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Shimmer - Wearable Wireless Sensor Platform

Shimmer is a wireless sensor platform that allows you to capture and communicate a wide range
of sensed data in real-time.

Shimmer is the main component (often referred to as the main-board) required to setup a
wireless sensing application, and provides a range of functions including basic motion sensing,
data capture, processing, and the wireless transmission of sensed data.

Afull range of sensor modules (or daughter-cards) can then be connected to Shimmer, to allow
for applications in complex motion sensing, vital signs and biophysical sensing, environmental
and ambient sensing.
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COMPANY WIRELESS INERTIAL SENSORS

mooility lab

cueing s

, Tremor inertial
. sensor (wrist):
With over 100 universities and hospitals using this system worldwide, Mobility /; Sends tremor data
Lab™ is the most trusted sensor-based gait and balance system on the market. Y to/smartphone

Sensitive, Valid, and Reliable Outcome Measures

Mobility Lab™ makes it easy for you to collect, analyze, and store outcome
measures. Simply strap sensors on to your subject, instruct them to preform a
standardized test, and when they are finished a report is automatically generated
to compare against normative values. Beginning to end takes less than 5 minutes.
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Intel, Michael J. Fox and Big Data:
Fighting Parkinson'’s Disease

By Virginia Backaitis | Aug 13, 2014 | ¥ Follow | 908 followers

Featured Webinar: Why You Can't Afford Your Homegrown CMS

- Lastig = vo've been there. In the doctor's

‘ & of Americ office that is. You're not feeling well
and you want to tell the doc all
about it, but he wants to ask you
guestions like: How would you rate
the pain on a scale of 1 to 107
When did this start? How long does
it last? How would you rate your
sleep 1to 107

You answer the questions with what
is, at best, a guess. And the doctor
makes assessments based upon your answers, But is what he calls an "8" the
same thing you call an 87 And what does "sleeping well" actually mean? (And,
yes, we know there’s information like heart rate, blood pressure, lab work data to
consider, but we're putting that aside for the moment.)

MNow forget about yourself and think of a Parkinson's patient. Michael J. Fox or
Intel's Andy Grove may be the ones we "know” best, unless there's someone in
our personal lives who has been affected. Their doctors probably include some
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Can Parkinson’s Wearables Learn from MS?

Biogen 1dec explores use of wearables to track
MS patient activity

March 10, 2015 8:29 pm by Stephanie Baum | 10 Comments
I o | wiweet [s6] [ sheel = Y 2

As part of an effort by Biogen idec to explore ways to use wearables with MS patients to help
physicians quantify patient activity, it recently completed a study of 250 patients in collaboration
with PatientsLikelMe, Naomi Fried, vice president of medial information and innovation at Biogen,
referenced the study as part of a keynote presentation on digital health at the MidAmerica
Healthcare Venture Forum in Chicago this week.

This is the problem that Biogen idec wants to solve. Impaired mobility affects more than 90 percent
of people with M3, but the quantified assessment of their walking ability tends to be limited to
clinical settings. Sensors could give physicians a more accurate assessment of the level of activity
of these patients if they were willing to wear activity trackers between appointments.

The study of 250 people with MS sought an answer to the questions: Would patients actually use
wearables as part of their daily lives and be willing to share that information with physicians?

The initial takeaway from the study is that it needs to use devices with more sophisticated sensors
to quantify movement accurately and consistently. “Current technology is not built to provide
consistent and validated data in MS. We are early in the process, but hope to have progress in
the coming months,” according to an emailed statement about the study from Biogen. It also noted
that it was encouraged by the “overwhelming positive participation” from MS patients. It took the
response as a sign of encouragement as it explores using wearables in the future.
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Agile Development: Systems, Algorithms, and Applications
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Clinical Validation and Publications

NIH Funding g $25 Million in SBIR Funding

¢ National Institute of Health, US
e State of Ohio Commercialization Programs

Colauoraters Over 30 Collaborating Institutions

e Clinical Testing

e Research Collaboration

e Commercialization Partners

Controlled Database with over 1,000 Patients

Publications

Over 75 Peer-Reviewed & Presentations

Tremor, Bradykinesia & Dyskinesia Assessment
Parkinson’s Telemedicine

Deep Brain Stimulation Programming

Clinical Trials



Quality and Regulatory

FDA Clearance to Market

e 510k Clearance to Market
¢ |[ntended Use

e Kinesia is intended to monitor physical motion and muscle activity to quantify
kinematics of movement disorder symptoms such as tremor and assess activity
in any instance where quantifiable analysis of motion and muscle activity is
desired.

