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EU Call on Personal Health Systems

technological solutions, using multiparametric monitoring systems

Include decision support for treatment planning.. ..

provision of warnings and motivating feedback.

The solutions will combine wearable, portable or implantable devices, with
appropriate platforms and services.

Scenario-based design and user-oriented approach will be inherent in the
proposed solutions.

Proposals will address patient data security and confidentiality, and
Interoperability issues related to heterogeneous data sources, devices and
links with electronic health records.
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BIPOLAR
DISORDER



MANIAC — DEPRESSIVE
PSYCHOSIS




SYMPTOMS

- Recurrent thoughts of death, Suicidal ideation - Increase in goal-directed activity (typically
socially, at work, school, etc.)
- Diminish of productivity/performance at work
-involvement in risky activities
- Significant variations in weight/appetite
- Pressure to keep talking
- Diminished interest in activities
-Psychomotor agitation
- Irregular sleeping
- Attention variability
- Feelings of guilt
-Decrease sleep
- Indecisiveness




IMPACT

Number of suicides per day in Europe
equals fully occupied Jumbo Jet (747)

37,5 % of these are bipolar

Bipolar disorder results in 9.1 years reduction in expected life span



Unipolar major depression
Tuberculosis

Road traffic accidents
Alcohol abuse
Self-inflicted injuries
Bipolar disorder

War

Violence/Criminality

Schizophrenia

Iron deficiency anemia

IMPACT

Cost in DALYS

Disability Adjusted Life
Years (DALYS)

measure of overall
disease burden,
expressed as the

number of years lost
due to ill-health,

disability and early

death.



™ STATE OF THE ART
r TREATMENT

BASED ON PHARMACOLOGICAL AND PSYCHOTHERAPEUTIC

TECHNIQUES (E.G. BRAMS, HAMD, SELF ASSESSMENTS)

10 tips for reaching out and building relationships

MANIA 1. Talk to one person .1L-L.~ut your feelings.

| NORMAL
DEFRESS, | -2 [ Accompany 5cu'|1|::|:|n.|: to the movies 8, a concert, or a small get-together.
]J or email an old nl.m:l
HL edule 2 w

Meet new people h‘ taking a class or joining a club.
]I" Confide in a counselor, therapist, or clergy member.

SLEEP
Number of hours |
Extern reason

ANXIETY
IRRITABILITY

ACoHoL (3o to bed and wake up at the same : gach day

g ] N N N N - - N

nu;hnr ' Avoid or minimize napping, especially if it interferes with your sleep at night.
= Avoid exercising or doing other stimulating activities late in the day.

COFFE X
Mumber of coops Mo caffeine after lunch or alechel at night. Both interfere with sleep.

PERSONAL
TRIGGER [
WARNING

Warning signs of depression Warning signs of mania or hypomania

[ quit cooking meals I find myself reading five books at once.
[ no longer want to be around people. lcan't centrate.
MEDICATION [ crave chocolate. [ find myself talking faster than usual.
| name - mg | . ] I start having headaches I feel irritable.
[ don’t care about anvbody else. I'm hungry all the time.
People bother me. Friends tell me that I'm crabby.




MONARCA
CONCEPT



WHY “MONARCA”?

MONItoring, treAtment and
pRediCtion-of bipolAr Disorder
Episodes



Mapa de Migracion
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MONARCA

CRISIS

\

CRISIS

PREVENTION ASSESSMENT
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GRADUAL INTRUSIVENESS

Intrusiveness, risk and deployment threshold



MINIMAL INTRUSIVENESS
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MONARCA
DESIGN



Participatory Design

= Involving a set of “users”
patients, doctors & nurses

= Weekly design workshops were
conducted with an iterative design
process applying Wizard-of-Oz
techniques

= The design was present across the
different stages of the project
Including design, prototyping,
testing, etc.







