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El guid de la meva presentacio:

Breu introduccio.

* Un marc de recerca aplicada. La transferencia de coneixament a la
societat.

e El Parkinson
* Sobre el nostre producte. Caracteristiques i prestacions

e Com s’ha desenvolupat.
* LalIntel.ligencia Artificial al rerafons.
* Implementacié

e Algunes conclusions.
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Context de recerca aplicada: basicament suportada per financament de
projectes en lliure concurréncia i activitat de tesis doctorals.

CETp

Technical Research Centre
for Dependency Care and
Autonomous Living
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La transferencia de coneixament a la societat
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, Vet 15 patients, set the sensor on the waist, first algorithms and
2009-201 1 ﬁ‘ _ analysis of results.
2010-2013 n HELP - AAL 1st approach with an apomorphine pump, tests with 6 patients.
>150 patients. Biggest database with inertial data known at patients' home.
201 1 -201 5 B_ Focused on algorithms to detect motor symptoms.
scos 40 patients and project focused to determine the ON and OFF state
201 2'201 6 t%‘ _ with aninertial sensor.
Use of the sensor as a gold-standard. Cueing system and enhancement
2015-2018 § _ of algorithms to detect bradykinetic gait and freezing of gait

STAT-ON mm SME Instruments Phase Il project to re-design, industrialise, certify, and
DEVELOPMENT 201 7'201 9 commercialise a wearable medical device to monitor PD motor symptoms

RESEARCH &
DEVELOPMENT

Enginyers Industrials de Catalunya — Comissié Societat Digital Novembre 2019




(1 SENSE/CARE
Sense’/ Care team:
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Carlos Pérez, PhD Daniel Rodriguez, PhD Joan Calvet Marti Pié Anna Santamaria
CEO CTO COO0 Software Assistant
Electronics Industrial Engineering Business Management Electronics and Social and Economics
Project management Machine Learning Master in Marketing Automation Administration
Clinical trials design Quality Contr0| E.md HW Business development Firmware. Hardware and ERP Management
+45 publications +45 Publications +10 years experience in Start- SoftV\'/are design Logistics
ups Customer service
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El producte:
HOLTER FOR PARKINSON

Designed at PARK-IT 2.0, SME Instrument Phase 2, H2020 — c €
SMEINST - 2 — 2016 — 2017, Project number: 756861 0051
AN PARK-IT2 EC CERTIFICATE

Certificate No 2042/MDD

Enginyers Industrials de Catalunya — Comissié Societat Digital Novembre 2019



UNIVERSITAT POLITECNICA
DE CATALUNYA SENSE CARE
BARCELONATECH

La enfermedad de Parkinson

* No se conoce con certeza su origen

 Origina esencialmente la pérdida de neuronas
dopaminérgicas y otras subcorticales en la Substantia Nigra

* Adia de hoy, no tiene curacion.
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Parkinson’s disease
People with PD in the world

Is the 2nd most common

neurodegenerative disease 21.000.000

— 1.200.000

Affected in EUROPE

y B‘S\a:m““zw .
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e 12.000.000

7.000.000

2019 2040 2050
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Parkinson’s disease

Parkinsonian __—=~

gait Mask like face

Slowed
movement

Sintomas del Parkinson

Reduced
arm swing .
/y Asymmetric *  Bradicinesia
Rigidity resting tremor ' o
-Lentitud de movimiento

Postural instability  Blogueo de la marcha (Freezing of Gait, FoG)
-Parada repentina de la accion de caminar

» Discinesias
-Movimientos coreicos incontrolados
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Sintomas del Parkinson

o Estados motores

Con medicacion: ON Sin medicacion: OFF
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Sintomas del Parkinson

> Bradykinesia

* Slowness of movement
* Reduction of step length
* Less cadence

* Less stride speed

* Less fluidity

* Movement difficulties

» Speech affected

Enginyers Industrials de Catalunya — Comissio Societat Digital Novembre 2019



UNIVERSITAT POLITECNICA
DE CATALUNYA SENSE CARE

BARCELONATECH

Sintomas del Parkinson

> Dyskinesia

* Blood dopamine excess

* Uncontrolled choreic movements

* Produces injuries, anxiety,
depression, gait assimetry, and fall
risk
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Sintomas del Parkinson

