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Linkerbundel area pacing

Alles wat u moet weten over pacing van het geleidingssysteem

Marco van Gent - Cardioloog
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LBA pacing Is hot! O
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Inhoud

= Wat is er mis met rechterkamerpacing?
= Anatomie van het geleidingssysteem
= Wat is fysiologische pacing of conduction system pacing en welke vormen zijn er?

» Linkerbundelarea pacing
= Materialen
= Procedure
» Resultaten
= Complicaties
= Vervanging van CRT?
= De toekomst
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DAVID MOST

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

Right ventricular pacing
causes a 5-10% point
reduction in EF,

In ~40% > 10% points loss.

So a first (or second) “hit”
towards heart failure

Search for alternative pacing
sites!

LV Ejection Fraction (%)
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m BiV pacing <> RVA pacing

P=0.76
65 |
P<0.001 vs.
RVA pacing
60
554
20- P<0.001
ri
s
ol

Baseline

Yu. NEJM 2009

Courtesy Prof. Prinzen.
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Dyssynchronie 2 9

Normal conduction

0 10 20 30 40 50 60 70 80 90 100 110 120 LV apex LV septum

Mills. Circ Arrhythm Elctrophysiol 2009
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Dyssynchronie -

Figure 2: Ultra-high-frequency ECG Map
in Right Ventricular Septal Pacing

Right ventricle lateral

wall activation — & RVLWd
19 ms
First
activation @ Lviwd
61 ms
+» @ 2-Dys
72 ms

Left ventricle lateral
wall activation

0 50 100 150 200
ms

Mizner. AER 2022



Dyssynchronie 5

Dyssynchronous
electrical

activation \

Discordant L(:jn%%r
contraction conduction
path length

//— Arrhythmia
Systolic/diastolic
dysftunction

Electrical/contractile
remodelling and

hypertrophy
Regional Ventricular
mechanical dilatation
differences
Neurohumoral
activation
Ischaemia
hibernation
apoptosis
Reduced
efficiency
\ Reduced
coronary reserve

Vernooy. Nat Rev Cardiol 2014
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Nadelen huidige vormen van pacing

RV pacing
v' -Dyssynchronopathie: LV-dysfunctie
v -20% ~ > 20% RV pacing

v' -Geen aangetoond verschil apicaal / septaal / outflowtract
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Tendon
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Tan. Circ AE 2020
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Anatomie
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Cabrera. JACC EP 2020
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Penetrating
AV bundie

LUK 3

"“Right bundle
branch ™

Septal leaflet of
Penetrating
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Atrial bundle
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Centralfibrous

Cabrera. JACC EP 2020
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Cabrera. AER 2021
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Anatomie
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Anatomie

Longitudinale dissociatie

AVN
His bundle

Block

Left
posterior
fascicle
Left
bundle
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Normal
conduction
restored

Tan. Circ AE 2020
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LBTB correctie

Longitudinale dissociatie
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LBTB correctie =5

CENTRAL ILLUSTRATION: Correction of LBBB Pattern With LBBP

LBBP
QRS 104ms
‘ 3 ) R 5 B B B

Intrinsic LBBB
QRS 165ms
e : P

Huang, W. et al. J Am Coll Cardiol EP. 2020;6(7):849-58.




Fysiologisch pacen ),

CENTRAL ILLUSTRATION: Alternative Pacing Sites to Mimic Physiological
Pacing

Vijayaraman, P. et al. J Am Coll Cardiol. 2017;69(25):3099-114.




Fysiologisch pacen ==
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Canadian Journal of Cardiology 33 (2017) 1736.e1—1736.e3 www.onlinecjc.ca
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," and Kenneth A. Ellenbogen, MD, FHRS®
“ Department of Cardiology, First Affiliated Hospital of Wenzhou Medical University, Key Lab of Cardiovascular Disease of Wenzhor, Wenzhow, China
# CRHF Division, Medtronic PLC, Mounds View, Minnesota, USA
“Department of Cardiology, Virginia Commonwealth University Health System, Richmond, Virginia, USA

