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Cardiac Resynchronisation Therapy
(CRT)




CRT Response Rate
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‘Findings

responder Patients

65%

60%

55%

50%

45%

There are many drivers for CRT non
responders

Potential Reasons for Suboptimal CRT Response!




Strategies to Improve CRT response

- Improve Patient Selection




Table 1. Summary of Echocardiographic Predictors of Response to CRT

Echocardiographic Predictor Description of Method Echocardiography Method Cutoff

SPWMD™ Septal-posterior wall motion delay; M mode measured by parasternal M mode =130 ms
short-axis view

VMDD Interventricular mechanical delay defined as the difference between Pulsed Doppler =40 ms
left and right ventricular preejection intervals

LVFT/RR™ Left ventncular filling tlme (LUI-‘F} |n relatlon to cardlac cycle Iength Pulsed Doppler =40%

Table 3. Interobserver and Intraoperator Variability Summary

Echocardiographic Intraobserver Interobserver Interobserver «
Measure CV, % CV, % Coefficient”

VESV 3.0 14.5 NA

_PEI 3.1 6.5 ).67
SPWMD 24.3 2. 0.35

Ts-SD 114 33.7 0.15
Ts-peak (basal) 15.8 31.9 0.25

LPEI indicates left ventricular DFEEJECtIDI'I interval.
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Strategies to Improve CRT response

- Improve Patient Selection




Device based optimisation

- More recently focus has been shifting to device
based optimisation

. Potential benefits over echo:




Device Companies

- Boston Scientific: Expert Ease for Heart Failure
Smart Delay

. St Jude: Quick Opt, MPP




Boston Scientific-Smaurt
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




Boston Sci-Smart AV Tral

Primary Endpoint - LVESV

Primary Results From the SmartDelay Determined AV
Optimization: A Comparison to Other AV Delay Methods
Used in Cardiac Resynchronization Therapy
(SMART-AYV) Trial
A Randomized Trial Comparing Empirical, Echocardiography-Guided,
and Algorithmic Atrioventricular Delay Programming in Cardiac
Resynchronization Therapy

Kenneth A. Ellenbogen, MD: Michael R. Gold, MD, PhD: Timothy E. Meyer, PhD:
Ignacio Fernindez Lozano, MD: Suneet Mittal, MD; Alan D. Waggoner, MHS:
Bernd Lemke, MD: Jagmeet P. Singh, MD, PhD: Francis G. Spinale, MD, PhD:
Jennifer E. Van Eyk, PhD; Jeffrey Whitehill, MD: Stanislav Weiner, MD: Maninder Bedi, MD:
Joshua Rapkin, MS; Kenneth M. Stein, MD

n

Background—One variable that may influence cardiac resynchronization therapy response is the programmed atrioven-
tricular (AV) delay. The SmartDelay Determined AV Optimization: A Comparison to Other AV Delay Methods Used
in Cardiac Resynchronization Therapy (SMART-AV) Trial prospectively randomized patients to a fixed empirical AV
delay (120 milliseconds), echocardiographically optimized AV delay, or AV delay optimized with SmartDelay, an
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electrogram-based algorithm.

Methods and Results—A total of 1014 patients (68% men; mean 6611 years; mean left ventricular ejection fraction,
25%7%) who met enrollment criteria received a cardiac resynchronization therapy defibrillator, and 980 patients were
randomized in a 1:1:1 ratio. All patients were programmed (DDD-60 or DDDR-60) and evaluated after implantation and
3 and 6 months later. The primary end point was left ventricular end-systolic volume. Secondary end points included
New York Heart Association class, quality-of-life score, 6-minute walk distance, left ventricular end-diastolic volume,
and left ventricular ejection fraction. The medians (quartiles 1 and 3) for change in left ventricular end-systolic volume
at 6 months for the SmartDelay, echocardiography, and fixed arms were —21 mL (—45 and 6 mL), —19 mL (—45 and

