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Faculty

e Nassir F. Marrouche, MD: Consulting Fees: Abbott, Biotronik, Wavelet Health, Cardiac Design, Medtronic,
Preventice, Vytronus, Biosense Webster, Marrek Inc, Boston Scientific; Contracted Research: Abbott,
Biotronik, Biosense Webster, Boston Scientific, GE Healthcare, Siemens, Vytronus; Ownership Interest:
Marrek Inc, Cardiac Design

¢ Hamid Ghanbari, MD, MPH: Consulting Fees: Preventice; Contracted Research: Toyota, Boston Scientific,
Medtronic, Biotronik

e Suneet Mittal, MD: Consulting Fees: Boston Scientific, Cardiva, Medtronic, BioTel, SentreHEART

¢ Khaldoun G. Tarakji, MD, MPH: Consulting Fees: Medtronic, AliveCor

e Mintu Turakhia, MD, MAS: Consulting Fees: Medtronic, Abbott, Biotronik; Contracted Research: Apple, AHA,
Janssen, BMS-Pfizer, Boehringer Ingelheim; Ownership Interest: AliveCor, Forward

Reviewers/Planners

e Sean Barrett has nothing to disclose.

e Ben Caref, PhD has nothing to disclose.
¢ Pamela Clark has nothing to disclose.

Disclaimer

The views and opinions expressed in this educational activity are those of the faculty and do not necessarily
represent the views of TOPEC and Medtelligence. These presentations are not intended to define an exclusive
course of patient management; the participant should use his/her clinical judgment, knowledge, experience,
and diagnostic skills in applying or adopting for professional use any of the information provided herein. Any
procedures, medications, or other courses of diagnosis or treatment discussed or suggested in this activity
should not be used by clinicians without evaluation of their patients’ conditions and possible contraindications
or dangers in use, review of any applicable manufacturer’'s product information, and comparison with
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ECG Monitoring Tools

Spot Single-
Lead ECG
Check

Holter
Monitoring
(1-2 days)

Mobile
Telemetry

Monitoring
(Up to 30 days)

Implantable
Loop

Recorder
(Up to 3 years)

Event  Smartphone Smartwatch
Recorder (eg, AliveCor) (eg, Kardiaband)
Holter ﬂ’
Monitoring YL
(1-2 weeks) =
Holter Patch Based Lead
(eg, Zio) (eg, ePatch) Based
(eg, CardioKey)
Lead Patch Based Garment
Based (eg, SEEQ, Based
(eg, multiple; TeleSense) Body Guardian) (eg, NECG)

Lead Based (1-Piece)
ScottCare— TeleSense, TeleSentry
Spectocor — Pocket ECG
Telerhythmics — Heartrak TCAT

Lead Based (2-Piece)
Applied Cardiac Systems — CORE
Biomedical Systems — TruVue
InfoBionic — MoMe Kardia
LifeWatch — ACT Elite
Medicomp — Duet

Patch Based
BioTelemetry — MCOT Patch
LifeWwatch — ECG mini
Medicomp — TelePatch
Medtronic — SEEQ
Nuubo — nECG
Preventice — BodyGuardian

Mittal S et al. J Am Coll Cardiol. 2011;58:1741-9; Mittal S. Cardiol Rev. 2017;25:12-16.; Lee RJ, Mittal S. Heart Rhythm. 2018.



ECG Monitoring Tools

ILR
MCT Monitors _
2% 100,000

~400,000
9%

Event Monitor 280/0

~1.3 Million 61%

Holter Monitor
~2.8 Million

4.6 Million Tests Annually

1.4 Billion USD




Use Case Scenarios

 Palpitations



Case Presentation

« 50-year-old female with hypertension and Sjogren's syndrome reports
a several year complaint of palpitations associated with light
headedness.

« Episodes occur every few weeks and last 5-10 minutes.

« There has been no ECG documentation obtained during her typical
episode.

« Her baseline ECG and echocardiogram are entirely normal.

» She presents for further evaluation
— CHA,DS,-VASc = 2 (if she had atrial fibrillation).



Smartphone-based Diagnosis

« Cheap

* Owned by the patient

* Realtime

 Longterm

« High fidelity recordings

* No intermediary between patient and doctor
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Use Case Scenarios

« Syncope



Use Case Scenarios

o Atrial fibrillation



Lifecycle of AF Patients

Diagnosis
and Stroke
Monitoring Prevention

Treatment
Drugs

Devices
Ablation

Risk Factor
Modification



Use Case Scenarios

o Atrial fibrillation

— Suspected
* High-risk patients



Screening for AF

Recommendations Class Level

Opportunistic screening for AF is recommended
by pulse taking or ECG rhythm strip in patients
>65 years of age

In stroke patients, additional ECG monitoring by
long-term non-invasive ECG monitors or
implanted loop recorders should be considered to
document silent AF

Systematic ECG screening may be considered to
detect AF in patients aged >75 years, or those at
high stroke risk

ESC 2016 AF Guidelines. Kirchhof P et al. Eur Heart J. 2016;37:2893-962.



MSToPS Trial

Steinhubl SR et al.
JAMA. 2018;320:146-55.



Use Case Scenarios

o Atrial fibrillation

— Suspected

» Cryptogenic stroke



NOAC Trials in Cryptogenic Stroke Patients

« RE-SPECT ESUS (NCT02239120)
— ~6000 patients with ESUS (non-lacunar infarct)

« 260 years of age with at least one additional risk factor for stroke
— Randomized to aspirin 100 mg daily or dabigatran (110 or 150 mg twice daily)
— Primary outcome: time to first recurrent stroke
 NAVIGATE ESUS (NCT02313909)
— ~7000 patients with ESUS (non-lacunar infarct)
« 250 years of age
— Randomized to aspirin 100 mg or rivaroxaban 15 mg daily
— Primary outcome: time to first recurrent stroke or systemic embolism



Screening for AF in Cryptogenic Stroke

Patients: AECG Monitoring

Gladstone DJ et al.
N Engl J Med.
2014;370:2467-77.



