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The Future of Telemedicine in the Management of Heart Failure Patients

HE HF :ti: r;urrl;:;!ntf _Dri';.re-rs for TM Current TM Fut_ure_ _ E.'lan'iers to .TM_
- managemeant ard o implementation . . arganisation implementation in
charactenistics needs care in HF solutions in HF of HF care HF
. ™) 'S ™) s ! ’~ ) - ~,
» Frequent To improve: Multidisciplinary » Haemodynamic « Teleconsultation Al-powered/ « Reimbursement
« Incapacitating || + Symptoms | INtegrated care instability of HF e | + TEIEMONITONNG e telemedical/ palicy
« Unstable s Functional teams « High HF « Telerehabilitation heart team/ « Regulatory
» Progressive capacity prevalence « Shared multidisciplinary constraints
« Bad prognosis = Qol = Drganisational electronic integrated care « Technological
« High « Patient burden of HF patient records team barriers
expenditure empowerment « High costs of HF « Teleconferencing \_ J « Adherence by
» Neead for patients and
- o To reduce: patient caregivers
« Hospitalisations empowearmeant
s Mortality . ) \ J
s Costs
» Logistical
burden
\, /

Silva-Cardoso J, et al. Card Fail Rev. 2021 Mar; 7: el11
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“Never let a’good
b, = #‘ ’ ))
crisis go to waste.




Virtual Visits for Care of Patients with Heart Failure in the Era of
COVID-19: A Statement from the Heart Failure Society of
America

EIRAN Z, GORODESKIL MD, MPH. FHFSA. PARAG G AL MDD MSe, ™ EACHARY L. COX. PharmDy FHFSA,
JIENMIFER T. THIBODEALL MDD, M5CS, FHFSAS REBECCA E. REAY. ACKNP-BC, CHEM,”
FISMET BRASMUSSON, DMNP, FNE, FHESA" JOSEPH G, ROGERS, MDD, AND RANDALL C. STARLING, MD, MPH. FHFSA

Cleveland, OF; New Fork, NF; Nasfheille, TN Dallas, TX; Salr Lake Ciry, UT; and Drarfram, NC

Group Potential benefits

Patient ® Provide access
® Receive medical advice
® Reduce in-person exposure to SARS-CoV-2
® Reduce distress
® [nvolve caregivers
Clinician ® Serve patients
® Reduce in-person exposure to SARS-CoV-2
® Maintain connection between patient and
provider
Health care systems ® Reallocate resources
® (Generate revenue
® Support research efforts

Gorodeski EZ et al. J Cardiac Fail 2020;00:19



TELEMEDICINA EN INSUFICIENCIA CARDIACA w

( IDENTIFICACION INFECCION POR COVID19 \
CRRDIACA Y SR AC A -[[] éSe ha contagiado por covid 197
ALIRICULAR -Mi nombre es ..... -] ¢Ha tenido que Ingresar por este motivo? Aplicar protocolo
- Soy su médico/enfermera y le llamamos «  En los ditimos dias: asistencial covid19
para ver como se encuentra desde su (7] ¢Ha tenido fiebre o tos seca? del centro/region
ditima visita <[] ¢Ha tenido alglin contacto con personas sanitaria
infectadas por covid18? correspondiente

)

Planificar
seguimiento
Telefdnico/
presencial

/ \ Klamficacién de educacion sanitaria c% /Aconsgjar adquisicion de bascula, \

Planificacién de soporte de manera enfermeria tensiémetro, termometro Coordinacién asistencial con Urgencias
coordinada con Trabajo Social
Proporcionar recomendaciones Siempeoramiento/ descompensacion:
Planificacién de cuidados multidisciplinar Manualdel Grupo IC SEMI * Ajuste diuréticos
con Atencidn Primaria Optimizar farmacos modificadores de IC
Planificacién de culdados multidisciplinar segun Manualdel Grupo IC SEMI * httpe Awww fesemi org/sites/default files
con Atencion Primaria i sic-4-
\ : ] T edicion-2018 pdf
Valorar visita paciente/familiares Valorar visita presencial
con Trabajo Social/Enfermeria | (sino respuesta a ajuste diuréticos) |




