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Objectives

* Review pathophysiology and autonomic nervous system (ANS)
involvement in heart failure

* Review NYHA and Heart Failure stages functional classification
* |-NEED-HELP: clinical indicators of advanced stage heart failure

* FDA approved device therapies for symptomatic, Stage C and D heart
failure, how they work, and who is a candidate

* Heart failure monitoring technologies
* Baroreflex Activation Therapy

e Cardiac Contractility Modulation
 Left Ventricular Assist Device (LVAD)



Introduction

* 1-2% of all hospital admissions in Europe and North America

e 1-year mortality 15-30%

* HF hospitalization $10,000+, HF Rehospitalization $25,000 or higher
* Cost of care expected to rise to $53 billion in 2030

* Population is aging, have increased life expectancy, diagnosis of HF
can be made earlier

* Side effects can limit best HF GDMT
* Only a fraction of eligible patients receive device therapy



Pathophysiology of Heart Failure: the

Autonomic Nervous System
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Pathophysiology of Heart Failure: the doom

loop

The Cardiovascular Disease Continuum

Adapted from Ferrario CM. Ther Adv Cardiovasc Dis. 2016;10(3)162-71.
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Heart Failure Stages - Disease Progression

STAGE A:
At-Risk for Heart Failure

Patients at risk for HF but
without current or previous
symptoms/signs of HF
and without structural/
functional heart disease or
abnormal biomarkers

Patients with hypertension,
CVD, diabetes, obesity,
exposure to cardiotoxic

agents, genetic variant for
cardiomyopathy, or family
history of cardiomyopathy

Patients without current or
previous symptoms/signs
of HF but evidence of
1 of the following:

Structural heart disease

Evidence of increased
filling pressures

Risk factors and

» increased natriuretic
peptide levels or

« persistently elevated
cardiac troponin

in the absence of

competing diagnoses

STAGE C:
Symptomatic Heart Failure

Patients with current or
previous symptoms/signs
of HF




NYHA Functional Class

NYHA Class Level of Clinical Impairment

No limitation of physical activity. Ordinary physical activity does not cause undue
breathlessness, fatigue, or palpitations.

Slight limitation of physical activity. Comfortable at rest, but ordinary physical
activity results in undue breathlessness, fatigue, or palpitations.

:

Marked limitation of physical activity. Comfortable at rest, but less than ordinary
physical activity results in undue breathlessness, fatigue, or palpitations.

Unable to carry on any physical activity without discomfort. Symptoms at rest
can be present. If any physical activity is undertaken, discomfort is increased.




Stage C Stage D

(symptomatic HF) (advanced HF)

Without any HF symptoms/signs S——
Definition > o With Structural abnormalifies/cardiac injury) —>YMPLOMS/SIgNS are Severe
L Without structural aAd X With HF symptoms/signs enough to interfere daily life
abnormalities/cardiac injury = =
Interventions Risk factor modification by healthy lifestyles and medications >

Add multidisciplinary interventions for optimal disease management ==—p

Add inotropic agents; consider
mechanical circulatory support
(LVAD, ECMO, etc), cardiac
transplantations, and palliative

care as needed




FDA-approved Device Therapies for
Treatment of Heart Failure

* ICD/Cardiac Resynchronization Therapy (CRT)
* Structural Interventions

* Transcatheter Valve repair or replacement (TAVR,
TEER, TMVR, TVVR)

* Interatrial shunt devices
* Heart Failure Monitoring Technologies
* Chest impedance devices (ICD/CRT devices)

* Pulmonary artery pressure monitoring
(CardioMems, Cordella)

» Autonomic Modulation - Baroreflex Activation
Therapy (BaroStim)

* Electrophysiological Modulation - Cardiac
Contractility Modulation (CCM)

* Respiratory Modulation - Phrenic Nerve Stimulation
(Remede)

* Cardiac Replacement Therapies

* Temporary mechanical circulatory support (ECMO,
temp RVAD, temp LVAD)

Baroreflex |
activation
therapy

Eleétrophyslo 0
devices

Journal of Cardiac Failure



PA Pressure Monitoring

Prospective, Predictive, Preemptive, Proactive,
Objective

Reactive and Inexact
Traditional physiologic markers, such as patient weight,

symp and blood p. ,occur late in the
decompensation process and leave little time to react HOSPITALIZATION
before hospitalization.! .
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PA Pressure Monitoring Systems

CardioMems (Abbott) Cordella (Endotronix)
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How does implantable hemodynamic
monitoring work?