Screening for AF in Cryptogenic Stroke

Patients: CRYSTAL AF

Sanna T et al. N Engl J Med. 2014;370:2478-86.



Use Case Scenarios

o Atrial fibrillation

— Suspected

» Post-cavotricuspid isthmus ablation



Use Case Scenarios

o Atrial fibrillation

— Known



Case Presentation

» 74-year-old male with hypertension and remote history of SVT
ablation.

« Avyear and a half ago, he had a stress echocardiogram. He exercised
for 6 72 minutes on a Bruce protocol. The exam was normal.

* He recently noticed that his heart rate was elevated while at the gym.
He had no symptoms referable to a rate.

 An ECG demonstrated atrial fibrillation with rapid ventricular response.
An echocardiogram demonstrated a left atrial diameter of 3.7 cm, left
atrial volume index of 31.2 mL/m?, a 4.4 cm aortic root, and an ejection
fraction of 30%.

« He was referred for evaluation; an ECG showed sinus rhythm.
(CHA,DS,-VASc = 2)



Case Presentation

et | Heart Rate

Qverall Max 195 bpm  11:35am, 01726
Min 57 bpm  01:47am, 0122
Avg 93 bpm

Sinus Max 117 bpm  o01:18pm, 01726

Min 57 bpm  01:47am, 0122

of 113 bpm), the longest Iaatmg 1day 8 huurs wlth an avg rate of 119
bpm. Isclated SVEs were rare (<1.0%), SVE Couplets were rare (<1.0%),
and SVE Triplets were rare (=1.0%). Isolated VEs were rare {<1.0%;), VE
Couplets were rare (<1.0%), and no VE Triplets were present. Ventricular
Bigeminy and Trigeminy were present. MD notification criteria for Rapid
Atrial Fibrillation/Atrial Flutter met - notified Juan on 06 Feb 2018 at 3:20
pm CT (TW).



Duration vs Burden

Go AS, et al. JAMA Cardiol. 2018;3(7):601-608.



Duration vs Burden

JAMA Cardiology 2018



ASSERT Sub-study

Van Gelder IC et al. Eur

Heart J. 2017;38:1339-44.
Van Gelder IC et al. Eur Heart J 2017



ECG Monitoring Tools for Diagnosis and Evaluation

Charitos El et al. Circulation.
2012;126:806-14.



Case Presentation

+ 49-year-old male with hypertension, diabetes mellitus, obstructive
sleep apnea, and paroxysmal atrial fibrillation

— CHA,DS,-VASc score = 2

* He underwent cryoballoon based pulmonary vein isolation on May 15,
2013

— Last known recurrence of AF occurred on May 30, 2013

— He is maintained on rivaroxaban 20 mg daily, which he wishes to
discontinue

How do you tell a patient like this that he will need
oral anticoagulation for the rest of his life?




Pulse Check

* 1990 patients
« CHADS2
— 0 (n=840, 42%)
— 1 (n=796, 40%)
— 22 (n=354, 18%)
« Warfarin stopped in half
« 16 TIAs/stroke (0.2%/patient-year)
— 12 (75%) of the 16 patients had known recurrent AF

J Cardiovasc Electrophysiol.
2014;25:591-6.



AF and Short-term Stroke Risk
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Turakhia MP et al. Circ Arrhythm Electrophysiol. 2015;8:1050-7.



Duration of Follow-up: Very Late Recurrences of AF

Steinberg JS, Mittal S, et al.
Heart Rhythm. 2014;11:771-6.



The Choices That Must Be Made
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Consumer Wearables:
Ready for Prime Time?

MINTU TURAKHIA, MD MAS

Associate Professor of Medicine

Executive Director, Center for Digital Health
Stanford University
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VA Palo Alto Health Care System

mintu@stanford.edu
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Case 1

= 51 yo man comes in with this
message on his smartwatch

= PMH: hypertension, diabetes

= ECG: NSR

= Echo: normal

= 2-week ambulatory ECG:
normal

Stock photos. Not for reproduction.

Stanford ‘ Center for Digital Health
‘ MEDI C INE Department of Medlicine



Case 1 Case 2

= 6/M daily runner
with syncope

= Runs every day in
the early morning.

= 51 yo man comes in with this Does not remember
message on his smartwatch losing

= PMH: hypertension, diabetes consciousness but

" ECG: NSR woke up on the side

» Echo: normal

of the running trail
= 2-week ambulatory ECG:

with scuffs on arms

normal
and face

Stock photos. Not for reproduction.

Stanford ‘ Center for Digital Health
‘ MEDI C INE Department of Medlicine
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<«/77% of US

Pew Research, 2016: Forbes, 2018



<«/77% of US

= 13%, mostly millenials

» 48% YOY in US
Pew Research, 2016: Forbes, 2018



JAMA CARDIOLOGY PATIENT PAGE

Wearable Fitness Trackers and Heart Disease

What Are Fitness Trackers?

Fitness or activity trackers are devices with special sensors that can
monitor your movement. Often referred to as “wearables,” these de-
vices are typically worn around the wrist as a bracelet or embed-
ded in a mobile phone or wristwatch. They can measure footsteps
taken, distance traveled, type of movement (walk, run, or jog), and
quality and duration of sleep. Some wearables have additional sen-
sors to monitor heart rate, blood pressure, blood oxygen levels, and
perspiration. Data from wearables can be transferred to a smart-
phone, computer, database, or website. Connected smartphones
and wearables can alarm or vibrate to encourage behaviors, such as
exercise or sleep. As wearable technology matures, these devices
will likely cost less, and it may become easier to share data from them
with your health care professional, clinic, or hospital.