6 mL), and —15 mL (—41 and 6 mL), respectively. No difference in improvement in left ventricular end-systolic volume
at 6 months was observed between the SmartDelay and echocardiography arms (P=0.52) or the SmartDelay and fixed
arms (P=0.66). Secondary end points, including structural (left ventricular end-diastolic volume and left ventricular
ejection fraction) and functional (6-minute walk, quality of life. and New York Heart Association classification)

measures, were not significantly different between arms.
Conclusions—Neither SmartDelay nor echocardiography was superior to a fixed AV delay of 120 milliseconds. The
routine use of AV optimization techniques assessed in this trial is not warranted. However, these data do not exclude
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possible utility in selected patients who do not respond to cardiac resynchronization therapy.
Clinical Trial Registration—URL: http://www .clinicaltrials.gov. Unique identifier: NCT00677014.
(Circulation. 2010;122:2660-2668.)

Key Words: clinical trials, randomized m echocardiography m electrophysiology
m heart failure m implantable cardioverter-defibrillators
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St Jude - QuickOpt

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




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

' f left to righ




St Jude — Freedom Trial

. Randmised multicenter trial
. 1647 patients

- 1:1 randomisiation to QuickOpt vs Standard care

Intention-to-Treat

QuickOpt Optimization Control group
Treatment group

Heart Failure Clinical n
Composite Score

Improved

Unchanged

Worsened

Total



Medtronic AdaptivCRT

- Malin goals are:

- Achieve LV only pacing in patients with normal AV conduction

- Achieve dynamic AV conduction to simulate normal AV function




Normal
AV

aCRT pre-paces LV &
reduces RV pacing










Adaptive CRT Trial

Investigation of a novel algorithm for synchronized left-
ventricular pacing and ambulatory optimization of cardiac
resynchronization therapy: Results of the adaptive CRT trial
David 0. Martin, MD, MPH," Bernd Lemke, MD, ! David Birnis, MD, MB, ChB}

522 patients, prospective,

multi-center, randomised
double-blinded study

aCRT vs Echo optimised
CRT

! Martin DO, et al. Heart Rhythm. 2012
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?Krum H, et al. Am Heart 1 20121633

Kathy Lai-Fun Les, MO,

Kazutaka Aonuma, MD, PhD,9

Maurizio Gasparini, MD,® Randall C. Starting, MD, MPH
Tysan Rogers, M5, Aley Sambalashvili, PR, John Gorcsan T, MD
Mahmoud Houmsse, MD, FHF._-.” Adap RT Study Investigators

BACEGROUNE In patiants with simes tythm and nomal atriovartric-
ular conduction, pacing only the ket vantrick with zpproprte attiovan-
tricutar dolags can st uparion loft vamtricstar and right vestricular
function companed with standard bivantriolar (B pacng.
DEJECTIVE hata & novel adaptiee crdiac resyndironiza-
tien therapy ) algerithm for ORT jpacing that provides au-
tomatic ambuslatory seloction botween synchronirad loft wantric-
ular or Bi¥ pacing with dynamic cptimiration of atricwentricular
and intervantricular delays.

METHOOS Fabients [n = 522) mdicated for 3 CET-defibrillator wars
rndomized o 20RT v acho-optimined BV pacing (Bche) n 2 211
ratie and followed at 1-, 3-, and &-menth postrandomiration.

RESULTS The study mat all 3 nominfarionty primary objectiees:
(1) the peroentage of JCRT patients who improved in their climical
Compasita soom at & moaths was JI:'-II..I ax high im the 2CRT arm
a5 in the Echo am
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relation mefficent = 0.90: 95% confdancs nter ;

2RT did not result in mappropriate device settings. There

e significant. differencas between the ams with respact to
haart failure owents or wentricular arthythmia apisedes. Secondary
end points showad similar benafit, and right-wentricular pacing
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Comparison to Echo optimisation

Compared echo based optimisation (1 and 6 months) versus
adaptive CRT.
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Improved Unchanged Worsemned
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Higher percentage Synchronized LV Pacing in the aCRT

