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Contact if necessary with the patient after reviewing transmitted data

Burri et al. Arrhythmia & EP 2013; 2: 95-98
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Telecardiology.

19.11.2019




Telemedizin: Therapeutische Devices

< ) \ Remote monitoring (RM) system
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Telemedizin: Diagnostische Devices

Remote monitoring (RM) system
Insertable Cardiac Monitor 1

Patient Monitor

Streamlined Reports

Telemedizin: Diagnostische Devices
Pulmonary Artery Pressure Monitor
Champion Trial

Sustained Reduction of Heart Failure Hospitalizations

Abraham et al. Lancet 2015
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Herausforderung der Zukunft

EUROPE IMPLANTED PATIENTS
& FOLLOW-UPS, 2006-2020? (MILLIONS)
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Internet—ehabled ECG band
mobile ECG (IECG) for Apple Watch
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EKG-basiertes VHF Screening mit der Smartwatch-

sh..,s,h - °! &

» Limitationen:
v’ Artefakte, v.a. bei Bewegung
v' Momentaufnahme
v’ Ungeeignet fiir asymptomatische Episoden und VFL Last

> Daher Entwicklung von kontinuierlichen PPG-basierten VHL
Diagnose Algorithmen (Apple, AliveCor, HeartBeats etc.)

Apple‘s Heart Study: Technology and Work Flow
L)
Data collected in the home setting may not have the
same quality controls as data collected within a clinical - - —
trial setting. Even though, this may provide new ®
insights into the performance and clinical outcomes Apple Heart Study
associated with medical device / drug use.
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Apple Watch Irregular Rhythm Notifier

» PPG-basierte Herzfrequenzmessung ca. alle 15 min.
» Jedoch nicht bei korperlicher Aktivitat
» Kein FDA-approval

\-(C U.S. FOOD & DRUG
XOHIN S TRATION

September 11, 2018

Apple Inc.

% Donna-Bea Tillman
Senior Consultant
Biologics Consulting Group
1555 King St, Suite 300
Alexandria, Virginia 22314

Re: DEN180042
Trade/Device Name: Irregular Rhythm Notification Feature

Page 2 - Donna-Bea Tillman DEN180042

Photoplethysmograph analysis software for over-th ter use. A ph b

analysis software device for over-the-counter use analyzes photoplethysmograph data and provides

information for identifying irregular heart thythms. This device is not intended to provide

diagnosis.
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Apple Heart Study

Irregular Pulse Notification Algorithm

Algorithm results

@ Regularpulse
@ Suggestive of Afib

i ~J i
1250Ms  783Ms  920Ms

n = Periodic, opportunistic measurements

Positive triggers frequent measurements
Not confirmed = return to usual sampling

The algorithm does not use the watch ECG feature I |
il

Mintu Turakhia, Macro Perez: Results of a Large-scale, App-based Study to Identify Atrial Fibrillation Using a Smartwatch:
The Apple Heart Study, presented at ACC 16.03.2019
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Apple Heart Study — Apple und Stanford
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Download and install the Wear your Apple Watch Ifnotified of an irregular heart
Apple Heart Study app rhythm, consult with a Study
Res Telehealth Provider from American
g LN s Well, who may ask you to wear an
de ePatch monitor for up to seven
days. The ePatch monitor will be
"I' provided to you at no cost.

Mintu Turakhia MD MAS and Marco Perez MD.

d I
i ' ﬁ ' LU H U on behalf of the Apple Heart Study Investigators
l .
I A | l

b7 # 03335800

Envoment:
Nov29,2017- i1, 2018

Last datacollection:
Fob25,2019

@) Stanford meicine

Mintu Turakhia, Macro Perez: Results of a Large-scale, App-based Study to Identify Atrial Fibrillation Using a Smartwatch:
The Apple Heart Study, presented at ACC 16.03.2019
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Apple Heart Study

Prospective, Single Arm, Open Label Study

End of Study
Overall ey
e Notification ECG Patch
90-Day Survey
[
4 Y
-8 5
J Z
© o cau®
Study Irregular Rhythm Connect to Mail ECG Patch Discuss Heart 90-Day /EOS
App Identified Telehealth Doctor Results Follow-Up
Inclusion criteria American Well
® Age = 22; U.S. Resident
 iPhone (5S or higher) + Watch (Series 1-3)
Exclusion criteria 333
® Atrialfibrillation or atrial flutter Urgent or

o Current use of anticoagulation EmergencyCara i

Mintu Turakhia, Macro Perez: Results of a Large-scale, App-based Study to Identify Atrial Fibrillation Using a Smartwatch:
The Apple Heart Study, presented at ACC 16.03.2019
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Apple Heart Study

Gesamt Kohorte [Notifications |ECG Patch VHF bestatigt

weiblich (%)

Alter, mean (sd)

Mintu Turakhia, Macro Perez: Results of a Large-scale, App-based Study to Identify Atrial Fibrillation Using a Smartwatch
The Apple Heart Study, presented at ACC 16.03.2019

