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Parkinson’s disease patients = 7,000
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PARKINSON’S DISEASE: GENERAL CONCEPTS
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PARKINSON’S DISEASE: GENERAL CONCEPTS

e 2nd neurodegenerative disorder after AD
e Associated to ageing

* Prevalence 2-5% after 60-70 years of age

Age

v,
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PARKINSON'’S DISEASE: GENERAL CONCEPTS

* Unknown cause, rare genetic cases

* Dopamine deficiency in substantia nigra

Parkinsons Disease

MNon-Parkinson's




PARKINSON’S DISEASE: GENERAL CONCEPTS

MOTOR MANIFESTATIONS

gn



PARKINSON’S DISEASE: GENERAL CONCEPTS
MOTOR MANIFESTATIONS “ON” SITUATION:

Adequate levels of dopamine in the brain

Sufficient motor agility to walk and daily activities

Usually with active tremor

Tromor_ ' “OFF” SITUATION:
Fid
e Low levels of dopamine in the brain
isxfﬁ; % * High bradykinesia & rigidity (limbs-trunk)

* High limitation to walk and daily activities

* Risk of falling c



PARKINSON’S DISEASE: GENERAL CONCEPTS

Unified Parkinson's Disease Rating Scale

UPDRS - lll

N

Moator Examenation o

Facial expresmon

Ragxdity

Fnger tappng

Hand movenents

Pronation supina ton of hands
Toe tapping

Leg agiity

9. Arising from chair

10Gait

11Freesing of gait

12 Poswral stability

13Pcsture

14 Global spomaneity of movemnent
15.Pastural tremor of the hands
16.Kine tic tremor of the hands
17 Resttrermor amphude

18 Comstancyaf rest tremor

Hoehn and Yahr Stage Scale
0:nosymptoms

1: unilateral symptams anly
2:bilsteral symptoms without
mpared balance

3. Mild to modemste symptoms;
some postural instability but
physically ndependent; need some
amntance to recover from pulll test
4. Extensive symptoms; still able ©
walk or stand without assstance

5. Uses wheelchair for mobility,

require more assstance

A

Rigidity

.ummpyug—-\

|n-‘°‘;

Tremor

Bradykinesia
Postural
instability




PARKINSON’S DISEASE: GENERAL CONCEPTS
MOTOR MANIFESTATIONS NON-MOTOR MANIFESTATIONS

Rigidity

Cognitiveimpairment/dementia
Psychosis

Visual perceptionand
visuospatial disability

Impulse control disorder
Depression
Sleep disorders

Constipation
N . ' Urinary disorders
Orthostatic hypotension Sexual problems

‘ . Bradykinesia
Postural § "

instability |

Increased sweating
Difficulty speaking
Excessive salivation
Difficulty swallowing
Respiratory problems

MakeAGIF.com

Bowing of shoulders
Swelling of feet




PARKINSON’S DISEASE: GENERAL CONCEPTS

STANDARD PARKINSON’S TREATMENT

ORAL/TRANSDERMAL MEDICATIONS

Levodopa P
| Dopamine agonists m&g
MAO-b inhibitors SHESS
COMT inhibitors -, A

M, USA

Apomorphine Anticholinergics:
Rotigotine Ben zotrupline
Bromocri_ptine Rasagiline S:g:l:;;?::
g:?gilgig 2 " selegline Trihexyphenidyl [
Carbidopa Pramipexole
Levo-DOPA Benserazide  Ropinirole ~ Monosmine oddase 3,4-dihydoxy-phenylacetic

t———————————— 3-O-methyldopa Eig
Catechol-O-methyl transferase

Levo-DOPA DOPA decarboxylase Dopamine




PARKINSON’S DISEASE: GENERAL CONCEPTS

ADVANCED PD TREATMENT

Surgery (Deep Brain Stimulation)

Subcutaneous

Intestinal apomorphine Pump

Duodopa Pump




PARKINSON’S DISEASE: GENERAL CONCEPTS

MOTOR & NEUROPSYCHIATRIC COMPLICATIONS
(ADVANCED PARKINSON’S DISEASE)

cn



PARKINSON’S DISEASE: GENERAL CONCEPTS

MOTOR & NEUROPSYCHIATRIC COMPLICATIONS
(ADVANCED PARKINSON’S DISEASE)