ISO, CE Mark, Health Canada, and TGA

e |SO 13485:2003

e European Medical Device Directive 93/42/EEC -

e Canadian Medical Device Conformity Assessment System @"EG 15485 2003
e EMERGO EUROPE: Authorized Agent

Standards and Testing

e Tested to IEC 60601 Standards
e Complies with FCC Part 15 Rules
e HIPAA Compliant
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A Road Map for Parkinson’s Wearables
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Clinical Validation of Wearables



Clinical Validation Workflow

Start with Controlled Environment

Include Broad Range of Severities

Compare Versus Traditional Gold
Standard (Video)

Demonstrate Correlations, Sensitivity,
and Test-Retest Reliability

Move to Unconstrained Environment and
Tasks That Mask or Mimic Symptoms




Model Score

Discrete Tremor Assessment
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Kinesia technology for automated tremor assessment. Movement Disorders
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Discrete Bradykinesia Assessment
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Discrete Dyskinesia Assessment
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Heel Sensor Amplitude
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Discrete Gait and Balance Assessment
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http://www.gaitposture.com/article/S0966-6362(12)00398-0/abstract
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Sensitivity: Minimum Detectable Changes, % of Full Scale
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Targeted Applications

Targeted Applications




Objective Sensor

Mobile App

9:24 AM 3 o3y, w=)

g
I -

Arms Extended

Time Remaining

15

Web Portal and Reports

1031AM 15 20
10:58 AM 23 22 20
11:35 AM 20 20 18
11:50 PM SINEMET (300mg)
11:56PM 10 200 23 22 20

¢ 1230PM 20 18 19 20
1:04 PM 14 20 14 18
1385 PM JS K 1] 08 17
202 PM 10 10 15
230PM DRI 10 10 12 17 24
3.07 PM 07 11 15 13 1
333PM 13 14 17 W7
403PM 268 15 16 18 18
428 PM 20 19 19 20
500 PM 22 21 21 20

Kinesia(re



Task-Based Motor Assessments
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Sensitivity of Data Versus Patient Burden




Continuous Tremor Assessment
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Parkinsonism & Related Disorders, 2011.




Continuous Dyskinesia Assessment
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Wearable Sensors

Mobile App

|

Attach sensors to the
wrist and ankle of your
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Continuous Parkinson’s Monitoring

Summary Data
Total Wear Time: 952 HR

Tremor Summary Data
Time Percent Wear Time
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Time Rnd {Tremoricore) =0 2:45 28 Mobility Data Summary
Time Rnd (TremorScore] = 1 1:42 17.2 Time  Percent Weear Time
Time Rnd {TremorScore) = 2 5:24 54.7 Tatal Time Rest 0: 25 "E]
Time Rnd {TremorScore) = 3 0:00 0 Total Time Active (Non-Gait) |2:14 22.7
Time Rnd {TremorScore] = 4 0:00 0 Total Time Gait 7:12 73
Average [Tremor Score) 0.B8 Tovtal Active Tirme 9. 26 Bs.7
Standard Dev {Tremar Score) 0.69

[Wear Time Steps 9

B Arm Swing During Gait 921

Dyskinesia Data Summary

Time Percent Wear Time Subject Reported Diary
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: OFF B:30 B354 58.6
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Continuous Parkinson’s Monitoring
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Deep Brain Stimulation
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- Closing The Clinical Workflow
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Potential Solution for DBS Programming

- N

Configuration 2-, Case+

Amplitude 1.5 mA
Pulse width 90 us

Frequency 130 Hz

J

Can a Computerized Sensing System...

1. Find DBS Settings that Improve Motor Outcomes Compared to Clinicians?
2. Find DBS Settings that Provide Similar Motor Outcomes at Lower Amplitude?

3. Automatically Guide a Programming Session to Improve Motor Outcomes?



~ Post Hoc Comparisons to Clinicians

DBS Parameter Selection
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~ Post Hoc Comparisons to Clinicians

Optimization of Therapeutic
Benefit (n = 16)

p < 0.0001
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~ Post Hoc Comparisons to Clinicians

Optimization of Therapeutic Optimization of
Benefit (n = 16) Battery Life (n = 6)
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Real-Time Computer Guided Programming

Contact /

Polarity

Algorithm Settings

Pulse Width |Frequency| Kinesia Score

Kinesia Score On
After Functional

Percent
Improvement

Average

0-/C+
1-/C+
0-/C+
2-/C+
1-/C+

1-/C+

Amplitude

1.8 mA
0.5 mA
1.2 mA
3.9mA
1.5mA

2.4 mA

90

90

90

90

90

90

130

130

130

130

130

130

0.5

0.9

1.8

2.8

1.5

2.8

1.7

Mapping
0.4
0.5
1.5
2.0
0.9
0.5

1.0

14.5%
47.9%
13.7%
29.6%
38.1%
82.7%

37.8%*

*p=0.01



- Closing The Business Case



Reimbursement
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Reimbursement

DARN IT! — WE'RE NOT IN
ANYBODY'S DELIVERY AREA!

Delivery Models
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Reimbursement
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Reimbursement

Delivery Models

Business Models

EHR Integration
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"All this talk about EMRs and EHRs is
just a fad - like the Internet thing."



- Closing The Patient Perspective









Wearables Roadmap

For the Future?
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