Apple Heart Study

Overall Cohort

Initial Irregular Pulse Notifications 0

Grouping Notified / Total % ~ 8 Months Monitoring

Overall  2,161/419,297 0.52 f

265 775/24,626 32 —
55-64  556/42,633 13 =~

40-54 488/132,696 0.37 H

22-39  341/219179 016 | |

Age

Female 461/177,087  0.26 | ||
Male  1,672/238,700 0.70 H

0 1 2 3 a4 5 6
Proportion Notified (%)

Mintu Turakhia, Macro Perez: Results of a Large-scale, App-based Study to Identify Atrial Fibrillation Using a Smartwatch:

The Apple Heart Study, presented at ACC 16.03.2019
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Apple Heart Study

Irregular Pulse Notifications ]
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Afib on Positive 5
ECG Patch g PPV (95% CI)
72 86 0.84(0.76-0.92)
25 32 0.78 (0.64-0.92)

Mintu Turakhia, Macro Perez: Results of a Large-scale, App-based Study to Identify Atrial Fibrillation Using a Smartwatch
The Apple Heart Study, presented at ACC 16.03.2019
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Apple Heart Study
ECG Patch
" . 153/450 With AF
Afib Burden and Duration
Burden Duration of Longest Episode
20
—_ 24 hr 25.5%
X
<15 " "
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& o 30sec 5.2%
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Afib burden (%)
Mintu Turakhia, Macro Perez: Results of a Large-scale, App-based Study to Identify Atrial Fibrillation Using a Smartwatch:
The Apple Heart Study, presented at ACC 16.03.2019
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Apple Heart Study “Smartes” VHF Screening im 21. Jahrhundert...

90-Day Survey

» Single lead mobiles EKG (Abl. 1) mit automatischer Analyse
» CE- und FDA-approved (iPhone und Apple Watch)

/|
; f% » PDF an Arzt moglich
J

» Von EHRA fur VHF Screening empfohlen

Notification 90-Day Survey Contacted Non-Study Provider

2,161 (0.5%) EEREE 4 1,376 /2,161 (64%) SRREE 4 787 /1,376 (57%)
161 (15%) ::iﬁ:f:: siely 218 (28%)  Start new medication A
262 (33%) Referral to specialist B[ j
287(36%) Additional testing L £ SR

I
i

Mintu Turakhia, Macro Perez: Results of a Large-scale, App-based Study to Identify Atrial Fibrillation Using a Smartwatch: Georges H. Mairesse: Screening for atrial fibrillation: A European Heart Rhythm Association consensus document,
The Apple Heart Study, presented at ACC 16.03.2019 Europace 2017, 19, 1589-1623

21 22

“Smartes” VHF Screening im 21. Jahrhundert... “Smartes” VHF Screening im 21. Jahrhundert...
PPG-basiert

> 3 Kategorien: > Herzfrequenzbestimmung mittels
v Unclassified i3 Photo-Plethysmography (PPG)
v normal ECG » Optische Messung der Veranderung des Blutflusses
v possible AF » kombiniert mit automatischer Analyse von VHF ohne EKG

(Algorithmen)
Smartphone

Smartwatch

Georges H. Mairesse: Screening for atrial fibrilation: A European Heart Rhythm Association consensus document,
Europace 2017, 19, 1589-1623

23 24

Georges H. Mairesse: Screening for atrial fibrillation: A European Heart Rhythm Association consensus document,
Europace 2017, 19, 1589-1623




VHF Screening im Wandel... - 2017 EHRA Consensus

EHRA CONSENSUS DOCUMENT

@esc

urtouan So0at SO comimTT
S

Screening for atrial fibrillation: a European 9 € 9@
Heart Rhythm Association (EHRA) consensus

document endorsed by the Heart Rhythm e

Society (HRS), Asia Pacific Heart Rhythm S, () A ~, W=
Society (APHRS), and Sociedad i
Latinoamericana de Estimulacion Cardiaca y e
Electrofisiologia (SOLAECE)

Georges H. Mairesse: Screening for atrial fibrilation: A European Heart Rhythm Association consensus document,
Europace 2017, 19, 1589-1623

Vergleich mit bestehenden Standards

Sensitivity Specificity

Pulse taking 87-97% 70-81%
Automated BP 93-100% 86-92%
Si m:é:ﬂ’:ggzs 94-98% 76-95% B
ingle lea = -
screening

Smartphone apps ~ 98.5% 914%
iPhone kombiniert mit Kardia-Band iECG H

Nicht besser als automatisches
Blutdruckmessgerat?