CENTRAL ILLUSTRATION: Impact of Implantable Hemodynamic Monitoring
in Heart Failure Patients With Reduced Ejection Fraction

Heart Failure With Reduced Ejection Fraction (HFrEF)
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Improved Outcomes

Lindenfeld JoAnn, et al. J Am Coll Cardiol. 2024;83(6):682-694.



https://www.jacc.org/journal/jacc

Meta-Analysis: Implantable Hemodynamic
Monitors improve survival in HFrEF patients
(probably)

* Pooled analysis of GUIDE-HF, CHAMPION, and LAPTOP-HF
e 1350 patients with HFrEF
* Hemodynamic-guided management:

36% reduction in HF Hospitalization Pooled 25% reduction in mortality
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A Physiology Lesson: Baroreceptors

* Mechanoreceptors: maintain blood pressure
at a constant level

* High-pressure arterial baroreceptors
* carotid sinus and aortic arch

* prevent rapid changes in BP in the
moment

 Low-pressure cardiopulmonary receptors

* atria, ventricles, and pulmonary
vasculature

* regulate blood volume via hormone
secretion which influences intake and
retention of salt and water

* regulates mean pressure in the long-
term

* Relay blood pressure information within the
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The Baroreceptor Reflex

Imposed decrease in
arterial blood pressure

¥

Sensed by arterial baroreceptors
as decreased stretch

input

Decreased baroreceptor
afferent nerve activity

processing Signal processed by medullary
cardiovascular control pathways

output / \
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* Increased heart rate * Increased heart rate
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* Arteriolarvasoconstriction

| Increased arterial blood pressure

Carotid sinus ne

Contractility
Heart rate
Aortic depressor
nerve
+
.—b Vasculartone
Arterial baroreceptor "
+ Natriuresis
Sympathetic Reninrelease

nerve
Cardiovascular organs

Arterial pressure



BaroStim Neo (CVRx)




How does Baroreflex Activation Therapy

work?

Physiological mechanism of action in heart failure

1. BAROSTIM NEO™

« Asingle electrode, powered by one
of the most powerful implantable
batteries in the world

« Activates the baroreflex.

'*‘ 2. Baroreceptors

« Sensors that provide information to the
central nervous system, which are used
in autonomic reflexes and act as part
of the baroreflex.

* Are stimulated by BAROSTIM THERAPY™

3. Brain

i

« Control board for autonomic
nervous system.

« Achieves autonomic balance by
reducing sympathetic activity while
increasing parasympathetic activity.

4. Heart

| HR  |Remodeling

* Reduces myocardial work
* Reduces oxygen consumption

wl

il 5. Blood Vessels

tVasodilation 1 Venous capacitance

« Reduces cardiac afterload
* Reduces pulmonary congestion

2 6. Kidneys

| Renin secretion

1 Diuresis

* Reduces neurohormonal stimulus

* Reduces fluid retention
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BEAT-HF

Device / Mechanism of Action

Primary Endpoint / Components

Patient Centered Symptom Status

* Extravascular
* 2mm electrode
* Unipolar design

* 5 year longevity
* Personalized therapy
+ Average programming at 6 Mo:
+ 8.4mA amplitude
*+ 107 ms duration
+ 43 pps frequency

B Heart Failure
Baroreflex Sensitivity

Sympathetic Outflow

Parasympathetic Outflow

» a» @
« va »E

Heart Failure Symptoms

Primary Composite Endpoint

R 094 (95% 10,57, 1.87); pu0 82
o siatisticaly significant difference betwoen BAT and Control

(Change from Baseline)

24 months.

12 months.

6 months

D Cumulative CV Mortality Event Rate

05
poos HR 0.83 (C1 95% 0.49, 1.39) nominal p=0.47
o 1 2 3
BAT: N = 1 151 140 10 o
Conkot N=160 14 12 o7 s
E Cumulative HF Morbidity Event Rate

Control

RR 0.97 (C1 95% 0.56, 1.66) nominal p=0.90
2 3

BAT:N =163 181 140 100 6
141 121 o7 5

NYHA Class

(%of

‘EEEEREES

* Prospective, multicenter, randomized, two-arm,
open-label, non-implanted control trial

* 323 patients (264 pre-market, 59 post-market)

NYHA 3
LVEF<35%

previous HF hospitalization OR NT-proBNP >400
pg/dl

no class | indication for CRT
NT-proBNP<1600 pg/dl

* Primary Endpoint: CV mortality and HF
morbidity - neutral



https://onlinelibrary.wiley.com/journal/18790844
https://onlinelibrary.wiley.com/toc/18790844/2024/26/4

Abnormal calcium handling in HF

* Chronic over activation of the
sympathetic nervous system leads to
abnormalities of calcium regulatory
proteins in the heart

e reduced SERCA2 expression
* leaky Ryanodine receptors (RyR2)
* Phospholambin dysfunction

 altered calcium channel function

* Disruptions in the normal calcium
cycle




Cardiac Contractility Modulation (CCM
Optimizer System - Impulse Dynamics)

Transcutaneous n .
home charger cardiac contractility modulation

pulse generator with intracardiac leads

Wireless programmer

* Generator - rechargeable once weekly, battery

lasts 20 years




How does CCM work?