> Motor fluctuations

» Dyskinesias

Related with reduction or
CHANGES IN RESPONSE TO LEVODOPA

e
g g

SINEMET® %
SINEM ¢

waren AEa usA
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PARKINSON’S DISEASE: GENERAL CONCEPTS

MOTOR & NEUROPSYCHIATRIC COMPLICATIONS
(ADVANCED PARKINSON’S DISEASE)

> Freezing of gate

» Postural imbalance Related with disease-associated

BRAIN NEURODEGENERATION




PARKINSON’S DISEASE: GENERAL CONCEPTS

MOTOR & NEUROPSYCHIATRIC COMPLICATIONS
(ADVANCED PARKINSON’S DISEASE)

> Cognitive impairment & dementia

> Depression

> Psychosis (delirium & hallucinations)

» Impulse control disorder (ICD)

$34AL4NS Q31
=y =

Related with
MEDICATION & BRAIN
NEURODEGENERATION

cn




of disability

egree

PARKINSON’S DISEASE: GENERAL CONCEPTS

MOTOR & NEUROPSYCHIATRIC COMPLICATIONS
(ADVANCED PARKINSON’S DISEASE)

EDS Non-mot
Hyposmia
Constipation RBD Depression
T T T T I
=20 -10 0 10 20
Time (years)

RBD: REM Sleep Behavior Disorder
EDS: Excessive Daytime Sleepiness
Kalia, L. V., & Lang, A. E. (2015). Parkinson’s disease.

Pre-motor/prodromal period
Complications
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PARKINSON’S DISEASE: GENERAL CONCEPTS

MOTOR & NEUROPSYCHIATRIC COMPLICATIONS
(ADVANCED PARKINSON’S DISEASE)

Pre-motor/prodromal period Parkinson's disease diagnosis
Complications

Early

Ay

Bradykinesia

Rigidity
Tremor
EDS Pain Hommoter
Hyposmia Fatigue
Constipation RBD Depression Mdcl
T T T T | —
-20 -10 0 10 20
Time (years)

MCI: Mild Cognitive Impairment

Kalia, L. V., & Lang, A. E. (2015). Parkinson’s disease. The Lancet, 386(9996), 896-912.

&



Degree of disability

PARKINSON’S DISEASE: GENERAL CONCEPTS

MOTOR & NEUROPSYCHIATRIC COMPLICATIONS
(ADVANCED PARKINSON’S DISEASE)

Pre-motor/prodromal period Parkinson's disease diagnosis

Early Advanced/late

—— Complications
Psychosis
Fluctuations
Dyskinesi Motor
" Dysphagia
Postural instability
Bradykinesia Freezing of gait
Rigidity Falls
Tremor
: : Non-motor
EDS Pain Urinary symptoms
Hyposmia Fatigue Orthostatic hypotension
Constipation RBD Depression Mcl Dementia
T T T T T >
-20 -10 0 10 20

Time (years) . ‘
' »

Kalia, L. V., & Lang, A. E. (2015). Parkinson’s disease. The Lancet, 386(9996), 896-912.
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PARKINSON’S DISEASE: UNMET NEEDS

e Continuous & objective monitoring of motor and non-motor manifestations
* Risk detection and prevention

e Continuity of care

* Promotion of autonomy and self-care of the patient

 Communication tools for patient/caregivers w/ healthcare professionals

cn



PARKINSON’S DISEASE: UNMET NEEDS
Task Force on Technology . EEEITESS

MDS/ About Us / Committees, Task Forces, SIGs, Study Groups, Affiliate Member Societies / Techno|ogy in Parkinson’s Disease: Cha"enges and Opportunities
MDS Task Forces / Task Force on Technology

Alberto J. Espay, MD, MSc, ™ Paclo Bonato, PhD,? Fatta B. Nahab, MD,® Walter Maetzler, MD,**
John M. Dean, MA, CCC-SLP,® Jochen Klucken, MD,” Bjoern M. Eskofier, PhD,® Aristide Merola, MD, PhD,?
Fay Horak, PhD, " Anthony E. Lang, MD, FRCPC,'2 Ralf Reilmann, MD, PhD, 314 Joe Giuffrida, PhD,'®

