


Optimisation des appareils de 
resynchronisation cardiaque
Dre Jacqueline Joza
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Great Cardiac Vein

Antero-lateral Cardiac Vein



5

Mid Cardiac Vein

Posterior Cardiac Vein

Anterior Cardiac Vein



Advantages of MultiPole Pacing?
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LV pacing

BiV pacingRV pacing
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CS anatomie
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Apical LV pacing Basal LV pacing

V4-6 negative: apical V4-6 positive: basal
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Lead position relative to axis
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LV Lead Location on ECG
Precordial Leads
• Positive concordance: basal
• Negative concordance: apical
• Positive to negative: mid-level
• Negative to positive: septum or RV

Limb Leads 
• Horizontal axis: postero-lateral (3h)
• Left or right superior axis: inferior to 

posterior (4-5h)
• Intermediate or right axis: antero-lateral to 

lateral (1-2h)
• Inferior axis: anterior (12h)
• Superior axis: inferior (6h)

Basal

Apical

Mid



LV pacing: Where is the LV lead?
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Fluoroscopy

LAO RAO
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RAO

Precordial Leads
Positive concordance: basal

Limb Leads 
Horizontal axis (lead I): postero-lateral (3h)
Left or right superior axis: inferior to posterior 
(4-5h)
Intermediate or right axis: antero-lateral to 
lateral (1-2h)
Inferior axis: anterior (12h)
Superior axis: inferior (6h)
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Where is the LV lead?
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Fluoroscopy

LAO RAO
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LAO
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Where is the LV lead (LV pacing)
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LAO RAO
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LAO
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Where the the LV lead? (LV pacing)
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LAO RAO
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Where is the LV lead? (LV pacing)
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LAO RAO
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RAO
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LV Pacing: Where is the LV Lead?
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LAO RAO
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Infero-posterior vene: Suitable?
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VVI LV Pacing: Where is the Lead?
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RV apex Pacing
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Where is the LV lead? (LV Pacing)
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LAO
RAO
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Phrenic 
Nerve
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of beter gezegd: 
“wie heeft er baat bij CRT?”

LANDMARK Trial: MADIT-CRT
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Overleving: CRTD vs ICD
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Seo, Circulation J 2011

Echocardiographic Dysynchrony Parameters
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Subanalyze MADIT-CRT Trial 41



LBTB versus RBTB versus IVCD in MADIT-CRT

Zereba, Circulation, 2011 42
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1. Sélection du patient pour la thérapie de 
resynchronisation cardiaque
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Quelle est la définition d'un bloc de branche gauche?

LBBB pattern does not necessarily mean LBBB

QRS >= 120ms, notched/slurred R wave in I aVL V5 V6
Absent q wave in I  V5  V6
R peak time >60ms in V5 and V6
ST and T wave usually opposite to the QRS
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RAO LAO

Duodecapolar catheter 2-2-2 
retrogradely placed along the 
left interventricular septum 
with its tip in the LV apex

HIS catheter
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Upadhyaya et al. Circulation 2019 139(16) 49
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2. Sélection du bon appareil
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Fusion Pacing: Intrinsic + 
RV pacing + LV pacing

Situation 1. When there is an intrinsic ventricular rhythm

INTRINSIC
CORONARY 
SINUS LEAD 
(EPICARDIAL 
STRUCTURE)

RIGHT 
VENTRICULAR 
PACING
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LBBB
Sinus rhythm with mid-septal 
breakthrough creating a very delayed 
postero-lateral activation with a long left 
ventricular activation time >100ms.

Right ventricular apex pacing with 
fusion with intrinsic depolarization = 2 
septal breakthroughs and the 
anterolateral wall the most delayed, and 
shortening of the LVAT to 82ms

AV optimization allowing CRT with fusion.

3 wavefronts: Intrinsic + RV pacing + LV 
pacing (coronary sinus lead): 2 septal 
breakthroughs with most delayed 
activation at intermediate positions and 
LVAT 71ms

Vatasescu, Brugada.. 
Europace 2009 56



• Ventricular fusion pacing using the VVT 
(trigger) pacing mode

• The first two beats show triggered biventricular 
pacing, synchronized to right ventricular sensing

• Last two beats show intrinsic rhythm with LBBB 
during temporary inactivation of the algorithm 
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Variation in Activity Change of Meds Disease Progression
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LV capture management

• Adaptive LV algorithm measures the intrinsic AV conduction delay + p wave + QRS duration (far-field EGM) 
every minute for 1 beat (the QRS is measured 1x per 16 hours where no trigger pacing is performed)

• If intrinsic AV interval is normal and HR <100bpm, then optimized LV pacing with an AV delay of 70% of 
intrinsic is applied

• This results in fusion and is hemodynamically preferable. Otherwise BiV pacing is performed (pacing occurs 
30ms after the end of the p wave, but at least 50ms before intrinsic QRS 59



Medtronic: Adaptive BiV
• Used primarily when the PR interval at baseline is <220ms

• AdaptResponse Trial 2023
• Adaptive CRT vs conventional 

CRT
• Patients with Strauss-LBBB 

(140ms male, 130ms female), 
EF<=35%, PR <=200ms, and 
sinus rhythm.