Patient EKG During CCM*® Therapy i Lok
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AMean Peak VO, (mL/kg/min)

1.0 4

FIX-HF-5 Trials

i i * 2015:FIX-HF-5 428 patients NYHA
3 or 4, LVEF<35%

Q * 2018: FIX-HF-5C, 160 patients

Rechargeable

Implanted
Pulse Generator oot s e NYHA 3 or 4, LVEF 25-45%
/ e« OMT vs. CCM
e gy B * Improved exercise tolerance
Reduced HF Hospitalizations
* Improved peak VO2
Prob A >0 = 0.989
Prob A >0 = 0.968 FIX-HF-5 _ ° Improved 6MWT
FIX-HF-5C e . .
* Improved quality of life
Bayesian _

-1 0 1 2 3
Mean pVO, Treatment Difference
(mL/kg/min)

o 1




Timely Referral for Heart Failure

Less

severe Early Referral ‘ Golden Window for Referral ‘ Referral Too Late

) %
(7]
o
£
S
>
'?, A
5
n
More
severe
* NYHA I-1l symptoms * NYHA IlI-IV symptoms * Multiorgan failure 7
* Tolerating GDMT  Downtitration of or inability to tolerate GDMT * Severe malnutrition/cardiac
¢ No hospitalizations  Frequent hospitalizations cachexia unresponsive to
* No evidence of end- * Recurrent arrhythmias or ICD shocks ‘supplementation
organ dysfunction * Worsening renal function

Onset Persistent HF Progression/Decompensation Pump failure and death



Need for inotropes

New York Heart Association Class IV
Worsening end-organ dysfunction
Ejection fraction <20%

Defibrillator shocks for ventricular
arrhythmias

Recurrent HF hospitalizations
Escalating diuretic dose
Low blood pressure

Progressive intolerance of GDMT




Durable Left Ventricular Assist Device (LVAD)
(Heartmate 3, Abbott) for Stage D Heart Failure

HeartMate 3 LVAD * Indications:

e Stage D
e NYHA 4 for 60-90 days
e LVEF<25%
e Max tolerated OMT
e Inotrope dependence
e Contraindications
e Severe/primary RV failure
e Hypertrophic CM or

« Intra-thoracic pump uncorrectable septal
« Improved coagulation system stability defect
« Fully magnetically levitated motor

. : :
 Arifclal sty Neurologic compromise

« Large blood flow pathways




Indications for LVAD implant: BTT, DT

100 -
90 -
80
70 -
60 -
50 A
40 - /
30 A
20 -

Percentage

2010 20M 2012 2013 2014 2015 2016 2017 2018 2019
No. of Implants 1,558 1,804 2,215 2,621 2,746 3,087 2,763 2,565 2,994 3,198

—— Bridge to Transplant — Bridge to Candidacy —— Destination Therapy




Improved Survival and symptoms on LVAD:
Rematch, Heartmate 2 pivotal trial, Momentum

100
90 -
80 -
70 -
60 -
50 4

40 -
* Substantially improved 30 4

survival 20 -

'&« NS - ‘

HeartMate ll HeartMate 3

Survival (%)

* Improved symptoms Lo

* 6MWT improved to >300m °0 6 12 18 24

Months After Implant

m 82% - Heart Transplant (2017) = 83% - HeartMate 3 LVAD (2019)

W 76% - HeartMate Il LVAD (2019) m 68% - HeartMate Il LVAD (2017)
60% - HVAD LVAD (2017) W 58% - HeartMate Il DT (2009)

M 24% - HeartMate XVE (2009) = 8% - OMM, REMATCH (2001)




CENTRAL ILLUSTRATION: Recent Trends in Left Ventricular Assist Device

Implantation Strategies, Outcomes, and Management
Recipient Phenotype

Surgical Approach
Thoracotomy-based implantation 4 Comorbidities
tPreoperative illness severity

Stroke
Y with HeartMate 3 > 50% in cardiogenic shock

> 1/3 on pre-implant TMCS
Bleeding
Evaluation of §intensity antithrombotic therapy Implant Strategy
DT (73.1% BTT (8.9%
RV Failure (49 1iches BTG = 0)

¥ Durable LVAD at time of HT
Assessment of RV reserve, evaluation of

pulmonary vasodilators .
2-Year Survival Rate of Advanced

HF Patients Stratified by Treatment

1004
90+

Aortic Regurgitation
TAVR possible in select patients

Infection
Development of fully internalized devices

80+

704

Myocardial Recovery 60

Possible with optimized mechanical unloading, 50+
pharmacotherapy, and serial 404

functional easeesment - HeartMate 3 LVAD FDA approved for DT s

Shared Decision Making + UNOS donor heart allocation system revised 10-
Implementation of decision aids

» Improved LVAD-related AE management 0
HeartMate 3* Medical Therapy'

Varshney AS, et al. J Am Coll Cardiol. 2022;79(11):1092-1107.




Conclusions

* The Autonomic nervous system is intimately linked to heart failure
symptoms and progression.

 Device therapies for heart failure are are for people with symptomatic
(Stage C or D) heart failure on optimal/best tolerated HF GDMT

* PA pressure sensors, Baroreflex Activation Therapy, and Cardiac
Contractility Modulation are for symptomatic heart failure

* Improve symptoms and functional status
* Reduce HF hospitalizations
* LVAD is for advanced stage (stage D) HFrEF patients with LVEF<25%
* Improve survival
* Improve symptoms and functional status

e Use I-NEED-HELP to identify advanced stage HF and refer to an
advanced HF program
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