Can Fitness Trackers Prevent or Treat Heart Disease?
Professional cardiology society guidelines recommend that most pa-
tients participate in regular exercise. However, these societies have
not yet given recommendations on how fitness trackers should be
used because no long-term studies have been completed that have
tested whether the use of fitness trackers can help prevent heart
disease. Also, the accuracy of most wearables has not been verified
in clinical studies. In fact, some devices may provide inaccurate mea-
surements, particularly during intensive exercise.

What Are the Benefits of Using a Fitness Tracker?
Despite these limitations, fitness trackers still may have benefits for
you. Physical inactivity is an important risk factor for heart disease.

Benefits of using a fitness tracker

@ Set realistic fitness goals @ Monitor your progress

Doctor

Footsteps
taken

Distance
traveled

Type of
movement

Family and friends

Kaiser DK / Turakhia M, JAMA Cardiol 2016



Google trends search popularity of

"atrial fibrillation” (relative values 0-100)

2004 2008 2012 2017

Source: Google Trends



Design challenges of a wearable

e Continuous electrode recording  weumssme

is difficult to impossible

e Real-time versus offline

proc:essing

e Battery drain

o EXxercise

e Compliance

e Memory, haraware is cheap

Stanford ‘ Center for Digital Health
‘ MEDICINE Department of Medicine




Measurement Notification Threshold Use case

Stanford | center for Digital Health
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Measurement Notification Threshold Use case

Active HR measurement , Third-party solutions
Low or high
(smartphone camera) no uptake

Stanford | center for Digital Health
‘ MEDI C INE Department of Medlicine



Measurement

Notification Threshold

Use case

Active HR measurement
(smartphone camera)

Active irreg rhythm
(phone camera,accelerometer)

Low or high

Normal or afib

Third-party solutions
no uptake

Third-party solutions
no uptake

Stanford | center for Digital Health
‘ M E D | C | N E Department of Medlicine



Measurement Notification Threshold Use case

Active HR measurement , Third-party solutions
Low or high
(smartphone camera) no uptake

.. Third- Ut
Active irreg rhythm Normal or afib ird-party solutions

(phone camera,accelerometer) no uptake

Passive HR sampling Consumer experience

(every few seconds to minutes)

Low or high No FDA approval
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Measurement Notification Threshold Use case

Active HR measurement , Third-party solutions
Low or high
(smartphone camera) no uptake

.. Third- Ut
Active irreg rhythm Normal or afib ird-party solutions

(phone camera,accelerometer) no uptake

Passive HR sampling Consumer experience

Low or high
(every few seconds to minutes) S No FDA approval
Passive irregular rhythm Single versus repeated Consumer-facing
notification confirmation prediagnostic

(not traditional “screening”)

Stanford | center for Digital Health
‘ M E D | C | N E Department of Medlicine



Measurement

Notification Threshold

Use case

Active HR measurement
(smartphone camera)

Active irreg rhythm
(phone camera,accelerometer)

Passive HR sampling
(every few seconds to minutes)

Passive irregular rhythm
notification

Ad hoc ECG

Low or high

Normal or afib

Low or high

Single versus repeated
confirmation

Varies (FDA)
Normal sinus vs Afib

Third-party solutions
no uptake

Third-party solutions
no uptake

Consumer experience
No FDA approval

Consumer-tacing
“prediagnostic”
(not traditional “screening”)
Strong FDA guard rails
Disease management

Stanford | center for Digital Health
‘ M E D | C | N E Department of Medlicine



Measurement

Notification Threshold

Use case

Active HR measurement
(smartphone camera)

Active irreg rhythm
(phone camera,accelerometer)

Passive HR sampling
(every few seconds to minutes)

Passive irregular rhythm
notification

Ad hoc ECG

Blended HR-ECG model
(trained HR sensor)

Low or high

Normal or afib

Low or high

Single versus repeated
confirmation

Varies (FDA)
Normal sinus vs Afib

To prompt ECG

Third-party solutions
no uptake

Third-party solutions
no uptake

Consumer experience
No FDA approval

Consumer-tacing
“prediagnostic”

(not traditional “screening”)

Strong FDA guard rails
Disease management

Disease management

Stanford ‘ Center for Digital Health
‘ MEDICINE Department of Medicine



JAMA | Original Investigation

Effect of a Home-Based Wearable Continuous ECG Monitoring
Patch on Detection of Undiagnosed Atrial Fibrillation
The mSToPS Randomized Clinical Trial

Steven R. Steinhubl, MD; Jill Waalen, MD, MPH; Alison M. Edwards, MStat; Lauren M. Ariniello, BS; Rajesh R. Mehta, RPh, MS; Gail S. Ebner, BS;
Chureen Carter, PharmD, MS; Katie Baca-Motes, MBA,; Elise Felicione, MPH, MBA; Troy Sarich, PhD; Eric J. Topol, MD

Steinhubl SR, JAMA, 2018



«/7% of US

Pew Research, 2016; AliveCor
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Heart Rate, BPM

JAMA Cardiology | Original Investigation

Passive Detection of Atrial Fibrillation
Using a Commercially Available Smartwatch

Geoffrey H. Tison, MD, MPH; José M. Sanchez, MD; Brandon Ballinger, BS; Avesh Singh, MS; Jeffrey E. Olgin, MD;
Mark J. Pletcher, MD, MPH; Eric Vittinghoff, PhD; Emily S. Lee, BA; Shannon M. Fan, BA; Rachel A. Gladstone, BA;
Carlos Mikell, BS; Nimit Sohoni, BS; Johnson Hsieh, MS; Gregory M. Marcus, MD, MAS

Normal Sinus Rhythm
100

804

Heart Rate, BPM

12 am 3am 6 am

Time

Atrial Fibrillation

100+

80

60

40

2:25 pm 2:30 pm 2:35 pm
Time

Tison G, et al. JAMA Cardiology 2018.



