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Cardiac contractility modulation (CCM) in HF

Agenda

C [What is CCM?

[Mechanisms of action of CCM

C [Results derived from clinical studies
M [Patient selection for CCM therapy ]
‘- KX XX [Future directions ]
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What is cardiac contractility modulation?

Cardiac contractility modulation (CCM) is an electrical device-based therapy for symptomatic HF
patients and no indication for CRT (narrow QRS)

New answer for unresolved needs

HFpEF = 70% HFrEF patients who remained symptomatic despite
] . HFrEF GDMT may benefit from this technology
HF population
HEN
EEEEEEEEEENEN m) = 30% meot
BEEEEREEREEEREEREEREEDR criteria for CTR
—*\,LL A Corufia
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What is cardiac contractility modulation?
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Electrical CCM signals are biphasic and high voltage non-
excitatory electrical signals applied during the cardiac
absolute refractory period.

Electrical stimulation during refractory period modulates
cardiac contractility.

Cardiac cycle and CCM
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What is cardiac contractility modulation?

CCM signals are delivered to the heart from an implanted pulse generator through two ventricular leads: one
for sensing timing of local electrical activation and other for delivering CCM signals *

Delivers precisely

timed energy
pulses to the heart

Rechargeable battery
20 years of duration
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What is cardiac contractility modulation?
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Cardiac contractility modulation: mechanisms of action

Improvement in contractility
(minutes-hours)

* Normalization of matrix
metalloproteinases

« | replacement and interstitial
fibrosis.

* 1 LV systolic reserve

Biochemical and gene profile Reverse remodeling
normalization (hours-weeks) | (weeks-months)

e Intracellular Ca2+* metabolism

Reverse maladaptive fetal
gene program

* Normalizes expression of key
sarcoplasmic reticulum Ca2*
cycling and stretch response
genes

* 1 Phosphorilation of PLB,

. myofilaments (Tnl, MBP) and

EF (% EsV(m)  EDV "
™ Y [l iml) tltln ) J

« | Sympathetic nerve activity ':'f;g Fail 2019;21:

o0 501

-n

Change

i3 Manihs - Basalina )

J Am Coll Cardiol Img 2009;2:1341-9
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Cardiac contractility modulation: clinical evidence

Journal of Cardiovascular

Electrophysiology
THE OFFIGIAL JOURNAL OF THE WORLD SOCIETY OF ARFSYTHMIAS

First Human Chronic Experience with Cardiac Contractility
Modulation by Nonexcitatory Electrical Currents for Treating
Systolic Heart Failure:

Mid-Term Safety and Efficacy Results from a Multicenter Study

CARLO PAPPONE M.D., Ph.D., GIUSEPPE AUGELLO M.D., SALVATORE ROSANIO M.D., Ph.D.,
GABRIELE VICEDOMINI M.D., VINCENZO SANTINELLI M.D., MASSIMO ROMANO M.D. ... See all authors +

First published: 13 April 2004 | https://doi.org/10.1046/j.1540-8167.2004.03580.x | Citations: 75

Compared with the period previous to
inclusion 54% absolute risk reduction
for HF hospitalization and WHF
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J Cardiovasc Electrophysiol 2004; 15, . 418-427
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Cardiac contractility modulation: clinical evidence

Neelgaru et al. J Card Fail. 2006;12:S74.

N=49, 6 mo FU Randomized clinical trial

FIX-HF-4. Eur Heart J. 2008;29:1019—-1028.
N=164, 6 mo FU o\« HE-5. Am Heart J. 2011:161:329-337
N= 428 pacientes, 6 mo FU
FIX-HF-5C. JACC Heart Fail. 2018;6:874—-883.
N= 160. 6 mo FU
® L4 9 150 9 9 ” ~S e
2005 2010 2015 2020 2025
o PY ® ® ® I
Linde C et al. Eur J Heart Fail. 2022 24:2275-2284
N= 47. 24 w FU
CCM-REG. Eur J Heart Fail. 2021:23:1160—1169.
N= 503. 24 mo FU.
FIX-HF-5C2. Circ Heart Fail. 2020;13:€0065712
N=60. 6 mo FU
CCM-REG25-45. Eur J Heart Fail. 2019:21:1103—1113.
N=140.3Y FU
Muller et al. Clin Res Cardiol. 2017;106:893—-904
N= 143. 24 Mo FU
; Py Observational studies and
FIX-HF-3. Eur Heart J. 2004;25:650-655 K”Shcyﬁf';" Ieﬁ ‘rjngaFrS’O" 2015,183:76-81 istri
N=23. 8 W FU. ’ registries
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Cardiac contractility modulation: clinical evidence

