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CRT in Heart Failure: New Frontiers

• Background

• Dual-Site LV Pacing during CRT

• Quadripolar LV Pacing approach

• LV Endocardial Pacing: LVEP

• Vagal Nerve stimulation in HF







The Target Study



Care HF 

Implantation 

Treatment Group

(n=404 attempts)

Control Group 

(n=65 attempts)

1 349 (86.3) 58 (89.2)

2 36 (8.9) 2 (3.1)

3 5 (1.2) 0

Total 390 (96.4) 60 (92.3)

CARE HF MADIT CRT
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91 PNS events reported in total

LV Lead Events frequency as percentage of total 

events over 12 months (164/1647 pts)
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Interest of Multisite LV Pacing

HR 10, P Bordachar



Atrial based, Dual Site LV, RV Pacing



Atrial based, Dual Site LV, RV Pacing

(ongoing V3 Trial)



Interest of Additional LV Lead during CRT



Non-Traditional CRT: Novel Implant Techniques
Atrial based, Dual Site LV, RV P

• Goal:

- To Improve Ventricular 

activation & CRT Impact

- Ongoing V3 Trial

• Potential Difficulties
- Subclavian Vein Occlusion

- Y Adaptor & Electrical csqces

- Higher Risks of PNS

- CS Anatomical Limitations
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Single Site vs. MSLV in Healthy Heart



Subselection of Lateral Cardiac Vein 

during Quadripolar LV Lead Implant



Quadripolar LV Lead in case of LSVC



Non-Traditional CRT: Novel Implant Techniques
Benefits of Quadri vs Bipolar LV Lead

• Management of PN Stimulation

• Pacing Vector offering

- The Best  Hemodynamics

- The Best Pacing Thresholds

• Lower Need for LV Lead Revision

• Similar Lead Implant procedure

• Simultaneous 4 P Pacing for a 

better CRT impact to be investigated
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Endocardial vs. Epicardial Biventricular Pacing.

Morgan J M , Delgado V 
Europace 2009;11:v22-v28

Garrigue S., Jais P, et. al. 

AJC, 2001 88:858–862



Endocardial  vs Epicardial CRT provides:

Better LV Filling and

Systolic Performance

More Homogenous

Resynchronization

Van Deursen, Circ Arrhythmia 

Electrophysiol. 2009;2:580-587
Prinzen et al

Pooled data 
from 8 LV sites

*=p<0.05
with BL;
=p<0.05 

with EPI-BiV†



Leadless LV Pacing
 Upgrade existing implanted systems

 Works with any PM or ICD

 Simple co-implant

 Transvenous right side system

 Wireless left side system

Echt, Heart Rhythm 2006

WISE-CRT: Wireless Stimulation Endocardially for CRT



TEE Evaluation before Transseptal Puncture

Location of Fossa Ovalis

Ongoing Evaluation



LV Endo Pacing in Non CRT Responder

LV Lead placement

under TEE guidance

Ongoing Evaluation



LV Lead Postion post Implant,

No Change in MR



LV Endo Pacing in Non CRT Responder

AP View LAO View



LV endocardial Pacing during CRT

AP View LAO View



PNS still hapens during LV endo Pacing !!





LV EF Echo Evaluation (Simson)



Permanent LV Endocardial Pacing in 

Clinical Practice

Avantages Disavantages

Easier access to LV Ventricle

Better Hemodynamics

Faster Depolarization

Faster Vent activation

Low risk of PNS

Better short & long term PT

Transeptal Approach

Embolic risk

X Ray exposure

Anticoagulation

Mitral Regurgitation

Lead Extraction ??
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Device-based Neuromodulation Therapy for HF

Current Investigational Approaches

Spinal Cord Stimulation 

(SCS): SCS generator implant in 

abdomen or paraspinous region with a 

lead placed in dorsal epidural space 

between T1-T4

SCS VNS BRS

JC Lopshire and DP Zipes. Curr Cardiol Rep (2012) 14:593–600

Vagal Nerve Stimulation 

(VNS): VN stimulator placed in right 

subpectoral region with a lead placed in 

RV and VN stimulating lead tunneled to 

cervical vagus region

Baroreflex Stimulation 

(BRS): Baroreflex stimulation 

generator placed in right 

subpectoral region with bilateral 

stimulation leads tunneled to the 

carotid baroreceptor region





Adapted from Li M, Circulation 2004; 109: 120 -124

Vagal stimulation therapy achieved a 73% 

reduction in a relative risk ratio of death.



VNS in HF Canine High Rate Pacing Model

Adapted from Zhang Y, Circ Heart Fail 2009; 2:692-699



VNS in HF Canine High Rate Pacing Model

Adapted from Zhang Y, Circ Heart Fail 2009; 2:692-699





NECTAR-HF Study: Protocol Overview

• Study Design

– Single-blind, placebo controlled, randomized 2:1(therapy/control)

– Multicentre (European sites)

– Control patients crossed over to therapy at 6M follow-up & 

followed for safety through 18 months

• Sample Size

– 250 pts screened for eligibility

– 96 pts implanted with the system

• Patient Population: 

– NYHA class III HF pts

– Ejection fraction of ≤35% 

– Not CRT candidate, QRS ≤ 130 ms
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Summary

• Increasing Consideration for CRT

• Dual-Site LV Pacing during CRT: The V3 Trial

• Quadripolar LV Pacing approach: MPP Study

• LV Endocardial Pacing: The AlSync Study

• Vagal Nerve stimulation in HF: Nectar Trial …


