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The Benefit from CRT is well established

More than 8000 patients included in randomized controlled trials

Clinical Studies Evaluating CRT in Heart Faillure

CRT – Clinical Evidence 
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The Benefit from CRT is well established

CRT – Clinical Evidence 

• HFrEF ≤ 35%, QRS ≥ 130ms

• HFrEF, RV pacing

Ponikowski P, et al. Eur Heart J, 2016; 37:2129-2200



Patient Selection

Magnitude of benefit from CRT 
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Responders vs Non-responders

• Clinical measures (functional & QoL)

• LV reverse remodelling

• Event-based measures

Responders

• LVEF ≥ 5% and/or LVESV ≤ 15%
• ↓ NYHA ≥ 1 class
• Ø HF hospit, deaths

Vs

• ø clinical improvement

• ø LV reverse remodelling

• ø Event-based measures

Non-responders



Magnitude of Non Response to CRT

Death

HFH
Remodeling Clinical 

Improvement

Composite 

Score

Non Responders per Clinical Study  and Response Criteria

43% 26% 35%38%

Globaly 30-40% Non Responders

Daubert C, et al. Eur Heart Journal 2017;38:1463–1472



Potential Reasons for Non Response 

Follow up - Non Responders to CRT
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Inadequate LV Lead Position 

Postero-lateral Vein

Lateral Vein
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No 

Data

At least 11 % patients have suboptimal LV Lead Position 

Implantation Failure



Second option for LV Lead Placement
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Implant Failure

Implant Failure in Randomized Trials
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Short-mid term complications 9-15 months follow-up
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How to increase the rate of 

responders ?

How to improve?
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How to improve?

Assessment of dyssynchrony

• Evaluated pre-procedure?

• Large RCTs have failed to prove benefit evaluating dyssynchrony
(EchoCRT, PROSPECT)

N Engl J Med 2013; 369:1395-1405

Circulation 2008; 117:2608-2616



How to improve?

Assessment of dyssynchrony

Assessment of latest activated areas and burden of myocardial scar

Presence of suitable tributaries



How to improve?

Assessment of latest activated areas and burden of myocardial scar

• Image-guided LV placement in latest activated areas (TARGET, STARTER)

JACC Vol. 59, No. 17, 2012 Circ Heart Fail. 2013;6:427-434



How to improve?

Assessment of latest activated areas and burden of myocardial scar

• Multimodality imaging-guided LV lead placement

European Journal of Heart Failure (2016) 18, 1365–1374



Assessment of latest activated areas and burden of myocardial scar

• LV lead implantation in LAD → reduction of all-cause mortality and
HF events

How to improve?



How to improve?

Assessment of latest activated areas and burden of myocardial scar

Kutyifa et al.; JACC clinical electrophysiology 2018

• LV lead implantation in lateral/posterior wall, non-apical is associated
with reduction in death/HF events.



How to improve?

Assessment of dyssynchrony

Assessment of latest activated areas and burden of myocardial scar

Yes, but...



How to improve?

Assessment of dyssynchrony

Assessment of latest activated areas and burden of myocardial scar

Presence of suitable tributaries

Delivery of CRT

• Technical challenges of LV lead implantation

• Latest activated areas

• Multisite pacing

• Multipoint pacing



LV position

LAO view RAO view

Venogram



LV position

Snare LV lead traction



LV position

Final Position

LAO view RAO view



Echo – Basal – 6 Months
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Selective Venogram

LV position
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LV position



Final Position

LAO view RAO view

LV position



Echo – Basal – 6 Months



How to improve?

Snare technique after standard technique failure

• 566 CRTs implanted since 2015, 16.6% with snare (n=94).

• Snare technique ↓ all-cause surgical revision with a NNT of 14 

Causes of re-operation Snare

group 
(N=3)

Standard 

group

(N=50)

Total

(N=53)

LV lead implant failure or

dislodgment

0 25 25 

(47.2%)

RV lead dislodgment 1 9 10 

(18.9%)

RA lead dislodgment 1 6 7 (13.2%)

Infection 0 6 6 (11.3%)

Device extrusion 1 4 5 (9.4%)

Unpublished data



How to improve?

Snare technique after standard technique failure

• 566 CRTs implanted since 2015, 16.6% with snare (n=94).

• Snare technique ↓ all-cause surgical revision with a NNT of 14.

