESV), 0- . . 30- 0
cardiac transplant, heart 309% - 23.9% P<0.0 P=0.03 . —_ o
failure hospitalization, ) : £ X 33
- o -25- =~ 20-
or LVEF improvement ~ 20% 1 h b
<5 points o NYHA 4
10% 1 functional (] 3 10-
0% - . dlass < <
CSP BiVP improvement, -75- 0+ $
P <0.001
-100- =104 i ]
Pujol-Lopez M, et al. JACC Clin Electrophysiol. 2025;10.1016/j.jacep.2025.03.024 E E
40~
£ o
>
n
=
J _40 -
<
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LBBAP vs BVP

m Assessed for

eligibility
(n=149)
Excluded (n=15)
|—————>| - Not meeting inclusion criteria (n=9)
. B 134 patients with inclusion - Declined to participate (n=5)
CENTRAL ILLUSTRATION: Pl'll'l'lal'y and Secondary El‘ldeII‘ltS Of t criteria and no exclusion criteria - Extensive septal ablation (n=1)
CONSYST-CRT Trial (Intention-to-Treat) J

Randomization 1:1
CONSYST-CRT Trial l (n=134)

Noninferiority of C5° Compared to £iVP at 12-Month Follow-Up:

. : 2 Conduction system
Primary Endpoint Secondary Endpoints pacing (CSP)

Biventricular pacing

(BiVP)
50% 4 b 0.00 , (n=67) (n=67)
%%
All-cause mortality, 40% 29.8%
cardiac transplant, heart 309% - - _ Crossovers from CSP to BiVP: =
failure hospitalization, &3.3% n=18 (26.9%) c'°ss°"°'§;:m =N
or LVEF improvement ~ 20% - 55 7
< 5I p- NYHA - n=17 crossed over to BiV pacing 1= ()
points " _ - ;
10% A functional - n=1 crossed over to BiV pacing
s but failed to receive BiV pacing
0% -
° CSP BiVP improvement,
P <0.001

Follow-up 12 months

Pujol-Lopez M, et al. JACC Clin Electrophysiol. 2025;10.1016/j.jacep.2025.03.024

67 included in the
primary analysis

67 included in the
primary analysis

Intention-to-treat analysis
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EHRA consensus paper

| AVB |
| Anticipated VP <20% | | Anticipated VP 220% |
k l
LVEF LVEF LVEF
=40% 41-50% >50%
RVP csp* l v l l l
+MVP +MVP BivPt  CSP* RVP  RVP, BiVPt, CSP* CSP* or RVP
©» & O~ ® W )
Wide/
'::gggﬁ:';ﬂ:ﬁ:' * In case of infra-nodal block, LBBAP is the
BiVP or CSP preferred CSP modality, or HBP with a backup lead
t CSP advised if coronary sinus lead implantation fails
HOT/LOT-CRT
V)

{+) Advice TO DO; () May be appropriate TO DO; (%) Advice NOT DO DO

Glikson Europace 2025
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EHRA consensus paper

[ CRT indication ]

% !
PICM* | Non-response to BiV-CRT

L 4 ¥ b
LVEF LVEF LVEF LVEF
<35% 36-50% <35% 36-50%
I l BiVP l l BiVP v
BiVP CSP orCSP BiVP CSP orCSP BiVP CcSP csp

©» e & @ * ¥ O V)

‘ Wide/non-physiological paced QRS with BiVP or CSP |

HOT/LOT-CRT
™)
Failed coronary sinus lead implantation | *Warious definitions exist for PICM
¢ Most evidence is for BiVP with LVEF £35%
CSP (%) Advice TO DO (») May be appropriate TO DO
@ (x) Advice NOT DO DO (%) Areas of uncertainty

Glikson Europace 2025
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EHRA consensus paper

| AVNA |
LVEF <a0% LVEF 41250% LVEF ~50%
BiVP csp BiVP csp*  CSP*
¥ ~ @ @

Wide/non-
physiological paced
QRS with BIVP or CSP

I

HOTILOT-CRT

V)

. . *LBBAP preferred, or HEP with backup lead
Failed coronary sinus lead

implantation

v

CSP

) Advice TO DO; (~) May be appropriate TO DO

Glikson Europace2025



Difficult cases: how to handle?
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Heartrotation
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Heart in the thorax (inferior view) and precordial ECG leads

V2 V1

V3
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Heart in the thorax (inferior view) and precordial ECG leads
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Heart rotation
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StepO: atrial lead

- Residualength
- Cardiaaotation



Stepl: Selectionof the sheath

Selectra3D 55¢ 39: 8590% ChronicAF?
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The left bundle AREA: introduction to
catheters
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LBBAHargetting
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Selectra3D 55 - 39
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Selectra3D 55¢ 39 Bigger Heart
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Selectra3D 65-42
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Step 2: I+ . preparation

