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Reduces heart failure (HF) 

mortality by 40% on top of 

optimal medical therapy  

Decreases HF-related 

hospitalisations by 52% 

Cardiac Resynchronisation Therapy 

(CRT) 



CRT Response Rate 

One-third of patients do not experience the full benefit of CRT1-6 

*AV optimized only 
1 Abraham WT, et al. N Engl J Med. 2002;346:1845-1853.  4 Chung ES, et al. Circulation. 2008;117:2608-2616. 
2 Young JB, et al. JAMA. 2003;289:2685-2694.        5 Abraham WT, et al. Heart Rhythm. 2005;2:S65. 
3 Abraham WT, et al. Circulation. 2004;110:2864-2868. 6 Abraham WT, et al. Late-Breaking Clinical Trials, HRS 2010. Denver, Colorado. 
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There are many drivers for CRT non 

responders 

Potential Reasons for Suboptimal CRT Response1 
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Suboptimal 

AV Timing 

Arrhythmia Anemia Suboptimal 

LV Lead 

Position 

< 90% 

Biventricular 

Pacing 

Suboptimal 

Medical 

Therapy 

Persistent 

Mechanical 

Dyssynchrony 

Underlying 

Narrow 

QRS 

Compliance 

Issues 

Primary RV 

Dysfunction 
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15% 
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5% 

0% 

1Mullens W, et al. JACC. 2009;53:765-773. 



• Improve Patient Selection 

Strategies to Improve CRT response 

• Device based optimisation 



Improve Patient Selection 

• Multiple single centre studies have reported that 

echocardiographic parameters may better predict 

response 

• However randomised multicentre trial (Prospect) 

failed to show any viable echocardiographic 

parameter to predict response 

• Why? 



• Improve Patient Selection 

Strategies to Improve CRT response 

• Device based optimisation 



• More recently focus has been shifting to device 

based optimisation 

• Potential benefits over echo: 

• Simpler to perform 

• No inter-observer variability  

• Can optimise more frequently  

Device based optimisation 



• Boston Scientific: Expert Ease for Heart Failure   

         Smart Delay 

• St Jude: Quick Opt, MPP 

• Medtronic: Adaptive CRT, EffectivCRT, Multiple 

Point Pacing 

• Sorin: SonR, Multiple Point Pacing 

Device Companies 



Boston Scientific-Smart 

Delay  

• Smart Delay provides both paced and sensed 

recommendations by accounting for three inputs:  

• Intrinsic AV intervals (Sensed AV and Paced AV intervals), 

• Interventricular timing (surface QRS duration)  

• LV lead location 

• Algorithm was developed from the results of several previous 

acute clinical studies (PATH CHF, PATH CHF II, and SAVER) 



Boston Sci-Smart AV Trial 

• Randomised Multicenter trial 

• 1014 patients 

• 1:1:1 ratio to: 

• Fixed AV delay 120ms 

• AV delay programmed 

using echo (Iterative 

method) 

• Smart Delay Algorithm 



AV Optimization: 

 

• QuickOpt optimisation measures the total P-wave duration of 

eight IEGM events for the A-Sense test 

 

• Measured P-wave durations are averaged 

 

• The QuickOpt algorithm uses a proprietary formula to calculate 

the optimal AV delays  

 

St Jude - QuickOpt 



St Jude – QuickOpt VV  

VV Optimization:  

 

1. QuickOpt optimisation measures eight IEGM events for each of 

the V Sense, RV Pace and LV Pace tests. 

• V Sense—measures intrinsic interventricular delay 

• RV Pace—measures conduction speed from right to left 

• LV Pace—measures conduction speed from left to right 

 

2. Measurements from each test are averaged  

 

3. The QuickOpt algorithm uses a proprietary formula to calculate 

the optimal VV delay 



St Jude – Freedom Trial 

• Randmised multicenter trial 

• 1647 patients 

• 1:1 randomisiation to QuickOpt vs Standard care 



Medtronic AdaptivCRT 

• Main goals are: 

• Achieve LV only pacing in patients with normal AV conduction 

• Achieve dynamic AV conduction to simulate normal AV function 

• To continually optimise AV and VV intervals to improve CRT 

response  

• P and QRS width measurements occur every 16 hr 

• AV Interval Measurements occur every minute 



Normal 

AV 

 

aCRT pre-paces LV & 

reduces RV pacing 



Normal 

AV 

Increased 

physical 

activity 

 

aCRT senses shortening in AV 

& optimises CRT 



 

aCRT automatically 

switches to Biv pacing 

Prolonged 

AV 



Adaptive CRT Trial 

• 522 patients, prospective, 

multi-center, randomised 

double-blinded study 

• aCRT vs Echo optimised 

CRT 



Comparison to Echo optimisation 

• Compared echo based optimisation (1 and 6 months) versus 

adaptive CRT. 
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Sorin SonR 

• Uses a hemodynamic sensor 

embedded in the atrial sense / 

pace lead, detects cardiac 

muscle vibrations that reflect 

the first heart sound 

• The amplitude of the first heart 

sound reflects changes in        

contractility (LVdP/dtmax) 



• Optimises VV & AV delays weekly 

 

Every Monday: 

• At 0:00am: search of the optimal VV configuration (7 VVd and 6 AVd) 

• At 1:00am: search of the optimal sensed  AV delay at rest (opt VVd and 11 AVd)  