Persuasive Feedback

= Encourage healthy living

Sleep . regular sleep
Activity . stay active (socially + physically)

Medicine - medicine adherence



PATIENTS FEEDBACK,
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PATIENTS FEEDBACK

PARIL = E . =110:01am
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CLOSED-LOOP FEEDBACK

= DOCTORS
THERAPY ASSESSMENT
PLANNING MEDICATION
SCHEDULING APPOINTMENTS

s CAREGIVERS
WARNINGS AND RISK PROFILES

s PATIENTS
SELF-MONITORING AND ASSESSMENT
MOTIVATION, COACHING AND SELF-TREATMENT



BOUNDARY CONDITIONS

COMPLIANCE PRIVACY REGULATIONS

NETWORK AND DATA SECURITY

COMPLIANCE WITH MEDICAL./ ETHICAL
REGULATIONS

INTEROPERABILITY WITH HIS SYSTEMS



SOA VS MONARCA

SOA APPROACH

ASSESSMENT BASED ON SELF-
REPORTED EXPERIENCES
TYPICALLY AFTER CRISIS
(INTRINSICALLY SUBJECTIVE DATA)

SPORADIC ASSESSMENT
THROUGH INTERVIEWS

DIFFICULTY TO ASSESS TRENDS IN
THE SHORT TERM (IMPLIES
ACTIONS ONLY AFTER
MANIC/DEPRESSIVE EPISODES)

LOW ADHERENCE FOR SELF-
MANAGEMENT OF THE DISEASE

MONARCA APPROACH

= ASSESSMENT BASED ON
OBJECTIVE, MEASURABLE DATA

s CONTINUOUS STATE
ASSESSMENT THROUGH MULTI-
PARAMETRIC MONITORING

= TIMELY WARNINGS ON “RISKY”
TRENDS (PREVENTION OF
CRISIS)

= [INCREASE AWARENESS

THROUGH SELF-MONITORING
AND TIMELY PERSONALIZED
COACHING



MONARCA
ARCHITECTURE
& DATA
COLLECTION
APPROACH



Tnitial MONARCA Architecture

Data Collection

(Processing

(@)

Central Monarca Infrastructure

alarms to externals <i>

Data Processing

Server)

Sensors I_

Cellphone

internal
Sensors

and Analysis

lower-level
analysis

Form
Data

higher-level analysis

Hospital Domain

Hospital

Information
System / Portal
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‘ Final MONARCA Architecture
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Step By Step — Data Collection

_--Data Collection-~_
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‘ Step By Step — Data Collection

_--Data Collection-~_

I, \\
{ ; I
u | Il' \\
Data Collection : i Smartp!hone \:
: Physical Acti:wity Monitoring ) : i
1 wri i ctivity Anal
1 rist Watch ! Acc. 1
: ! a
P ] ' bil ) :
Mobility Monitorin H
( J"SGCESSJHQ : Y ? cation Ane
EFV'E-'F_J : WiFi |GPS i
! |
1 i
l : e | !
S5ensors I_ 1 tress dice. H i
Fl- EEG 1voice Analys
f—
Cellphone ' - H ;
I eep l ) 1 i
. 1 i
intemal : - 4 i
Sensors : Social Activity Monitoring ‘ i
L I ISOCIaI RN y<
call SMS g
: [ alls I I i
I ! ;
l ssessmen
Form | | : i
BE|E H 1 ;
1 i
| i 1 !
I ! i
I ! !
I ‘\ I 'I
1 . 1
‘ L ]
\ J
‘\- ______________ _;’

MONARCA 33



Step By Step — Data Collection

_--Data Collection-~_
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Step By Step — Data Collection

Data Collection
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‘ Step By Step — Data Collection

Data Collection

(Processing

Server)

