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Remote device management:
definitions

{ Consultation of
! full device data
| on webpage
Scheduled - \
transmission
Message
or automatic
’ by e-mail,

alert ( (( . ))) &E SMS or fax ?
-

Patient with CIED Home transmitter Secure online server Device clinic
monitored at (GSM or landline)
home

|

Contact if necessary with the patient after reviewing transmitted data

Remote follow-up: full remote device interrogation at scheduled intervals
Remote monitoring: unscheduled transmission of pre-defined alert events

Patient-initiated follow-up: non-scheduled interrogations as a result of a
patient experiencing a real or perceived clinical event

Dubner Europace (2012) 14, 278—



Remote Monitoring of
Implantable Cardioverter-Defibrillators
A Systematic Review and Meta-Analysis of Clinical Outcomes

Nirmalatiban Parthiban,* | Adrian Esterman, PuD,! Rajiv Mahajan, MD, PuD,* Darragh J. Twomey, MBBES,*
Rajeev K. Pathak, MBBS," Dennis H. Lau, MBBS, PuD," Kurt C. Roberts-Thomson, MBES, PuD,”
Glenn D. Young, MBBS,* Prashanthan Sanders, MBBS, PuD,* Anand

JACC 2015;65:2591-600
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Remote monitoring: a cost or an investment?

Haran Burri'®, Hein Heidbiichel?, Werner Jung?, and Pedro Brugada*
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2013 ESC Guidelines on cardiac pacing and cardiac
resynchronization therapy

The Task Force on cardiac pacing and resynchronization therapy of the
European Society of Cardiology (ESC). Developed in collaboration
with the European Heart Rhythm Association (EHRA).
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HRS Expert Consensus Statement on remote interrogation
and monitoring for cardiovascular implantable electronic

devices

Heart Rhythm 2015 Jul;12(7):€69-100

A strategy of remote CIED monitoring and interrogation, combined with at least annual IPE, is
recommended over a calendar-based schedule of in-person CIED evaluation alone {(when
technically feasible).

All patients with CIEDs should be offered RM as part of the standard follow-up management
strateqgy.

Before implementing RM, it is recommended that each patient be educated about the nature
of RM, thelr responsibilities and expectations, potential benefits, and limitations. The
occurrence of this discussion should be documented in the medical record,

It is recommended that all CIEDs be checked through direct patient contact 2-12 weeks
postimplantation,

It may be beneficial to initiate RM within the 2 weeks of CIED implantation,

All patients with an implantable loop recorder with wireless data transfer capability should be
enrolled in an RM program, given the daily availability of diagnostic data,

Device and Disease Management

RM should be performed for surveillance of lead function and battery conservation,

Patients with a CIED component that has been recalled or is on advisory should be envolled
in RM to enable ecarly detection of actionable events.

RM is useful to reduce the incidence of inappropriate 1D shocks.

RM is useful for the early detection and quantification of atrial fibrillation.

The effectiveness of RM for thoracic impedance alone or combined with other diagnostics to
manage congestive heart fallure is currently uncertain,

Class of Level of
Recommendation Evidence

Class of Level of
Recommendation Evidence
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Remote device management

 Workload and workflow



Remote monitoring: workload
X 4

117 patients with Home
Monitoring

Time spent in web connection:
- Nurse: 59 min/week
- Physician: 12 min/week

Ricci et al. Europace (2008) 10, 164—170



@ Europace (2013) 15, 219226 CLINICAL RESEARCH
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Workload and usefulness of daily, centralized

home monitoring for patients treated with Table 3 Screening and communication workload at
CIEDs: results of the MoniC (Model Project | the monitor centre®
Monitor Centre) prospective multicentre study
Thomas Vogtmann'?*, Sascha Stiller?, Andrea Marek', Stefanie Kespohl®, Acm Te'emn.‘oring "‘”icam
ichael Gomer*, Volker Kiihlkamp®, Goran Zach®, Steffen Loscher’,
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~"EuroEco
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312 ICD VR/DR pts randomized to HM on vs off NL 1 25
In-office visits at 12 + 24 mo in both groups Fl 1 2
Additional visits as usual care in HM off group only - 304

p<0.001 p<0.001 p=0.005
6.00 - 583
5.00
4.00 -
3,00 -
2.00
1.00 -

0.00

492

i7Te

Number of FU visits
per patient

Total FU Scheduled FU Unscheduled FU

178 mimntes 176 mintes

< <00
§ ,5 < 9 p<0.01
8 € 150 p<0.001
o= 100 - p<0.00}
€
- 50 -
= B Technicians
A il # Nurse
HM OFF HM ON ® Physicians