° Freezing of Gait

e Sudden incapacity to keep an
efficient gait

e According to patients: “as if feet
were glued to ground”

e Direct relation with falls

[ Context dependent ]
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Sintomas del Parkinson

> Cueing at Freezing of Gait

* Unfreeze trick
* Works in some patients
* Useful at bradykinetic gait, too

e Visual, auditive, haptic
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Parkinson symptoms

PD EVOLUTION

ADVANCED

OVER MEDICATION

Levodopa - Blood Level
MOTOR FLUCTUATIONS

MEDICATION INTAKE
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Sintomas y tratamiento del Parkinson

To manage her Parkinson’s
disease, Sara Riggare spends
1 hour in neurological healthcare
and 8,765 hours in selfcare per year.

Sara Riggare, Parkinson’s Disease patient (45)

“Veo a mi neurdlogo 2 veces al afio. Media hora en cada
visita. Es un total de 1 hora de cuidado de salud
profesional sobre mi enfermedad. Durante el afio me
cuido durante 8765 horas, aplicando mi conocimiento y

experiencia, junto con la informacion que me dice el https://www.youtube.com/watch?v=-bqgs-
neurdélogo lo mejor que puedo.” Y5Rtol
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El problema: la necesidad de una evaluacién mas
objetiva y en condiciones de vida normal.
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= Punctual and short evaluations

= Subjective questionnaires, chaotic diaries...
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B. 1. DIAGNOSTICO DE SINDROME PARKINSONIANQ
B. 1. 1 Bradicinesia

(Lentitud en la iniciacion del movimiento voluntario con progresiva reduccion en la velocidad y amplitud de las acciones
repetitivas)

B. 1. 2 Tiene al menos uno de los siguientes:
1.- Rigidez muscular

3.- Inestabilidad postural no causada porcompro/rru'§0 visual, vestibular, cerebeloso o propioceptivo
& NO.. e 1.7
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STAT-ON: How it Works?

_——ﬁ

Auto-calibration (the device adapts to each
patient)
7 battery life working continuously

—=m
SENSECARE STAT-ON

€ Parametros

Patient info

.......

[ =1 e 1
On|y 3 parameters to Set SENSITIVITY SENSITIVITY SPECIFICITY SENSITIVITY SENSITIVITY SPECIFICITY
up the device ‘92%’ 94% <93%’ ‘95%’ <88%’ 81% ‘85%' ‘85%|
ON-OFF STATES DYSKINESIA BRADYKINESIA FREEZING OF GAIT
1 2 3
THE NEUROLOGIST CONFIGURES THE PATIENT WEARS IT 7 DAYS THE NEUROLOGIST DOWNLOADS IN FEW SECONDS
THE APP ACCORDING TO EACH IN DAILY LIVING CONDITIONS THE REPORT OF THE PATIENT’S STATE VIA
PATIENT BLUETOOTH
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SENSE4CARE

— i .
STAT-ON

User ID: 171113-S01
Age: 68
Hoehn & Yahr: OFF: 3,0N: 2
Study start date: 3/28/2018
Study ending date: 4/1/2018
Total days monitored 5
Total FoG Episodes 87
Average FoG Episodes per day 18+4
Average minutes walking per day 58+19
Average number of steps per day 3094+560
Number of falls 4

Time in OFF (% regarding total time monitored)

7.2 hours (34.5 %)

Time in Intermediate (% regarding total time monitored)

9.6 hours (43.6 %)

Time in ON (% regarding total time monitored)

8.4 hours (38.2%)

Time with dyskinesias (% regarding total time monitored)

1.6 hours (7.3 %)

Total time monitored

22 hours

SENSITIVITY SPECIFICITY
92% 94%

ON-OFF STATES

SENSITIVITY

93%

SPECIFICITY

95%

DYSKINESIA

26-01-2019, Sat

27-01-2019, Sun

28-01-2019, Mon

29-01-2019, Tue

30-01-2019, Wed

31-01-2019, Thu

01-02-2019, Fri

06:00
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Resultados en formato de informe:

Weekly Summary of Motor Status of the patient 32
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08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
INT ON - OFF - Dyskinesia Notapplicable I Button Event I Fall
SENSITIVITY SENSITIVITY SPECIFICITY

BRADYKINESIA FREEZING OF GAIT
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Resultados en formato de informe:

Weekly Summary of Daily OFF time of the patient 51

Weekly Summary of FoG of the patient 52
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Resultados en formato de informe:

Energy expenditure of the patient 27 day 27-01-2019

o) Stride fluidity of the patient 27 day 29-01-2019 Number of stapa of the peiant o
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Results

Resumen Semanal del Estado Motor del paciente 1

04-11-2019, lun .

