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Case

« 75 M with ischemic Cardiomyopathy, PAF, and a history of severe MR s/p
MVR in 2015.

« Continues to have SOB at rest and DOE with minimal exertion and poor
energy

« On GDMT including
— Beta-Blocker: Bisoprolol 2.5mg daily
— ACEI/ARB/ARNI: Entresto 12/13mg BID
— Aldosterone Antagonist: Spironolactone 25mg
— SGLT2i: dapagliflozin 10mg daily

« CRT-D




Adequate CRT
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Additional Testing

Echocardiogram
3/16/23

Left Ventricular ejection fraction = 30-
35%; Severe hypokinesis of
anteroseptal and inferior walls

The right ventricle is normal size with
Mildly depressed right ventricular
systolic function

The right atrium is moderately dilated.
Mild mitral regurgitation
Moderate tricuspid regurgitation:

Doppler-derived puImonarY_Iartery
systolic pressure = 30 mmHg +

CPET

Peak VO2 12.2 mL/kg per minute (50 % of predicted).
Peak RER was 1.21 suggesting a good effort.
Anaerobic threshold is 40 % of predicted (>40% normal).

The VE-VCO2 ratio at anaeorbic threshold was 35 (<34
normal).

Breathing reserve 66.3 % (>30% normal).

RHC

Arterial BP: 130/82 (98)

RA: 6 RV: 44/3

: 44/15 (30) PW: 15

TP Gradient: 15

PA Sat: 61 %

Aorta Sat: 97 %

CO/ ClI (Fick): (4.21 L permin/1.89 L per

min per m2)

CO/ Cl (Thermodiluaiton):  (5.07 L per min / 2.27 L per min

per m2)

PVR: 285 Dynes.sec/cm® 3.56Woods

SVR: 1748 Dynes.sec/cm®21.85 Woods
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Next Steps

Currently, he is a candidate for cardiac contractility
modulation since he has not responded to cardiac
resynchronization.

Indications for CCM:

* LVEF 25-45%

* NYHA Class Il

« Symptomatic despite guideline directed medical therapy

 In normal sinus rhythm
* Not responsive to Cardiac Resynchronization Therapy
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Pre-Implant



https://www.wowt.com/2024/01/02/new-device-changes-life-congestive-heart-failure-patient-nebraska-medicine/
https://www.wowt.com/2024/01/02/new-device-changes-life-congestive-heart-failure-patient-nebraska-medicine/
https://www.wowt.com/2024/01/02/new-device-changes-life-congestive-heart-failure-patient-nebraska-medicine/

Post Implant







Follow up

« Currently, Mr. Turner notes he is feeling great. He feels
like he's a new person and can do so much more now
than he could do a few months ago.

* This has been sustained for > 1 year

 No HF hospitalizations.
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Four Pillars of Heart failure Therapy
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Beyond Pharmacotherapy

Approved Devices for Stage C and D Chronic Heart Failure

An interdisciplinary team that
consists of a general
cardiologist, HF cardiologist,
interventional cardiologist,
structural cardiologist,
multimodality imaging
cardiologist, electrophysiologist,
and cardiothoracic surgeon is
crucial for the successful

LVAD (HM3)
I\’ -NYHA IV

4 -LVEF < 25%

: D -inotrope dependent or

Cardiac Index (Cl) < 2.2

Onsec of CHF Decompensations

implantation and delivery of Tim ' N ;
device-based therapies in heart e L _ L/min/m2
failure | - Failing to respond to
e Implantable cardioverter-defibrillator Cardiac resynchronization therapy (CRT-D) GDMT for at least 45
(icp) -NYHA lI-1ll; ambulatory IV out of the last 60 days
-NYHA I-11l -LVEF < 35%
-LVEF < 35% -Normal sinus
-Projected survival > 1 year -QRS > 150 msec with a LBBB COR*: 1 (inotrope dependent)
COR*: 1 ' COR*: 1 . COR*: 2a (Select NYHA IV patients)

i Baroreflex activation \
therapy (BAT)
e Re:y:te i et tor -NYHA II
, s Hemodynamic b NVELA N or
— ‘ -Asymptomatic patients with severe AS and ; with NYHA Il -LVEF 25-45%
HA Il-Ambulatory IV LVEF < 50% Monitoring (wi | -Excludes patients with
-LVEF 20-50% (CardioMEMs) a guideline indication

