Multisensorsystemasguide for the
management opatientswith heart
failure

w Alessandro CapuckiD, FESC,FACC,FHRS,FAHA
w Clinica di CardiologiaZritmologia
w Universita Politecnica delle Marche

w Ancona
Bari, 1416 febbraio2019



Disclosure

A Speakefee: BayerBiotronik
BoheringeBoston
ScientificLivaNovaMayland
Medtronic,Menarini, Pfizer

A Researclgrant LivaNovaSusarKomeninst.



Heart Fallure is a growing concern due to poor
patient prognosis and economic burden gBostone.

Patient Quality ofLife HealthcareEconomics
A Heart failure limits length of life and A HFis the #1 DRG in tHgSwith >1.1M
profoundly impacts function and quality hospitalizations annually and toteiF
of lifet spend to reach nearly $100B by 2030
A InMADIFCRTan initial HF A US Hospitalbbse $K onaverageper
hospitalization was associated with admission
A 8-fold increase in mortality A HF Consumes2.5% of the total European
A 9-fold increase in recurrent healthcarebudgef
&  hospitalizations N
2 EE o manine - Nearly 60% of spend
T [ - on hospitalizatior?
E . N
Ef  Acute HF R
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~_exacerbation

Time Death
Figure adapted from Goodfin

1 Goodlin, S. Palliative Care in Congestive Heart Failure. J Am Coll Cardiol 2009;54:386i1 96.

2 March 18, 2010 Circulatory System Devices Panel - Boston Scientific, Inc: Sponsor Presentation

3 After Hospitalization: A Dartmouth Atlas Report on Post-Acute Care for Medicare Beneficiaries, Sept 28th, 2011
4MedPar 2013, MS-DRG 291, 292, 293

5 SHAPE Survey Results to the General Public, ESC in Vienna, Sept 2003

©2017 Boston Scientific Corporation or its affiliates. All rights reserved.
12 CRM-446905-AA Jan2017


http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/CirculatorySystemDevicesPanel/UCM205850.pdf

HF HOSPITALIZATIONS ARE A STRONG PREDICTOI
OF MORTALITY

Data from the EFFECT study, n = 9138 patients  Data fronBetoguchet al., n = 14,374 patients
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Among 1 year survivors after index EFfFEIScharge, KP cumulative mortality curve fmausé mortality
the number of heart failure hospitalizations in the precgfléiceach subsequent hospitalizatior?for HF.
year stratified the risk of death in crude dnalysis.

Studies show ea@ddmission decreasegaa t | chamde Osirvival.

1. LedDS, et al. Am J of Med, 2009.
2. Setoguct$, et al. Am Heart J, 2007.



CRT Device Therapy
Right Therapy at the Right Time

A Early intervention  reduced death and heart failure (HF) events by 57%
compared to ICD*. This was driven by:
: A 35% relative risk reduction of all -cause mortality &
Impacting 63% relative risk reduction of HF event
Heart A Heart failure events could have been inpatient or outpatient care, but
Failure 82% of HF events were in  -hospital admissions

A Early CRT intervention reduces the relative risk of recurrent heart
failure eventsby 43% (p=0.001)in high risk NYHA Class | and Il pts
with LBBB.
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One-third of patients do not experience the full benefit of CRT'6

% Improved
Clinical Composite Score

MIRACLE? MIRACLE MIRACLE Il InSync lll PROSPECT® FREEDOME®
2 3 L
ico 1o Marguls *AV optimised only
! Abraham WT, et al. N Engl J Med. 2002;346:1845-1853. 4 Chung ES, et al. Circulation. 2008;117:2608-2616.
2 ¥oung 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. & Abraham WT, et al. Late-Breaking Clinical Trials, HRS 2010. Denver, Colorado



CURRENT HF MANAGEMENT IS INADEQUATE FOR
IDENTIFYING AND MANAGING CONGESTION LEAD
TO DECOMPENSATION

|dentifying congestion early will lead to early treatment,
preventhospitalizations and slow the progressioH af

A 90% of HF hospitalizations present with symptoms of pulmonary-£ongestion.

A Posthoc analysis of 463 acute decompehgiatients from DOSIEandCARRESSIF
trials showed:

A 40% of patients are discharged with moderate to severe condestion.