Intematlonal Parklnson and Alice Nieuwboer, PhD, "7 Malcolm Horne, MBBS, MD,® Max A, Little, PhD,'®2° Irene Litvan, MD,2 Tanya Simuni, MD,2'
E. Ray Dorsey, MD, MBA,?? Michelle A. Burack, MD,?? Ken Kubota, BS, SEP,2® Anita Kamondi, MD, PhD,2*
[\ /] 1 3 Catarina Godinho, PhD,2® Jean-Francois Daneault, PhD,? Georgia Mitsi, PhD, MBA, MSc,?® Lothar Krinke, PhD,?”
OVeant Dlsorder SOClety Jeffery M. Hausdorff, PhD,?® Bastiaan R. Bloem, MD, PhD,?® and Spyros Papapetropoulos, MD, PhD,*

on behalf of the Movement Disorders Society Task Force on Technology

N,

Mov Disord. 2016 Sep;31(9):1272-82. doi: 10.1002/mds.26642. Epub 2016 Apr 29 »



PARKINSON’S DISEASE: UNMET NEEDS
Task Force on Technology . EEEITESS

MDS/ About Us / Committees, Task Forces, SIGs, Study Groups, Affiliate Member Societies / Techno|ogy in Parkinson’s Disease: Cha"enges and Opportunities
MDS Task Forces / Task Force on Technology
Alberto J. Espay, MD, MSc,™ Paolo Bonato, PhD,? Fatta B. Nahab, MD,® Walter Maetzler, MD,*®
John M. Dean, MA, CCC-SLP,® Jochen Klucken, MD,” Bjoern M. Eskofier, PhD,® Aristide Merola, MD, PhD,?
Fay Horak, PhD, " Anthony E. Lang, MD, FRCPC,'2 Ralf Reilmann, MD, PhD, 314 Joe Giuffrida, PhD,'®

Intematlonal Parklnson and Alice Nieuwboer, PhD, "7 Malcolm Horne, MBBS, MD,® Max A, Little, PhD,'®2° Irene Litvan, MD,2 Tanya Simuni, MD,2'
E. Ray Dorsey, MD, MBA,?? Michelle A. Burack, MD,?? Ken Kubota, BS, SEP,2® Anita Kamondi, MD, PhD,2*
[\ /] 1 3 Catarina Godinho, PhD,2® Jean-Francois Daneault, PhD,? Georgia Mitsi, PhD, MBA, MSc,?® Lothar Krinke, PhD,?”
ovement Dlsorder SOClety Jeffery M. Hausdorff, PhD,?® Bastiaan R. Bloem, MD, PhD,?® and Spyros Papapetropoulos, MD, PhD,*

on behalf of the Movement Disorders Society Task Force on Technology

Cell phone network

/\ 6
=

% S
27 :r,.,., L . -
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By
e )

D Family/Caregiver
Bluetooth/WLAN

Mov Disord. 2016 Sep;31(9):1272-82. doi: 10.1002/mds.26642. Epub 2016 Apr 29 »




PARKINSON’S DISEASE: UNMET NEEDS
Task Force on Technology ~ EEEIIE

MDS/ About Us / Committees, Task Forces, SIGs, Study Groups, Affiliate Member Societies / Techno|ogy in Parkinson’s Disease: Cha||enges and Oppor[unities
MDS Task Forces / Task Force on Technology

Alberto J. Espay, MD, MSc, ™ Paclo Bonato, PhD,? Fatta B. Nahab, MD,® Walter Maetzler, MD,**
John M. Dean, MA, CCC-SLP,® Jochen Klucken, MD,” Bjoern M. Eskofier, PhD,® Aristide Merola, MD, PhD,?
Fay Horak, PhD, " Anthony E. Lang, MD, FRCPC,'2 Ralf Reilmann, MD, PhD, 314 Joe Giuffrida, PhD,'®