Applications of digital health for public health responses
to COVID-19: a systematic scoping review of artificial
intelligence, telehealth and related technologies

Dinesh Visva Gunasekeran ('*, Rachel Marjorie Wei Wen Tseng'?, Yih-Chung Tham'” and Tien Yin Wong ('™

CA1l - Detection [Screening/Diagnosis)

CAS - Continuing care for non-00VID patients |

CAZ - Triage/Risk stratification

CAd - Development of drugs /vacdnes

CA3 - Development of nowvel tests

—— Artificial Intelligence (Al) (r=103) Big Data (n=55)
Telehealth [r=110)

——— Digital Structural Soreening (D5) (n=23)

internet of Things (KOT) (n=7)
—— Digital Platfarms for Communication [DC) (n=23) Digital Solutions for Data Management [DM) (n

Gunasekeran DV et al. npj Digital Medicine (2021) 4:40.



¢Qué nos aporta la Consulta Virtual?

Proactividad

Confort del paciente +/-
cuidador/a

Minimizacion de riesgos
(p.ej. contagio)

Menor sobrecarga del
sistema

Eficiencia: seleccion de
visitas presenciales (“justas
y hecesarias”)

Contacto directo y
permanente sistema —
paciente (“ubicuidado”)

© @sergi_yun



/Puede la eHealth cerrar el “Care Gap”
en los pacientes cronicos?

Deteccion precoz
PREVENCION de INGRESOS
HOSPITALARIOS




/Puede la eHealth cerrar el “Care Gap”
en los pacientes cronicos?

Intervenciones Estructuradas, Planificadas
y Coordinadas
ATENCION BASADA en EVIDENCIA

[ TELEINTERVENCION ]




The #5E’s of eHealthin
HF

HEquity

N

HEMPOWERING HEFFECTIVENESS

HEDUCATION | HEFFICIENCY

© @sergi_yun



Los ensayos que evaluan la eficacia del seguimiento estructurado (teléfono) o la

tele-monitorizacion han mostrado resultados mixtos...

S C 2016 ESC Guidelines for the diagnosis and
E ot treatment of acute and chronic heart failure
RESULTADOS RESULTADOS @ E;\'ga‘d\o\ Telemedicine in HF, which is also term

NEUTROS POSITIVOS

ment, has variable clinical trial results.**” Several meta-analyses sug-
gest clinical benefits, but numerous prospectively initiated clinical
trials including > 3700 patients have not confirmed this. These clin-
ical trials include Tele-HF,*** TIM-HF,**" INH,*** WISH*** and

TEHAF.5** It is clear that there is not just one type of telemedicine,
and each approach needs to be assessed on its individual merit.
Recently, two individual approaches were shown to be successful
in improving clinical outcome when used in patients with HFpEF or
HFrEF. These approaches include the CardioMems system (tested
in 550 patients with both HFrEF and HFpEF)®*® and the IN-TIME
approach (tested in 664 HFrEF patients)®*°, which may be considered
for use in selected patients with HF (see the recommendations table).

M NO recomendaciones especificas sobre el uso dela

telemedicina en IC2

1Chaudhry SI, et al. N Engl ] Med. 2010 Dec 9;363(24):2301-9. 2Ong MK, et al. JAMA Intern Med. 2016 March 1; 176(3): 310-318. 3Koehler F, et al. Circulation.
2011;123:1873-1880. “Cleland JG, et al. ] Am Coll Cardiol 2005;45:1654—64. >Comin-Colet J, et al. Journal of Telemedicine and Telecare 2016, Vol. 22(5) 282-295. °Koehler F,
et al. Lancet 2018 Sep 22;392(10152):1047-1057. ’Weintraub J, et al. Cardiac Fail 2010; 16: 285-92. 8Ponikowski P, et al. Eur Heart J (2016) 37, 2129-2200.
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2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

@ESC

Developed by the Task Force for the diagnosis and treatment of acute European Society
and chronic heart failure of the European Society of Cardiology (ESC) of Cardiology

Recommendations for telemonitoring

Recommendations Class® Level® 9 . 6 Te IE mon it 0O ri n g

Non-invasive HTM may be considered for

patients with HF in order to reduce the risk of
recurrent CV and HF hospitalizations and CV
death.*”

Monitoring of pulmonary artery pressure using a

ONE SMALL STEP FOR MAN,
ONE GIANT LEAP FOR MANKIND...