A Of patients decongested at discharge, 41% had severe ezqraytistioa by 60 days.

Congestion state at dischar Congestion state of patients discharge
withoutcongestion ab0day followup?

® Maintained decongest

® Absent or mild conges! " Partial recongesti

" Moderate to severe conges

1. AdamKkF, et al. Am Heart J. 2005
2. Kruni and Abraham WT. Lancet 2009
3.LaleA, et al. JCF 2013

M Relapse to severe conges




INCREASES IN FILLING PRESSURE START THE CY
WORSENING HEART FAILURE SYNDROMES

h C Pulmonary Artery Pressure 1
Left Heart Failure Right Heart Failure

P 4

C Left Atrial Pressure 9 Cardiac Output C Right Atrial Pressure
Dyspnea Fatigue Heptic Insufficiency
Orthopnea Confusion Renal Insufficiency
Pulmonary Edema Renal Insufficiency Peripheral Edema

Peripheral Edema

Adaptefrom] a s k i BE, FBe®frodl|l em ISe@dwvti ng Approacho



PHYSIOLOGIC MARKERS OF ACUTE DECOMPENS/

Jospitalization

Intrathoracic
Impedance
Changes

Autonomic
Adaptation

Filling
Pressure
Increase

HEMODYNAMICALLY STABLE PRESYMPTOMATIC CONGESTION DECOMPENSATIOA
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Grapladapted from Adamson PB, @uaHeart Fail Reports, 2009



CLINICAL EXAMINATION HAS LIMITED RELIABILITY
ASSESSING FILLING PRESSURES

Data from clinical evaluations has poor sensitivity and predictive value in determinins
hemodynamic profile

Capomolla, 2008. = 366

: Estimate o _ PPV NPV

0] 0
Variable Sensitivity (%) Specificity (% (%) (%)
JVP RAP 48 78 60 69

Edema 10 94 55 60
Pulse Press Cardiac Index 27 69 52 44
S3 PCWP 36 81 69 54
Dyspnea 50 73 67 57

Rales 13 90 60 48

Tableadaptedrom Capomolla S, et al. Eur J Heart Failure, 2005.



TIMHF TRIALTELEMONITORINDE WEIGHT
AND BLOOD PRESSURE DO NOT REDUCE
READMISSION OR MORTALITY

Randomized study of 710 patients
Primary Endpoint: Total Mortality
Control Group: Standafrdare (n@elemonitoripg

Treatment Groufelemonitorirod weight and BP information

R D P < 2

Results: No difference woalke death biFhospitalizations

End Point Telemonitoring Usual care HR
n =354 (%) n = 356 (%) (95% ClI)
0.87

All-cause mortality 15.3 15.4 0.97 (0.61.41)
CRrlDELIE e 11.3 12.9 0.86 (0.56.31) 0.49
mortality

All-cause readmission 54.2 50.3 1.12 (0.91.37) 0.29

KoehleF et al, Circulatip®11



IS THERE VALUE IN FREQUENT MONITORING OF V
SYMPTOM AND BP TO MONITOR DECOMPENSATIC

Frequent monitoring of weight, symptoms, BP has mixed results in reducing mortality and hospitaliza

Goldberg 2002 (WHARF) ~ 280/280

Bondmas2001 164/164
Gattis1999 181
(PHARM stud¥)

Rainvillel999 34
Massie 2001 147/147
Cleland 2005 426
(TENHMS)

Barth 2004 34
RiegeR002 358
Larame&003 287
De Busk 2084 462
Tsuyuke2004 276
RiegeR008 134

1. LouiA\A, et al. EJHF, 2003.
2. ClariRA, et al. BMJ, 2007.
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Wt. and symptoms

Significant reduction in mortality with no
difference in readmission rates

Wt., BP, HR and oxygen saturationFewer HF readmissions with reduced length

symptoms

symptoms
WH1., vital signs and symptoms
Wt, BP, symptoms, ECG

symptoms
symptoms
symptoms
symptoms
symptoms

symptoms

of stay compared to nurse visit group

Significant reduction in mortality

Significant reduction in hospitalization
No significant difference in outcome

No difference in hospitalization, significant
difference in mortality

No difference in hospitalization
No difference in hospitalization
No difference in hospitalization
No difference in hospitalization
No difference in hospitalization