A randomized controlled trial evaluating the safety and FIX:;;'S :T'alt 5 h
efficacy of cardiac contractility modulation in advanced . NYH?AaI;?(‘/IS months
heart failure - QRS < 130 mseg and LVEF <35%
0.75 - P=.024 - ik N=190
0.50 - E'
v g‘“‘g‘ 0.25 - %
=D 0.00 - =
2 oMT CCM  Difference £ CCM  Difference =
s 0.0 4 < E -0.25 1 ﬁ
w o
T . \ »
ﬁTE_ & 0.50
L9 -0.75 1 N=168 CCM OMT  Difference
25
E E 02
L N =191
< -0.3 omT CcCcMm Difference —
N=154 N =159 Ag
2 $::
Patients with LVEF 2 25% and = z5c
NYHA lil benefit the most from 3 3
CCM therapy -
N = 196 =
Kadish A et a. Am Heart J. 2011;161:329-337 20 ouT  com  Difterence
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Cardiac contractility modulation: clinical evidence

FIX-HF-5 mp FIX-HF-5C IL?;)HpAalt;??\t/s > 25% LVEF < 45%

QRS <130 mseg

FIX-HF-5 FIX-HF-5C
Total Randomize Screened
N=428 N=488
| Did not qualify or withdrew
4 7 N=328
_|NYHA III-IV, EF225% | Randomized
N=229 N=160
Control Treatment Control Treatment
n=112 n=117 n=86 n=74
_| 2Deaths 1 Deaths
3 Withdrawn » 1LTF
1 Withdrawn
N=3 Not Implanted
24wk flu =
L y v ! 24wk fiu
Study Start Date Implanted (SSD) Study Start Date Implanted (SSD)
n=109 n=109 n=86 n=68
1 Death
z R —i! 2 Deaths 3 Deaths
1 Withdrawn 1 Withdrawn  [*
12 Week 12 Week 12 Week 12 Week
n=108 n=107 n=82 n=68
2 Withdrawn
F k.
24Week 24Week 24Week 2d4Week
n=104 n=106 n=79 n=67
l |
v r
§°qté%' ﬁ‘;‘; Abraham WT et al JACC Heart Fail. 2018;6:874— 883
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Cardiac contractility modulation: clinical evidence

FIX-HF-5C Trial

1,5

0,5

-0,5

A pVO2 (ml/kg/min)

0,986

Control CCM Difference CCM>35% Difference>35%

Significant improvement for NYHAIII patients
Greater effect on LVEF > 35%

Abraham WT et al JACC Heart Fail. 2018;6:874—-883
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Cardiac contractility modulation: clinical evidence

Exploratory analysis of composite cardiac death and HF hospitalization

N= 371
o 12.5- P Log Rank= 0.0042
3:- —— Control o9 man
S —— CCM Treatment
e 10.0 -
()
o
E 7.5- 73% lower rate of death or
= HF hospitalization
o v
u‘:i 5.0 4
ge] l_lf
9
©c 2.5-
=
W
L 00' . T T T Y T

0 25 50 75 100 125 150 175
Time (Days)

Abraham WT et al JACC Heart Fail. 2018;6:874—-883
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Cardiac contractility modulation: clinical evidence

Meta-analysis of randomized controlled clinical trials. N= 861

Peak VO,_(mLIKquin)