-

wireless haemodynamic monitoring system may
be considered in symptomatic patients with 1ib B
HFrEF (LVEF <35%) in order to improve clinical

372
outcomes.

SC 2021

DE

McDonagh TA, et al. Eur Heart J (2021) 00, 1-128.

W sesain. Salut/ JllLESe




Telemedicine in heart failure: new insights
from the Cochrane meta-analyses

Table 1T Summary of main characteristics of the Cochrane reviews of 2007, 2010, and 2015 on structured telephone
support or non-invasive telemonitoring for patients with heart failure

Cochrane Era Trials Mortality HF-related
review included (n) hospitalizations
2007 1966=-2006 14

™ RR 0.62 (0.45-0.85) RR 0.86 (0.57-1.28)

STS RR 0.85 (0.72—1.01) RR 0.78 (0.68—0.89)
2010 1966-2008 30

™ RR 0.66 (0.54-0.81) RR 0.79 (0.67-0.94)

RR Q88 (076-101) RR

1966-2015

RR 0.80 (0.68-0.94) RR 0.71 (0.60-0.83)
RR 0.87 (0.77—0.98) RR 0.85 (0.77-0.93)

Dierckx R, et al. Eur J Heart Fail 2017;19:304-306.
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eHealth in HF:
Patient-Centred
Solutions

Non-Invasive
Telemonitoring

Invasive

High=power, High=
funcionality
smartphones

Healthsimpact
Internet of Things

Wallet=sized EKG
monitors

[
T
Py

Telemonitoring

Pacemaker [/ CRI;
devices

Pulmonary artery
pressure sensors

Lleft atrial pressure
Sensors

Ingestible sensors

“~ frinagy = = Sy
by s T fo, w
= ey P ."p‘w. TG - .

Artificial

Intellisence

Machine Big Data Cloud-based
Learning processing, analysis

Architecture
and alghoritms

S ' S

ez pogs

1Bekfani T, et al. Eur J Heart Fail. 2021;23:175-185; 2Mohebali D, et al. Heart. 2021;107:366-372.



#INVASIVE
TELEMONITORING
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#CHANMPIONTRIAL

1ons

E

Cumulative h

ospital admiss

260 -
240 -
220
200-
180-
160 -

B
T

120

Number at risk
Controlgroup 280 267 252 215 179 137 105 67 25 10 0
Treatmentgroup 270 262 244 210 169 131 108 82 29 § 1

—— Control group (254 hospital admissions for heart failure)
—— Treatment group (158 hospital
admissions for heart failure)

Hazard ratio 0-63
(95% C1 0-52-0-77);
p<0-0001

9 180 270 360 450 540 630 720 810 900
Time from implant (days)

Population

-N =550

- NYHA functional class IlI

- 21 HF admissions in the last 12 months

Primary Endpoint
- HF admissions at 6 months post-
implantation

Results
- Primary endpoint—> HR 0.72 (0.60-0.85)
- Secondary endpoints:
- Improved QoL
- Greater PAP reduction
- Safety:
- 98.6% without complications
- 0% sensor failures
Abraham WT et al. Lancet 2011; 377: 658—-66



#GUIDE-HF TRIAL

Population

Overall analysis

- N =1000

- NYHA functional class
-1V

- Either a recent HF
hospitalisation or
elevated natriuretic
peptides

Primary Endpoint

Pre-COVID-19
impact analysis

- A composite of all-
cause mortality and

A Prienady cutoome: all-ase monmaity, hear fallure hospltals tons, B Heat Tallire hospitalsations
urgent heart fallvee visits
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1 2 3 4 5 7 g 1 11 17 g 1 2 3 4 & i 5 1 u mw
Murmbsar At risk
Treastmentgroup 457 456 491 486 480 473 468 465 456 447 #1422 153
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l: L] L) L] L) L T L) T L T T T T 1 T ] T 1 L] 1 L] LI L] L]
1] 1 2 3 4 5 3 T B a9 D 11 1 a 1 2 3 4 5 [ Fi B 9 10D 11
beer it sisk Tirne: since Irmplant {months) Time since Imgplant [rmonths)

Treatmeni group 457 496 491 455 404 350 328 790 751 716 187 15 5B
fontl group 503 500 494 459 406 35 335 303 N7 237 00 1 59

total HF events at 12
months.