Sensors M
Cellphone

intermal
Sensors

Form
Data

/,-Data Collection=~_

A S
\

-

\
7~ Smartphone™

-

MONARCA

/4
I
1
I )
! [ i
! . T 1 :
: Physical Actiyvity Monitoring 1 !
1 ; ctivity Anal
1 Wrist Watch ] [ Mag. ][ Acc. 1 .
1 G i |
1 I !
1 Mdbility Monitoring 1 !
AP & il G511 3:20em 1 MTocaron Ane
Selfassessment 1 [ WiFi I GPS | | ocation n
Mood : : i
4+ B3 BB 1 i
88 88 | EmondnarState : |
Sleep - : onitoring | i
3 I Stress ] [ Voice. 1 i
]
Medicine 1 Voice Analys
1
Activity 1 Sleep l : i
0 Normal 1 1
1\ J i i
L Sleeping problem 1 ) o o Y| H
1 Social Activity Monitoring I
. ! ‘+S_|1_I"oua Aaty<
B B Excessive TV ! Calls | SMS i——
1 I !
! :
i :
1 Assessment
1 i
T 1
1 i I i
I i I |
1 i i '
1 : I ;
I \ i /
1 \ 1 s/
~,
|‘ ~. = e
\ /I
‘\h -------------- —’,

36



Step By Step — Central MONARCA
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‘Step By Step — Central MONARCA
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Step By Step — Central MONARCA
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‘Step By Step — Hospital Domain
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MONARCA System as a Class

Region H

MONARCA
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Integration ot MONARCA 1n Clinical Processes

Outside clinic

patient

- Examinations

& Talks

Dlagn03|s
Progress, .

.

)
o Groundtruth
Clinical |:> (internal
: examinations,
.n)
G
| ) aes
’ Medical — Service — Provider ‘
Inside clinic
MONARCA 42




Integration of MONARCA 1n Clinical Processes

Outside clinic : patient

In-time S N
9cﬁvlty-necognltion ~ & TalkS
! daily Journal
4?0 ;Ereusfgrr‘\glng to document the day:
7 - sound snippets - self-rating of well-being
Volce;it::::ofer::!sysls o o
chiatrics |
Outdoor l‘:océ?stion
mﬁé"ﬁ.‘:’:ﬁf"?ﬁ°" v Information
S‘oclal Interaction from D| a.g NnosSIsS f
MONARCA Progress, - S
: MONARCA o Grounditruth
N Results/ S Clinical |:> (internal
[ Feedb?/ Information examinations,
% /y .. -)
System €
Scale-
Tests, ...
Medical — Service — Provider
(eg. Psycholocists)
Inside clinic
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MONARCA
ALGORITHMS
AND TRIALS
EVALUATION



- Copenhagen, Denmark




Tirol Trial Summary (focus on objective monitoring)

Number of Patients: 12
Duration: 12 weeks per patient

Ground Truth:

o Diagnostic and psychiatric assessment during
measurement points every 3 weeks (5 in total)

o Phone-Interview: in-between of measurements
o Daily Survey:

3 self-rating questions about condition (physical,
psychological, activity)

2 randomly chosen depression questions (ADS)
2 randomly chosen mania questions (MMS)



Phase 2 — hospital appointment

? Included devices and tests:

r ™
Don GSR-device to the  GSR
patient ] o EEG
v » Psychological Scale Tests

Carry out EEG « HAMD
measurement o ADS

J
‘I" -, Documentation of steps * YOUNG
Carry out clinical ) and order of tasksis
assessment (question- | - =~ done by attending b M M S
naires, clinical interview, physician . .
poss. laboratory) » Psychiatric assessment
r ™
Take off mobile GSR-
device




Patient’s Condition during the Trials

Start t2 t3 t4 End
p0101 0
p0201 E' | 0
po102 | o 0
p0202

quitted Trials

p0302
p0402
p0502

p0602 quitted Trials

p0802 0
ooz, 0 0.5 =25
p1002 0.5 :m

Week 1 Week 12

Start, t2-t4 and End: Measurement points at clinic

Severly manic Normal Severly depressive

0 L2 3




Patient’s Condition during the Trials

Start t2 t3 t4 End

p0101 ‘ 0
p0201 E' 0
po102 | 9 0

L

% quitted Trials
p0302
pO:
p0502
pOS02 quitted Trials ?7?7?
p0802 0
p0902 : 0 -0.5 ~ 25 |
05 .
Week 1 Week 12

Start, t2-t4 and End: Measurement points at clinic

Severly manic Normal Severly depressive

0 L2 3




Data Issues

Missing sensor data

o hot carrying the phone

o GPS/WIFi switched off because of power
o other sensors switched off accidentally

Extrapolating the examination ground truth to
more days

MONARCA
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‘ Data Issues -

= Missing sensor data
2 not carrying the phone
o GPS/WiFi switched off because of power

o other sensors switched off accidentally m
= Extrapolating the examination ground truth to
more days L

how to get enough labeled data ?