Georges H. Mairesse: Screening for atrial fibrillation: A European Heart Rhythm Association consensus document,

Europace 2017, 19, 1589-1623
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VHF Screening mit der Smartwatch

UNSERE PRODUKTE v servce crionen a0 sescuirTSUNDEN

O — Tteon, Wesabies & Nvigaion — Werables — Smatvatches

APPLE Watch Series 4 GPS 44 mm Sport Space Grau/Schwarz

= VeRGLECHEN ) MERkEN

EKG-basiertes VHF Screening mit der Smartwatch-

27

28
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Noch nicht perfekt... Apple Heart Study - Schlussfolgerungen

» PPV der Irregular Heart Rhythm Notification: 84%
v’ bei >65j nur 78%, d.h. 22% falsch Positive

» Hoher Aufwand fir relative wenig Nutzen
v Medikationsénderung bei 0.05%
v Keinen Einfluss auf harte Endpunkte

Mintu Turakhia, Macro Perez: Results of a Large-scale, App-based Study to Identify Atrial Fibrillation Using a Smartwatch:
The Apple Heart Study, presented at ACC 16.03.2019

29 30
Wias bringt die Zukunft? Hat Vorhofflimmern eine Bedeutung ?
»Neue VHF Detektions Algorithmen mit PPG und Bewegungssensoren
v'Korrelation hohe Herzfrequenz mit kérperlicher Aktivitit (AliveCor®) » Jeder Vierte > 55 Jahre wird
v'Akkurate Detektion von VFL >1h und VFL Burden vgl. mit Reveal ILR Vorhofflimmern entwickeln
v'PPV nur 40%
v'Kontaktlose Gesichts PPG mit Smartphone Kamera (Cardiio Rhythm®) 200
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[ Wasserlauf 1 et al. Circ Arrhythm Electrophysiol 2019;12:¢0068
34. DOI: 10.1161/CIRCEP. 118.006834

31 32

Yan B et al. J Am Heart Assoc. 2018;7:6008585. Colilla et al. Am J Cardiol 2013; 112: 1142-1147




Hat Vorhofflimmern eine Bedeutung ?

USA Framingham Kohorte

X s
% | g . agan
lIE:“:.:J Erhohte Mortalitat

Percent of subjects doad in
folow-up
L

#

Benjamin et al. Circulation 1998; 98: 946-952
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Schlaganfallrisiko bei VHF — CHA2DS2-VASc Score

Risikofaktor Pts.
Herzinsuffizienz 1
25% Hypertonus 1 o, 23:6%
Alter 275 J. 2 2.5y 224%
. Diabetes mellitus 1 19.7% I
5 , 20% {| st.n. Stroke/ TIA 2
K] 3 Vaskulare Erkankung 1 "
3£ 15% || Alter 65-74 1 15.3%
[4 8 Weibliches Geschlecht 1
3
2€ 10% 9,3%
L9
<
sF 59
CHA,DS,-VASc 0 1 2 3 4 5 6 7 8 9

P Kirchhof et al. 2016 ESC Guidelines on atrial fibrillation. Eur Heart J (2016)

Vorhofflimmern — wieso screenen?

» Auch wenn viele Episoden asymptomatisch
sind, sind sie potentiell gefahrlich

» Wir kdnnen etwas tun!

P Kirchhof et al. 2016 ESC Guidelines on atrial fibrillation. Eur Heart J (2016)
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Vitamin K-Antagonisten — Standard seit 50 Jahren

INRRange ~ Sample Size
Time since (daily aspirin and Person- No. of Relative-Risk
Trial __LastEvent(mo) _dose) Years  Strokes  Reduction (%)

Warfarin vs. placebo
AFASAKT 1 28-42  W:-335(250) 5

P:336(382) 18 J
BAATAF® 6 1527 w.212487) 3 Y
P:208 (435) 13 !
cAFAS 12 20-30  W:187(25) 7 [
P:191(239) 11 [
SPAF 110 2 20-45 W:210(260) 7 —+
P:211(244) 18 '
VAl Noevent  14-28 W:281(489) 9 —
(91% of patients) P:200 (483) 24 i
EAFTI2  Recentevent 25-40 W:225(507) 21 .
required P:214(405) 54 p
Overal < . oo e 4
i
Warfarin vs. aspirin '
AFASAKT 1 28-42  W:335(250) 5 '
5mg)  A336(364) 17 5
SPAF 110 2 20-45  W.210260) 7 .
(325mg)  A552(720) 27 T
EAFTI2  Recentevent 25-40  W:225(507) 21 T
requied  (300mg)  A:404(838) 94 !
SPAF Il'e 2 20-45  W.555(1493) 41 -
(325mg)  A:545(1460) 44 '
Overall == = o= es 4
I
npRanannl
~100-50 0 50 100

Warfarin  Wartarin

Bamett et al. NEJM 1995; 332: 238-248

36
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NOACs vs. Warfarin

zur Schlaganfallprophylaxe

Intrakranielle Schwere &

Wirkstoff Thrombembolien Blutungen Hamorrhagien Mortalitét
Rivaroxaban — ¢ — —

(Xarelto®) - - -

Apixaban

St 2 \ \ \

Edoxaban —

(Lixiana®) = \L Jr \L
Dabigatran* - _—
(Pradaxa®) ¢ ‘L - -

“Hohe Dosis Dabigatran (150 mg)

37

Diagnostik von Vorhofflimmern...die Anfange

W Einthoven 1903
Nobelpreis fur Physiologie

VHF Screening heute...