New dedicated lead: Solia CSP S




Dedicated lead

Solia CSP S
Lead body diameter 1.8 mm (5.6 F)
Length 53 cm, 60 cm

Stylet support

Yes - 2 stylet options

Screw type Fixed screw

Screw length 2.2 mm

Screw pitch 1.3 mm

Screw cut Optimized double cut

MR Conditional

1.5 T and 3.0 T full-body
scan

Lead handling preparation

Not required

Locking tool for fixation

Not required

X-ray window

Not required

®

Collége
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m

3.6mm deeper
insertion of stylet

Solia S
1.8 mm (5.6 F) Lead body diameter
53 cm, 60 cm Length
Yes Stylet support
Extendable/retractable S ¢
screw crew type
1.8 mm Screw length
0.9 mm Screw pitch
Double cut Screw cut
1.5 T and 3.0 T full-body MR Conditional
scan
Yes Lead handl!ng
preparation
Yes Locking tool for fixation
Yes X-ray window

FRCNe



Dedicated lead

Design concept based on the well - established Solia S (1.8 mm 0.9 mm pitch)
Solia lead design

A Lead body (available in 53 cm and 60 cm)
A Ring electrode
A Connector Solia T

A Outer/inner conductor

A Tip housing and steroid collar stylet position

A Lumen & stylet -driven lead

Design changes SoliaCSP S (2.2 mm fixed -screw 1.3 mm pitch)
A Longer fixation screw 2.2 mm vs. Solia S 1.8 mm e —
A q G
Fixed - screw = = o
A New pitch 1.3 mm vs. Solia S 0.9 mm

A Tip modification, fixation with two cut surfaces

A Optimized distal end for high resilience

stylet position

A 3.6 mm deeper insertion of stylet



Step3: selectionof the posmon
AAngulation 1640°
AAssesposition on the septum
with contrast

APace irunipolar(highouput)

Vs T e

ARetractthe lead (few mm)
AExtendthe helix (+/- 15turns)

ACheckimpedance ,

~ . ¢ FOV_ 30
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Initial position
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ECQ&Eonsiderations

Paced QRS
morphology
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Heart N the thorax and I|mb ECG Ieads




e

Initial position
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Step4: Lead insertion

Avec le parrainage de la
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LBB anatomy and LBBAP
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Screwing In technique

ressure is needed for penetration,of
this barrier
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Entanglement

AlLeaddoesnot penetratethe septum
A Torque in the lead

U Rotateanticlockwisdill the leadis free in thesheath
U Reposition thesheath

Entanglement Drill Screwdriver

LA
/

Lead damage or Micro-or macro- Partial or overt
entrapment dislodgment perforation
Figure 16 Lead behaviour during penetration of the septum during LBBAP. Both drill and screwdriver effects can result in perforation. B u rrl et al Eu ro pace 20 23
1



Step4: Lead insertion
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| ead Insertion

AContinuoudluroscopyLAO 3040°

AContinuougacing: Unipolars5V
AECG modification
AMyocardialCOl
APacingmpedance

AFixation beats
ALBB, Lpotential
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Lead progression : ECG progression

RV septum Deep septum LV septum LBB capture
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Currentof injury

I

U Bk

@iz e FYCl=e

E




LBB anatomy

LBB Smoth muscle 4

=

Endoca{dium‘ Left bu ndle branch End:)cardium

Cabrera JA et alrrhythmElectrophysioRev 2021;10(3):184189.



Complications

ASeptum perforation (2%)
A Impedancedrop

A Lossof capture
A COl drop

U Reposition the lead

U Alwaysasymptomatiqsofar)

Conegc
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Table 4 |ndicators of septal perforation with LBBAP

Myocardial COl amplitude
COl < 3-5 mV or absent
COl ring > tip"*
COl < 25% of V amplitude™
Myocardial COIl with QS or RS morphology”™
Drop-in unipolar pacing impedance to <450 Q™ (or by =200 Q)
Worsening of capture/sensing threshalds™*”
Loss of LBB/fascicular potential™
Contrast dye leakage into LV with injection via the delivery catheter®’

Cwvert perforation visualized by lead position/motion on fluoroscopy

LV Subendocardial Perforation

Tip Ring Tip Ring
15.9 mvV

12.8 mV
[

LEBAP
unipolar
urfiltered

50 mm/s 50 mm/s

WWWwW.pratico -rythmo.com




Patient with CRT indication

ANIDCM
ALVEF 32% (SBI
ALBBB

Archive:
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LBB capturalgorithm
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nsLBBP —» sLBEF nsLEBP —» LVSP