1 2 3 4
RV to LV (LBBB) LV earlier than RV (AVD 40 ms) Simultaneous LV/RV (AVD 90 ms) LV later than RV (AVD 160 ms)
His bundle His bundle His bundle His bundle
\\/ Block region / Block region \\./ Block region Block region
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Fysiologisch pacen

Conduction system pacing (CSP)

1 RV apex
2 RV septum

5 His bundel pacing (HBP) 3 Left bundle area pacing (LBBap)

4 Left bundle pacing (LV septal pacing)

Courtesy Dr Timmer
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Selective left bundle bramch pacing
Capture of the LBB alons, without
Left ventricular septal pacing" capture of local myocardium

Capture of the left side of the V5,
without capture of the conduction system
IVSP
5-HEP
Selective His bundle pacing
Capture of the His bundle alone,
without capture of local myocardium

M5-HEP

Mon-selective His bundle pacing
Simultaneous capture of both the His
bundle and local myocardium

.
Annular plane

Right ventricular septal pacing®
Left bundle branch blodk morphology
Site of approach for left bundle pacing

5-1BBP

Myocardium-only pacing”
Only the kol myocardium is captured
Mo capture of conduction system

-

MNon-selective keft bundle branch pacing
Simuitaneous capture of the LBB and
local left ventricular septal myocardium

M5-1BEP

Ancdal capture
Ring electrode captures the right side of VS
Simuftaneous LBE capture by tip electrode
Ancdal
capture

Mid-septal capture®
Morphology observed during traversal
of IVS while attempting left bundle pacing

Mid-septal

capture
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Kenmerken

- Via His-purkinje-systeem

- His-bundel pacing:
Hoge drempels
Complexer
Far-field atriale oversensing

- Alternatief: LB pacing
Hoge R-top
Lage drempel
Technisch eenvoudiger
Grote ‘sweetspot’ linkerbundel



Fysiologisch pacen

CENTRAL ILLUSTRATION: HBP Compared With LBBAP

His Bundle P. Left Bundle Branch
® seng ¢ Area Pacing
» Technically challenging « Technically less challenging
» Narrow target zone « Wide target zone
» Encased in electrically inert « Encased in dense muscle
« Low success rates in AV block S Ines AV
« High thresholds SLow Ovestiont

Septogram showing lead @ TTE short axis showing lead
depth in septum depth in septum

Padala, S.K. et al. J Am Coll Cardiol EP. 2020;6(14):1773-82,
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Linkerbundel e 9

‘Sweetspot’
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Materiaal ——

The Model 3830 MRl lead is a steroid eluting, bipolar, implantable non-retractable
screw-in, catheter delivered, transvenous lead.

3830 MRI Lead Specifications:
s s Lumenless lead body

| g— =  1.4mm (4.1Fr)outer diameter
\//—_\ * Dualinsulation
* Polyurethane (outer)
* Silicone and ETFE (inner)
= Steroid eluting with beclomethasone dipropionate
= 9mm Tip-to-ring Spacing

3830 Lead = Availablein 59, 69, and 74 cm lengths
= 49 cm length available (non-MR conditional)

STEROID AND TiN COATED TiN COATED OUTER
HELIX ELECTRODE ELECTRODE RING CONDUCTOR COIL
INNER INNER SILICONE QUTER
CONDUCTOR INSULATION POLYURE THANE
CABLE INSULATION

Cross-sectional view of 3830 lead



Materiaal

SelectSecure 3830 vs Biotronik Solia S

— — ———

1

Stylet driven (more stiff), larger
diameter, helix-body step up.

2 A

INCHES

INCHES

Courtesy Dr Rademakers



Procedure

@

Prepare for unipolar pace mapping

Courtesy Dr Rademakers
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How to determine site for lead
implantation?

Pace mapping 5V unipolar:
“W” morphology in V1.

~2cm caudal from TV
Stay away from RVOT !

Courtesy Dr Rademakers
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Procedure

Deep septal deployment of a thin, lumenless Responses tO SCI’EWI ng

pacing lead: a translational cadaver simulation
study

Marek Jastrzebski © '*, Pawet Moskal', Mateusz K. Hotda®, Marcin Strona’,

DRILL EFFECT
A

Torque build-up in the lead

DEEP SEPTAL PACING ENTAGlL‘EMENT EFFECT

Jastrzebski M, Europace 2020;22:156-161.
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Relationship between bundle branch and the pacing lead

Before LBBP lead turning 'After LBBP lead fixation

HBP lead HBP lead

% LBBP lead \  LBBP lead
HBY >

t . 5
e, T 5 .
.