B Internal data discussion
W Remote monitonng
®m Contact in between FUs

® In clinic FU Heidbuchel EHJ 2015 14;36(3):158-69



@ Eurcpace (2011) 13, 1165-1173 CLINICAL RESEARCH

R ey Visit n  Acuaal time, Pvalue®
mean (SD)
Healthcare personnel resource burden related P i ioebi s oo
to in-clinic follow-up of cardiovascular Type of vt 0.007
implantable electronic devices: a European Heart | Scheduled 397 162(92)
Rhythm Association and Eucomed joint survey Unscheduled 29 193 (83)
Giuseppe Boriani ™, Angelo Auricchio?, Catherine Klersy?, Paulus Kirchhof*, Device <0.001
Josep Brugada’, John Morgan®, and Panos Vardas’ PG 183 140 (75)
D 156 7.7 (100)
CRT 84 191 (96)
Reprogramming < 0.001
No 29 153 (87)
Yes 127 193 (9.7)
County 007
! CH 64 243 (100)
- France N 1787
g Gormany 81 144 (73)
Groece 34 158 (94)
kaly 94 129 (72)
| Spain 68 199 (86)
Nuse Cavolcost IntTeche ExtTeohn K 54 163 (78)




Remote monitoring of cardiac implantable
electronic devices in Europe: results of the
European Heart Rhythm Association survey

Antonio Hernandez-Madrid'®, Thorsten Lewalter?, Alessandro Proclemer?,

Laurent Pison*, Gregory Y.H. Lip%, and Carina Blomstrom-Lundqvist®, conducted
by the Scientific Initiatives Committee, European Heart Rhythm Association

Europace (2014) 16, 129-132

» Survey of 54 centres belonging to the EHRA EP research network
(83% University, 11% private)

* 76% use remote device management

« 57% nurse review

» 25% no specific workflow



Frequency of checks on alerts
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Remote, Wireless, Ambulatory Monitoring

of Implantable Pacemakers, Cardioverter Defibrillators,
and Cardiac Resynchronization Therapy Systems:
Analysis of a Worldwide Database

ARNALI I.D LAZARUS, M.D.

From the InParys Clinical Research Group, Paris, France PACE 2007: 30:S2-S12

n=11,624 patients implanted worldwide with Biotronik PM, ICD or CRT-D
3,004,763 automatic wireless transmissions
Monitoring of 10.5 £9 months (1-49 months)

100% , ;
System Status Configuration | Medical
80%
CRT-D patients (n=445)
60% .
40%
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0% Ay - Y Y iRy .
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Remote Monitoring Reduces Healthcare Utilization and Improves Quality of Care in Heart
Failure Patients with Implantable Defibrillators: The EVOLVO (Evolution of Management
Strategies of Heart Failure Patients with Implantable Defibrillators) Study
Maurizio Landolna, Giovanm B. Perego, Maurizio Lunati, Antonio Curnis, Giuseppe Guenzati,
Alessandro Vicentini, Gianfranco Parati, Gabriella Borghi. Paolo Zanaboni, Sergio Valsecchi and

Maurizio Marzegalli
Circulation 2012 19;125(24):2985-92. | —

Table 2. Number (annualized rate per patient vear) of healthcare utilizanons for HF. arrhythmias
or ICD-related events, by arm.