Arm had a lower rate of death and HF hospitalizations

AdaptivCRT Arm Only
Time to Heart Failure Hospitalization or All-Cause Death
(With Number at Risk)

Logrank
p=0.003

" Birnie D, Lemke B, Aonuma
K, et al. inical outcomes
with synchronized left
ventricular pacing: Analysis of
the adaptive CRT trial. Heart
Rhythm. September 2013;
9 (10):1368-1374.
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Months Since Randomization

172 122 140 129 68
142 136 131 128 76 {]

= |- Adaptive LV Pacing < 50% e 2 Adaptive LV Pacing = 50%




Improved clinical outcomes for patients
with Normal AV Conduction

p=0.041
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Clinical Composite Score

% Patient Improvement in Padker

0%

MIRACLE

Mormal AV

L | AdaptivCRT with Mormal AV intervals
. Control with Normal AV intervals




AdaptivCRT Reduced AF Risk

As compared to patients receiving echo optimized CRT

S0
p=0.03
HR = 0.54 (0.31-0.93)
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12
Months Since Randomization

Number 160 126 1040
reamaining 31. 28( 26l( 241

" Martin D, Lemke B, Aonuma K, et al. Jinical Qutcomes with Adaptive Cardiac Resynchronization Therapy: Long-term
QOutcomes of the Adaptive CRT Trial. HFSA Late Breakers. September 23, 2013




Sorin SonRkR

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)




Sorin SonR

« Optimises VV & AV delays weekly

Every Monday:




Sorin-CLEAR study

. Randomised Multicenter trial

.- 238 patients 1:1 SonR vs standard practice

Primary endpoint

SonR group Control group
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RESPOND CRT study design

- Screening

< 14 days from
implant

RESPOND-CRT is an International, Multicenter, Randomised
(2:1), Prospective, Double-blinded trial

CRT-D
implanted
N=1009
- LVEF =< 35%

-> QRS 2120 ms in LBBB or QRS = 150 ms in non-LBBB
- NYHA lll or IV

- Without permanent AF Randonized
N=670 N=328

- 125 sites in Europe, USA, Australia —
- Jan 2012 — Oct 2014 BLINDED

- Long term follow up ongoing (2 years)
Up

Follow

Up



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




Primary efficacy end points at 12 months

75.0%




Echo p
VARIABLE SonR AV &VV value Echo Better SonR Better
(N=649) (N=318)

Overall 75.0% 70.4%

<68.5years 72.6% 68.1%
=68.5 years 77.3%  73.2%

Male 71.6% 68.6%
Female 83.1% 73.9%

<30 kg/m2 76.5%  69.5%
=>30kg/m? 72.2%  72.0%

> 25% 74.7% 72.7%
<25% 75.8% 65.3%

LBBB 76.8% 71.1%
Non LBBB 66.0% 65.8%

<150 ms 68.0% 59.5%
2150 ms 77.9% 74.3%

<200 ms 78.0% 74.0%
>200 ms 71.6% 65.9%

Ischemic 69.9% 66.7%
Non-Ischemic 79.1% 74.3%

Yes 70.2% 48.1%
No 75.9% 74.8%

Yes 61.9% 46.3%
No 79.1% 78.6%

Yes 72.3% 67.9%
No 76.8% 72.2%

Yes 69.6% 70.6%
No 75.9% 70.4%

Yes 76.1% 70.3%
No 65.7% 72.0%

Age

o

Gender

BMI

I

LVEF

!

QRS morph.

QRS duration

PR interval

i h

Cardiomyopathy

History of AF

Renal dysfunction

ot

Diabetes

J

Smoker

]

Beta Blocker




Difference in responder rate for subgroups

Response Rate with Echo Additional benefit with SonR

Age <68.5
Age 268.5
Male

Female

BMI < 30
BMI = 30
LVEF > 25%
LVEF = 26%
LBEB

Non LBBB
QRS <150 ms
QRS 2150 ms
PR < 200

PR > 200

lschemic

Non lschemic

+22% in patients
AF History m AF history

No AF History

Renal Dysfunction

+16% in patients
with renal

dysfunction,

Mo Renal Dysfunction

Diabetes

Mo Diabetes

Smoker

!