SBI2

Medical

38

VHF Screening bei kryptogenem Stroke

CRYSTAL-AF Studie

ORIGINAL ARTICLE ”

39

Cryptogenic Stroke
and Underlying Atrial Fibrillation

Tommaso Sanna, M.D., Hans-Christoph Diener, M.D., Ph.D.,
Rod 5. Passman, M.D., M.5.C.E., Vincenzo Di Lazzaro, M.D.,
Richard A, Bernstein, M.D., Ph.D., Carlos A, Morillo, M.D.,
Marilyn Mollman Rymer, M.D., Vincent Thijs, M.D., Ph.0.,
Tyson Rogers, M.S., Frank Beckers, Ph.D., Kate Lindborg, Ph.D.,
and Johannes Brachmann, M.D., for the CRYSTAL AF Investigators*

» Nach 12 Monaten AF bei 12.4%
in ILR Arm vs. 2% in Kontrollarm
»HR 7.3;95% Cl, 2.6 t0 20.8;
P<0.001)

40

19.11.2019
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VHF screening - 2016 ESC Leitlinien

» Opportunistic screening for AF is recommended by pulse taking or
ECG rhythm strip in patients >65years (Class 1)

»In patients with TIA or ischaemic stroke, screening for AF is
recommended by short-term ECG recording followed by
continuous ECG monitoring for at least 72h (Class )

»Systematic ECG screening may be considered to detect AF in
patients aged >75 years, or those at high stroke risk (Class Ila).

P Kirchhof et al. 2016 ESC Guidelines on atrial fibrillation. Eur Heart J (2016)
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VHF Screening im Wandel... - 2017 EHRA Consensus

Pulse palpation
Automated BP measurement
Handheld ECG devices

d linical evaluation
ECG confirmation
ocardiogram
Multilead patch recording &

Treat underlying heart disease
Assess risk of stroke:

[l Smartphone application ||

Anticoagulation if needed

Implanted devices NS Rate control therapy
Rhythm control if needed

Figure 4 Screening and management strategy. BP, blood pressure; ECG, electrocardiogram.

Georges H. Mairesse: Screening for atrial fibrillation: A European Heart Rhythm Association consensus document,
Europace 2017, 19, 1589-1623

VHF Screening heute...

Bald Schnee von gestern?

Aufwendig

Nicht komfortabel
Invasiv

Teuer

Nicht 100% perfekt

YV V V VYV VY

\4

2/3 der Bevolkerung bei uns hat ein Smartphone
(Tendenz steigend, v.a. bei >65 j)

Immer mehr haben eine SmartWatch (ca. 6%)
Passt zum Konzept des “Shared-decision making”

Y Vv

Lowres N et al. Feasibility and cost-effectiveness of stroke prevention through community screening for atrial fibrillation using iPhone ECG in
pharmacies. The SEARCH AF study. Thromb Haemost 2014:111:1167-76
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Gefahren und offene Fragen...

» 1-Kanal EKGs und PPG Algorithmen mit Ungenauigkeiten
v Artefakte und Fehlmessungen
v PPG-Fehimessungen bei sehr dunklem Hauttyp
v’ Falsch Positive, z.B. Extrasystolie

> Uberdiagnostik? v.a. bei Gesunden

» Wer sollte gescreent werden?

v Moglichst viele oder weniger Probanden mit héherem Stroke Risiko|

v Kosten-Nutzen Analysen notwendig

Gefahren und offene Fragen...

Resourcen-> weitere unnétige Untersuchungen und Therapien
Wer tibernimmt Kosten? Krankenkassen nicht....

Immense Datenflut

Uberpriifung durch Arzt notwendig

In Zukunft Ablésung von Arzten durch KI?

vV V VY V V VYV

Sicherheit der personenbezogenen Daten (Cybersecurity)

46
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Take Home Messages

»Smartwatches sind zukunftstrachtige Screening-Tools fiir VHF
» Selbstbestimmung und Therapieadharenz des Patienten gestarkt

v'Aber: Marktforschung: 50% aller Fitnesstracker nach einigen
Monaten nicht genutzt

v'Nutzen auf Gesundheit nicht belegt
»Unklar, wer und wie mit Smartwatches gescreent werden soll
»Diagnose VHF NUR mit herkdmmlichen EKG, NUR durch Arzt,

»Qualitat zuerst — Apps und Devices missen zertifizierte
Medizinprodukte sein

48

19.11.2019
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Telemedizin
Zukunftsperspektive

1. Telemedizin hat bereits den medizinischen Alltag verandert
2. Telemedizin wird ein wichtiger Teil der Medizin der Zukunft sein

3. Kunstliche Intelligenz wird bei der Datenverarbeitung eine Rolle spielen?!

49

SCAF:no*
m SCAF: yes *
" overt AF’

28

£
X
¥
5
g
o
®
3
3
=
£

056

0.28
|

CHADS 1

CHADS 2

Stroke Risk for SCAF is Lower than AF

CHADS =3

IHealey IS et al. N Engl ] Med. 2012;366:120-9
2Gage BF et al. JAMA. 2001:285:2864—70

HRS Consensus Statement on Cardiac Device Remote
Monitoring

“Wireless remote monitoring has fundamentally changed the paradigm of
how we care for patients with cardiovascular implantable electronic
devices. Randomized clinical trials have demonstrated that remote
monitoring is superior to a calendar-based schedule of periodic in-person
device interrogations. Yet the rate of adoption of the technology into
clinical practice has varied widely.”?