W1 W\ "+‘u"‘—- Vi ‘Hk W QRS transition to LVSP or s-LBBP (@ threshold test —_—

_______ « fe-LBBP —» &-LBEP : splitling of EGM andler VIRWFT T by = 10 ms. E
« fE-LBBP —» LVSP: VERWPT T by 2 15 ms

Uﬁf!tﬂfVEﬂ’Tk o

VERWPT = 75 ms (native narrow QRS or isolated RBBE) :
A VBRWPT < 80 ms (LBEB, IWCD RBEB+fascicular block, wide escape rhythm, asysiole)
r 1
Vi £ il

m 3 _
V1 J,n L | R | V, =V, interpeak interval = 44 ms ||:>
] g

Ift I"I| |PoleMial-VﬁRWPT:sﬁm-VﬁRWPT[+J—1nms) ||:i>
velJ ® l\_

g~ v

" fl‘—‘f" = | QRS transition to s-LBBP @ programmed stimulation | |:>__d

* ﬁﬂ %1 i @
Mo
L U1l VBRWRT < 85 ms (native narrow QRS or isolated REBB)

VERWPT < 100 ms (LBBB, IWCD, RBBB + fascicular block, wide escape rhythm, asystole) .
V-V, interpeak interval > 33 ms > | Likely LBBP

QRS transition o LVSP @ programmed stimulation
QRS transition with VERWPT prolongation by 10—14 ms @ thrashold tast

{}
T

s o8 8 @

Figure 27 Algorithm for confirming conduction system capture with LBBAP. Some of the steps may be skipped according to operator preference,
experience, or feasibility to perform particular measurements/manoeuvres. DSP = deep septal pacing; IVCD = intra-ventricular conduction delay;
LBBAP = left bundle branch area pacing; LBBB = left bundle branch block; ns-LBBP = non-selective left bundle branch pacing; RBBB = right bundle
branch block; RBBP = right bundle branch pacing; RWFT = R-wave peak time; s-LBBP = selective left bundle branch pacing.




QRS transition
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QRS transition to LVSP or s-LBBP @ threshold test —

nsLBBP—» sLBBP  nsLBBP —» LVSP

= hi Vi e

,,,,,,, T T ST T [
Ve ||L V6
O 3
I\lmWP <75 ms (native narrow QRS or isolated RBBB) ||:

'VBRWPT < 80 ms (LBBB, IVCD RBBB+fascicular block, wide escape rhythm. asystole)

| e V, -V, interpeak interval > 44 ms :

: . g
J\ L‘”‘ ————————————————————— [ Potential-vERWPT = stm-VERWPT (+/= 10 ms) | b
ve VL | R Lo
. t jf e [ [ @RS transition to s-LBBP @ programmed stimulation |
i~ ¢
Ll ~ VERWPT or solated REEE]
. + VBRWPT < 100 ms (LBBB, IWCD, RBBB + fascicular biock. wide ascape mythm, asysiole)
-V, interpeak nterval > 33 s =

* QRS transition 1o LVSP @ programmed stimulation
~ QRS transition with VERWPT prolongation by 10—14 ms @ threshold lest

l
<

Figure 27 Algorithm for confirming conduction system capture with LBBAP. Some of the steps may be skipped according to operator preference,
experience, or feasibility to perform particular measurements/manoeuvres. DSP = deep septal pacing; IVCD = intra-ventricular conduction delay;
LBBAP = left bundle branch area pacing; LBBB = left bundle branch block; ns-LBBP = non-selective left bundle branch pacing: RBBB = right bundle
branch block; RBEP = right bundle branch pacing; RWPT = R-wave peak time; s-LBEP = selective left bundle branch pacing.




V, -V, interpeak interval > 44 ms

Potential-V6RWPT = stim-VERWPT (+/~ 10 ms)

avR|— ————

| . e A N

v1\r——\ff\/ﬂr—y

V2

o s A Y/ Y S Y S Y AV A
L I 1 I A0 e AV ALV A A 41 VAt
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QRS transition

ﬁ—%ﬁw I o b~

AL L\/R_,—I‘M
aVF A—M—m \/_/\’_\_—’—‘/\Vf/\_’hﬁrk\/_/\—A,f\, | gﬂ._b;\j

Vi N\ e N e S A . ~152ms

3
132 ms ; 394 BPM
2| NP N e e e e————————

V3

va

84 ms
V5 —mv———gv\/—/;y\/\{—/;‘ﬁ\/—/%ﬁ\/—/%%i
/ 14 BPM

Ve | p———————————p—

Archlve 1 1 1 L L 1 1 1 L 1 1 1
< > . PACE EXT 6776 ms « <

Avec le parrainage de la
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QRS transition
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