CAD

06-11-2019, mi — . — @
| 6] |m i

08-11-2019, vie

09-11-2019, séb
10-11-2019,dom

08:00 10:00 1200 14:00 16:00 18:00 2000 22:00
NT ON - OFF - Discinesia No aplicable I Boton I Caidas
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14-10-2019, lun

15-10-2019, mar

16-10-2019, mié

17-10-2019, jue

18-10-2019, vie

19-10-2019, séb

20-10-2019,dom

SENSEZCARE

Resumen Semanal del Estado Motor del paciente 4

1 -@ 2 |
M E-0 -F |
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08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

INT ON -OFF - Discinesia

No aplicable I Boton | Caidas
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Results

Resumen Semanal del Estado Motor del paciente 1

H

04-11-2019, lun

06-11-2019, mié — . ———— E

07-11-2019, jue @ Il q"l
08-11-2019, vie H

09-11-2019, séb

10-11-2019,dom

08:00 10:00 1200 14:00 16:00 18:00 2000 22:00
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Resumen Semanal del Estado Motor del paciente 4
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Artificial Intelligence concepts

According B.Mesko (2017) or J.Qi (2017): “Al is the science and engineering of
making intelligent machines, especially intelligent computer programs”, or
more concrete: “..is the capacity of a computer program to perform tasks or
reasoning processes that we usually associate to intelligence in a human
being”

itg?
Generation of data Benefits?

eHealth %
+

Extract

|0T knowledge
* Reasoning
* Better
‘ How? management
L ow: * Personalization
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@ 555 Al a personal view  SEYSECE

Data coming from:

* Wearables

* EHR (Electronic
Health Record)

1 Learning Database
e Structured
Treatment * Non-structured
Rule based Engines of e
(server or Fog level) Data I

é )
/ * Machine learning

Possible outputs: k. Expert knowledge )

* Personalized diagnosis
* Personal treatments

* Recommendations Extracted
e Alarms, alerts and re-adjustments Knowledge
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© Al: a personal view (2)

How to get a good Learning Database?

» Structures Database from specific experiments (pilots) with real
participants, generating data according a given approved protocol.

DATA + labelling by experts + annotations > GOLD STANDARD

* Non-structured Database from people just giving access to their data,
compiled from sensors or wearables

DATA + methods of analysis + similitude methods T No GOLD STANDARD
—a Intrinsic patterns

) 3
g \ 4
Learning process: model parameters
. calculation

Obtained results on data

not contained in the — Model to be applied: depends on =
learning Database the problem and the computational =
requirements. ({9
Usual question: how big must be * Calculated parameters N J
the learning Database? * Generalization capability
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» Artificial intelligence: Designates a set of techniques implemented
for purposes of allowing machines to simulate human intelligence
in order to resolve complex problems. It can be used in a variety of
approaches, notably automatic learning (or machine learning) and
deep learning. The latter imitates neuronal function in the human
brain for purposes of teaching a machine how to independently
identify and classify data. /

Thanks to artificial intelligence, the ever-increasing volume of data and growing

computing power, it is now possible to construct algorithms that generate
automatic and more accurate solutions to medical problems.

» How to extract knowledge from specific or formal data?

» Implementation of learning approaches?

> Can be done in real time?
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Healthcare Big Data Sources

|

e
!

-1

—niiEE s
-

Big Data Knowledge

System

Lower Cost

\

Improved Outcome
through Smarter
Decisions
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— Provider Knowledge: Medical experts
have both tacit and explicit knowledge. In
general, every doctor is required to
identify typical medical diagnosis or
details from various available sources.
Years of experience in medical diagnosis
1s used to take better decisions.

Patient Knowledge: Tacit knowledge is
developed from the patients and it is
considered “health status”. Generally
speaking, practitioners and doctors may
not know about the current and past
medical conditions of the patients.

Organizational Knowledge is also a
vital role in patient treatments and
diagnoses for preventative maintenance
and illnesses. Most medical organizations
have other familiar resources that are
available for doctors and patients to
contact.