-Severe high-gradient AS with symptoms
(independent of LVEF)
-Symptomatic patients with low-flow, low
gradient severe AS with reduced LVEF
-Symptomatic patients with low-flow, low
gradient with normal LVEF if AS is the most
likely cause of symptoms

-Moderate-severe (grade 3+)
or severe (grade 4+)
secondary MR
-LVESD < 7cm
-Excludes RHF and/or severe
PHTN (RVSP > 70 mmHg)

for CRT

-NYHA I-IV
-Signs/symptoms of
TR or prior
hospitalization for HF
- Severe TR

N/

COR*: 2a COR**: 1 COR*: Not Provided COR*: 2b COR*: Not Provided COR*: Not Provided




Novel Device based Therapy for Heart failure who
are not candidates for or Non-responders to CRT

CRT remains the primary device-based therapy for HF

19 FDA approval 2019
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Delivers electrical
impulse during the
Absolute refractory
period of the
ventricle

4-7.5V in 4 biphasic

pulses (20msk-c\ therapy does not excite tissue but rather increases
inotropy by prolonging the action potential
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Mechanism of Action

CCM: Mechanisms of action - functional and clinical outcomes

CCM
Rechargeable
Implantable
Pulse
Generator
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Mechanism of action
Non-excitatory electric stimulation to the
interventricular septum during the absolute
refractory period, via standard pacing leads

Intracellular changes
1 Intra-cellular Ca2* metabolism
1 Upregulation of cardioprotective genes
1 Phosphorylation of myofilaments
| Oxidative stress
1 Small heat shock protein

Effects on functional and clinical outcomes
Quality of life
VO, peak
NYHA class
HF Hospitalizations
Survival
LVEF




FIX-HF 5 EF s35%

<385%
v +1.31
I | o VO

|

FIX-HF 5C EF 25-45%

té
6 months
EF _ peak VO,
35-45%

FIX-HF 5C2 EF 25-45%
+1.72
peak VO.

Prmary Efficacy Endpowt
fversus OMT)

6 months

FIX-HF 5C 3-Lead

CCM-REG EF 25-45%

E 2-3 years
Decreased
s J| Vortaiiy

over 3 yoars
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Primary Endpoint

+ 0.65
peak VO,

Secondary Endpomt

+0.84
peak VO,

Prirary Endpoird

1.7%
Implant
Complication
Rate

Primary Safety Endpoirt
(versus 10 7% 3-ead
comphcation rafe)

5% (e
Decreased h-

Hospitalizations
over 2 years
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signals dc.
ed ,-.,..
rammed to 'OFFPhase 1: 12 Mcvrr:.

d over to

ih t-ies

Rancomazed 10 OMT vs. OMT ana
CCMOptimizer systam debwerad CCM mignals
for five 1 h periodsspaced equal
throughout the dayt2-month lol

rsystem delverad CCM sgnals
for iwr 1-h petiods na(rd equa

1| were perfor "‘wn‘ for
cach patsant at t:.\,r:h e and at the 12- and
2-week follow-up visitsDota assessed
Bayesian epeated measures linear
modeling