Intematlonal Parkll’lson al’ld Alice Nieuwboer, PhD, "7 Malcolm Horne, MBBS, MD,® Max A, Little, PhD,'®2° Irene Litvan, MD,2 Tanya Simuni, MD,2'
E. Ray Dorsey, MD, MBA,?? Michelle A. Burack, MD,?? Ken Kubota, BS, SEP,2® Anita Kamondi, MD, PhD,2*
[\ /] 1 1 Catarina Godinho, PhD,?® Jean-Francois Daneault, PhD,? Georgia Mitsi, PhD, MBA, MSc,?® Lothar Krinke, PhD,?”
OVement Dlsorder SOClety Jeffery M. Hausdorff, PhD,?® Bastiaan R. Bloem, MD, PhD,?® and Spyros Papapetropoulos, MD, PhD,*

on behalf of the Movement Disorders Society Task Force on Technology

TABLE 1. Examples of available and needed technologies relevant to the diagnosis and clinical management of patients
with Parkinson’s disease

Clinical problem Available/needed technologies Clinical objective
Improving diagnosis Needed: sensors for prodromal features (e.g., constipation, Enable population screening for PD, including
REM sleep behavior, anosmia); blood sensors for the earliest possible (prodromal) stages
i i W H 3\
Monitoring response to therapy Available: accelerometers, gyroscopes, magnetometers, Collect ecologically valid data of motor fluctuations,
and motor complications electrogoniometers, surface EMG sensors falls, freezing of gait episodes
(motor fluctuations, dyskinesia) Needed: small patches onto the skin or other sensors Implement sensor-based closed-loop technologies
that improve patient adherence capable of delivering treatments (eg, infusion pump)
Monitoring nonmotor symptoms Available (but requiring improvements): sweat sensors, Collect ecologically valid data of nonmotor
and progression skin conductance sensors, heart rate sensors, symptoms and progression
Improving medical treatment Available (but requiring improvements): oral capsules, Implement adjustable extended-release drug
subcutaneous and gastrointestinal infusion pumps formulations, smart (self-adjusting) levodopa
delivery infusion systems
Enhancing surgical treatment Available (but requiring improvements): STN DBS, Implement closed-loop STN and GPi DBS
GPi DBS, Vim thalamus DBS (variable stimulation based on local
iisisupaioniisie)
Improving rehabilitation interventions Available: accelerometers, gyroscopes, magnetometers, Implement closed-loop cueing and feedback
electrogoniometers, surface EMG sensors, systems validated for home use
pulse oximetry sensors, respiratory rate sensors,
blood pressure sensors . ‘

Mov Disord. 2016 Sep;31(9):1272-82. doi: 10.1002/mds.26642. Epub 2016 Apr 29 »



PARKINSON’S DISEASE: UNMET NEEDS

PARKINSON’S (PAPER) DIARY ——

24 hours registry (form) completed by patient

regarding motor status and complications

Parkinson Home Diary

ON | ON with |ON with [ ON with ON | ON with|ON with | ON with
time | asleep | OFF | wihout | mid | moderate | severe time | asleep | OFF | wihout | mid | moderate | severe
dyskinesia | dyskinesia | dyskinesia | dyskinesia dyskinesia | dyskinesia| dyskinesia| ayskinesia
6:00 AM 6:00 PM
30 130
7.00 AM 700 OO
:30
.00 AM time | asleep | BAD | GOOD time | asleep | BAD | GOOD
30 time tme time tme
500 AN G00 AM 600 PM
T 30 30
700 P
10:00 AM Lo0am _ _
ON ONwilh | ONwilh oN ONwith | ONwith
. 8:00 AM time asleep OFF withot | nontroublesome | troublesome time asleep OFF without | nontroublesome | troublesome
11:00 AM 30 ysoness | oyskness | oysknesis dyskinesia | oyskinesia | opskinesia
5:00 AM GO0 AN 600 PM
12:00 PM 30 30 30
70:00 AV 700 AW 7.00 PML
.00 PM 30 30 30
30 800 AW 500 PM
: 3 30 30
2:00 PM 5:00 AW 500 M
30 3 30 30
3.00 PM S0P T0:00 AM 70.00 M
30 30 30
700 PV FETED) 7100 AM TL0EN
30 30
1200 P 2.00 AM
5:00 PM 3:00 PM 30
30 20 T:00 P T:00 AM
400 PM 30 30
30 2:00PM 2.00 AM
5.00 PM 30 30
30 300 PML 300 AM
30 30
w00 PM 400 AW
30 30
500 W 500 AW
30 30

