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Digital Health

7R\, World Health
\ J.EOr anization
S vrganization

REGIOMAL OFFICE FOR Eurupe

WHOIAKH YT EIA

Digital health is ultimately an immensely powerful
way to deliver health care, manage chronic conditions,
promote health and behaviour change, as well as for
public health and for improving health and well-being.

#RC70Europe
#DigitalHealth




4n Bioynxavikn Enavaotaon otnv

YIEIA: IoT, Big Data, AI -Robots, 5G

Industry 1.0 Industry 3.0 Industry 4.0
C18th C20th C21th
Steam & Hydropower Electricity enables mass Programmable Cyber physical systems
usher in the industrial production through machines allow & Big Data creating

revolution production lines digital automation smart factories




Al Artificial Intelligence (Al)
Machine Learning (ML)
Deep Learning (DL)

Artificial Neural Networks (ANN)

Natural Language Processing (NLP)

Automated Speech Recognition
(ASR)




CAD and CDSS are the most common types of

software tools in the application of Al in medicine.

CAD and CDSS

CAD = computer-
alded
detection/diagnosis;
CDSS= clinical
decision support
system; CNN =
convolutional neural
network;

RNN = recurrent
neural network.

Artmcial Inteligence » = = smsismm S s ss= ~

Machine learning |

Representation learning |

Deep learning :

|

CNN and RNN are specific types of

deep learning techniques frequently
used to analyze medical data.

Referenced Educ Eval Health Prof. 2019: 16: 18.



3 Types of
Artificial Intelligence

Artificial Narrow Artificial General Artificial Super
Intelligence (ANI) Intelligence (AGI) Intelligence (ASI)

Cale *

Stage-l Stage-2 Stage-3

Machine Machine Machine
Learning Intelligence Consciousness

P Specialises in one area » Refers to a computer P An intellect that is
and solves one problem thatisassmartas a much smarter than the
human across the best human brains in

g @ board practically every field
g I
! =

Siri Alexa Cortana

Ref: What is Artificial Intelligence? By Vaishali Advani -Jul 15, 2020 gr‘a-.atle:au-nr\ing,m,_El



Calculations per Second per $1,000

Singularity point

Exponential Growth of Computing

- Twentieth through twenty first century
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Al Benefits in HealthCare

=30
LT[

Training

B

Early
detection

Diagnosis

Al benefits in
healthcare

End of life
care

&

Treatment

https://www.ideagen.com/



") Applications of artificial intelligence in health care

Reference: J
Family Med Prim
Care. 2019 Jul;
8(7). 2328-2331

B Drug development B Health montoring I Managing medical data
Disease diagnostics ®m Digital consultation B Personalized treatment

B Analysis of health plans 8 Surgical treatment ® Medical teratment




ML specification in clinical decision making

Pre-Clinical Solution

Computer Aided Detection

Computer Aided Diagnosis

Recommendation CULUUIYUIE 1 weieee | it

Early Warning

Figure 1. Graphical representation of ML specifications in clinical decision making

From top to bottom: DNA and metabolome sequencing devices for biomarker discovery for pre-clinical solutions; image acquisition techniques for
CAD, such as magnet resonance imaging, X-ray, and retinal photography; precision medicine drug recommendation systems and a smart insulin
recommendation pump; smart wearables and electronic health record surveillance providing early warning.

https://doi.org/10.1016/j.medj.2021.04.006



Use of various Al Healthcare

applications varies

Germany Healthcare Artificial Intelligence Market Size, By Application, 2018 (USD Million)

= Medical Imaging & Diagnosis = Drug Discovery = Therapy Planning
m Hospital Workflow » Wearables m Virtual Assistants
m Others

Source : www.gminsights.com

Ref . Global Market Insights. Healthcare Artificial Intelligence Market Share Growth
Report 2019-2025




U.5. Healthcare Artificial Intelligence Market Size, By Application, 2013-2024 (USD Million)

Illll‘
m = B B ..