MONARCA 51



‘ Extrapolating Labels

p0101
p0201

p0102

p0202
p0302
p0402
p0502
p0602
p0702
p0802
p0902

p1002

t3 t4 End

Start

quitted Trials

quitted Trials

7 days—» «—2 days

ground truth

o)

check if self assessment is stable

MONARCA
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Change detection

We identify the
distance from the
“reference” state

“Reference” State
was the one
iIndicated by the
doctor with his
assessment

We obtained
accurate
Changes Detection

Start t2 t3 t4 End
p0101 0
p0201 '_1 0 -.
o 2 0 o TN
e _ quitted Trials
:
w2 ___
e -
pOG2 0 5 ap 0 quitted Trials
oo YIS 0.5 - 2 2|
oo R : :
ez 05 0 E 2 0.5 25
p1002 0.5 A

7 days 2 days
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State classification and change recognition
works under real world circumstance !

MONARCA
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Overview

Mobile monitoring algorithms
1. State recognition
2. Change detection
3. Other correlations

MONARCA
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Other Correlations
WIiFI Analysis

Compare the number of significant places

visited by each patient the week before and
week after testing day.

Each graph is a plot of patient state vs.
number of significant places.

Every patient behaves differently (e.g. some
patients tend to visit a certain number of

nlaces when in normal state, while another

patient who Is In normal state, may visit less
number-of places).




Voice Analysis - Acoustic Features

Emotion Recognition (EMO)
o Energy

o Pitch

o MFCC

Social Signal Processing (SSP)
0 Speed of Speech

o Pauses

o Turn Takings

MONARCA
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Electrodermal Activity (EDA)

Skin conductance ~ sweat secretion ~ nervous system
~ psychophysiological activation

)

A

!

: " = I [ -

EDA Is sensitive to g
aEmotions and stress 2| [scrRAmplitude 63% Amplitude
aOutside and skin temperature - l __________

<z
aoMovement v (----- oo b
athe individual Latency Recovery Time

Stimulus
>
Time [s]

[1] W. Boucsein, Electrodermal activity. New York: Plenum Press, 1992.

[2] Setz et al., Discriminating Stress from Cognitive Load Using a Wearable EDA Device. IEEE Trans. on Inf. Tech. in Biomedicine, 14:2(410-417), 2010.

[3] Cornelia Setz, Johannes Schumm, Martin Kusserow, Bert Arnrich and Gerhard Troster, Towards Long Term Monitoring of Electrodermal Activity in
Daily Life, in: 5th International Workshop on Ubiquitous Health and Wellness (UbiHealth 2010), 2010



[imitations

Not possible in case of foot injuries
Inconvenient metal connector

Proof of concept demonstration in clinical setting

0.0 .



Trials in Copenhagen (Focused on subjective
monitoring)

Field trial - In order to gauge the usability and usefulness of the
MONARCA self-assessment system, we deployed it in a field trial
from May to August 2011, a total of 14 weeks with 12 patients
participating. The main objective of this study was to establish the
feasibility of the system.

Field Trial of MONARCA 2.0 — Building on experiences from the
first trial and the outcome of the trials in Tyrol, we designed, built and
tested the version 2.0 of the system with 6 patients for 6 months.
The main objective of this study was to establish the feasibility of the
system.

Clinical trial — A double blinded randomized clinical trial started in
September 2011 including ~70 patients over a period of 2 years. The
patients used the system for 6 months, and the outcome of the trial
will- be to-document the clinical effect.