FIG. 4. Test Diary Il

Theoretical Brain Level of Levodopa

Diphasic
dyskinesias

Peak-dose
dyskinesias

Response to levodopa
shortens over time

fa‘sthempeuhc
indow narrows
over time

Levodof
win
\

t

Levodopa Administration

)

Dyskinesia

Good response-
“on” state without
dyskinesia

“Off" state

Fluctuations



PARKINSON’S DISEASE: UNMET NEEDS

OBJECTIVE QUANTITATIVE MOTOR ASSESSMENT

UPDRS - lll

(intel

Medication
Controlled reporting
Tests
Medication
reminder
PATIENT
OBIECTIVE REPORTING

MEASURES

:
:
i
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PARKINSON’S DISEASE: UNMET NEEDS

OBJECTIVE QUANTITATIVE MOTOR ASSESSMENT

2009-2011 2Y¥° _ 15 pacientes, en la cintura, pri yandlisis de resultados
2010-2013 n HELP - AAL Pri abombas de test con 6 pacientes
20112015 | R 7. e o s s
2012-2016 i\i:' _ 40 pacientes. Foco en determinar los estados ON y OFF con un sensor inercial

Uso del sensor como gold standard. Cueing y mejora de los algoritmos para
20152018 55 (ISR .o er Snciaes s congetmmimbe s

2017-2019 _w SME Fase Il Redisefio,

—Jm =
STAT-ON

INVESTIGACION

& Pardmetros.

Patient info

1- Comparacién tiempo en OFF diario proporcionado por el paciente con las lecturas ‘l-_
g g 2019-2020 UPARKINSON OFF de STAT-ON. 2- Reduccién OFF después de ajuste. 3-Mejora QoL - PDQ-39 i
=9 oger 1 dif métodos :
g § 2019-2021 l‘% _ 2 Estudio Coste-Beneficio
Q PHAR"A - 1- Estudios clinicos 2- Implementacion como elemento de medida y control en bucles
E 2020'2023 cT cerrados de administracion de terapias con bombas de suministro de medicacion

AUTOMATIC GENERATION OF REPORTS

SENSITIVITY SPECIFICITY SENSITIVITY SPECIFICITY SENSITIVITY SPECIFICITY SENSITIVITY SPECIFICITY

<92%) 94% (93%, ‘95%’ <88%> 81% ‘85%" <85%'

ON-OFF STATES DYSKINESIA BRADYKINESIA FREEZING OF GAIT

*Results d In home
PARK-IT 2.0: H2020 — SMEINST - 2 - 2016 - 2017. Project Number: 756861
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VCARE & PARKINSON’S DISEASE PATHWAY

Individual
Clinical

Continuity of Continous
Pathway

Care at Home Personalization

G0 Habits

{y ——
P A,
Context
C——
)

DISEASE Basis for ] Automated
Rehab Program Manage-ment Adaptation

PARKINSON'S
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vCare platform @

Patient Profile Information




VCARE & PARKINSON’S DISEASE PATHWAY

PROFESSIONAL PORTAL
Sociodemographic characteristics
Parkinson type Age
i . Birth date
Gait- Motor- Cognition Sex
balance  fluctuations behaviour- Education (years)
Previous work
impaired mood
impaired Clinical characteristics
UPDRS |
UPDRS Il
I:l NO NO NO UPDRS Il
UPDRS IV
I:l NO NO YES UPDRS Total
Hoehn &Yahr
|:| NO YES NO Years of evolution
Rigid-Akinetic (RA) [Jves [ ] no
|:| NO YES YES Gait-Balance Impairment : YES : NO
Risk of fall L1ves [ | NO
DYES NO NO Walking aids prescribed LIves || nNo
Potential faller [Jves [ no
DYES NO YES Symmetry LI1YES | | NO
PIGD YES NO
DYES YES NO Tremor L 1YES | | NO
I:lYES YES YES Tremor dominant : YES : NO
MoCA
Daily life activities Scale
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vCare platform @

Patient Profile Information
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>

Motor activities :@
Monitoring home hazards [
and behaviour at risk

Sensorized %
personal objects
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Motivational feedback
Correction of motion -

g
REHABILITY

Physical exergames
Domotics
elLearning

Hello I'm Cathrin! Welcome to the
v-Care App!