CCM Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
FIX-CHF-4 (24 weeks) 0.39 3.47 84 -0.44 259 80 15.5% 0.83[-0.10, 1.76) 1
FIX-CHF-5C -0.026 2.74 66 -0.504 2.36 71 18.3% 0.48 [-0.38, 1.34] -T—
FIX-CHF-S5C2 1.12 1.49 52 -0.504 2.36 71 29.0% 1.62[0.94, 2.31) ——
FIX-HF-5 028 3.16 176 -0.4 2.91 167 32.7% 0.68[0.04, 1.32] ——
FIX-HF-5 Pilot (24 weeks) -0.96 2.6 23 =143 3.01 19 4.6% 0.47 [-1.25, 2.19]
Total (95% CI) 401 408 100.0% 0.93 [0.56, 1.30] »
Heterogeneity. Chi’ = 5.94, df = 4 (P = 0.20); I’ = 33% _%4 _42 x § i
Test for overall effect: Z = 4.96 (P < 0.00001) Control CCM
MLWHFQ

CCM Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI 1V, Fixed, 95% ClI
FDX-CHF-4 (24 weeks) -10.07 16.73 84 -6.78 18.41 78 28.7% -3.29[-8.72, 2.14) —
FDX-CHF-5C -21.2 23.7 70 -10.2 185 78 17.7% -11.00[-17.81, -4.09] =
FD{-HF-5 -15.56 18.15 180 -5.76 21.24 188 438.6% -9.80[-13.83, -5.67] ——
FIX-HF-5 Pilot (24 weeks) -18.29 23.47 24 -15.96 27.87 24 4.0% -2.33[-16.91, 12.25]
Total (95% CI) 358 368 100.0% -7.85([-10.76, -4.94] -y
Heterogeneity. Chi? = 4.92, df = 3 (P = 0.18); I? = 39% b f t {
Test for overall effect: Z = 5.29 (P < 0.00001) =20 <0 CCMOCOMO, 10 20

A CORURNA HF 26-27 SEPTEMBER 2025 #ACORUNAHF2025
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Cardiac contractility modulation: clinical evidence

Real world data: CCM-REG Registry CCM-REG
Registry Study
N=503
I
3 ! !
LVEF £25% LVEF 26—-34% LVEF 235%
n=178 n= 164 n= 161
.. .. Quality of Life LVEF
20 4
0.254 10.
0 [ 15 -
025 g o S
% 0.25 % _‘ ..,I:_m |
> -0.5- < -10- i
Z :"EI = 5
<1-0.75+ = 201 =
-1 0
-1.254 =0 | l l‘
-1-5 T T T T '40 T T T T T T T T
0 6 12 18 24 0 6 12 18 24 6 12 18 24
Duration of Follow-Up (months) Duration of Follow-Up (months) Duration of Follow-Up (months)
10.6% 0.7 110% 21 15.6% 8.4%

Kuschyk J et al. Eur J Heart Fail. 2021;23:1160-1169
A CORUNA HF 26-27 SEPTEMBER 2025
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Cardiac contractility modulation: clinical evidence

Real world data: CCM-REG Registry

Incidence rate of events (cardiovascular, HF and non-HF events)*

LVEF < 25% LVEF 26-34% LVEF 2 35%
1,4 1,2 1
1,2 1 0.9
0,8
1
0,8 0,7
0,8 0,6
0,6 0,5
o 0,34 04
0.4 0,4 , 0.3
’ 0,25 o 23
0.2 014 0,2 0,16 0,2 012 014
m
0 0 0
All cardiovascular HF events Non-HF events All cardiovascular HF events Non-HF events All cardiovascular HF events Non-HF events
events events events
m Pre-treatment mPost-treatment m Pre-treatment mPost-treatment m Pre-treatment ®Post-treatment

* All differences were statistically significant

Kuschyk J et al. Eur J Heart Fail. 2021;23:1160—1169 el 1 corsi
A CORUNA HF 26-27 SEPTEMBER 2025 #ACORUNAHF2025 (‘ = Heart Failure
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Cardiac contractility modulation: clinical evidence