Clinical Event Remote Arm  Standard Arm
Total healthcare unlizanons 559 (4.40) 726 (5.76)#

- protocol-defined clinic visits 283 (2.23) 451 (3.60)#

- non-urgent m-office visits 144 (1.13) 109 (0.87)

- urgent m-office visits (*) 50 (0.39) 79 (0.63)%

- eInergency room visits (*) 25(0.19) 38 (0.30)

- hospitalizations requiring at least 1 overnight stay 57 (0.45) 49 (0.39)
Alert Condition

315 (2.50) 256 (2.39)

Total alert condinons

- OpnVol Alen 274 (2.17) 231 (2.16)
- AT/AF burden at least 6 hours 13 (0.10) 17 (0.16)
- Ventricular rate at least 100 beats'mun dunng AT'AF

episodes lastng =6 hours 8 (0.06) 4(0.04)
- Shock delivered 9(0.07) 2(0.02)
- Lead impedances out of range 8 (0.06) 0(0)
- VF detection/therapy off 1(0.01) 2(0,02)
- Low battery 2{(0.02) 0 (0)

*. pnmary endpomt: #: sigmificant difference mn the rate of events (p<0.001)






Combined Heart Failure Device

Diagnostics Identify Patients at Higher

Risk of Subsequent Heart Failure Hospitalizations
Results From PARTNERS HF (Program to

Access and Review Trending Information and Evaluate
Correlation to Symptoms in Patients With Heart Failure) Study

Optivol >100Q2days

or any 2 of:

David J. Whellan, MD, MHS,* Kevin T. Ousdigian, MSEE, MSIE,t Sana M. Al-Khatib, MD, MHS,$ OpthOI >6O QdayS

Wenji Pu, PHD,t Shantanu Sarkar, PHD, ¥ Charles B. Porter, MD,§ Behzad B. Pavri, MD,*
Christopher M. O'Connor, MD # for the PARTNERS Study Investigators

J Am Coll Cardiol 2010;55:1803-10

AF duration>6h

694 CRT patients

%1 P < 0.0001
Hazard Ratio = 5.5 (95% Cl: 3.4 - 8.8)

4% + Diagnostic

- Diagnostic

Monthly Evaluations with Subsequent
Heart Failure Hospitalization (Pulmonary)
w
09

0 10 20 30
Days After Diagnostic Evaluation
Kaplan-Meler Estimates of the Percentage of Monthly

Evaluations With a Subsequent HF Hospitalization
Due to Sign/Symptoms of Pulmonary Congestion

AF with V rate>90bpm
Daily activity <1h/d
Night HR > 85bpm

HRV <60ms

% CRT pacing <90%

|CD shock
Algorithms P-Value
Fluid Index = 60 &7 <0.0001
Fluid Index = 80 j 2 <0.0001
Fluid Index > 100 £ <0,0001

1 Criterion (sxdudng fua) e s <0,0001

22 Criterion (exdudng fud) i ;‘:_ <0.0001
Combined Algorithm i 5.-5 <0.0001

025 05 1.0 20 40 80 160
Hazard Ratio

30-day HF hospitalization



Development of a Method to Risk Stratify Patients With Heart Failure
for 30-Day Readmission Using Implantable Device Diagnostics

David J. Whellan, MD™*_ Shantanu Sarkar, PhD", Jodi Koehler, MS®, Roy S. Small, MD,
Andrew Boyle. MDY, Eduardo N. Warman, PhD", and William T. Abraham, MD*

Am J Cardiol 2013 Jan 1;111(1):79-84

166 CRT-D pts with HF admission from 4 studies

60
Hazard Ratios (30-day readmission for NF):
Owvs 1-2: 55 (0.8.40.8); 0.054 & .
%0 o::a: 22.7(?3.2-1.1.,7)';,;- 0.002 Data at 7d post discharge:
1-2vs>3: 4.1 (208.4); p<0.001
Impedance
40 Reference
\
A%\ I el

Impedanc\e/\/\

Optivol>60Q.d + mean >5 Q less than ref.