Clinical endpoints

L LVEF2. NYHA clas
MLWHFQL, 6MWTS,
assoaated sympto
Ventncutar ectopy

. MLWHFQ3, NYHA
&, _-Mllh Safoty

EMm ventila

threshold (primary)2

MLWHFQ (6 months

cause mortaiity and

h italizations {12 montk
e events

ry anaerobic
Vo, e a3

Results

LVEF improved from 22

J'n‘ll'llNT’J
compared with shamg 293 ¢

groupSimilar iImprovement In NYHA class in both

groups

No significant differe:
threshold between the l'u
improved
Improvec

mpared with OMT

Adverse events

Two sudden deaths:
ventriculas Fibritlation and
Asystole, Neither dureng CCM
therapyMild sensations in
15% of cohort. Lead

repositl Quired in ¥
patient

er of types of adverss
events No ssgnificam
ddterence :lcl'-u-'l the
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ak by (.08
terval: 04723

Composite of cardiovascular
ath and HF hospitaikzations
5 reduced from 10.8 to 2.9%
M




A Randomized Controlled Trial to Evaluate the
Safety and Efficacy of Cardiac Contractility
Modulation (FIX-HF-5)

CCM Signal applied during
absolute refractory period

to the RV septum via standard
pacing leads

Rechargeable
Implanted
Pulse Generator

Biological effects seen
remotely over time

/

Biological effects seen rapidly in Improved peak VO2
region of signal applications S MLWHFQ and NYHA;
Reduced HF Hospitalizations

Abraham, W. T. et al. A Randomized Controlled Trial to Evaluate
19 the Safety and Efficacy of Cardiac Contractility Modulation. JACC:
Hear. Fail. 6, 874—883 (2018).



https://www.sciencedirect.com/science/article/pii/S2213177918303032?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2213177918303032?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2213177918303032?via%3Dihub
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Changes with CCM therapy

Figure 2 Main changes after 3 months of CCM therapy.

3-month CCM therapy ON phase ]

l

| Decreased expression ] [ Increased expression J

I

|
l l
A- and B- p38 mitogen p21RAS SERCA-2a Ryanodine Phospholamban

natriuretic activated
peptides protein kinase

Sarcoplasmic
reticulum




Indications

Impulse Dynamics received FDA approval in 2019
 NYHA class Ill symptoms, despite GDMT

« who do not have indications for CRT, including a narrow
underlying QRS

* LVEF between 25% and 45%

The potential roles of CCM in the settings of HFmrEF

and HFpEF populations (NCT05064709) and in
combination with ICD therapy (NCT05855135) are
currently under

Investigation.
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Guidelines

In the 2022 AHA/ACC/HFSA guidelines, it is stated,

“Four RCTs have shown benefits in exercise capacity and
guality of life (QOL) but, as of yet, no benefits in death or
hospitalizations.”

The 2021 ESC HF guideline states CCM use

“‘was associated with a small improvement in exercise
tolerance and QOL”; however, like the 2022 AHA/ACC/

HFSA guideline document, a specific guideline
recommendation was not provided.

24




Step 3 Step 4 Step 5 Step &

Consider thase patient  Implement additional Reassess symptoms, Referral for HF
scenarios GDMT and device labs, health status, specialty care for
therapy, as indicated and LVEF additional therapy

NYHA IV, in
LVEF s40% > African American
(Stage C) patients

NYHA I-1Il; |  Refractory HF
LVEF 235%; 1 i (Stage D)
>1y survival

‘ LVEF <40%
D‘ Persistent HFrEF NYHA II-1l;

(Stage ©) | ambulatory IV,
> LVEF $35%,
NSR and QRS
150 ms with LBBB

Symptoms
improved

LVEF >40%
HFimpEF

(Stage C) Investigational

studies*



https://www.ahajournals.org/doi/10.1161/CIR.0000000000001063

Who is CCM for?

CCM™
Studies Planned

Ejection
Fraction

HF Device Therapy “Cardi-O-Meter"

26




Suggested pathway for how cardiac contractility modulation(CCM) fits,
compared with cardiac resynchronization therapy (CRT), in
the treatment of patients with heart failure

omT
NSR
NYHA lll/IVa
EF <45%

y

LBBB

NO

A 4

EF

YES No

» 4 E

zs%ssrsss'/.l 35%<EF<55% CRT-D Continued
vs CRT-P oMT

A 4

Continued ICD+CCM |

oMT
Continued NYHA Ill/IVa
+ ICD |

Consider +CCM



https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.036460
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.036460

Relationship with other implantable
Equipment

 CRT: 20-30% non-responders, and CCM can be used
as an adjunct.