Novembre 2019
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8

Machine learning algorithms: supervised learning

Supervised learning is a type of learning which is appropriate when correct results are
assigned to the training instances that can predict the progress of learning. This is a very
common method in classification problems where the goal is mostly to get the computer

to learn a classification system that is already created.

Text,

etc.

[l Training

Documents,
Images,

=

om

Feature
Vectors

"

E Labels |

Supervised Learning Model

Machine
Learning

Algorithm

4

Steps in Supervised
Learning:

e Data Preparation
Algorithm

e Selection of

Feature methodology.
Vect
New Text, -  Test and Update
Document, |:> :> Predictive :> Expected .
A S Label » Using final model for

prediction

* Choosing appropriate
 Fit appropriate Model

appropriate validation

/
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Importance of Supervised Learning Algorithms in Big data Analytics:
Machine learning is a very ideal solution for exploiting new opportunities from a
huge volume of data as it requires minimum human interaction. Also this
methodology is data driven and runs at machine scale. It is also capable of
handling huge variety of variables coming from heterogeneous sources.

Very common used algorithms in supervised
learning:

* SVM — Support Vector Machines (useful
both for classification and regression)

* Naive Bayes algorithm (useful for
classification purposes)

* Decision Trees Classifiers
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Machine learning algorithms: unsupervised learning

SENSE/CARE

Unsupervised learning is more complicated approach than supervised learning. Here
the objective is to learn something by the computer by its own. There are primarily
two approaches available in this type of learning.

B Training
Text,
Documents,
Images,
etc.

. om

New Text,
Document,
Image,
etc.

=

Feature
Vectors

| oy

Feature
Vector

[

Unsupervised Learning Model

Machine
Learning

Algorithm

<

Predictive
Model

—

Likelihood
or Cluster ID
or Better
Representation
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The first approach is teaching
the agent with the help of
reward system which is an
indicator of success. This
approach is most suitable into
the decision problem
framework where the goal is
making decisions for
maximizing rewards instead of
producing a classification.

The second type of approach is
clustering where the goal is
finding similar patterns in the
training dataset instead of

maximizing a utility functiy

Novembre 2019




UNIVERSITAT POLITECNICA
DE CATALUNYA SENSE CARE
BARCELONATECH

Common Algorithms in Unsupervised learning:

» Clustering Algorithms: Clustering is a popular concept which groups
organization of unlabeled data based on similarity.

* Bayesian Algorithms: The major goal of this kind of algorithm i1s to
generate a posteriori distribution over the collection of all partitions of the
data.

* Hierarchical Algorithms: These type of algorithms find successive clusters
using the clusters used previously.

* Partition Algorithms: These type of algorithms find all clusters at the same
time but can also be used as divisive algorithms in the hierarchical
clustering. K-means clustering algorithm resides in this group.

» Dimensionality Reduction Techniques: In the world of big data, the volume
of dataset increased tremendously and it leads to lots of redundancy. So it needs
a treatment of dimensionality reduction to remove unwanted dimension.
* Missing values
* Random Forest
* Principal Component Analysis - PCA
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Please, take a look on main results and applicability of the REMPARK project...

River Publishers Series in Biomedical Engineering

- Parkinson’s Disease Management through ICT: The REMPARK Approach
Editors: F'J’

Joan Cabestany, Universitat Politécnica de Catalunya UPC, Barcelona, Spain
Angels Bayés, Uparkinson Teknon, Grupo Hospitalario Quir6n, Barcelona, Spain |
. ISBN: 9788793519466

e-ISBN: 9788793519459

doi: 10.13052/rp-9788793519459
. Price: €0.00

. Available: July 2017

Print book avallable at List Price

Management through ICT:
The REMPARK Approach

It is an Open Access book, available at
http://www.riverpublishers.com/rese
arch_details.php?book_id=430
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Project roadmap

eHypotheses
PROJECT *Goals
eRequirements
eMethods

DEFINITION

eDatalogger

o(linical
protocol
eLabelling
ML Methods
*Train &
Evaluation
eValidation

eMultiple manufacturing

*Quiality System
eTechnical File
oCE Certification

*Pilots Validations and
Use Cases
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Project roadmap

*Hypotheses
(]
PROJECT Goals
SEENICES e Requirements

eDatalogger

e(Clinical
protocol

eLabelling

ML Methods

eTrain &
Evaluation

*Validation

eMultiple manufacturing

*Quiality System
eTechnical File
*CE Certification

ePilots Validations and
Use Cases
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Inertial systems

Li-Po
Battery

usB

Sensors

Inertial

L

Analog Extl.