VRN
,




Procedure 2 O
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Zhang, S. et al. J Am Coll Cardiol. 2019;74(24):3039-49.



Procedure

Criteria voor LB pacing

RBTB achtige configuratie

LVAT < 70-80ms

- Pacing artefact > R V5-6
- Cst bij hoge en lage output
- Cave: in niet-CRT populatie

LB potential

- Alleen met EP-systeem zichtbaar

Peak V6 = r’'V1 >40ms

Albert

o




Procedure
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EP # : 20220317-patl
Type:

Patient: / /Male /
Started : 3/17/2022 9:02:50
AM

09:28:46 PQ tijd 114 ms
09:29:09 QRS 78 ms

09:31:18 Calipers result
saved to
CalipersResult.000.6xt

09:35:26 REC ON 20220317 |
patl

09:44:25 schroef 1
00:52:57 attempt 2
10:04:21 attempt 3

10:10:36 Screencopy to file
Screenshot.000,png

10:51:19 REC OFF Y

20220317-patl

3/17/2022 10:55:20 AM
Study ended.
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ECG en LB pacing 5 O

His bundle potential B His bundle pacing C LBB potential D Non-selective LBBP [ LBB potential Selective LBBP
(Intrinsic rhythm) (1.0V/0.5ms) (Intrinsic rhythm) (0.8V/0.5ms) (Intrinsic rhythm) (0.8V/0.5ms)
r '; T L LI 3R T T T 1 ,Ir | S bR | . T | SRR ) W { b0 |

n ) S

aVR

avL 1
aVF ————

vi ,.5_5\/_,—‘

v2 \f/\

V3

V5
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Procedure

A

7 L BTP (25.0%)
W, |LAFP (23.5%)
2% LPFP (51.5%)
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LBB pacing: ECG post ==0

12 afleidingen; standaard plaatsing Unconfirmed Diagnosis
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Resultaten e O

MELOS — MULTICENTER EUROPEAN LEFT BUNDLE BRANCH AREA PACING OUTCOMES STUDY
9
Prospective, multicenter, 2533 14
4 registry-based observational study Participants European centres

g LBBAP implantation success
ALY Bradycardia indication success ~ 92.4%
Heart failure indication success  82.2%

_— LBBAP lead complications 8.3%

* Acute perforation to LV 3.7%

: LVS:; = * Lead dislodgement 1.5%

Ak * Acute chest pain 1.0%

* 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% CI 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 o Other 0.7%

LVEDD, per 10 mm increase OR 1.53, 95% Cl 1.26-1.86
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Vervanging van CRT?

= CRT is toch prima?
v’ Harde evidence, veel gerandomiseerde studies
v’ Zeer veel ervaring
v Goede materialen

= Nadelen van CRT
v’ Complexer (upgrades)
v Variatie van veneuze anatomie
v Epicardiale activatie
v’ Langere procedures
v Re-do ~ PNS, verlies van pacing, hoge drempels
v Duurder
v' Meer stroomverbruik



Vervanging van CRT? e D

QRS Duration (ms) LV Ejection Fraction (%)

# P<0.001 compared to BVP
*pe0.001 compared to baseline

All Patients LBEBB All Patients LBBB

, a5 #
N EBaseline M Post-CRT # MEBaseline WPost-CART

*
*
*
#
*
BVP 5P BVP C5P

170

160

L
E;
150
140
130
120
110
100
BVP cs

35 *
30
25
15
BVP csp

Vijayaraman. Heart Rhythm 2022
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Vervanging van CRT?
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Time to Death or Heart Failure Hospitalization

Cum Survival

BVP
CsP

D8

oA

0o}

Freedom from Death or HFH (All, N=477)

“{‘xﬁ -— 5P
e — BVP
N
T ——— _\-\_‘-_\‘-_‘-‘—\.--‘_
T ———— - 28.3%
38.4%
HR 1.52 (1.082-2 087); log rank P =0.013
0 1 2 3
Follow-up (Years)