Lindenfeld J et al. Lancet 2021; 398: 991-1001



NON-INVASIVE vs INVASIVE TELEMONITORING

INVASIVE
TELEMONITORING
NON-INVASIVE
TELEMONITORING

Adaptable

Democratic

© @sergi_yun



Stakeholder resistance 1o Resistencia de las
) P R partes interesadas

®  Lack of patient
motivation and digital

®  Lack of healthcare

provider belief in
digital health care

Legal, ethical & technical

barriers:
® Mobile data privacy, Barreras How to deploy

security & liability Legales, Eticas digital health based
s Lackof y Técnicas care in Europe?

Other barriers:
8 Lack of health

8 Lack of reimbursement

Otras Barreras:
economicas...

Frederix I, et al. Eur J Prev Cardiol. 2019 Jul;26(11):1166-1177
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Integracion de la eHealth en un programa de atencion integrada :

ingredientes para el éxito
Alto riesgo

Riesgo de
eventos

Seguimiento
planificado y
estructurado s E\_/aluacién
basado en no planificadas Adharencia integral
enfermeria y poco
estructuradas telemedicina
Intervenciones Contexto
Coordinacién en el no sanitario
seno de vias clinicas coordinadas distante Servicio de telemedicina
locales entre niveles establecido localmente
asistenciales

Comin-Colet J et al. Rev Esp Cardiol. 2016;69(10):951-961






COMORDIBITY
DIMENSION

Comorbidity

MMSE -

COGNITIVE
DIMENSION

Pfaiffer

GDS
EMOTIONAL-AFFECTIVE
DIMENSION

ICOR (insuficiencia Cardiaca Optimitzacio Remota) sub-analysis

> Cluster 1
SOCIAL / FAMILY
APGAR DIMENSION
: . _ * Cluster 2
Duke
Cluster 3
SELF-CARE BEEHAVIOUR

DIMENSION
EHFScBS-12 > Cluster 4
- Cluster 5

@il Literacy LITERACY

: - DIMENSION

ol
SELF-PERCEIVED HEALTH STATUS
DIMENSION

Lawton & Brody Barthel

FUNCTIONAL-DISABILITY
DIMENSION

Yun S et al. Eur J Intern Med. 2022 Feb;96:49-59.



ICOR (insuficiéncia Cardiaca Optimitzacio Remota) sub-analysis

or 3.0 Phenotype

CLUSTER #1 CLUSTER #2
Self-care Behaviour ssSaiaas Educational
Phenotype Phenotype
o CLUSTER #3 %
S & &l
n ]
- ‘| Reference Category -
- .
. L

CLUSTER #4 CLUSTER #5

Dependency
Phenotype

e Cognitive & Affective
Phenotype

Yun S et al. Eur J Intern Med. 2022 Feb;96:49-59.




iICOR (insuficiencia Cardiaca Optimitzacio Remota) sub-analysis
ooy VR et - ) E 18
:
. - --*UC + Cluster 1
E --'UC + Cluster 2
--+*UC + Cluster 3
E o8 “'UC + Cluster 4
. = UC + Cluster5
. * g ~I71TM + Cluster 1
. TM + Cluster 2
. Chster = s . ~I71TM + Cluster 3
- omwt 7 g s e ~I1TM + Cluster 4
- 2:: ‘E ';.....:."l"l {_ —TM + Cluster 5
- o, ™, ‘
Prasp——_ y . E 04 p-value=0.016 .' .
R =
F + E
(==
S 02
[ .
<
L . E
I i 1 ‘E
n ~ 00
0 30 60 %0 120 150 180
J a S - " Time (days)

TMM no invasiva =—> eficaz en la prevencion de nuevos eventos clinicos en los 5 estratos de

vulnerabilidad descritos.