Power
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Power
Management

Connector

Enginyers Industrials de Catalunya — Comissio Societat Digital

USB bus

Digital Power

coMm

Power
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Clinical protocol

« Cubrir todos los movimientos posibles
 Criterios de inclusion y de exclusion

*  Grupo control

* Ambientes lo mas cercano a la realidad

e Cobertura tecnoldgica
- Sensores
- Camaras
- Expertos clinicos

« Comités éticos, aceptacion de la AEMPS??
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Acceleiometer v |

W
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K| =l
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-Actlvlty/Poslule:
Sit

SENSE/CARE

Clinical protocol: Data base construction

ON-OFF:
Clear OFF state

Dyskinesia:
‘Without Dysk

qFoE'
Tremor:
Without tremor

Bradykinesia:
No bradykinesia

Festination:

Falls:
No fall

‘alking aids:

08:18:15.57 08:18:29.31 08:18:43.06
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Machine learning

Activity Posture labelling result Ireezing of Gait FoG labelling result

. —— Anterior—Posterior acc.
G. downstairs

Going upstairs Vertical acc. Destinat. FoG - —— Anterior-Posterior acc.
i s T S ey TihtosT Vertical acc.
e O S
Standing Turning FoGf — Lateral acc.

Straight L.FoG -
- Start Hes. FoG [
Without FoG

Wik II!'I“'Il l‘[ilwl il "‘l.",-"Afth AU Undefined | L\,

Sit

=
Undefined

MAM s A\ / | [

A L 1 L L L L ! L 1 1 1 1 1 1
400 410 420 430 440 450 460 470 480 2411 2412 2413 2414 2415 2416
Time (s.) Time (s.)

Enginyers Industrials de Catalunya — Comissio Societat Digital Novembre 2019




UNIVERSITAT POLITECNICA
DE CATALUNYA SENSE CARE
BARCELONATECH

Machine learning

Feature Selection .
Feature Machine
. and .
Extraction . learning
Normalization

Data
Capture

Preprocess and
Windowing

Kingston® 4
268

iICro
ms -
0807R85630V

SD-C026
SDC/2GB 16 &
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Machine learning

Feature Selection
Data Preprocess and Feature Machine
- . . and
Capture Windowing Extraction . learning
Normalization

('Y 2'k) = o Vi Zie) - Cxe
l l D Calibration matrix

> Acquired data
> Calibrated data

k is a (accelerometer), g (gyroscope), o m (magnetometer)

Cx = L) S)TISS)T ]

Enginyers Industrials de Catalunya — Comissié Societat Digital Novembre 2019




BARCELONATECH

UNIVERSITAT POLITECNICA
DE CATALUNYA SENSE CARE

Machine learning

Feature Selection
and
Normalization

Machine
learning

Data Preprocess and Feature
Capture Windowing Extraction

| i i TP wﬁEﬂ,o...,._ —

. h"‘hWa,—_Ju‘
i S
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Machine learning

Feature Selection
and
Normalization

Machine
learning

Data Preprocess and Feature
Capture Windowing Extraction

Pt e e m=—1

Xy Window w’s feature vector
Yw: Assignated class to features
2 from window w

S={xwyw)hw=1,.., M}
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Machine learning

Data Preprocess and Feature
Capture Windowing Extraction

Support Vector

Machines Random Forest

. Neural
Tree Classifier

Networks

SENSEZCARE

Feature Selection

Machine
and learnin
Normalization 8
l
RN s 1 2
minimizar {=||w||*> + C* Z &
Clase-1 2 i=1
a Sujetoa: y;(w-@(x;) +b) =21—§,Vi
AN
N wix+b=1 §=0vi
<E<IN_ wix+b=0 C"=C=Cpysiy=1
~wix+b=-1 C"=C4=Cpysiy=-1
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&

Machine learning

) B

SENSE/CARE

Data Preprocess and Feature Lo salaicn Machine

Capture Windowing Extraction i learning
Normalization
Classifier Evaluation
Goal Class No-Goal Class
Ce _ TP
Sensitivity = 7o ey Positive Test P FP
Specificity —=—— Negative Test FN N
TN+FP

Sensitivity (also called the true positive rate)
measures the proportion of actual positives
that are correctly identified as such.