MONARCA



MONARCA Android app

hTC

(:25) & /I\ Q" =m0 1432

¢ MONARCA

Patientvejledning til
MONARCA systemet

,é IT-UniveirfiEsLevE %’ Psykiatri
p— View _

[ Jakob E. Bardram, Mads Frost, Karoly Szanto, Gabriela Marcu, "The MONARCA Self-Assessment System — A

Persuasive Personal Monitoring System for Bipolar Patients", IHI'12 conference, January 2012, Miami, Florida, US ]
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Web portal

Logout Home Kontakt Deltagerinformation

Patientinformation

Spergsmal og svar Logout Home Kontakt Delagerinformation ~Patientinformation

Spergsmal og svar

Patientoversigt Medicin skabeloner Generelle handlinger skabelon  Brugerredigering

Stemningsleje Aktivitet
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‘ How usable 1s the system and 1s it better than existing

approaches for self-assessment and data collection?

PAPER BASED SELF-ASSESSMENT

. days 62

/%
6
adh(ce)};:nce

Date

avg.

days 54

m
|
2
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How usable is the system and 1s it better than existing
approaches for self-assessment and data collection?

/T.:

avg.

days 57

12 B 63

Paper based 87% = MONARCA system 87%

MONARCA 64



How usable 1s the system and is it better than existing

approaches for self-assessment and data collection?

MONARCA BASED SELF-ASSESSMENT

“The paper is more inaccurate — | sometimes put in data
for several days at once, because | forget it” [P49]

“I used to fill out the paper for the whole week,
just before meeting with my doctor” [P58]

MONARCA



What is the usefulness of the system in term of helping
bipolar disorder patients in coping with their disease?

System usefulness
Average SD
Disease management| 3.16 1.55
Self—assessme 1.06
Triggers| 3.59 1.31
Early warning signs| 3.44 1.18
Actions to take| 3.25 1.52

1.39
1.50
1.44
1.70

1. 1.63
7-point Likert scale from ‘Strongly Agree’ (1) to ‘Strongly Disagree’ (7)

MONARCA
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Will this system — if used on a daily basis by bipolar
patients — be useful to them 1n the future?

System usefulness

Percieved usefulness

7-point Likert scale from ‘Strongly Agree’ (1) to ‘Strongly Disagree’ (7)

MONARCA

Average SD Average SD

Disease management| 3.16 1.55 2.16 1.02
Self-assessment|  2.21 1.06 C 1.73 D 0.72
Triggers| 3.59 1.31 2.71 1.02

Early warning signs| 3.44 1.18 2.36 0.78
Actions to take| 3.25 1.52 2.34 0.88
Visualizations| 2.22 1.39 0.78
Medication| 4.30 1.50 1.51

Alarms 2.34 1.44 1.88

Website| 3.00 1.70 1.76

Clinic| 4.13 163 _ 267 D 1.06
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Filed trial conclusions

Study aspects:

- Adaptation

- Comparison to paper based self-assessment
- Usability

- Usefulness

Results were positive:

- Adherence improved

- System considered easy to use
- High perceived usefulness
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Randomize Clinical Trial
Scientific switch in paradigm

- from episode to inter-episodic mood instability

lilustration: Inter-episodic mood instabilty marked by **

| Manic episode

Time <
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Parameters

Subjective parameters:

Mood (-3 to +3)

Medication intake (adherance)
Activity (-3 to +3)

Mixed mood (yes/no)
Irritability (yes/no)

Cognitive impairment (yes/no)
Stress (0 to 5)

Alcohol intake

Objective parameters;
0 Number of calls and speech duration per 24 hours
0 Number of SMS messages sent per 24 hours

o 000 00 o0 o0

MONARCA
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Randomized controlled trial

78 outpatients suffering from bipolar disorder
recruited from The Copenhagen Mood Disorder Clinic

Randomization (1:1)

Using the active mobile phone program
(intervention group)

Using a mobile phone to communicate with
other patients (control group)

All randomized patients will receive a (android) mobile phone
during the study period.