Alert reminder

Localization
>

Motor activities :@
Monitoring home hazards [
and behaviour at risk

Sensorized %
personal objects

b 4 3

Motor impairment

Medical prescription
Rehabilitation program
Behaviour motor activity home hazard
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Matching needs with pathway templates (Clinica
Aspects Evaluation

|:| Adapted physical therapy Limb dexterity rehab
|:| Gait-balance rehab

I:' Limb dexterity rehab

|:| Trunk bradikinesia & rigidity rehab

|:| Speech rehab

|:| Attention rehab

|:| Executive Functions rehab

|:| FOG and/or falls prevention
DPD medication problems prevention

|:| Behavioural problems prevention

I:' Behaviour rehah
I:' Mood rehab

|:|Pain management

|:| Sleep
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|:| Physical therapy

|:| Home based motor activities

|:| Monitor

DGait/Balance

|:| Limbs

DTrunk

|:| Speech

|:| Coaching for active lifestyle

|:| E-learning

|:| Cognitive training

|:| Home based cognitive games

|:| Fun supporting activities

L, D F.ti:sk fi.-]CtOF
modification

|:| Falls prevention

|:| E-reminders for medication /
Medication intake support

|:| Emotional/social
rehabilitation

|:| Monitor Mood / Behav rehab

|:|Pain management /
sleep

DMonitor Pain / Sleep
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g |

Activity (A) (from TSB, |Pathology |Medical Use Case UC # |:| Home based motor activities

Home-bhased motor activities 01/06/2020 |(SD, PD Uc1, UCs, Uce .
Monitor

DGait/Balance

Coaching for an active lifestyle 01/06/2020 |SD, PD uUcC1, uc4, Ucs, Uce

|:| Limbs DTrunk

E-learning 01/06/2020 |sD, PD, HF, 1UC1, UC2, UC5, UC6, UC7, UCY

|:| Physical therapy

Home based cognitive games 01/06/2020 |(SD, PD Ucs3, Uc4, uce

|:| Speech

Fun supporting activities 01/06/2020 |SD, PD uc3

|:| Coaching for active lifestyle

Monitoring indoor 01/12/2020 |[sSD uc1, ucz

Safety tips 01/06/2020 |SD uc2 D E-learning

Monitoring mood 01/07/2020 |SD, PD, IMD |UC3, UC4, UC5, UC13

; |:| Home based cognitive games
Monitoring Pain and sleep 01/03/2020 [SD uc1

Vocal Exercises 01/07/2020 |PD |:| Cognitive training

Falls Prevention 01/04/2020 [PD uce D Fun supporting activities

Daily Motor Activity 01/06/2020 |HF uco

|:| Falls prevention

Aerobic Physical Activity 01/06/2020 |HF, IHD uc9, Uc11

Resistance training 01/06/2020 |HF uC1o, uc14 > D Risk factor

modification |:| R i icati
Medication intake support 01/06/2020 |PD, HF, HD |UC5, UC7, UC12 E-reminders for medication /
Medication intake support

Vital stats control 01/06/2020 [HF ucg, Uc1o

Weight control 01/06/2020 uc11 |:| Emotional/social |:| Monitor Mood / Behav rehab
rehabilitation

Smoking cessation activity 01/06/2020 UC10, UC14

Anxiety and depression reduction 01/07/2020 uUC7, ucy, ucio

|:|Pain management / DMonitor Pain / Sleep
sleep
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Architecture & Interface definition and Preliminary phase
technical preparations Development, adjustments & one2one integrations
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Living lab for Parkinson’s disease (Bilbao, Spain)
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vCare Agenda Service

Tme | Monday | Tuesday |Wednesday | Thursday | Friday | Satrday | Sunday

Hello I'm Cathri
v-Care App!

Training on Tuesday 13:00 - 15:00

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis
nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat.
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa qui
officia deserunt mollit anim id est laborum.
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VIRTUAL COACHING ACTIVITIES
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