2015 2014 2015 2016 2017 2018 2019 2020 2021 2022 2025 2024

m Medical Imaging & Diagnosis B Drug Decovery
W Therapy Fanning B Hospital Workflow
m Others

Photo Credit:: Global Market Insights. Healthcare Atrtificial Intelligence Market
Share Growth Report 2019-2025




Artificial Intelligence (AI) Applications within the
Healthcare Landscape.

research

l; \ -
identification
Preclinical A




A EyePACS-1: AUC, 99.1%; 95% CI, 98.8%-99.3%
100- e

128 Google Al

Performance of the 100
algorithm (black curve) & 80 -
eight ophthalmologists
(colored dots) for the
presence of referable
diabetic retinopathy
(moderate or worse
diabetic retinopathy or
referable diabetic macular
edema) on a validation
set consisting of 9963 L
iImages. The black
diamonds on the graph 751 e
correspond to the 20-
sensitivity and specificity mf |
of the algorithm at the 0 5 10 15 20 25 30
high sensitivity and high
specificity operating , , | , , ,
points. 0 20 40 60 80 100

JAMA. 2016;316(22):2402-2410. 1 - Specificity, %

High-sensitivity operating point
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Al in routine health care

Artificial intelligence / Machine learning

Google’s medical Al
was super accurate in
a lab. Real life was a
different story.

If Al is really going to make a difference to patients we
need to know how it works when real humans get their
hands onit, in real situations.

MIT Technology Review



Al based Medical Devices

FO& MEWS RELEASFE

FDA permits marketing of artificial intelligence-based device
to detect certain diabetes-related eye problems

Far immediate Release: 'Y U.S. FOOD & DRUG

Apnl 11, DB ADMINISTRATION

An Al diagnostic system that
detects signs of diabetic
retinopathy in retinal images

» Proven to be effective in real-world clinical workflows
» Results in less than a minute - no human grader

» Clinically validated with high sensitivity and specificity




Wnopiakn Yveia-Wnoeiakn Iatpikn-

Wneiakn ©epansuTikn

Digital Health

* Entities that engage consumers for weliness and E (P a p p OVé g

health-related purposes by obtaining health data.

* Do not require clinical evidence, [pnq)Iqu']g Yvaiqg:

* Do not meet regulatory definition of a medical

device and hence, do not require regula A
Sl oo Agv xpr]gouv
TTIOTOTTOINONG

Digital Medicine
* Evidence-based software and/or hardware E(PGPI.IOYE'IQ

products measuring human health
* Regquire clinical evidence Z N pmn
: Requ-rement: for regulatory oversight vary Lpr](pldKr]g IqulKng'

* Products dlassified as medical devices require Xpr’]COUV
regulatory approval, while those used as a ol

10 develop other drugs, devices, or medical '|'|'|O'TOT|'O|’r]O'r]§ TI'X CE r’]

products require regulatory acceptance by the

Appropriate review division M D R CIaSS I

(] — Epapuoyég

* Products delivering evidence-based

therapeutic iInterventions to prevent, "pn ¢|aKﬁg

manage, or treat a dsease.

* Require clinical evidence as well as Gapaﬂau Tl Kng:
data on real world outcomes.,

* Al DTx products must be reviewed Xpr’]COUV

and cleared or certified by reguiatory

bodies as required to support mioTotmoinonc MDR

duct clai f risk, efficacy, and
MBS et Class lla, Ilb, 11l

are . 2020 May 31;9(5):2207-2213

J Family Med Prim C




WYnepiakn OepaneuTiki
(Digital therapeutics-Dtx)

Dtx otn 01e0vr BiIBAIoypaia, gival Eva UTTOOUVOAO TNC
WNPIOKNC UYEIAC, TTOU A@OPA TEKUNPIWUEVEC BEPATTEUTIKEC
TTapeuaocclc Trou BaaoiovTal o€ uPnANg TToI0TNTAC,
TTICTOTTOINMEVA TTPOYPAUUATA AOYICHIKOU VIO TNV TTPOANYN,
TN dlaxeipion N TN BepaTtreia piag acBEvelac.