AF>6h + VR > 90bpm

Readmissions due to HF (%)
4

10
>1 Nocturnal HR>80bpm

0
0 10 20 0 40 50 60
Days after discharge from index hospitalization
Number at risk
Score> 3 54 44 42 K ] k 74 o) 3
Score=1,2 145 138 134 31 121 17 13

Scores0 55 54 54 54 48 46 4
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A novel algorithm to assess risk of heart failure

exacerbation using ICD diagnostics: Validation
from RAFT @ 1224 pts from RAFT

ICD or CRT-D (61%)
Lorne J. Gula, MD, MS, FRCPC, FHRS, George A. Wells, PhD,' Raymond Yee, MD, FRCPC,
FHRS,  Jodi Koehler, MS,* Shantanu Sarkar, PhD,* Vinod Sharma, PhD,* Allan C. Skimes. MD,
FRCPC, FHRS, John L. Sapp, MD, FRCPC, FHRS,” Damian P. Redfearn, MD, FRCPC,

Jaimie Manlucu, MD, FRCPC,” Anthony S.L. Tang, MD_FRCPC FHRS™

Heart Rhythm2014;11:1626—-1631

Table 2  1D-determined risk of HF exacerbation/admission

. Daily Assessment Eventrate  Relative nsk
P ;;gg X Riak Stk 1D risk No. of months per month  (95% (I)
' P M(N=1226) 37,861 258 (0.68%)
Night HeartRate <", | Low 15,359 (41%) 33 (0.21%) Reference
Medium 18,505 (49%) 123 (0.66%) 2.9 (2.0-4.4)
PatientActivity —;* .2  |Comered| ... High 3907 (10%) 102 (2.61%) 10.7 (6.9-16.6)

Heart Rate Variability <" o1 | Score

High Rask § 28

Arthythmiasand ;4
%Pacing *1

Prior Probabllity (HF Risk
10% mic months)
L
S
8

Risk Score | Rigk Status

04 LOwW
520 MEQIUM 10 1
2 0 HIGH

Heart Failure Hospitalization (%)
b

Medium Risk § 0.7

ﬁo.?ﬁ
r—

il |

0 5 110 15 2 2% 30
Days after Diagnostic Evaluation




Patients triaged
based on their
Activity Level
evolution
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Remote device management

e Reimbursement



Implementation and reimbursement of remote
monitoring for cardiac implantable electronic
devices in Europe: a survey from the health
economics committee of the European Heart

Rhythm Association

Georges H. Mairesse', Frieder Braunschweig?, Katherine Klersy’, Martin R. Cowie*,
Se

SndTranducs Laye Europace (2015) 17, 814-818 [

Electronic survey from 43 centres in 15 European countries

Conventional pacemakers ICD’s CRT-P/CRT-D

& b L

® Lack of reimbursement
m Technical issues

s Workload

m Other



Costs Financial incentive

Patients

No extra cost*

Less costs (travel etc.)

Medical personnel

No extra cost®

Possibility to increase total number of
follow-ups

Hospital

Transmitter *

Shorter hospital stay
(for same DRG)?

Device Company

Transmitter (~2,600 Euros for
mobile system, based on
2010 UK list prices (CEP 1069)
Telecom

Database servicing

Marketing value

Helpline

Scientific studies
Insurance Transmitter* Fewer cost-intensive clinical events?
company Costs of alerts
State Transmitter” Cost control

Fewer cost-intensive clinical events?

*Depends on reimbursement

Burri et al. Europace 2011: 13: 44-48



@ Europace (2013) 15, 1601-1608 CLINICAL RESEARCH

doe 10105 Veuropace'eutO N Sudden death and ICDs
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Markov model
Cost-consequence analysis of daily continuous

remote monitoring of implantable cardiac Conservativ_e analysjs assumes:
defibrillator and resynchronization devices -No | hospltal admission, stroke
i the UK - No 1 in FU before ERI

- No travel costs
:lna;agoizli:;ic";:“(jz:;i‘stian Sticherling?’, David Wright?, Koji Makino?, Antje Smala’, - No increase in eﬂ:iCiency

— Home Monitoring —— Conventional in-clinic follow-up Included:

& 18000 Transmitter GBP 1334
G IR0 Remote FU: 74 GBP
£ 14000 //7
g 12000- Kl/——u
2 10000 . :
Z / / Savings driven by:
S 8000 oy :
. o -51% inappropriate shocks
g /,'// = +7% device longevity
2 4000
e /

0

12 3 4 § 6 7 8 9 1011 12 13 14 15 16
Modelling period (years)



Costs of remote monitoring vs. ambulatory

follow-ups of implanted cardioverter defibrillators

in the randomized ECOST study

Laurence Guédon-Moreau'*, Dominique Lacroix', Nicolas Sadoul?, Jacques Clémenty?,
Claude Kouakam', Jean-Sylvain Hermida“, Etienne Aliot?, and Salem Kacet', on behalf