Enginyers Industrials de Catalunya — Comissio Societat Digital

Specificity (also called the true negative rate)
measures the proportion of actual negatives
that are correctly identified as such
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PD: motor symptoms evaluation

Window ouput

Sample Minute 10-Minute
calculation vki

Signal filtering Window Features

detection

idetcation
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Algorithms validation

.‘frqntiers e SINAL RESEARCH Contents lists available at ScienceDirect . l‘ \”
in Neurology 80/iner2017.00431 1/
) A0 ) .V
] Gait & Posture HSTURE

Analysis of Correlation between

an Accelerometer-Based Algorithm
for Detecting Parkinsonian Gait Full length article
and UPDRS Subscales

Al Rodriuer Holiners': Albet i, Garos Pées-Lopest, A “HOLTER?” for Parkinson’s disease: Validation of the ability to detect on- @Cmsmrk
Daniel Rodriguez-Martin®, Sheila Alcaine®, Berta Mestre®, Paola Quispe®, Benedetta Giuliani®, off States using the REMP ARK System

Gabriel Vainstein’, Patrick Browne®, Dean Sweeney?, J. Manuel Moreno Arostegui**,
Angels Bayes®, Hadas Lewy’*, Alberto Costa®'’, Roberta Annicchiarico®,

journal homepage: www.elsevier.com/locate/gaitpost

OPEN ACCESS  Timothy Counihan’, Gearsid O. Laighin® and Joan Cabestany** Angels Bayés™', Albert Sama”, Anna Prats“", Carlos Pérez-L6pez”, Maricruz Crespo-Maraver™,
Juan Manuel Moreno”, Sheila Alcaine”, Alejandro Rodriguez-Molinero“""', Berta Mestre®,
JMIR MHEALTH AND UHEALTH Rodriguez-Molinero et al Paola Quispe®, Ana Correia de Barros?, Rui Castro®, Alberto Costa”, Roberta Annicchiarico’,
Oridinal Paper Patrick Browne’, Tim Counihan®", Hadas Lewy', Gabriel Vainstein', Leo R. Quinlan®",
: Dean Sweeney™", Geardid OLaighin“™, Jord SCIENTIFIC
. . . . . b

Validation of a Portable Device for Mapping Motor and Gait Joan Cabestany REPORTS
Disturbances in Parkinson’s Disease natureresearch
Alejandro Rodriguez-Molinero'*’, MD, PhD; Albert Sama’", PhD; David A Pérez-Martinez*, MD, PhD; Carlos Pérez OPEN Estimati ng dys kinesia Severity
Lopez’, MSc; Jaume Romagosa’, BSc; Angels Bayés®, PhD; Pilar Sanz®, MD, PhD; Matilde Calopa’, MD, PhD; César . . 7 . .
Galvez-Barrén®, MD; Eva de Mingo®, BN; Daniel Rodriguez Martin’, PhD; Natalia Gonzalo*, NURSE AID; Francesc In Pa rkl nson's dlsea se by usl I"Ig
Formiga’, MD, PhD; Joan Cabestany®, PhD; Andreu Catala®, PhD | SSISTIVE TEC SIES odriguez-Molinero et a 1 B

JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES Rodriguez-Molinero et al a waist-worn sensor: concurrent

Original Paper Received: 8 October 2018 ="

Nt 1 e validity study

A Kinematic Sensor and Algorithm to Detect Motor Fluctuations Publishedonin: 17September 2019, ppejandro Rodriguez-Molinero 7, Carlos Pérez-Lpez™, Albert Sama*,

. . . . . e Daniel Rodriguez-Martin**, Sheila Alcaine®, Berta Mestre®, Paola Quispe®,

in Parkinson Disease: Validation Study Under Real Conditions of Benedetta Grliant, GabrielVainstein, Patrick Browneba°%, Dean Sweeney’,

Leo R.Quinlan(®?, J. Manuel Moreno Arostegui®*, Angels Bayes®, Hadas Lewy’,
Use Alberto Costa®?, Roberta Annicchiarico®, Timothy Counihan®, Geardid O. Laighin? &