LOCAL REIMBURSEMENT OFTEN DOES NOT CONFORM TO THIS STATEMENT,
MEANING HOSPITALS ARE LESS INSENTIVISED TO ADOPT REMOTE MONITORING

2015 C 1s S R Interr ion &
Monitoring of Cardiovascular le Electronic D

51

50
Zeitverlust: Detektion bis Evaluation
Median time from clinical event RM results in a substantial
to evaluation* decreases in the time to
detection/evaluation of clinical
ERMO Conventional events
0.001 i . .
2 180 fizdad i — TRUST Trial (ICD patients)'
s 140 * 94% reduction in time from a clinical
é 120 . event to evaluation
3 100 - — CONNECT Trial (ICD/CRT-D patients) 2
© 80 -
I 60 * 79% reduction in time from a clinical
;_9 40 event to a clinical decision
% 20 )
E % . = — MORE-CARE (CRT-D patients)
n=606 n=241 1.-.:271 n=114 « Clinical decisions were made 93% faster
All ‘ Silent
1. Circ Arrhythm Electrophysiol. 2010;122:325-332.
2. J Am Coll Cardiol. 2011;57:1181-1189
3. J Med Internet Res. 2013;15(8):e167.
52
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Annualized Rate Per Patient Year

S

o

-

o

»

°

Klinische Vorstellungen und
Hospitalisationsdauer
In the EVOLVO trial, heart failure patients with an ICD or CRT-D had

decreased emergency/urgent visits and total healthcare utilizations when
followed by RM

J @Remote Arm
p<0.001 ice Arm
ST pe0.002
. .
‘@ Remote Arm 4.40 33
O Standard Arm
s
H
i
s
é 2
s
H
p=0.008 p<0.001
093 p=0.649
059 — 0.73 1
= "
_—
y depar ! i P Total healthcare uses
Urgent in-office visits Urgent in-office visits for Urgent in-office visits for (Secondary endpoint 3) 04
(Primary endpoint) episodes of worsening of HF  arhythmias or ICD-related vl
(Secondary endpoint 1) vera

episodes
(Secondary endpoint 2)

Landolina et al. Circulation 2012; 125: 2985-2992
Crossley et al. JACC 2011; 57: 1181-1189

RM decreases the total number
of in-person follow-up visits
without compromising safety

— 58% reduction in

REFORM Trial (ICD
patients)?

— 45% reduction from
TRUST trial (ICD
patients)?

— 56% reduction in
COMPAS Trial
(pacemaker patients) 3

— 24% reduction in ECOST
Trial (ICD patients) 4

Klinische Vorstellungen

Mean number of follow-up visits per
patient-year?

g

[l Conventional

Orm

wooa
8 8

g

Follow-up visits
per patient year
g

e
8

Unscheduled Total

1. Eur Heart J. 2014;35:98-105.

2. Circulation. 2010;122:325-332.
3. Eur Heart J. 2012;33:1105-1111.
4. Eur Heart J. 2013;34: 605-614.

TIM-HF2 Study
100 Usual care
7 — RPM
204
z
Y
e
£
H HR 070 (95% C10.50-0-96); log-rank p=0-0280 g
2 10+ ot
% L —
: i
S /_r_r_/
54 e /—/_/
] 2 4 6 8 10 12
Number at risk Time (months)
Usual care 773 767 756 738 716 697 681
RPM 765 755 737 724 709 688 673
Kohler F et al. Efficacy of interventional £ in patients with heart fadure (TiM-nF2) a3
i d, parallel-group, trial; Lancet 2018

54
o ALL CAUSE MORTALITY
Study Year RR(95%CI) % Weight
(First author) (DsL)
AlKnatd 2010 132 (0.90,585) 281
Varma 2010 e 070(040.122) 1531
Lancolina 2002 —— 0.80 (032, 2.48) ar2
Bonan: 2013 237 (048, 11.62) 249
Crossioy 2013 e 104(072,148) 2579
Guedon-Moreau 2013 —_— 096(052.1.78) 1291
Hainancks 2004 —— 0437 (0.18,0.74) 1nme
Osmeca 2014 —_— 1.08(064,181) 1682
Haidbuchol 2018 —_—— 121 (051,288) 757
D+L Ovoral (l-squared = 22 6%, p = 0.242) C> 090(0.60,1.16)  100.00
1V Overall C> 091 (074, 1.12)
T T ML
3 5 1 2 3
G TTM reduces rate DTM Ncressses 1819 c——
56
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L

Parcentage of participants who died
g

Wy Ssarad v U Ca 3100081 1%

B Al Cause Mortality

REM-HF Study

n 5 v

fr

——Weekly dowricad

C  Unplanned CV rolated Hospitalisation
&

D P v
pr—— oty Sont v G o ST a1

Usual care
——Weekly downioad

&

8

Percentage of participants with an event
‘g

Morgan et al. Eur Heart J 2017
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In-Time Study

52 excluded
18 withdrew consent
11violated inclusion or
exclusion criteria
» 7 failed to attend the
randomisation visit
4 had poor telemonitoring
transmission rate

v 4died
664 randomly assigned 8 for other reasons

716 patients enrolled

333 allocated to telemonitoring group ‘ ‘ 331allocated to control group

!