Heart Rate, BPM

JAMA Cardiology | Original Investigation

Passive Detection of Atrial Fibrillation
Using a Commercially Available Smartwatch

Geoffrey H. Tison, MD, MPH; José M. Sanchez, MD; Brandon Ballinger, BS; Avesh Singh, MS; Jeffrey E. Olgin, MD;
Mark J. Pletcher, MD, MPH; Eric Vittinghoff, PhD; Emily S. Lee, BA; Shannon M. Fan, BA; Rachel A. Gladstone, BA;

Carlos Mikell, BS; Nimit Sohoni, BS; Johnson Hsieh, MS; Gregory M. Marcus, MD, MAS

Normal Sinus Rhythm
100

804

Heart Rate, BPM

12 am 3am 6 am

Time

Atrial Fibrillation

100+

80

60

40

2:25 pm 2:30 pm 2:35 pm
Time

Figure 2. Accuracy of Detecting Atrial Fibrillation in the Cardioversion Cohort
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Tison G, et al. JAMA Cardiology 2018.



Heart Rate, BPM

JAMA Cardiology | Original Investigation

Passive Detection of Atrial Fibrillation
Using a Commercially Available Smartwatch

Geoffrey H. Tison, MD, MPH; José M. Sanchez, MD; Brandon Ballinger, BS; Avesh Singh, MS; Jeffrey E. Olgin, MD;
Mark J. Pletcher, MD, MPH; Eric Vittinghoff, PhD; Emily S. Lee, BA; Shannon M. Fan, BA; Rachel A. Gladstone, BA;
Carlos Mikell, BS; Nimit Sohoni, BS; Johnson Hsieh, MS; Gregory M. Marcus, MD, MAS

100 -

Heart Rate, BPM

40

1001

80 -

60

40

80

60

|

Normal Sinus Rhythm

|H

12|am 3 alm 6 alm
Time
Atrial Fibrillation
2:25 pm 2:30 pm 2:35 pm

Time

Positive

predictive
value (PPV): 8%

Figure 2. Accuracy of Detecting Atrial Fibrillation in the Cardioversion Cohort

Sensitivity, %

Cardioversion cohort

B | Ambulatory subset of remote cohort

100 - : 100 -
80 1 JJ-IJ 80 -
60 - X 60-
>
>
/ =
40 S 40-
(U]
20 - 20 -
0 [ [ [ [ [ ] O [ [ [ [ [ ]
0 20 40 60 30 100 0 20 40 60 80 100

1 - Specificity, %

1 - Specificity, %

Tison G, et al. JAMA Cardiology 2018.



Results of a Large-scale, App-based Study to
|ldentify Atrial Fibrillation Using a Smartwatch:

The Apple Heart Study

Mintu Turakhia MD MAS and Marco Perez MD
on behalf of the Apple Heart Study Investigators

NCT # 03335800



Irregular Pulse Notification Algorithm

Algorithm results

‘ Regular pulse
© Suggestive of Afib

Tachogram = Periodic spot measurements

The algorithm does not use the watch ECG feature



Irregular Pulse Notification Algorithm

Algorithm results

‘ Regular pulse
© Suggestive of Afib

Tachogram = Periodic spot measurements

The algorithm does not use the watch ECG feature



Irregular Pulse Notification Algorithm

Algorithm results

‘ Regular pulse
© Suggestive of Afib

Tachogram = Periodic spot measurements

Positive triggers frequent measurements
Not confirmed = return to usual sampling

The algorithm does not use the watch ECG feature



Irregular Pulse Notification Algorithm

Algorithm results

‘ Regular pulse
© Suggestive of Afib

Tachogram = Periodic spot measurements 5 confirmations = notify user

Positive triggers frequent measurements
Not confirmed = return to usual sampling

The algorithm does not use the watch ECG feature



Consort Diagram

ee e E rv
Overall Cohort Notification ECG Patch OS Survey
S , QO'Day Survey
— ©
Total Population | > Pulse Notificaton | > Completed 90-day Survey
419,297 2,161 (0.5%) 1,376 [/ 2,161 (64%)
! v v
. First Study Visit IS ECG Patch Shipped Completed EOS Survey
! 945 (44%) 658 (70%) 929 /2161 (43%)
: v v
. Emergemét ?n\gtof; (2301%) ECG Patch Returned & Analyzed
: e Prior Afib ofyflutter:17.4 450 (68%)
I e Current Anticoagulant use: 90
: e Otherreasons: 33
v
No Notification (PN) Completed EOS Survey

417136 (99.5%) 293,015 (70%)




Initial Irregular Pulse Notifications

Grouping Notified / Total %
Overall 2161/419,297 0.52

=65 775 [ 24,626 3.2

Age 55-64 556/42,633 1.3
9 40-54 488/132,696 0.37
22-39 341/219179 0.16
Sex Female 461/177087 0.26
Male 1,672 /238,700 0.70

Proportion Notified (%)

Overall Cohort

.