MONARCA
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Randomized controlled trial

Blinded

A study nurse is unblinded as has the daily overview of MONARCA data and
feedback to patients/relatives in an interaction with medical doctors

Researchers are blinded to intervention

Study period per patient: 6 months

Every month during the study period:
HAMD-17 (depression score)
YRMS (mania score)
Psychosocial functioning
Quality of life (WHOQOL)
Cognitive function
Blood samples (serum levels of mood stabilizers- adherence)

MONARCA
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Randomized controlled trial

Primary outcomes:

o Difference in HAMD-17(depression score) and YRMS (mania
score) scores during the entire 6 months study period between
the intervention and the control group (area under the curve)

Secondary outcomes:
o Difference in social functioning, quality of life, cognitive function

Tertiary outcomes:

o Difference in adherence to medication according to serum
levels of mood stabilizers

MONARCA
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Randomized controlled trial

Status September 2013

78 patients included, 70 randomized

Low drop out rate during 6 months follow-up (< 5%)

High appeal to patients, relatives and clinicians

Facilitate concordance between patients, relatives and clinicians
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‘ Randomized controlled trial

= Preliminary results:

Adjusted Predictions of visit#randomisering with 95% Cls

< _
—
N _
—
o _
—
w —
@ —
< 1
T
0 1 2 3 a4 5 6
Visit

—&—— randomisering=1 —&—— randomisering=2
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..IS likely that will go wrong!

If anything can go wrong....




Several Risks handling Multidisciplinary Clinical Research
(S Y S R S
Human
ElololoRoN
Technical
D D@ @

D @D @ @
o &Y B B

Ethics and Personal Health
PRIVACY  Med. Workflow  Regulatory Monitoring System




Relevant Practical Factors

= Human Factors in Mental Health Research
o Exposure to Unstable Patients
o Functional vs non-functional
o Trust and Transparency
o Usability and Acceptance in Real Life Conditions
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Relevant Practical Factors

= Technological Challenges
o Need to Technically Obscuring Sensitive Data

Flexible Strategies for Data Transmission

Software Stability and OS Versions

Devices Performance Limitations

Physiological Monitoring Constraints

Integration Issues

o O 0 0O O
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Relevant Practical Factors

= Ethics, Regulatory and Integration in Medical
Workflow

Ethics

Regulations

Integration in Medical Workflow

A

Medical Trials ‘ g :

.
i)}

X

Q
Q
Q
Q
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Several Risks handling Multidisciplinary Clinical Research

N I

) £

Human Perceived Availability Informed Usability &
Factors  Privacy of patients Consent  User Acceptance
on time
Technical C°ding Integration Medically System
from the ith HIS Certified Integration &
Issues wit .
source Devices Standards
Medica 'dentification Available Ethics Cost-Benefit
S of sensitive resources & Committees Analysis &
data Constraints Protocols  gysiness Models

o O

PRIVACY

Med. Workflow

o O

Ethics and Personal Health
Regulatory Monitoring System




CONCLUSIONS




MONARCA Main Achievements

Involvement of near 120 patients overall in diffferent phases
of the project including system design and trials
Implementation

Development of a flexible platform adaptable to different
requirements

Integration of MONARCA in real-life clinical environment
with high adherence from patients

Use of multiparametric heterogeneous sensors generating
objective data from everyday activities and from devices
used on daily life (mobile phone)
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Dissemination Activity 1n a Snapshot

Production and presentation of over thirty Scientific papers
In Conferences and Workshops

over Ten invited presentations in technical/clinical events

Production of over Ten Journal papers (target=6, several
papers upcoming)

53'” Methods

el bl ) of Information
Handheld Computing £ i Medicine
Research
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MONARCA Exploitation into PCP

NYMPHA-MD -- Next generation Mobile Platforms
for HeAlth, in Mental Disorders.
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MONARCA Project
Thank Youl!

Oscar Mayora — Project Coordinator
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