• At 2:00am: search of the optimal paced AV delay at rest (opt VVd and 11 AVd) 

• At 12:00pm: search of the optimal AV delay at exercise (opt VVd and 5 Avd) 

Sorin SonR 



Sorin-CLEAR study 

• Randomised Multicenter trial 

• 238 patients 1:1 SonR vs standard practice 

 

 



RESPOND CRT study design 

RESPOND-CRT is an International, Multicenter, Randomised 

(2:1), Prospective, Double-blinded trial 

→ LVEF ≤ 35% 

→ QRS ≥ 120 ms in LBBB or QRS ≥ 150 ms in non-LBBB 

→ NYHA III or IV 

→ Without permanent AF 

→ 125 sites in Europe, USA, Australia 

→ Jan 2012 – Oct 2014 

→ Long term follow up ongoing (2 years) 

DESIGN 

ENROLLMENT 

PATIENTS 

Screening 
≤ 14 days from 

implant 

AV & VV Echo 
N=328 

SonR 
N=670 

Follow 
Up 

CRT-D 
implanted 
with SonR 
N=1009 

DOUBLE-
BLINDED 

Follow 
Up 

Randomized 
2:1 



Response to CRT is based on a hierarchical set of clinical criteria 

Death 

HF Event 

NYHA 
(blinded) 

QoL 
(blinded) 

Yes 

No 

Yes  

No 

Equal 

Improved 

RESPONDER WORSENED STABLE 

Improved 

Equal 

Worsened 

Worsened 



75.0% 

4.0% 

21.0% 

70.4% 

4.4% 

25.2% 

Improved Stable Worsened

SonR (n=649) Echo AV & VV (n=318)

Primary efficacy end points at 12 months 



VARIABLE     SonR  
(N=649) 

Echo  
AV & VV  
(N=318) 

P  
value 

 Echo Better  SonR Better   
Odds 
Ratio 

                    

Overall     75.0% 70.4%         1.26 
                    

Age 
<68.5years   72.6% 68.1% 

0.99 
      1.25 

≥68.5 years   77.3% 73.2%       1.25 
          

  

        

Gender 
Male   71.6% 68.6% 

0.23 
      1.15 

Female   83.1% 73.9%       1.74 
          

  

        

BMI 
<30 kg/m2   76.5% 69.5% 

0.30 
      1.43 

≥30kg/m2   72.2% 72.0%       1.01 
          

  

        

LVEF 
> 25%   74.7% 72.7% 

0.21 
      1.10 

≤25%   75.8% 65.3%       1.66 
          

  

        

QRS morph. 
LBBB   76.8% 71.1% 

0.51 
      1.35 

Non LBBB   66.0% 65.8%       1.01 
          

  

        

QRS duration 
<150 ms   68.0% 59.5% 

0.62 
      1.45 

≥150 ms   77.9% 74.3%       1.22 
          

  

        

PR interval 
≤200 ms   78.0% 74.0% 

0.89 
      1.24 

>200 ms   71.6% 65.9%       1.30 
          

  

        

Cardiomyopathy 
Ischemic   69.9% 66.7% 

0.70 
      1.16 

Non-Ischemic 79.1% 74.3%       1.31 
          

  

        

History of AF 
Yes    70.2% 48.1% 

0.03 
      2.55 

No   75.9% 74.8%       1.06 
          

  

        

Renal  dysfunction 
Yes   61.9% 46.3% 

0.07 
      1.89 

No   79.1% 78.6%       1.03 
          

  

        

Diabetes  
Yes   72.3% 67.9% 

0.90 
      1.23 

No   76.8% 72.2%       1.28 
          

  

        

Smoker 
Yes   69.6% 70.6% 

0.49 
      0.96 

No   75.9% 70.4%       1.32 
          

  

        

Beta Blocker 
Yes   76.1% 70.3% 

0.27 
      1.35 

No   65.7% 72.0%       0.74 
                    

                    





Multi Point Pacing 
• Pacing from two LV sites (“Multipoint LV 

stimulation”)  

and one RV 

• Capture a larger area 

• Engage areas around scar tissue       

• Improve pattern of 

depolarisation/repolarisation 

• Improve hemodynamics 

• Improve resynchronisation  

 

 Using MPP does appear to reduce battery 

life by around 6-12 months  
RV 

LV1 

LV2 



Acute data for MPP 

• Hemodynamic benefit:  

A study of 44 patients by 

Pappone et al. showed 

MultiPoint Pacing significantly 

improved acute LV 

hemodynamic parameters 

assessed with pressure-

volume loop measurements. 

 Mechanical benefit:  

Biventricular pacing with 

MultiPoint LV pacing reduced 

mechanical dyssynchrony 

measured with tissue Doppler 

in a multicenter study of 41 

patients. 

 Electrical benefit:  

MultiPoint pacing was able  

to recruit a greater portion  

of the LV than traditional 

biventricular pacing, resulting 

in reduced activation times and 

QRS duration. 





MPP IDE Study 







Conclusions 

• Echo based optimisation has very little evidence base 

for routine clinical work 

• Device based algorithms are becoming more 

common and in initial trials do appear to confer some 

increased benefit 

• Multi point LV pacing may also improve response but 

does have effect on battery life 

• No head to head data across the different companies  



Thank You.. 