9O

~ 8 Months Monitoring



Afib Yield on ECG Patch

Grouping Observed AF/Total %

Overall 153 /450 34.0
=65 63 /181 34.8
55-64 47 [ 114 41.2

Age
40-54 34 /106 32.1
22-39 9/49 18.4

Sex Female 26 /102 25.5
Male 124 | 335 37.0

34.8 (97.5% Cl 27 -43)

ECG Patch (450/2,161)

Mean time to hookup: 13 days
Mean wear time: 6.3 days



ECG Patch
153/450 With AF

Afib Burden and Duration %
2

Burden Duration of Longest Episode
24 hr : 25.5%
shr  340% | 89%
"""""""""" he 294%
"""""""" 6min  59%

..........................................................................................................



Positive Predictive Values

Irregular Tachograms Irregular Pulse Notifications

Afib on Total Positive  Afibon  Total Positive

ECGPatch  Tachograms PPV (97.5% Cl) ECG Patch Notifications PPV (95% Cl)

1,489 2,089 0.71(0.69-0.74) 72 86 0.84 (0.76-0.92)
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[57] ABSTRACT

A compact, lightweight wrist-worn cardiac data and
event monitor having dry skin electrodes integral with
the monitor’s housing is disclosed. Preferably, the skin
electrodes are made of titanium nitride-plated stainless
steel and form inner, wrist-contacting, and outer, other
hand’s palm-contactable regions of the housing. Chro-
nometric and other multiple functions are provided to
increase the functional density of the monitor by parti-
tioning and very-large-scale-integrating the circuitry,
which includes signal detection; data conversion, stor-
age, display and telecommunication; and external push-
button controls operable by the patient’s other hand. In
accordance with the preferred embodiment, a tele-
phonic transmitter is integrally included within the
housing for remote diagnostic purposes without the
need for external connections. By a preferred method of
the invention, a simplified digital filter implemented in
firmware ensures that only ECG and event data are
recorded at the exclusion of noise and motion artifacts.
By another preferred method of the invention, a battery
life prediction method is used to extend the useful life of
the battery and to indicate to the patient when the bat-
tery should be replaced. Event data that may be re-
corded and tele-transmitted along with the ECG data
include time-of-day or elapsed time markers, as well as
markers or indications of the detection of any pulses
produced, for example, by an implanted pacemaker or

an 1implanted cardio-verter/defibrillator monitor
(ICDM).

16 Claims, 6 Drawing Sheets
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FOCUS | LETTERS

nature,., .
medlcme https://doi.org/10.1038/s41591-018-0268-3

Corrected: Publisher Correction

Cardiologist-level arrhythmia detection and
classification in ambulatory electrocardiograms
using a deep neural network

n=64K rhythm strips

AwniY.Hannun®'*, Pranav Rajpurkar©'¢, Masoumeh Haghpanahi?¢, Geoffrey H. Tison®3¢,
Codie Bourn?, Mintu P. Turakhia*® and Andrew Y. Ng'

Hannun AY, et al. Nature Medicine, 2019
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AF burden-based prediction of stroke

Stanford | center for Digital Health
‘ ME t of Medicine

D I C INE Department o cin Han I_Y, et al. Presented.



REACT Il trial

= Paroxysmal AF with CHA2DS2VASC of 2-4

randomized to daily NOAC (usual care) vs
rhythm-guided OAC using wearables

= 5000 patients, up to 4
years of follow-up

NIH trial proposal; Pls Passman, Hanley, Turakhia
Stanford | center for D igital Health
‘ MEDICINE Department of Medicine




Sensor-based model of congestion

Intrathoracic Hospitalization
Impedance
Changes
Symptoms

Filling pressures
Increase

v

Autonomic Weights
Adaptation Change

Adamson PB Current HF Reports 2009
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Invasive Procedure

Prescription

Retaill Purchase e
Kiosk
Community
Short 24hr Extended Intermittent  Continuous
Single (7-21 days)
Episode

Kaiser DK / Turakhia M, JICE 2016
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Kiosk
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Some things just don’t work

Quanttus, Scanadu
Stanford | center for D igital Health
MEDICINE Department of Medicine




Offline population has declined
substantially since 2000

% of U.S. adults who do not use the internet
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Pew Research, January 2018
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The telehealth market (distilled)

MDLIVE

L EMONAID = PlushtCare

Stanford | center for D igital Health
‘ MEDICINE Department of Medicine




In closing

= \Wearables have moved beyond “wellness” into
rhythm assessment as a prediagnostic or diagnostic

= [ntegration into clinical care is an unknown
= ECG remains the gold standaro

= New challenges and opportunities with brand new
uses cases and strategic integration into consumer
tech

Stanford | center for Digital Health
‘ M E D | C | N E Depa of Medici

rtment



b, J. JAMA. 2019
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Wearables and the Transformation of Care of the Arrhythmia Patient

Khaldoun G. Tarakji, MD MPH
@khaldountarakji

Associate Section Head, Section of Cardiac Electrophysiology
Director, Center for Digital Health, Heart and Vascular Institute
Director, Center for International Medical Education, Education Institute
Cleveland Clinic, Cleveland Ohio

. 3 Cleveland Clinic

Medical and Consumer Wearables for Arrhythmia Detection
May 9t", 2019
San Francisco, CA
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Technology

The New Jork Times '

................

The New Jork Times '

&3 Cleveland Clinic



The Prediction
TIME

.3 Cleveland Clinic



Physicians: The Concerns

"3 Cleveland Clinic



Bad Precedents

Secrets and Lies

in a Silicon

Valley Startup

.3 Cleveland Clinic



Burnout

Burnout rates in Medicine are twice as high as in other fields

54% of US physicians reported at least 1 symptom of burnout

NEW YORKER

.3 Cleveland Clinic



Scaring the healthy

Demanding 100% accuracy!