Joan Cabestany®**

Alejandro Rodriguez-Molinero', MD, PhD; Carlos Pérez-Lopez™*, PhD; Albert Sama®*, PhD; Eva de Mingo®, RN;
Daniel Rodriguez-Martin®, PhD; Jorge Hernandez-Vara®, MD, PhD; Angels Bayés®, MD, PhD; Alfons Moral’, MD,
PhD; Ramiro Alvarez', MD, PhD; David A Pérez-Martinez’, MD, PhD; Andreu Catala®, PhD
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@ ==ns - PD motor symptoms SENSE/CARE
evaluation: some results

SYMPTOM Specificity

Bradykinesia 88% 89%
Dyskinesia 93% 95%
FoG 88,1% 80,1%
ON/OFF 90% 91%

Step detection accuracy = 97%

Sensitivity (also called the true Specificity (also called the true
positive rate) measures the negative rate) measures the
proportion of actual positives that proportion of actual negatives that
are correctly identified as such. are correctly identified as such

Enginyers Industrials de Catalunya — Comissié Societat Digital Novembre 2019




UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH

STAT-ON: clinical evaluation status

Activity Character of the

Title of the experience

Main responsible

Funding scenario

SENSEZCARE

perience

1 Pilots for clinical
validation of STAT-
ONT™

2

3

4

5

6

7

8 Formal  running
projects

9

10 Independent
actions

Comparison between
classical visits and STAT-
ON™ information

Clinical Use experience

Practical use and general
opinion of neurologists
Therapeutic = medication
adjustment by comparing
different information

Therapy enhancement to
prevent falls due to PD

symptoms in PD patients
User experience using
STAT-ON™

Deep Brain Stimulation
experience

Integration into a large-
scale system and analysis of
data

Platform design to adapt
information to hospital
systems

Other actions

Consorci Sanitari Penedés-Garraf

UParkinson. Quirén Teknon and
Hospital Moisés Brogi
COPPADIS initiative

Hospital Germans Trias 1 Pujol

Hospital Universitario de Burgos

Air-Liquide - Orkyn in France

Hospital Cruces - Bilbao (Spain)
Osakidetza

Gatekeeper  project  (H2020
initiative)
H2020-SC1-FA-DTS-2018-2020-
85722

REVEL-PARK action

A number of initiatives (private
and corporative) including the
free use of STAT-ON™ for a
limited time

MoMoPa-EC project.
FIS project funded by
ISCIII in Spain

With the support of
Abbvie

Internal activity
COPPADIS

Internal, with the

possible
participation of
Abbott

FIS project funded by
ISCIII in Spain

Internal
Internal

EU

ACTIVAGE project -
EU

Novembre 2019
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Novembre de 2019 a Sevilla

Amazing performance at @TecnoSEN (Nov.2019) event

from Dra. Bayes presenting results from 40 patients using 7@';“ \ Sociedad Espafola de Neurologla
e , J Fundada en 1949

STAT-ON.
Some conclusions from the study:

* Hauser diaries, is this the end?

* STAT-ON has more sensitivity to detect Motor
Symptoms

* It has helped to view the general state of the patient.

* STAT-ON can detect the beginning of “wearing-off”.

* It detects patients with initial or mild dyskinesias.

* The system has very good usability

* Itis useful to know when FoG episodes appear (ON,
OFF or both states).

* With the analysis of the reports, it speeds up the visit
of the patient at doctor’s office.

* The STAT-ON helps to improves QoL of the patient and
helps to empower the patient.

* The sensor perceives less % OFF (the sensor cannot
detect OFF when the patient is still).
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@ SENSE/CARE
Some additional conclusions:

* eHealth is a very challenging concept, opening the doors to very different view of
the relationship between doctors and patients. STAT-ON should be part of it.

* loT (Interner of Things), with the technological deployment, should be able to
promote the use and diffusion of eHealth practices.

* Alis an embedded concept that can help in many aspects:
e Big Data analysis
* Recommend and suggest actions according personal needs
* Stablish alarms to be launched in the presence of some circumstances
* Suggest actions to the doctors (not to take automatic actions!!)
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www.sense«care.com

info@sensed4care.com

Professor
Universitat Politecnica de Catalunya

Barcelona - Spain

joan.cabestany@upc.edu
joan.cabestany@sense4care.com
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Weekly Summary of Motor Status of the patient 32
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