MNon Smoker

Betablocker

No Betablocker




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




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.

_ w= Best MPP (D1-P4 + M2-RVcoil, 40+5 delay)
= Best CONV (P4-M2)
RV Only (DDD mode)

105

w
)]

=)
I
e
3
el
S 70
17}
17}
s
a.
r

200 225
LV Volume (mL)

= Mechanical benefit:

Biventricular pacing with
MultiPoint LV pacing reduced
mechanical dyssynchrony
measured with tissue Doppler
in a multicenter study of 41
patients.

Reduced Mean Dyssynchrony
with MPP

BV Sirmul Best MPP
[of B {esied)

» 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.




12-MONTH CRT RESPONSE RATE’

Response definition:
ESV reduction = 15% and Alive Status

Conventional
Group (N = 21)

19* Higher
Absolute Response

44% Relative Reduction
in Non-responder

0
12 Month CRT Response Rate

MultiPoint™ Pacing
Group (N = 21)

Responders

" Non-responders




MPP IDE Study

Safety and Efficacy of MultiPoint Pacing in
Cardiac Resynchronization Therapy: The
MultiPoint Pacing (MPP) IDE Trial

@HRS

*Gery Tomassoni'!, James Baker |12, Raffaele Corbisiero®, Charles Love#, David
Martin5, Robert Sheppardé, Seth J. Worley?, Niraj Varma&®, and Imran Niazi® on behalf
of the MPP IDE Investigators

1L exington Cardiology at Central Baptist, Lexington, KY, USA, ?Saint Thomas
Research Institute, Nashville, TN, USA, 3Deborah Heart and Lung, Browns Mills, NJ,
USA, “NYU Langone Medical Center, New York, NY, USA, 5Lahey Clinic Medical
Center - Cardiology, Burlington, MA, USA, °The Heart Institute, St. Petersburg, FL,
USA, "Lancaster Heart Foundation, Lancaster, PA, USA, 8Cleveland Clinic

Foundation, Cleveland, OH, USA, °Aurora Cardiovascular Services, Milwaukee, WI,
USA

*Advisor, Speaker, Medical Device Board: SJ Medical, Biosense Webster, Medtronic, Boston
Scientific, Biotronics, Siemens, STXS, Topera, Atricure & Pfizer
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Study Flow and Disposition

Prospective, Multicenter, Randomized, Double Blind Controlled Trial

Subject Enrolled
N=506

Death N=2

|
Quadripolar System Implant
(BiV programmed)
N=455

» Subjects withdrawn N=35
Unsuccessful Implant N=14

Withdrawal prior to randomization N=11

Randomization
(3 months)
* Subjects with acute Echo EAVTI, MPP

2 BiV
* randomization was 1:1 stratified by

the responder status
N=381

MPP Arm BiV Arm
N=201* N=180*
followed for 6 months Followed for 6 months

1° Endpoint Evaluation 1° Endpoint Evaluation

(9 months) (9 months)

Death prior to randomization N=11

Observational Arm
=52
* Not randomized due to results of
acute echo EAVTI

* Difference in N due to size of permuted blocks during randomization



v
—
|
L.
-
)
Q.
N
o
X

Responder Rate

p=0.007

p=0.817 p=0.153

<30 mm 230 mm
Spatial Se paration Spatial Separation
(n=115) & > 5 ms Timing Delay
(n=32)

33%

230 mm
Spatial Separation
& 5 ms Timing Delay
(n=52)

B Super-responder
Responder

® Non-responder
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(n = 115) & =5 ms Timing Delay
n =32)

'\-'l-l"l-ll-l"-ll = l-I"I-II'I-II.I'Iul'I ]

& 5 ms Timing Delay
(n = 52}




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