"3 Cleveland Clinic



Main Stream and Social Media

"3 Cleveland Clinic



Are Patients / Consumers Ready?
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“You carn’t [ist your 1Phorne as your primary—care pbysician. ”

&3 Cleveland Clinic



* > One-half of individuals who purchase a wearable
device stop using it (one third of these before 6
months)

* The gap between recording information and
changing behavior is substantial

.3 Cleveland Clinic



Physicians: The Opportunities

"3 Cleveland Clinic



Opportunities

’ Cost / Value

Global and Future
Opportunities

&3 Cleveland Clinic



Opportunities

' T Patient care \

’ Cost / Value
. Global and Future
Opportunities

&3 Cleveland Clinic



Atrial Fibrillation

« Most common arrhythmia affecting > 5 million people — Chronic condition

« Projected 12 million by 2050
« AF accounts for 15— 20 % of strokes in US
« Strokes secondary to AF are more detrimental

« 18% of AF triggered strokes present with AF that is newly detected

.3 Cleveland Clinic

Benjamin EJ et. al. Circulation. 2018
Miyasaka Y et. al. Circulation. 2006
Marini C. et. Al. Stroke. 2005

Lin HJ et. al. Stroke. 1995



Fig 3| Zenicor-ECG

Body Guardian

(_M Preventice

ECG Check

E] Cleveland Clinic Zungsontiporn N. BMJ 2018



Smartphone ECG Example

Tarakji el al. Heart Rhythm. 2015 William AD et. al. Heart Rhythm. 2018 Oct;15(10):1561-1565

.3 Cleveland Clinic



Smartphone ECG Example

22

They work
Patients will adopt them
Automated algorithms are good but not perfect

For clinical decisions, still need physician over-read

Tarakji el al. Heart Rhythm. 2015 William AD et. al. Heart Rhythm. 2018 Oct;15(10):1561-1565

.3 Cleveland Clinic



Recorded: Tuesday, June 26, 2018 at 11:19:48 AM Finding by Possi rillation .
Heart Rate: 85 bpm Duration: 30s Alivecor: x Kardlﬂ Si — ¥ 67 BPM Average
C not show signs of atrial

fibrillation.

———Enhanced Filter, Mains fiiter 6QHz__Scale- 2ommys, 10mm/mV

256 mmy/s, 10 mm/mV, Lead |, 514Hz, i0S 12.2, watchOS 5.2, Watch4,2 — The waveform is similar to a Lead | ECG. For more information, see Instructions for Use.

&3 Cleveland Clinic



58-year-old man with palpitation diagnosed as anxiety attacks

Diagnose



76-year-old man with hypertension
and diabetes

"3 Cleveland Clinic



62-year-old man overseas

Sinus Rhythm — @ 57 BPM Average

This ECG does not show signs of atrial
fibrillation.

1

25 mm/s, 10 mm/mV, Lead |, 514Hz, i05 12.2, watchQS 5.1.3, Watch4,2 — The waveform is similar to a Lead | ECG. For more information, see Instructions for Use.

.3 Cleveland Clinic



44-year-old man with atrial fibrillation

Manage

+ Started DOAC

&3 Cleveland Clinic
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Mew arder: Search

Order mode: |5tandard New order defaults Mot using defaults
After visit {1 Order)

SMARTPHONE OUTPATIENT CARDIAC MONITOR

Routine
Priority: Routine
Arrhythmia Transmitter 30 days | 60 days |REDEVER | n/a
Chronic Care 6 months | 12 months | Other [IE]
Comments (F&): ooas | M| (3) 3] bk | [insert smare B == 95

b Additional Crder Details

&3 Cleveland Clinic
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First pacemaker to use smartphone directly
for remote monitoring of the device

CareLink™
network

@ n:ﬂ .- --. E fr:_-:\
A T -
¥ R
' Patient's Cellular
smartphone arwEr
alClh 85 8 pass—tnrougn oy

Cleveland Clinic



My Care Link Heart App

& Cleveland Clinic



Opportunities

' ; Research \

’ Cost / Value

Global and Future
Opportunities

&3 Cleveland Clinic



JAMA | Original Investigation

Effect of a Home-Based Wearable Continuous ECG Monitoring
Patch on Detection of Undiagnosed Atrial Fibrillation
The mSToPS Randomized Clinical Trial

Steven R. Steinhubl, MD; Jill Waalen, MD, MPH; Alison M. Edwards, MStat; Lauren M. Ariniello, BS; Rajesh R. Mehta, RPh, MS; Gail S. Ebner, BS;
Chureen Carter, PharmD, MS; Katie Baca-Motes, MBA; Elise Felicione, MPH, MBA; Troy Sarich, PhD; Eric J. Topol, MD

« Direct to participant randomized clinical trial
among members of a healthcare plan

e 3 groups

« Immediate monitoring (patch x 2)
Incidence of AF diagnosis was 3.9% in the immediate

, , monitoring group vs 0.9% in the delayed group
« Delayed monitoring (after 4 months)

Monitored group led to more use of healthcare resources
e Observation group

E: Cleveland Clinic Steinhubl et. al. JAMA. 2018



A

One email sent to
encourage enrollment

E: Cleveland Clinic Turakhia MP et. al. Am Heart J. 2019



Continuous AF Monitoring

AF > 1 Hour / 24 Hours

., Yes

No AF > 1 hour in 30 days: Stop NOAC

]

Restart NOAC x 1 month

94% reduction in the time on NOAC

&3 Cleveland Clinic

Rhythm Evaluation for Anticoagulation
Therapy for Atrial Fibrillation (REACT-AF)

] . . Meets Inclusion and
*1:1 randomized trial Exclusion
* Chronic anticoagulation (SoC) Requirements
*  Watch-guided anticoagulation v
* Primary endpoint (non-inferiority)
«  Stroke (all) 1:1 Randomization
* Arterial embolism |
* Death due to CV causes J ¥
*Secondary endpoint (superiority) reatment Control Group:
. Major b'eeds Watchﬁﬂided Continuous .
Intermittent DOAC
*Follow-up 30 months DOAC*
v
Daily AF
Monitoring