Yun S et al. Eur J Intern Med. 2022 Feb;96:49-59.






eHEALTH
LITERACY

“Capacidad de buscar, encontrar,
comprender y valorar |la informacidén
sanitaria procedente de fuentes
electrdnicas y aplicar los conocimientos
adquiridos para abordar o resolver un
problema de salud”.

Norman CD, et al. ] Med Internet Res. 2006 Jun 16;8(2):e9.



eHEALTH
LITERACY

Social distancin®

Brgrs G, et al. Eur J Cardiovasc Nurs. 2020 Aug;19(6):458-461.



ICOR (insuficiencia Cardiaca Optimitzacio Remota) sub-analysis

“Traditional
Literacy”

Hllliterate  HElementaryeducation B Middle school or higher education M Lower Literacy B Middle or Higher Literacy

“Computer
Literacy™

L High Difficulties in New Technologies B No or Few Difficultiesin New Technologies

H1 W2 H3 W4 s

iCOR study: Telemedicine in Chronic Heart Failure.
ClinicalTrials.gov Identifier: NCT01495078. Unpublished Data, paper in press.




Cumulative Probability of Non-Fatal HF Events

08

06

04

02

180

2 -L.__\
) i —
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.\_‘_‘—\—.
_____ A -
p-value= 0,001
K| 60 % 120 150
Time (days)

ICOR (insuficiéncia Cardiaca Optimitzacio Remota) sub-analysis

|| TM+Middle or Higher Literacy
1 ™ Lower Literacy
UC+ Middle or Higher Literacy

UC + Lower Literacy

Cumulative Probability of Non-Fatal HF Events

08

06

04

02

Mk
\:_"\\_‘1 . ‘ .
", e ' 1 TM+ Middle or Higher ICT skills
| W .
- ~, —I_] TM + Lower ICT skills
e
. e— UC + Middle or Higher ICT skl
i\_
UC+ Lower ICT skills
p-value=0.001
-
A
G
0 30 60 9 120 150 180

Time (days)

iCOR study: Telemedicine in Chronic Heart Failure.
ClinicalTrials.gov Identifier: NCT01495078. Unpublished Data, paper in press.



Cumulative Probability of Non-Fatal HF Events

ICOR (insuficiéncia Cardiaca Optimitzacio Remota) sub-analysis

TM + Middle or Higher literacy + Middle or Higher ICT skills

TM + Middle or Higher literacy + Lower ICT skills
TM + Lower literacy + Middle or Higher ICT skills

~7  TM + Lower literacy + Lower ICT skills

Fe TN - —-— - . UC + Middle or Higher literacy + Middle or Higher ICT skills

UC + Middle or Higher literacy + + Lower ICT skills

UC + Lower literacy + Middle or Higher ICT skills

-+ ' UC+ Lower literacy + + Lower ICT skills

el-W

06 =5
04
p-value = 0.005
02
0
0 30 60 Q0 120 150 180

Time (days)

TIM no invasiva —> eficaz en la prevencion de nuevos eventos clinicos independientemente al'nivel

de estudios y a la habilidad tecnologica.

iCOR study: Telemedicine in Chronic Heart Failure.
ClinicalTrials.gov Identifier: NCT01495078. Unpublished Data, paper in press.






Study design of Heart failure Events reduction with
Remote Monitoring and eHealth Support (HERMeS)

30, Cristina Enjuanes™**, Esther Calero™**, Encarnacion Hidalgo™**, Marta Cobo™®, Pau Llacer”,

Sergi Yun"*
José Manuel Garcia-Pinilla® Alvaro Gonzalez-Franco’, Julio Nufiez®™° José Luis Morales-Rull', Paola
L34 Xavier Corbella”*", Josep Comin-