No difference in hospitalization



Boston Scientific sensors enable the early detection of Boston
308 Scientific

heart failure decompensation symptoms

Overview

Sensors are intended to represent typical in-office tests and questions

Our Sensors: What Clinicians ask/do during a physical exam

®PeHeart Sounds Listen to the heart S3 heart sound

RPeHeart Sounds Listen to the heart for S1 heart sound

@ Thoracic Impedance Take chest X-ray for signs of pulmonary edema

Ga®Respiratory Rate Mre you out of breath? Have ¢

Activity Level fAre you able to get your mail/go upstairs? o

e weight MHave you gained wei §gHE™?D

(check leg or abdominal swelling) New to Resonate

ane iah ) Platform

v Night Heart Rate Is resting heart rate elevated? Legacy Trends
@Unique to

BSC
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Boston

Thoracic Impedance Scientific

Advancing science for life™

Thoracic impedance

Ais a measure of lung resistance between RV
coil and Pulse Generator

A correlates with pulmonary capillary wedge
pressure

A decreases with thoracic congestion.

Yu CM et al. Intrathoracic impedance monitoring in patients with heart failure:
correlation with fluid status and feasibility of early warning preceding
hospitalization. Circulation, 2005 Aug; 9; 112(6): p841-8.

Thoracic impedance may decrease prior to a heart

Value on

23 Aug 2012 ! Mar2012  Apr2012  May2012  Jun2012  Jul2012  Aug2012 failure decompensatlon'
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Closed

the gap

MultiSENSE patient data prior to HF hospitalization on August 25, 2012
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DOTHF TRIAL: MONITORING IMPEDANCE WITH AUI
ALERT INCREASED HF HOSPITALIZATIONS

Monitoringntrathoracidmpedance@ptivoE al gor i t hm, Medtronic) w
improve mortality and increased HF hospitalizations
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Mo, a1 Risk No. at Risk
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vanVeldhuisen DJ, et al. Circulation, 2011.



Diagnostic: Heart Sound

w Evaluation of device measured Heart Sounds in patients
with versus without Heart Failure Evernts.

¢ Devicebased S3 was significantly louder in patients with
heart failure events.

¢ Auscultated S3 heart sounds were mostly absent, and
were no different between patient groups.

Device-based S3 (milliG) Auscultated S3 Score
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miliG (force measured by
accelerometer)

HFE group non-HFE group

HFE group non-HFE group



Heart Sounds; new to Resonate Platform, Unlque Sgosmﬁ
Vi) o cientific

ing science for life™

to Boston Scientific

Heart Logj

@® HEART SOUNDS O O O O O

27

Heart sounds are measured from the accelerometer and reveals signs of
elevated filling pressure and weakened ventricular contraction via S3 and S1 heart

sounds.
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Worsening heart failure may be associated with

Accelerometer an increase in S3 or adecrease in S1, or both

©2017 Boston Scientific Corporation or its affiliates. All rights reserved. CRM-495201-AA September 2017



Diagnostic: Heart Sound

w Devicebased S3
LVEDD (cm) -- heart sounds were
strongly correlated
_--- with echo parameters
LVESD (cm) 4.35 5.81 <0.001
RO " CR patents
LVESV (mL) 83.5 134.6 0.003

EDT ( ms) 279.5 193.3 <0.001

ratio
(cm/s)
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MultisensorAlgorithm

A

Diagnostics in  ICDs and CRT-Ds with associated remote monitoring systems may

provide an opportunity to better identify worsening status, but technology to date

has used single  sensors or required manual review of
multiple measures, limiting utility =~ and adoption. 1

New approach seeks to use new device sensors to emulate what physicians do in their clinical
assessment - evaluate multiple signs and symptoms? and utilize multiple diagnostics in
ambulatory evaluation.