OI KAIVOTOUEC AUTEC EPAPUOYEC VEWV TEXVOAOYIWV OTNV
UYEIQ, EXOUV TTPOOTITIKEC AAAQ KAl TTPOKANCEIC Kal Xpriouv
cloaywyng evoc PYOMIZTIKOY KAl NOMIKOY TIAAIZIOY
VYHOIAKHZ YTEIAZ.




Classification of Medical Device Software (MDSW)

Classification & Conformity Assessment — MDR

Class III Implants
#5355 IIb active — administer

medicine

Commission Assessment Class III

Class IIb Implants
Competent Authority Assessment Class IIb

Risk
Notified Body Conformity Assessment

Class I1a Class III Custom Made
Implants
Class Im /Is P

Self-Certification Class I
Custom Made

bsi. &

Rule 11 of MDR Annex VI
"Software intended to provide information which is used to take decisions with
diagnosis or therapeutic purposes is classified as class lla, except if such decisions
have an impact that may cause:
— death or an irreversible deterioration of a person's state of health, in which case it
IS In class lll; or
— a serious deterioration of a person's state of health or a surgical intervention, in
which case it is classified as class llIb.
Software intended to monitor physiological processes is classified as class lla,
except If it Is intended for monitoring of vital physiological parameters, where the
nature of variations of those parameters is such that it could result in immediate
danger to the patient, in which case it is classified as class IlIb.

All other software iIs classified as class I."



| ‘) Proposed Al HealthCare Regulatory Framework (EU)

Article 43 (3) AIAct manages overlap and conformity, providing that
where Al systems that are devices or are part of a device can be
assessed under the MDR or IVDR conformity assessment procedure.

The new frontiers

The AIA is not yet clear about the result of conformity assessment
under overlapping assessment and how this will be reflected in a final

of European Al
declaration of conformity. The result under the AIA would be an EU

&
rU'atlon. technical documentation certificate (article 44 AIA) which seems to be
HOW WE ARE MOVING TOWARD complementary to an MDR / IVDR certificate

TRUSTWORTHINESS .
A risk-based approach

Unacceptable .. .

risk
e.g. social scoring
Permitted subject to
~ compliance with Al
____________ requirements and ex-ante
: *Not mutually ! conformity assessment
. |

oo BXCHISIVE. - - ‘Transparency’ risk Permitted but subject to

Impersonation’ (bots) ——  information/transparency

obligations

Permitted with no restrictions




Ol epappoyYEC WwNPIakne BepaneuTikKNG unayovTal

ota IaTpoTexvoAoyika npoiovTa

Ooec epapuoyeC Ttpoopl{ovTol yLa LaTtpLlkn xpnon, Ba npemeL va
ntAnpouv, og otL adopa tnv EE, tic Stataéeic tov Medical Devices
Directive, mou avtikootadnke ano 26/5/2021 amno tov Medical
Devices Regulation.

>tnv EAAada, appodioc popeac (Notified Body) eivat to EKANTY
(EBviko Kevtpo AfloAoynonc tne Mowotntoag kat TexvoAoyioc otnv
Yyela -E.K.A.MN.TY. A.E.) TTOU AELTOUPVYEL WC
aveéaptntoc O®opeac Motomoinonc Zuotnuatwy MNolotntac Ko
[TpoloVTWYV, EMOTITEVOMEVOC ATtO TO YIoupyelo Yyelac.

O epappuoyvec mobile health, eivat eva povo tunupota tou
VEVIKOTEPOU OUVOAOU, TNC Epyareiwv TNC WndLakn
- Ogpanevtikie (Digital therapeutics-Dtx).



http://www.ekapty.gr/

Stages of Medical Devices Trials
VS

Phases of Pharma Trials

Pharmaceuticals

9 5
Rt s

e Test a very small

Pliot

(subtherapeultic) /
dose of a new drug Early
Piot 10-15 to study its effects & leésibmty
/ how It works in the
Exploratory human body. Hrs:-ln»
e Not all drugs will RS
undergo this phase.
: e True first-in-human
study fo test safety
Sgﬁg; AU toxicity, usually in
healthy humans. Traditional

Feasibility
Il

Safety &
Efficacy

Assess efficacy &
safety In patients.