’ P ogm 13 ¥ s ' , i
Beltran®'?, Cristina Delso™, Roman Freixa-Pamias™™* Pedro Moliner
Cole

t"?415% (3 and the HERMeS trial investigators group

L community Heart Failure Program, Departments of Cardiology and Internal Medicing, Bellvitpe University Hospital, ['Haspitolet de Uobregat, Barcelono, Spmin; "Bﬁ'l"n'tg'-e
Biomedical Research Institute (IMBELL), L'Hospitatet de Llobregat, Bovcefoma, Spain; ’De;mrtmpnr af Internal Medicine, Belwitge Liniversity Haspital, ['Hospitoler de
Lihregot, Barcelons, Spain; dﬂfﬂﬂ'.'!ﬂifnf of Cardiology, Belvitge Liniversity Hospital, L'Haspitalet gie Liobregat, Barcelono, Spoin; "ﬂep-::rtmem af Cardialogy, Puerta de
Hierro Majodahonda University Haspitnl, Puerta de Hierro-Segoia de Arana Health Research institute [IDIPHSA), Madrid, Spain; ~Biomedicol Research Netwarking Center an
Cordiovascular Diseases [CBERCY), Carlos Il Health Institute (1SCI), Madrid, Spain; ‘Department of Internal Medicine, Manises Hospitl, Medical Research Institute of
Hospital Lo Fe IS La Fe), Wolencio, Spain; 2ﬂ.f*,'.1|:'rr.rr.u=r.r of {E.ra'u'nlsgp; Heart Foilure and Familio! Cardipmyapathy Uinit, Virgen de ko Victorio University Hospital [HUWY),
dnstitute of Bigmedicol Research i Mdaga (18], Mdkaoe, Spain; “Department of intemal Mediaire, Central de Asturias University Hospitel [HUCA], Foundation for Health
and Blomedicine Resecrch and fanovation of Asturios (FINBA) Owiedo, Spain; ":Depﬂrtment of Corcliatiogy, Climie af Valencio University Hospitm), Bismedicol Research
institute of Valdncin INCUIVA), Schoaod of Medicine, University of Veldneie, Valdneia, Spain; ”De_mrtmen: of Infernal Medicine, Heart Failuse Unit, Asnow de Vilmaowa
University Hospital, Lieida Biomedical Research institute’s Dr. Piforeé Foundetian (IRBLIeida), Lieida, Spoin; *Department of Cordiology, Viladerons Hosgital, Institut Catala
de la Solut [ICS), Wiodecans, Bercelona, Spain; Behronic Care Teams, Primary Cave Serwice (S4P) Delta Liabregar, Foundation University Instifule for Research in Primary
Hewlth Cave fordi Gol i Guring (IDARIGall, L Haspitalet de Lishregat, Barcelana, Spain; “Department of Cardiclogy, Sant Jaan Despl Maisés Broggi Haspital, Consarci Sanitasi
Integral (€81, Deportment of Clinical Sciences, School of Medicine, Autonomous University of Barcefona (UAB), Bovcelona, Spain; “*Hestio Chalr in Integrated Health and
Social Care, School of Medicine, Universitet Internacional de Catolunya, Borcelana, Spain; * Department of Clinicel Sciences, Schoo! af Medicine, Uiniversity of Barcelona (L),
Borcelong, Spmin

Recruitment is close to being
completed...
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FLERSE WAIT

Yun S, et al. ESC Heart Fail. 2020 Sep 17;7(6):4448-57.



PIRENe Platform

(Platform for the provision of tele-Intervention, Remote monitoring and Empowerment to people with chroNic disease based on eHealth)
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Questionnaire

Daily capture measure and monitoring control Control and monitoring data and control Management of warning alarms /

information information alerts and monitoring by
videoconference

Yun S, et al. ESC Heart Fail. 2020 Sep 17;7(6):4448-57.
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eHealth en un Programa
de Atencion Integrada
para la IC: Equidad &
Atencion Centrada en el
Paciente
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#TAKE HOME MESSAGES

v’ La eHealth debe ser una herramienta fundamental en esta “nueva
realidad”.

I((

v’ El uso de la eHealth es factible en pacientes con IC en el “mundo real”.
v’ Soluciones no invasivas de eHealth pueden y deberian ser claves en el
seguimiento actual y futuro de la IC.

v Una buena herramienta de eHealth es dptima si se encaja en un proceso
de atencion integrado, estructurado, coordinado, bien definido y dirigido
a pacientes en “fase vulnerable”.
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