DOAC for1
month from
last AF
episode

*Courtesy Dr. Rod Passman, Northwestern Medical Center

Continuous AF> 1

hourin24 H

No

*DOAC — direct oral anticoagulant




Opportunities

' ; Cost / Value |

Global and Future
Opportunities

&3 Cleveland Clinic



8% of patients were in sinus rhythm
and did not need cardioversion

* 100 patients presenting for elective
cardioversion for AF

* ECG pre and post Cardioversion

e Simultaneous Kardia Band Smart Watch
recording

&3 Cleveland Clinic



68-year-old woman s/p redo AF ablation

Redo PVI

l

Follow up

Cleveland Clinic



Viewpoint

February 6, 2018

Is It Time for a New Medical Specialty?
The Medical Virtualist

Michael Nochomovitz, MD1; Rahul Sharma, MD, MBAZ

» Author Affiliations | Article Information

JAMA. 2018;319(5):437-438. doi:10.1001/jama.2017.17094

« Telehealth market is expected to rapidly rise to 12.13B by 2022
« The Medical Virtualist
« Change in medical school curriculum

e Bedside manner vs Webside manner?

- Telemedicine # Video Chat but could be of great value when supported by
additional tools (All monitors could be order remotely)

.3 Cleveland Clinic



Opportunities

’ Cost / Value

Global and Future
Opportunities

&3 Cleveland Clinic



Smart Devices: Not limited to the rich

Cleveland Clinic




Purpose

There is a growing awareness and increasing expectation by patients and the public for
access to transparent and secure health care data. This Working Group will provide
guidance, recommendations and resources to HRS members about safely sharing and
exchanging data with patients obtained from personal health records, cardiovascular
implantable and remote monitoring devices and continuous, personal biometric
monitoring. Opportunities for guidance include patient access to data, education on
current challenges in healthcare, promoting open communication with patients about
data sharing and suggestions to manufacturers.

.3 Cleveland Clinic



DIGITAL HEALTH SUMMIT:

EP HITS CENTER STAGE - READY OR NOT!

>>>> 8 Sessions on Wednesday, May 8th <<<<

1. Digital Health In EP

2. Digital Health Tools For Arrhythmia Identification

3. The Wearables & Apps: Show Me the Data

4. Venture Capitalist & Entrepreneur Roundtable

5. Al in EP: Computational Approaches; Al in Hospitals

6. The Role of Tech Giants in Healthcare

7. Success Stories: Driving Digital Health Pathways

8. Digital Health Live Virtual Visit

Register today! HRSsessions.org

*In partnership w/ European Heart Rhythm Association (EHRA)
*Not eligible for CME credit or MOC points

&3 Cleveland Clinic



Nonloop external event recorders can be used for intermit-
tent transtelephonic recordings that can be initiated by pa-
tients with symptoms or on a schedule. These recorders are
applied to the chest or held by hand. Older conventional
transtelephonic monitors required the recording of rhythm
strips while connected in real time over the phone, but
more recent monitors allow the storage of rhythm strips
with transmission at a later time. Event recording occurs after
an event is detected by the patient: the diagnostic yield is
dependent on the recognition of symptoms, the duration of
symptomatic episodes, or on scheduled or more frequent
use to detect asymptomatic arrhythmias.

More recently, smartphone-based ECG monitors have
been developed that can be helpful for long-term intermittent
surveillance.”"™" Recordings from electrodes embedded in
a smartphone case or a card are connected via low-energy
Bluetooth technology to smartphone applications. These
monitors are nonlooping; patients can record during symp-
toms that persist long enough to activate the application. Re-
cordings are stored and can be transmitted via wireless or

Calkins et al  Catheter and Surgical Ablation of Atrial Fbrill

cellular networks. In a study conducted after AF ablation, a
smartphone-based single-lead system was compared to trans-
telephonic monitor ECGs with 100% sensitivity and 97%
specificity in detecting AF or flutter.”" Multi-lead and recon-
structed 12-lead recording devices are being developed, but
have not been studied in the setting of AF ablation. Contin-
uous ECG monitoring technology using such applications
are also in development.



Evolution of Digital Health

Need Assessment Usability:
Testing Patients
Validation Healthcare teams

Easy Workflow Rules and

Portals Outcome data Regulations

E: Cleveland Clinic



2018

Technology

Patients

Physicians

Regulators



An APPLE @ a day keeps the
electrophysiologist away?

.3 Cleveland Clinic



An APP a day keeps the
electrophysiologist away?

"3 Cleveland Clinic



Best consumer products to keep the
electrophysiologist away!

&3 Cleveland Clinic



| have palpitation,
i what should | do? _

<+ New age of patient physician

relationship
| have AFib,

< Patients as partners —

<+ Challenges and Opportunities

“The measure of intelligence is the ability to change”

Albert Einstein

E: Cleveland Clinic

what should | do? -






Practical Applications of
Machine Learning and Artificial
Intelligence (Al) in Wearable
Cardiac Monitoring
Technology



Case

« 82-year-old Female with history of long-standing persistent AF and
managed with a rate control strategy (metoprolol) is seen in clinic. She
continues to have mild symptoms (fatigue/exercise intolerance). How

do you manage her heart rate?

1. 10-second EKG in the office and titrate Beta Blockers to achieve
heart rate <110

2. AF ablation

Amiodarone

4. Use Al to personalize rate control

w






What Is Artificial Intelligence?