333 included in all analyses 331 included in all analyses
303 completed follow-up 279 completed follow-up
30 terminated the study prematurely 52 terminated the study prematurely

10 died 27 died

6 lost to follow-up 9 lost to follow-up
4 withdrew consent 4 withdrew consent
3 had poor telemonitoring transmission rate 12 other

7 other

Hindricks et al. Lancet 2014

In-Time Study

100
095
0501
085+

075+
070
065+
060
055+
0501
045+
040
035+
030
0251
0201
015+
010

Probability of survival

005

bttt

T ————

Telemonitoring

TR B e
Control

Hazard ratio 0.36 (95% C10-17-074;

Number at risk

Telemonitoring 333
Control 331

100 200 300 400 500

n8 312 25 2
309 39 74 19

log-rank p=0-004)
T

Time (days)

Hindricks et al. Lancet 2014
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59

At study end, a patient is classified "worsened” in case of

» Death

= Qvernight hospitalization for worsening heart failure
= Worsening in NYHA class

» Deterioration in the patient’s global self-assessment

worsened

improved or
unchanged

HM arm Co
n=333

Hindricks et al. Lancet 2014
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ECOST Study

Reduction of Appropriate and Inappropriate Shocksg

[ R———

010,109 3 eurheartiiehud15

Daily remote monitoring of implantable
cardioverter-defibrillators: insights from
the pooled patient-level data from three
randomized controlled trials (IN-TIME,
ECOST, TRUST)

Gerhard Hindricks'*, Niraj Varma®, Salem Kacet®, Thorsten Lewalter®,
Peter Sagaard®, Laurence Guédon-Moreau’, Jochen Proff, Thomas A. Gerds’,
Stefan D. Anker®, and Christian Torp-Pedersen’

CLINICAL RESEARCH
Arthythmialelectrophysiology

p<001 =003 p=002
657 10.4% 51%
Number Patients Patients hospitalized
of delivered experiencing related to
shocks inappropriate shocks  inappropriate shocks

w|Control group (n = 212)
B Home Monitoring group (n = 221)

Guedon-Moreau et al. Eur Heart J 2012
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All-cause mortality

Meta-Analysis von In-TIME, TRUST und ECOST

15 %

10 %

— Control

Control: 960
HM: 1445

p=0.037

925 881 826 612
1402 1345 1293 1054

TRUST® ECOST® IN-TIME'?
No. of centres 102 USA sites 43 French sites 26 German sites, 10 sites elsewhere®
Patient eligibility Class1 indication for ICD, not Indication for ICD, not NYHA Indication for ICD or CRT-D, heart failure (> 3
pacemaker dependent class IV months), NYHA class Il or IIl, LVEF < 35%
Primary objective To evaluate safety and efficacy of  To compare major CVAEs includ-  To compare heart failure outcomes using com-
extended IO intervals ing all-cause death posite (“Packer) score®
Follow-up schedule
HM group 10 at M and 15M. HM replaced 10 at 1-3M, 15M, and 27M. HM 10 at 12M, and in-between according to hos-
1O at 6M, 9M, and 12M replaced 10 at 9M and 21M pital routine
Control group 10 every 3M 10 at 1-3M, then every 6M Same as in the HM group
Blinded endpoint committee  No Yes Yes
Sorin St Jude
Monitoring™ CareLink™ Latitude™ SMARTVIEW™ Merfin.net™
wireless
communication with
Radio e
Anglogue proneling
Data transmission G5M network andGsmnetwork | Ansloguephoneline |  Analogue or GSM Anslogue or GSM
Mobile or stationary
Transmitter (csm) Seationary Stationary Stationary Stationary
Scheduled FU; alert
Fraquency of Scheduled Fu; dally events; on patient scheduled Fujalers | scheduledrupalen | scheduled Fujalert
transmissions FU; alert events demand events events events
Remote CIED control ves ves Yes ves ves
Remote monitoring ves ves Yes es ves
Physician notification su5, email, fax sMs, email Fax, phone Fax, emall, SMS Fax, emall, SMS
canfirmation for
successtul LED indicating callto
patient | v i and Automatic text and LED indicating MM clinic, automated
via transmittor status or cal to clinic transmission audic messages status phone calis
1EGM (reaktimeat | 30 3 (monthly periodic
remote follow-up) £cms) w05 105 75 303
1eGm (arrhythmic | 45 sec (30 pre trigger i Allmemerized
episodes) 5 pre conclusion) episoces spisodes episodes episodes
FDA and CE Mark
system approval ves vas ves o ves
|

63

64
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Biotronik Home Medtronic Boston Scientific Sorin St Jude
Monitoring™ Caredink™ Latitude™ SMARTVIEW™ Merfin.net™
FDA and CE Mark for
warly detection ver Ne No Ko Ne
FDA and CE Mark for
sate Fup reduction Yes He o N

Authomatic

Automatic FA, 2V and LY

Thresholds trrencids.
| Compreheniive heart taiure monier (1
Heart Failure P 5 et festuring PO chnical | CoRVUE fuid seatis
Monitor impedance measurement fluid status alert utts proven et
Sirafic Rt Contgurstie resand Configurabiares ans
system seie siers peie s

KREM

Alerta fully configurabie

Additional Features oniine, Fatient callback
reerd POF expert of patient

Report Expart et compann resars
RM Compatibie Any siready implanced

Devieesavaisbie fer Rl | devices svasabie for A0

Kosteneffizienz?