« 17 patients with significant HF despite CRT
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a
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https://www.internationaljournalofcardiology.com/article/S0167-5273(18)34035-X/abstract
https://www.internationaljournalofcardiology.com/article/S0167-5273(18)34035-X/abstract
https://www.internationaljournalofcardiology.com/article/S0167-5273(18)34035-X/abstract

Relationship with other implantable
Equipment

* CCM systems have not
shown interactions
with TV-ICD or S-ICD
systems

* Many patients will have
LVEF < 35%

* 20 patients R

« One inappropriate : IANC Marker |
shock unrelated to |- e O
cCm W) ostimizer Device

* 6 VT episodes all
successfully
treated

* Improvementin
HF class, EF, and
MLWHFQ

* Integra-D



https://onlinelibrary.wiley.com/doi/10.1002/clc.22919
https://onlinelibrary.wiley.com/doi/10.1002/clc.22919
https://onlinelibrary.wiley.com/doi/10.1002/clc.22919

Limitations
« Multiple Leads

« CCM Non-response
* Device Interaction
« Category Il CPT code

30




Sill

Integra-D

Prospective Single Arm Trial to
Investigate safety and
effectiveness of the CCM-D
system

Focus on the defibrillator
function

Includes DFT test

If it functions as expected, it
will be approved as an ICD

@) V2 (151 B)
O | VI (DF4-LLHO)
Bg®gDYNAMICS

opumlzer“‘ Integra
ccM™-D

IMPULSE %

’
:
1




Treatment of HFpEF

Symptomatic HF with
LVEF 250%

32

HFpEF now affects as much
as 50% of the population with
heart failure (HF)

There are limited therapeutic
options

FIX-HE-5C2, the upper range
of EF was extended to 45%,
suggesting the possibility of
benefit for CCM in individuals
with HFpEF

"


https://www.ahajournals.org/doi/10.1161/CIRCHEARTFAILURE.119.006512

Aim Higher

The AIM HIGHer Clinical Trial is a prospective, multi-
center, randomized, quadruple-blind, sham-controlled trial
of the safety and efficacy of CCM therapy delivered via the
OPTIMIZER Smart Mini System in subjects with heart
failure and an LVEF =40% - 60%.

Subjects will be randomized in a 2:1 ratio to either CCM
ON (CCM group) or to CCM OFF (Sham group).

Inclusion Criteria:
« Diagnosed with symptomatic heart failure;
 LVEF =40 and =60%

« Heart failure hospitalization within 12 months AND
elevated BNP w

B8




Cardiac Contractility Modulation

Optimizer Smart Mini

Bipolar lead for pacing with
actve myocardial fixation
Rechargeable battery,
longevity 20+ years
Sue:

Height: 81.3mm

Width: 44 mm

Depth ttmm

Clinical Benefits

Improved six-rvinute walk test
scores

Improved NYHA Functional
Class

Increased peak VO2

Fewer heart failure
hospitalizations

Potential Mechanisms

Increased Intracellular Ca’
metabolism

More efficient Ca™* Induced
Ca’" release

Reduction in fetal gene
expresson

Decreased LV fibrosis and
reverse remodeding

Indications

LVEF 25-45% « NYHA Il on
GPMT + no indication for CRT

¥

Future Applications

COM for HFpEF
Combined COCM-ICD systems



https://linkinghub.elsevier.com/retrieve/pii/S2772930323011778
https://linkinghub.elsevier.com/retrieve/pii/S2772930323011778
https://linkinghub.elsevier.com/retrieve/pii/S2772930323011778

Nebraska
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