N=310

RM  :1in-office FU/yr
Control: 2 in-office FU/yr

of the ECOST trial Investigators

Europace 2014 Aug;16(8):1181-8

Data: actual billing documents issued by the French health insurance system

400 -

o
Lo
o
1

€242 + 180

€290 4+ 212

no N W
o ") 8
- o

1 1 1

€215 + 185

150 +

100 -

Total costs incurred per patient-year (€)

)
o o
L

P < 0.001 “Adding the ICD to the non-hospital costs,
the savings were €494 (P < 0.005) or when
€325+ 206 the monitoring system (€ 1000) was
included, € 315 (P < 0.05) per patient-year

No provision for reimbursement of
RFU costs, but should easilly be
absorbed by the cost saving

- Costs reimbursed by the healthcare insurance

Active group Control group . Costs supported by the patients



~"EuroEco
Costs

Payer costs

5500
SO000

400 e

BHM OFF (N=133)8 HM ON (N=158)
437 ¢ 40T x

a13qe 4120

 EECTRT R

Tota FL) vaits Other phrysician I xaminations rosptalsatona

Difference 574 i 25 3 -601
[CI] [1433;-2580] [123;-124] [100;-50] [25;-20] [2602;-1401]

Provider costs

2%0 NS Price of transmitter not incl.
200 2-yr follow-up
:
= 190
§ B Dwect non-modcal

100 @ Direct medical
&
§ 0

0 +

HM OFF HMON  Heidbuchel EHJ 2015 14;36(3):158-69



~ Country dependent variations . £,-0Eco
. Provider perspective
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Country dependent variations

Payer perspective ~ Eurokco

Countries without physician Countrias with physiclan
reimbursement for RM reimbursement for RM

"‘n"l 2m :‘ pn “ ",'l clang” ‘-l’ mn y 'u.qu’ A ", n

E L L
™l

Even in countries with remote monitoring reimbursement (UK and
Germany), total costs for insurers over 2 years of follow-up do not increase.

CRARS I



Remote monitoring for patients with
implanted defibrillators

Technology evaluation and broader
regulatory framework

Belgian Health Care
Knowledge Centre

KCE reports 136C September 2010

MMM Y s S o Srrvocsnet Somer Cammne Crow D Lot

“As long as benefits for the patient or the healthcare system are not
clearly demonstrated, regular reimbursement for remote monitoring
should remain out of scope. Even conditional reimbursement of
remote monitoring irrespective of the medical application, should
only be considered once there are sufficient indications of efficacy
and safety.... »

http://www.kce.fgov.be
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Ont Health Technol Assess Ser. 2012;12(1)
Internet-Based Device-Assisted Remote
Montitoring of Cardiovascular
Implantable Electronic Devices: An
Evidence-Based Analysis

G Proa, | lerac, K Kaulback, Medical Advisory Secretanat,
Health Quality Ontano.

Visits per Patient-year (over 15 months) Standard Care Remote Monitoring

Average lotal in-office visits per patient year 307 192
Average scheduled m-office visits per patient year 212 05
Average remote-monitonng visits per patient year 141
Average costs

Average cost per in-office visit $140.45

Average cost per remote-monionng visit $105.85
Total costs

Total cost (over 15 months) $1,364,161.00 $853,022.00
Annualized costs $1,091,329.00 $682,418.00
Annual cost per patient $262.12 $163.91
Annual incremental cost of remote monitoring -$408,911.00

Annual incremental cost per patient -$98.22.00
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Reimbursement of remote device
management in Europe




Moving towards
good practice in the
reimbursement of
CIED telemonitoring
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http://www.eucomed.org/uploads/Modules/Publications/whitepaper_reimbursementciedtelemonitoring.pdf



Adoption of remote management

* Many incentives

better patient care, guidelines, improved efficiency, higher income...

 Many hurdles

reimbursement, costs, workload, paradigm shift

= Improve workflow

nurse triage, integrated diagnostics, automated data transfer

« = Obtain reimbursement

role of national societies and working groups
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