Einsparungen:

1. Weniger Fahrtkosten

3. Erhdhte Effizienz bei Patientenvorstellungen

1. 3.

65

Patienten Zufriedenheit

Multiple studies have demonstrated high
patient satisfaction with RM

— Peterson et al. (ICD/CRT-D patients) '

* 95% of patients followed remotely
were content or very content
— Ricci et al. (pacemaker and ICD
patients)?
* 95% had a favorable opinion of
RM

* 97% would continue with RM

— Morichelli et al. (ICD/CRT-D patients) 3

* 99% of patients had favorable
responses to RM

— Raatikainen et al. (ICD patients)*
* >90% of patients thought their RM
system was easy to use

Patientenzufriedenheit bei RM*

@ N
o <

Mow oBo;
o © ©

Percent Satisfaction
o

=
o

o

Very Content Less Not
Content Content Content

1. J Interv Card Electrophysiol. 2012;34:317-324.
2. Europace. 2010;12:674-679.

3. J Interv Card Electrophysiol. 2014;41:203-209.
4. Europace. 2008;10:1145-1151.

67

66
Robuste Evidenz
* Reduced in-hosp * Increased QofL
visits — REFORM
— REFORM * Reduced shocks
— TRUST - ECOST
+ As safe + Earlier notification
— REFORM — TRUST
— TRUST
— ECOST
68
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H

RS HRS Remote Monitoring Consensus Statcment Recommendations

Guide
lines

A patients with CIEDS should be offered RM as part of the standard Tollow-up management
strateqy.

ple 3 bout the nature
of RM, their responsiblities and expectations, potential benefits, and limitations. The
eccumrence of this discussion should be documented in the medical record.

It b5 recommended that all CIEDs be checkod thiough direct patient contact 2-12 weeks
postimplantation.
T may be benefiial ( initiate KN swithin the 2 woels, of CIED implantation.

- - i
enralled in an R program, given the-daily availability of diagnostic data.
Ui recommended that alied health care professionals respomsible for interpreting K
Varsmissions and who are involved in subsequent pat deciions have the
same quaifications a5 those pesfarming in-clinic assessments and should ieally possess
IBHRE certification for device follow up of equivalent experience.
U recommended that M programs evelop and document appropriate policies and
procedures i the roles and ities of
the program, and the expected timelines for providing service.

€16 = canfiac implantable: clctronic device: HS, = Heart Rhythm Society: [BHAE = interational Boand of Heart Kythm Examiners: [FE = i perwon
eviluation; 14 - remote momtoring,

Class of Level of

Device and Disease Management Recommendation Evidence
R should be performed and battery
Patients with a CIED companent that has been recalled o i on advisory should be enrolled 3
in RM to enable early detection of actionable events.
RM is useful to reduce the incidence of inappropriate 10D shocks.
R i useful for the early detection and quantification of atrial fibrillation.

N for horack i ” agnostics o T €
manage congestive heart failare is currently uncertain.

[T J— [Prp—
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Telemedizin: Diagnostische Devices

ICMs have been shown to:
— Improve diagnostic yield in unexplained syncope
« 33-78% improvement over conventional methods
— Improve detection of asymptomatic and intermittent AF
« Cryptogenic stroke

— Use of ICM provides superior diagnostic yield than
conventional monitoring

« Post-ablation

— Improved detection of AF

Synkope:
Schnellere Diagnosestellung und Therapiebeginn

« Velu et al. (patients with unexplained

syncope)'

é . — 47% reduction in mean time from
é" . ICM implant to diagnosis
2 « Drak-Hernandez et al. (patients with
§ unexplained syncope or palpitations)?
E « .
H ° — RMincreased:
2 a + The time from implant to
E diagnosis by 78%

Control RM . .
= * The time from implant to
g treatment by 72%
g « Furukawa et al. (patients with
g : unexplained syncope or palpitations)?
é P — RM decreased the mean time to
£ ﬂ first relevant ECG by ~71 days
£
= Control RM 1. Europace. 2010;4 (suppl 4):iv22-iv27

2. Rev Esp Cardiol. 2013;66(12):943-948
3. Europace. 2011;13:431-437,

70
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@ ESC European Heart Journal (2018) 00, 1-69

European Society doi:10.1093/eurheartj/ehy037
of Cardiology

ESC GUIDELINES

2018 ESC Guidelines for the diagnosis and
management of syncope

The Task Force for the diagnosis and management of syncope of
the European Society of Cardiology (ESC)