1

B 1 . ﬁaﬂ!
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Real world data: CCM-REG Registry o 0 950y 0632
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g e e
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e 0.5 | D ! Time Point pvalue
0 365 730 1095 365 Days 0.0116
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Diays E -
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Cardiac contractility modulation: clinical evidence

Real world data: CCM-REG Registry

CCM effect was maintained in patients with intermediate QRS duration (120-149 msec)

Total cardiac, HF related and cardiac non-HF related hospitalization event rates

14 QRS 120-149 msec

1.2

* Pre vs. Post: p < 0.001
# Prevs. Post: p<0.01

oiz I I* C S | |* #—
| 7 b

QRS<120: Cardiac QRS<120: Cardiac-HF QRS5<120: Card Non-HF QRS 120-149: Cardiac QRS 120-149: Cardiac-HF QRS 120-149: Card Non-HF

WPre (1year) m@Post(0-365days) m Post (0-730days) Fastner C et al. Heart Rhythm 2025; 22: 175 -1762

A CORUNA HF 26-27 SEPTEMBER 2025 #ACORUNAHF2025 Q |§ ﬁgg:i%;ture
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Cardiac contractility modulation: clinical evidence

May be CCM therapy useful beyond HFrEF?

RCT and registries showed a greater effect with higher EF

+ dP/dt (reflects increased contractility) Calcium metabolism

* Phosphorylation of PLB - |SERCAZ2a inhibition->
tintracelular Ca?* reuptake - 1 lusitropism

=
-]

Myofilaments

1 PKA and PKG titin phosphorilation - 1 titin
compliance and recoil

» 1 Binding of HSP27/aB-crystallin to titin > | titin
aggregation - | stiffness

N
bl

LVP {(mmHg)
g

g

500 Extracellular matrix

Time (Mms) * Normalization of metalloproteinases
- | fibrosis and collagen depostion

From FIX-HF-5

Tschope K et al. Eur J Heart Fail 2019; 21: 14-22
Mohri S et al. Am J Physiol Heart Circ Physiol 2003;284:H1119-23 Talha KM et al. J Cardiac Fail 2022;28:17171726
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Cardiac contractility modulation: clinical evidence

AIM To assess the benefits of CCM therapy on safety and health status in patients with HFpEF
CCM-HFpEF pilot study £y A P
SO sam man (
- Illnlll '\
17 centres in EU and ~—
KCCQ Summary Scores 47 HFpEF patients Australia LVEF > 50% Health status (KCCQ)
Change from Baseline implanted with CCM per Core Lab and safety
18.0
15.3
sy Changes in Left Atrial Volume Changes in diastolic filling
150 P-value for change Index (LAVi) index (Septal E/E')
- 50 15.5 ange in a ' at
from baseline - 24 o Change i LAV 12wl onge sl 124
48 p=0.034 18 -D..Q‘Ut ;;' (95% Cl: {-2.4, 0.6)
weeks <0.001 for both . -
E i
KCCQ TSS and €SS Eus £ s
S 44 T 14
S g
42 13.5
41
40 13
Baseline At 24 weeks Baseline At 24 weeks

Baseline to 12 weeks  Baseline to 24 weeks
Linde C et al. Eur J Heart Fail 2022;24:2275-2284

LI' A Corufia
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Cardiac contractility modulation: patient selection

Beta-blockers
ACEIi/ARB/ARNiI
ARM

SLGT2 inhibitors
Vericiguat

CLLLLLLLLLLLLCLLL

r
r

[
Clinical
Course

Quality of Life

)
L)
.y

~
~
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Ll

v v A
v v b
v v N
LVAD Implantation, v i v
of -
~
r
Y \
I~ Heart Transplant

R IK*
~ r
N

A

:ﬁ Onset CHF H Sudden Death H Decompd

Exclude CRT

N

y

Window for intervention
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\3

HF patients candidates for CCM therapy

» Stable NYHA class Ill despite optimal GDMT

* LVEF 25-45%. Specially recommended for LVEF
35%-45%".

* No pacemaker dependent and QRS < 130 msec?.

* No candidates for CRT.

» Low ventricular arrhythmias burden (less tan 8000
VE/24 hours).