* Artificial Intelligence === Prediction

 Prediction
Input  ——) . mmm) Output

e ex. Autonomous Vehicles



Al = Better + Cheaper Prediction

+ Artificial Intelligence makes prediction
— Cheaper
— Better

-} cost of prediction
1 the value of complements (data, judgment, and action)
§ the value of substitutes (human prediction)

» Small changes in prediction are meaningful if mistakes are
costly



Prediction Is the Hidden Input in Decision Making

Agrawal A, Gans J, Goldfarb A. Prediction Machines.
2018. Harvard Business Review Press.



Artificial Intelligence: Machine Learning

vs Deep Learning

Artificial intelligence (Al) ﬁ' ||i

Any technique which enable computers to mimic

human behavior Artificial intelligence

13

Machine learning (ML) Y _
achnine learning

A subset of Al techniques which use statistical
methods to improve machine performance with
experience

Deep learning (DL)

A subset of machine learning techniques which use
deep neural networks (DNNSs) to build fundamental
and rigorous representations of data with
experience

O pat Layer O vicgen Layar @ Gulpat Layee

Deep learning




Deep Learning Neural Network

e GPUs

« Cloud
Computing

Data ——

e Lots of
Diverse Data

* Open Source
Software

Topol EJ. Nat Med. 2019;25:44-56.

Input layer

ge®

Hidden layers
£

S
N

NP




Deep Learning and ECG




Deep Learning and ECG




ECG Classification

L
125 msec 1- 4 minutes




Inside the Black Box: Detection of

arrhythmia using deep neural nets

It’s Just Math!

33 convolutional layers and 1 fully connected layer
Rhythm classes: Afib, Atrial, Sinus, SVT, Bl, Bli1, Bll2, Blll, SVT, Junctional

Tiplitzky, Roberts, Mehta, Ghanbari. HRJ 2019



Output = Probability for Each Rhythm Label

& SVT calls with a

probability <0.6 can

: be safely converted
“ to sinus rhythm

Softmax probability

Performance tuning is used to balance precision and sensitivity by
setting a probability threshold.



Data: Diversity and Number of Individuals

Are Critical

® Real patient data mined from the platform

® Detailed annotations made and adjudicated by skilled technicians

® Gold-standard validation data adjudicated by 3 board-certified
electrophysiologists
Database summary

28,000 ECG STRIPS 17,000 PATIENTS 2,000 HOURS OF ECG

84 RHYTHM
TYPES

22 BEAT
TYPES




sensitivity x precision

Real-world Validation F1-score = 2 X ensitivity+ precision

Beat Rhythm classification performance
detection/classification AFb/AFIL
performance ,
Sinus Rhythim 1

100

90 VTach |
g 80 Heart Blocks I
g 10 Pause |
2 60
% 50 Artifact |
g 40 SVTA I
o 30
< 20 IVCD I

18 0 20 40 60 80 100

QRS VEB SVEB F1-score (0 to 100)

m Machine Learning m Deep learning ®m Machine Learning = Deep learning



Validation of Deep Learning for AF Duration

Tiplitzky, Roberts, Mehta, Ghanbari. HRJ 2019



Clinical Use of ECG Detection using DNN

Internet
connection connection
MD Web
portal
) ‘ Cellular Clinical
Device N connection 7 data base
MD iPad
portal
Cloud
computer
Patient servers
Provider

O rpatLayper O vicden Layar @ Gulpat Layee

Bruce CJ et al. World J Cardiol. 2016;8:559-65.






Data Are the New Oil

» Data are the key complements to prediction.

 In order to make a good prediction, the machine must have enough
individuals (or units of analysis) and diversity in the training data.

« The particular prediction problem will tell you what you need.



Day 1 Day 2 Day 3 Day 4
Symptoms Symptoms Symptoms Symptoms
Affect Affect Affect Affect
Sleep Sleep Sleep Sleep
ECG ECG ECG ECG

Accelerometer

Accelerometer

Accelerometer

Accelerometer

GPS

GPS

GPS

GPS

Bio-impedance

Bio-impedance

Bio-impedance

Bio-impedance

Demographics Risk Factors Imaging Baseline
Questionnaires
Age Weight Election Fraction AFEQT
Gender Height Left Atrial Size SF-36
Race Hypertension Valvular CCS-AF
CAD abnormalities PROMIS anxiety
CHF (Mitral, Aortic, PROMIS
History of CVA Tricuspid) depression
Diabetes Functional Capacity | PANAS-SF
PVD SSAS

CAD: coronary artery disease; CVA: cerebrovascular accidents; PVD: peripheral
vascular disease; CHF: congestive heart failure

21
Days



MiAfib Project

* Prediction Problem: AF that is likely to be symptomatic

 Results:
 l|dentified 66/89 (74.12%) AUC=0.92, F1=0.88

Methods Sensitivity Specificity AUC F1

Markov Chain
Automatically Generated 0.90 0.74 0.92 0.88
States (MCGENS)

F-wave suppression 0.18 0.93 0.65 0.23

HRV Based Method 0.06 0.995 0.91 0.11

Li Z, Gryak J, Ghanbari H, et al. Conf Proc IEEE Eng Med Biol Soc. 2018;Jul:4034-7.



Inputs

Social, behavioral
Genomics and -omic layers
Biosensors

Immune system

Gut microbiome

Anatome

Environmental

Physical activity, sleep, nutrition
Medication, alcohol, drugs
Labs, plasma DNA, RNA
Family history
Communication, speech
Cognition, state of mind

All medical history

World’s medical literature,
continually updated

Topol EJ. Nat Med. 2019;25:44-56.
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Virtual health guidance
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I've never been good at giving bad news. Perhaps you'd like to
spend a few minutes with our hospital’s new empathy robot.