Developed with the special contribution of the European Heart
Rhythm Association (EHRA)

Endorsed by: European Academy of Neurology (EAN), European
Federation of Autonomic Societies (EFAS), European Federation of
Internal Medicine (EFIM), European Union Geriatric Medicine Society
(EUGMS), European Society of Emergency Medicine (EuSEM)

Authors/Task Force Members: Michele Brignole* (Chairperson) (Italy),

Angel Moya* (Co-chairperson) (Spain), Frederik J. de Lange (The Netherlands),
Jean-Claude Deharo (France), Perry M. Elliott (UK), Alessandra Fanciulli (Austria),
Artur Fedorowski (Sweden), Raffaello Furlan (Italy), Rose Anne Kenny (Ireland),
Alfonso Martin (Spain), Vincent Probst (France), Matthew ). Reed (UK),

Ciara P. Rice (Ireland), Richard Sutton (Monaco), Andrea Ungar (Italy), and

). Gert van Dijk (The Netherlands)

72
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ECG Monitoring Indications

T-LOC suspected syncope
|

{

Certain

diagnosis/mechanism

Uncertain

diagnosis/mechanism

Treat appropriately
v v
Syncope T-Loc
1 non-syncopal
¥ v v ¥ ¥
High risk, Low risk, Low risk, reflex Low risk & Unconfirmed
arrhythmia arrhythmia likely likely & need rare episodes epilepsy
likely & recurieiit for specific
eplicdes therapy Unexplained
P alls
In-hospital IR ) I}Iur ILR
iR (Class 1) indicated (Class llb)
(Class 1)

If negative

ILR
(Class 1)

ESC Guidelines 2018
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Kontinuierliches AF Monitoring

ASSERT: Subclinical AF

2,580 pts. with a history of hypertension, 265 years, no history of AF and
not on OAC received a DDD / ICD (ASSERT)

Pts. with AT (A rate >190 for more than 6 min) during a 3 months period
(10.1%) had a 2.5 higher risk of ischemic stroke or systemic embolism

Clinical AF was only detected in 15.7% of these pts.

Subelinical atral tachyarrhythmias present

,,,,,,,,, =" subclinical atrial
tachyarrhythmias absent

Cumulative Hazard

T T T
02 0 0s 10 L5 20 25

Years of Follow-up

75

ASSERT II: AHRE sind haufig
ASSERT II: ILR implantation in 256 patients enrolled for research purposes (mean age 74 years,
mean CHADSVASC score 4.1)
2 Rate per year (95% Cl)
£ AHRE 2 5mins o~ 344% (27.7% - 42.3%)
8o
c ™
) AHRE 2 30mins,— 21.8% (16.7% — 27.8%)
o —
£ i
2 - 4
R_-a o
72
3 AHRE 2 24h0UTS _ 5 70 14 200 _5.0%)
o
0 3 [} 8 12 15 18
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ASSERT: AF Duration and Stroke

« 2,580 pts. with a history of hypertension, 265 years, no history of AF
and not on OAC received a DDD / ICD (ASSERT)

» Subclinical AF (SCAF) longer than 24h was associated with an
increased risk of ischemic stroke / systemic embolism

11
i H

SCAF >6min

Cumulative incidence (%)
010

Cumulative event rates

005

SCAF >24h ——

Years of Follow-up. Years of Follow-up.

Van Gelder |. European Heart Journal 2017; 38: 1339-1344
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Vorteile der Telemedizin:
EVIDENZ VON IMPLANTIERTEN DIAGNOSTISCHEN DEVICES

1. RM: zuséatzliches diagnostisches Tool bei Synkopenabklarung

2. RM: Gdf. zusatzliches diagnostisches Tool bei Vorhofflimmern Diagnostik

Atrial fibrillation requires diagnosis by ECG | @!—:SCSN

ot Cacooay
The diagnosis of AF requires rhythm documentation using an elec-
trocardiogram (ECG) showing the typical pattern of AF: Absolutely
irregular RR intervals and no discernible, distinct P waves. ECG-
documented AF was the entry criterion in trials forming the evi-
dence for these guidelines. By accepted convention, an episode last-

ing at least 30 s is diagnostic.

78
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Vorteile der Telemedizin:
EVIDENZ VON IMPLANTIERTEN THERAPEUTISCHEN DEVICES

1. Frihere Detektion und Evaluation klinischer und device-bezogener Events
2. Weniger Patientenvorstellungen bei gleicher Sicherheit

3. Weniger Hospitalisationen

4. Kurzerer Spitalaufenthalt

5. Bessere Kosteneffizienz

6. Hohe Patientenzufriedenheit

7. Geringere Mortalitat im follow-up

80
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Telemedizin: Risiken und offene Fragen

1. Cave: Pseudosicherheit!
2. Datenanalyse allein verbessert nichts!
- entscheidend ist die Umsetzung in therapeutische Konsequenzen
3. Verschiedene Systeme verschiedener Hersteller
4. Bisher keine Schnittstelle zwischen RM und Spitalsystemen

5. Datenexplosion in der Zukunft

81
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