• 3617 pts
• Follow-up 59 months
• Excellent response to CRT
• Improvement with LV pacing 

>85% 

Wilkoff, Lancet 2023 60



Development of Atrial fibrillation less with Adaptive BiV and LV pacing

Adaptive BiV pacing

Adaptive BiV and LV 
pacing

Hsu heart rhythm 2019 61



Smart Delay
Boston Scientific
Based on hemodynamic data from 
PaTH CHF II studies
• In-office only, measures intrinsic AV 

conduction time of RV and LV during 
atrial sensing and atrial pacing 

• Algorithm recommends simultaneous 
BiV or LV pacing
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Sync AV
• Abbott
• Based on negative hysteresis 

algorithm that is already 
present in Abbott pacemakers
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AV optimization, with LV occurring 30ms prior to RV: Abbott Device 69



Complete heart block: RV+LV (CS) 
pacing: only 2 ventricular wavefronts

“Up to 1/3rd of CRTs do not improve after biventricular pacing”. 
• Non-response is not necessarily a failure of CRT, but of appropriate patient selection 

Situation 2. When there is NO intrinsic ventricular rhythm. Ie. Heart Block

CORONARY 
SINUS LEAD 
(EPICARDIAL 
STRUCTURE)

RIGHT 
VENTRICULAR 
PACING

NO INTRINSIC

LBB 
pacing
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Other situations where coronary sinus lead may not be ideal: 
anatomical concerns (lack of appropriate branch), presence of scar..
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Inappropriate patient selection: IVCD – not an electrical 
disease, but distal pathology or myopathy leading to 
dysregulated ventricular activation

Patients may benefit from CRT
No potential benefit from conduction system pacing

CORONARY 
SINUS LEAD 
(EPICARDIAL 
STRUCTURE)
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Left Bundle Branch Pacing: 1st case report in 2017

What about HIS Bundle Pacing?
• Still being performed in highly experienced centers
• Concern for development of block distal to the HIS pacing lead, increasing thresholds 

over time, frequent need for back-up RV apical pacing 73



HIS bundle 
recording

Tricuspid valve 
annulus

LBB

Coronary 
sinus os

Coronary 
sinus os

The relationship with a His pacing lead: Left bundle 
pacing lead is typically 1-1.5mm further distally along the 
septum

Left bundle branch on 
the left side of the 
interventricular septum
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Cabrera et al. JACC Case reports Vol 2 No5 2020

Endocardium has smooth muscle cells in its thickness and surrounding the LBB there is connective tissue of 
variable thickness. 
Green star in C1= fibrous tissue; black arrow = septal artery

The thickness of the LBB is highly variable = variability in ‘implant success’

C1: very small LBB C3: very large LBB
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Description of the Left 
septal fascicle’s 
anatomical variants in 
20 normal human hearts

Type 1 = most common 
pattern showing definite 
septal division. 

“The existence and 
importance of the Left 
septal fascicle cannot 
be ignored”
• Produce a network of 

interwoven strands 
covering the inferior 
third of the septum

LSF may originate from the 
main LBB or its division 
posterior or anterior

Type II: LSF 
branches from 
both anterior and 
posterior divisions

Type III: fan-like 
interconnecting 
network

Frontiers 2021 77



LB Fascicular pacing divides 
into:

I. LPFP: left posterior 
fascicle pacing: superior 
QRS axis (leads II and III 
mostly negative)

II. LAFP: left anterior fascicle 
pacing: inferior QRS axis 
(leads II and III positive)

III. LSFP: intermediate QRS 
axis (II mostly positive, III 
with negative component)

Melos Study Jastrzebski. 2022 78
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8mm

11mm

14mm

12mm

1.8mm (screw/helix)

9mm (tip to ring)

4mm (ring alone)

Heart Rhythm 2023;20:55-60 80
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65M late presentation, Ischemic cardiomyopathy, LVEF 5%
• On milrinone with intra-aortic balloon pump
• No revascularizable options
• Refusing ventricular assist device/transplant
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CS pacingBaseline LBBP pre CS 40ms CS pre LBBP 40msLBBP

84



85

85



86

86



Final: CS pre RV (LBBP) 40ms)

Intra-aortic balloon pump removed the following day, milrinone weaned off
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Left bundle branch optimized CRT

Jastrzebski, Heart Rhythm 2021 88



Left bundle branch pacing optimized CRT (LOT-CRT)

Jastrzebski, Heart Rhythm 2021 89



Ventricular Electrical Activation Simulations generated from HF patients 
• Diffuse conduction disease, septal scar, and lateral scar were simulated
• Electrical synchrony was measured during pacing with varying modalities

Strocchi et al. JCE 2023;1-10 90



Septal ScarHis Purkinje Disease Lateral Scar

LV
AT

95
CRT or combination CRT + 
CSP able to achieve shortest 
activation time

CRT achieves 
shortest LV 
activation

CSP achieves shortest 
LV activation
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80F Pre-op TAVI. Severely enlarged LA with chronic AF. Severe TR, EF 45%
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80F Post-op TAVI develops complete heart block, dependent on 
temporary pacing wire. What should we do now?

Standard RV pacing

Conduction System Pacing
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Native ECG, prior to heart block

Left bundle branch pacing
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1 week later, presents to ED with pulmonary edema. 

AV node conduction recovers, but with new LBBB due to TAVR.
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Ablation Catheter 
positioned at the HIS 
(AV node)

Tip of pacing 
lead
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80F Post AV node ablation

Post AV node 
ablation
Threshold 
0.5V@0.4ms
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Séance Q&R

Tous les panélistes
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UN GRAND MERCI!

N’oubliez pas de compléter l’évaluation de 
la séance.

107

Ce n’est pas terminé! Veuillez-vous rendre dans le hall d’exposition (Samuel ABC) 
pour une pause santé, puis à la salle de bal Champlain pour la séance plénière 2 
intitulée Clinical Pearls and Conundrums in HF Clinical Care qui débutera 
à 15 h 00.
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