• ↓ surgical revision due to LV lead implant failure/dislodgement

Unpublished data



How to improve?

Snare technique after standard technique failure

• The rate of major complications, 30-day mortality and all-cause mortality (15.9% vs
15.5%, p = 0.49) were similar between groups.

Major complications

7.4%

Vs

3.8%

Snare
technique

Standard 
technique

P=0.12

++ pericardial efusion and
contrast nephropathy

Unpublished data



How to improve?

Snare technique after standard technique failure

• Response to CRT in 64% of patients who would not benefit from the therapy
otherwise.

Reverse remodeling

64%

Vs

29%

Responders
Hyper

responders

Unpublished data



How to improve?

Snare technique after standard technique failure

• Snare technique with longer procedure duration and fluoroscopy time.
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How to improve?

Assessment of dyssynchrony

Assessment of latest activated areas and burden of myocardial scar

Presence of suitable tributaries

Delivery of CRT

• Technical challenges of LV lead implantation

• Latest activated areas

• Multisite pacing

• Multipoint pacing



iBox-CRT: Can we do it better? 

Automatically, operator-independent, assess the

conduction delay between RV pacing and the LV available

veins to select the LV pacing site.

Evaluate the impact of LV site on clinical and remodeling

outcomes.
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How to improve?

Assessment of dyssynchrony

Assessment of latest activated areas and burden of myocardial scar

Presence of suitable tributaries

Delivery of CRT

• Technical challenges of LV lead implantation

• Latest activated areas

• Multisite pacing

• Multipoint pacing



The Benefit from CRT is well established

CRT – Clinical Evidence 



Multisite pacing

CRT – Clinical Evidence 

• 1 RV lead + 2 LV leads • 2 RV leads + 1 LV lead



How to improve?

Multisite pacing

• Multisite pacing improves symptoms, QoL, LVEF

Marques P, et al. Europace (2018) 20, 
986–992



How to improve?

Assessment of dyssynchrony

Assessment of latest activated areas and burden of myocardial scar

Presence of suitable tributaries

Delivery of CRT

• Technical challenges of LV lead implantation

• Latest activated areas

• Multisite pacing

• Multipoint pacing



Multipoint pacing

CRT – Clinical Evidence 
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How to improve?

MPP IDE trial 

• MPP-AS may improve response to CRT
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How to improve?

MORE CRT MPP trial

• MPP-AS may improve response to CRT?



How to improve?

MORE CRT MPP trial

• MPP-AS may improve response to CRT?
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How to improve?

MORE CRT MPP trial

• MPP-AS may improve response to CRT?
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MultiPoint Pacing

Single Center, non randomized

110 patients 1 year follow-up

Objective:

Compare Clinical and Echocardiographic

response between standard Biv, 

Optimized Biv (Q-LV), Optimized + MPP

Combining MPP with optimal positioning of the LV lead on the basis of electrical 

delay and hemodynamics enhances reverse remodeling and improves clinical 

outcomes beyond the effect due to conventional CRT. 

Response STD OPT OPT + MPP

Ecocardiographic 55.6%
(42.4-68.0)

72.2%
(56.0-84.2)

90%
(69.9-97.2)

Clinical 66.7%
(46.0-71.3)

77.8%
(61.9-88.3)

95%
(76.4-99.1)

Zannon F, et al. Heart Rhythm. 2016 Aug;13(8):1644-51



Responders vs Non-responders

• Clinical measures (functional & QoL)

• LV reverse remodelling

• Event-based measures

Responders

• ø clinical improvement

• ø LV reverse remodelling

• ø Event-based measures

Non-responders



Responders vs Non-responders

• Clinical measures (functional & QoL)

• LV reverse remodelling

• Event-based measures

Responders

• Ø symptoms

• LVEF ≥ 50%; ↓ LVESV ≥ 30%

Hyper-responders



Conclusion

CRT improves prognostic and clinical outcomes

Lateral or postero-lateral wall of the LV, non-apical

Patient selection: ♀, LBBB, wide QRS, NI cardiopathy

30-40% non-responders

Alternative techniques to implant LV lead

New technologies to assess latest activated areas LV lead



Conclusion

CRT improves prognostic and clinical outcomes

Patient selection: ♀, LBBB, wide QRS, NI cardiopathy

30-40% non-responders

Alternative techniques to implant LV lead

New technologies to assess latest activated areas LV lead

Multisite pacing

Multipoint pacing
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