Automated, ambulatory
heart failure status indicatol
available remotely or in
clinic

New + existing
biometric sensors
in ICD and CRDy

Elevated filling pressure

Tachypnea

Dyspneaon exertion

Dyspnea at rest

Fluid accumulation and
Pulmonary edema

Orthopnea orParoxysmal
Nocturnal Dyspnea

Atrialfibrillation

Tachycardia

1 Conraads VMetal., Eur HeartJ, 2011:32(18), 2266 -73.
2 Heart Failure Practice Guideline, Journal of Cardiac Failure, 2010:16(6), el37 CRM 463508 -AB MAY 2017



MultiSENSE Clinical Trial Geosin

Advancing science for life™

JACC: HEART FAILURE SaL. 5, NO. 5, 2007
& 2007 THE AUTHORS. PURILIZHED BY ELSEVIER ON BEMALF OF THE AMERICAN ISEN 2215-1773
COLLEGE OF CARDIDLOGY FOUMDATION. THIS 15 AN OFEM ACCESS ARTICLE UKNDER L} 28020000
THE CC BY-NC-ND LICENSE (hEfp:f /creakivecommaonz.arg/licen amafb y-nc-ndf 4.8 7],

International multi-center, non-
randomized, feasibility study to A Multisensor Algorithm Predicts ()

collect chronic ambulatory data  Hegart Failure Events in Patients

simultaneously from multiple : .
sensors in implantable devices With Implanted Devices

in order to deve|0p a|gorithms Results From the MultiSENSE Study
for the eaf'y detection of lohn I, Boshmer, MD,* Ramesh Hariharan, MDO,® Fausto G, Devecchi, MD,” Andrew L. Smith, MD,?
WO rsen|ng H F Giulio Molon, MD,* Alessandro Capucd, MD," (i An, PeD,* Viktoria Averina, Ps[,® Craig M. Stolen, PsD,#

Pramodsingh H. Thalkur, PeD* Julie A. Thompson, PeD* Ramesh Wariar, PeD* Yi Zhang, PaD*
Jagmest P, Singh, MD, DPsm."

COGNIS® CRT-D Sensor Research Device

_ é
Convert for 1 year a
>
i i - Software ...with COGNIS
900 Patients with market Q download  jieith COGNIS

and Research Data
Collection Features

released devices converted
for research and followed
for approximately 1 year

Programmer with

SRD-1 application _~

CAUTION: Investigational device. Limited by U.S. Federal Law to |nvest|gat|£IRM6f2/%2£Ds,7e

T KD 9N1 7 DActAanrn Crinntificr CArmAratinm Ar e L - PR



Primary Results from the MuliSENSE Study Seriific

Advancing science for life™

MultiSENSE Study

A Multi-Sensor Algorithm Predicts Heart Failure Events in Patients with
Implanted Devices

A International, multi-center, non-randomized, clinical study designed to develop and
prospectively evaluate a multi-sensor index and alert for the early detection of
worsening heart failure

A New sensors created with enhanced components and novel data collection and

processing techniques

A Age 18 or above
criteria A Currently implanted with a COGNIS CRT-D system
NYHA Class Il, lll or IV within the last 6 months
Documented as pacemaker dependent
History of appropriate Tachy therapy 1 week prior to enrollment
Likely to undergo lead or PG revision
Subjects that have received a heart or lung transplant

Receiving mechanical circulatory transplant
A life expectancy of less than 12 months

o

Key
exclusion
criteria

To I Po T o o

Boehmer, J et al., JACC-HF, 2017;5(3),2161 25
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Primary Results from the MultiSENSE Study % ghostne

& > 4 Advancing science for life™

MultiSENSE Study

Independent clinical events committee (CEC) Adjudication:

Heart Eailure Primary cause of event was worsening heart failure and
A 1s admitted for HF and receives an augmented HF regimen with
Events (HFE) oral or intravenous medications, or

A Receives unscheduled intravenous decongestive therapy that does
not involve formal in-patient hospital admission, regardless of the

setting

ANV A Onset before a usable HFEs
Alerts A Recovery no earlier than 30 days before usable HFEs
Same onset and recovery window but broader set of HF events:
A hospitalizations with a secondary cause of HF,
A outpatient visits with a primary cause of HF and augmented oral
medication changes,

A HFEs that did not meet sensor data availability criteria or occurred
within 45 days of device conversion

Unexplained
A All other alerts

Boehmer, J et al., JACC-HF, 2017;5(3),2161 25

HF Related

Alerts
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