219 158 110 59
258 211 107 35

B

Curn Survival

[ E-

D&

4

o |

Freedom from Death or HFH [LBEBB, N=247)

e — (5P

N —— — BVP

. | —
— 20.8%
35.5%
HR 2.1 (1.237-3.525); log rank P =0.006
0 1 2 3
Follow-up (Years)
141 105 73 59
106 97 45

Vijayaraman. Heart Rhythm 2022
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BIV-CRT

N V50 Ve Mo e e Yo Y Y0

T —— e s e W B :
e W o L e A9

RV capped

Vijayaraman. Heart Rhythm 2022
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Instellen

FIGURE 1 Electrocardiographic Characteristics and Potential Mechanism of LBBP in a Patient With Heart Failure

A

AVDms 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
AS-RVms 137 147 158 167 168 170 168 170 170 168 170 170 169 170 168

P-RVms 95 92 94 95 94 74 73 63 42 37 31 22 1 2 /

QRSms 121 122 117 11 101 95 94 96 97 104 114 131 141 156 174

- AR A
R YAy
ettt

B @
LV earlier than RV (AVD 40 ms) Simultaneous LV/RV (AVD 90 ms)

2 Ry } HE A

His bundle His bundle
Block region

(A) The effect of sensed atrioventricular delay (AVD) on paced QRS duration and configuration. (B) The graphics illustrate potential conduction with padng the left
bundle branch at AVDs of 40 and 90 ms, respectively. (O The fluoroscopic image shows the final lead position in the right anterior oblique view. Adapted with
permission from Huang et al (23). AS-RV = right atrial sensing to right ventricular signal; LBB = left bundle branch; LBBP = left bundle branch pacing; LV = left
ventricle; P-RV = pading to right ventricular interval; RBB = right bundle branch; RV = right ventricle; VS = ventricular septum.




Conclusie

= Veelbelovend

= GEEN lange-termijn resultaten

= Blijft lead goed? Kan een extractie?

= RCT’s nodig!

= Hype? Veel enthousiasme; ‘boot niet missen’
= Weeqgt het op tegen relatief klein aandeel upgrades?
= Kosten

= Wanneer tevreden? Criteria nodig

= LV septum pacing voldoende?

= Hoe instellen?

= CRT heeft harde evidence

= Materiaal voor HF populatie

= Voorlopig
= Bailout voor CRT
= Pacing bij LVF{ + hoog % pacing?
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58-Jarige patiénte — Non-ischemisch hartfalen

Voorgeschiedenis

2010: CAG: gave coronairen.

2010: Mitralisklepplastiek en ringimplantatie in verband met ernstige
mitralisklepinsufficiéntie

2013: Matige linkerventrikelfunctie, geen mitralisklepinsufficientie

2015: Biventriculaire-ICD implantatie. NYHA I, slechte linkerventrikelfunctie
bij niet-ischaemisch hartlijden, LBTBM, QRS 140ms (PNS op CS1).
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Leeftijd 52 jaar C: 1700,0, W: 2500,0
3.CoroND v 01 iy

HCKO1

LAO / RAO: 29
CAUD / CRAN: 0,1
REF

31-8-2015, 10:29:42 ~




Leeftijd 52 jaar
5.CoroND v

HCKO1
LAO / RAQ: -27,9
CAUD / CRAN: 0

31-8-2015, 10:38:59 v

Albert
Schweitzer

ziekenhuis

C: 1700,0, W: 2500,0
A
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Leeftijd 58 jaar i s \ C: 2048,0, W: 4096,0
4. Right Coronary 15 fps Medium v S g’i I-rl

CAR_KAMER1
LAO / RAO: 30,120000839233
CAUD / CRAN: 3,210000038147

26-5-2021, 15:58:37 ~
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Leeftijd 58 jaar ; ] : W : 4 C: 2048,0, W: 4096,0
5. Right Coronary 15 fps Medium v : ; ‘4’71 [

CAR_KAMERT1
LAO / RAO: 26,819999694824
CAUD / CRAN: 3,210000038147

26-5-2021, 16:01:13 v
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