* No severe concomitant valve disease (except
secondary mitral regurgitation)

1.  CCM is approved in Europe for HFpEF patients
2. QRS may be > 130 msec if patient is not candidate for CRT

o1 Academy

= ~ LI‘ oruna
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Cardiac contractility modulation: patient selection

Heart failure related residual risk
- HF-related hospitalizations?
H -HF-related symptoms?
‘ -HF-related reduction of functional capacity?

+

Optimal medical therapy

O E'Guidellne—directed medical therapy optimized? O e DY
p ardiological tsegcal cmoroia etk e,

: rdiological or non-cardiological como :

; : can affect the efficacy of CCM therapy? Consider alternative strategies

E' ) Echocardiography

. - Left ventricular ejection fraction between 25 Consider alternative strategies

(without severe valvular regurgitation)

Masarone, D et al.. Expert Review of Medical Devices 2023; 20, 525-528

=L Academy

p ~ ~ LI' A Coruia
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Cardiac contractility modulation: patient selection

OMT
NYHA IllIl/IVa
EF < 45%
NO YES
| EF EF < 35%
YES NO
v ! l l
CRT-D Continued
EF < 25% %<EF< 359 ° < 459
() 25%=<EF=< 35% 35%<EF< 45% Vs CRT-P OMT
A 4 \ 4 A 4 I I
Continued ICD + CCM CCM
OMT + ICD Continued NYHA Illl/IVa
Consider CCM
Borggrefe M et al. Circulation. 2018;138: 2738—2740
CH i



Cardiac contractility modulation: future directions

INTEGRA-D Trial

Key Inclusion/Exclusion Criteria

Study Objective oy,

Evaluate the safety and LVEF < 40"’_

efficacy of a combined Symptomatic HF (NYHA Class II-1V)
Cardiac Contractility

Modulation (CCM) th IR ST ENE

odulatio erapy : : .

and Internal Cardioverter- Class | indication for ICD
Defibrillator (ICD) device. Not indicated for CRT-D or PPM

Cleveland Clinic

Principal Investigator
Niraj Varma, MD

Primary Efficacy Endpoint
Rate of successful Defibrillation Efficacy (DE) testing

Study Design . X

Y,cssan on the first 100 subjects implanted . ‘
Prospective, multi-center, i ¥ -
non-randomized, single :
arm open label study of Safety I-Endpom.ts \i”
300 subjects Device-related complication and inappropriate

Co-Principal Investigator

shock-free rate at 6-months post implant Nir Uriel, MD

el
= ~ -~ ALOruna
A CORUNA HF 26-27 SEPTEMBER 2025 #ACORUNAHF2025 =] Heart Failure
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Cardiac contractility modulation: future directions

Study Objective Part I: Primary Efficacy Endpoint
Evaluate the safety and (n=450)

I'A’M efficacy of Cardiac Change in 6MWD from baseline to 6 months

HiGHer contractility Modulation Change in KCCQ CSS from baseline to 6 months
(CCM) therapy in patients

w/ symptomatic HF with = . -
LVEF 40-70% (inclusive) Part II: Primary Efficacy Endpoint

(n=1500)
Hierarchical composite of:
- CV mortality, HF hospitalizations, urgent HF
Study Design visits requiring 1V therapy through 18 months
Multicenter, randomized, | |, kccQ CSS through 12 months

quadruple-blind, sham L
controlled, 2-part, ‘
embedded IDE clinical trial Safety Endpoint
with 1500 subjects at Freedom from Optimizer device or procedure-
150-200 US sites related serious adverse events through 12 months

~ d‘ A Corufia
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s lake home messages

« CCM improves both systolic and diastolic function and promotes
reverse remodeling in HF patients.

 In chronic HF, CCM therapy improves symptoms, exercise capacity
and quality of life.

e Patients with LVEF = 35% and functional class NYHA Ill benefit the
most from CCM therapy.

 Larger randomized controlled trials are needed for assessing impact of
CCM in survival and HF hospitalizations.

~ d‘ A Corufia
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Thank you
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