Confirm clinical

efficacy, safety &
I 100%s — adverse events.
Clinical 1000’ e Compare the new Pivotal
Effectiveness drug to standard
care or a commonty
used drug.
v e Monitor long term
Post-Market 1000's effectiveness &
/ safety in the general
Surveilllance popuiation.

Medical Devices

20 - 30

e Small stugdy to collect
preliminary safety &
device performance
data in humans.

e Guides device
modifications &/or
future study design.

o Assess safety &
efficacy of the near-
final or final device
design in patients.

e Guides the design of
the pivotal study.

e Large study to
confirm clinical
efficacy, safety &
risks.

o Statistically driven.

e Monitor long term
effectiveness, safety
& usage in the

general popuiation.

1000's




European Radiology (2021) 31:3797-3804
https://doi.org/10.1007/s00330-021-07892-z

IMAGING INFORMATICS AND ARTIFICIAL INTELLIGENCE

Artificial intelligence in radiology: 100 commercially available
products and their scientific evidence

Kicky G. van Leeuwen' ( - Steven Schalekamp' - Matthieu J. C. M. Rutten ' - Bram van Ginneken' - Maarten de Rooij’

Received: 19 November 2020 /Revised: 4 February 2021 / Accepted: 15 March 2021 / Published online: 15 April 2021
© The Author(s) 2021

Key Points:

< Artificial intelligence in radiology is i D

Gp e : ocietal efficacy

still in its infancy even though o
eve

already 100 CE-marked Al Patient outcome efficacy

products are commercially Level 4

avai[able Therapeutic efficacy

L | 3
*1*Only 36 out of100 pl’OdUCtS have Diagnostic thinking ef?i\éicy
peer-reviewed evidence ofwhich

most studies demonstrate lower

Level of efficacy

Level 2
Diagnostic accuracy efficacy

l.evel.S Of efﬂcacy' Potential cIinicaILeef\fliigiycl
“*Thereis a wide variety Iin evel 1t
deployment strategies, pricing Technical efficacy
models, and CE marking class of | A PR N MU, TR ) v,

Al products for radiology. Number of publications



JOURNAL OF MEDICAL INTERNET RESEARCH Yin et al

Review

Role of Artificial Intelligence Applications in Real-Life Clinical
Practice: Systematic Review

Jiamin Yin'", BA; Kee Yuan Ngiam®‘, MBBS; Hock Hai Teo'", PhD

1Department of Information Systems and Analytics, School of Computing, National University of Singapore, Singapore, Singapore
2Department of Surgery, National University Hospital, Singapore, Singapore
* ;

all authors contributed equally

Figure 2. Distribution of the included articles from 2010 to 2020.

Results: We identified 51 relevant studies that i

reported the implementation and evaluation of Al 16

applications in clinical practice, of which 13 adopted § 14
a randomized controlled trial design and eight g %
adopted an experimental design =

£ 10

=8

S 8
Conclusions: This review indicates that research b
on the clinical implementation of Al applications is 'E .
still at an early stage despite the great potential. z 4
More research needs to assess the benefits and )
challenges associated with clinical Al applications "

through a more rigorous methodology.

(J 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year of publication




Interpretable Machine Learning in Healthcare

(XAI)

POLICY FORUM TECHNOLOGY AND REGULATION

. Beware explanations from Al in health care
nterpretability process of
Boris Babic'%3, Sara Gerke*°, Theodoros Evgeniou®, |. Glenn Cohen®’

nlack box machine learning algorithms . seeaiauthors and affations

Science 16 Jul 2021:
Vol. 373, Issue 6552, pp. 284-286
DOI: 10.1126/science.abg1834

Interpretable Machine
learning algorithm

Hypertension s
dataset

Explanation

Black Box ML
Model

Reference: BMC Med Inform Decis Mak 19, 146 (2019).



Al in HealthCare Challenges

QZ.COM
When Al in healthcare goes wrong, who is responsible?

v

-
~ HALSTANFORD.EDU
The Geographic Bias in Medical Al Tools




e

Artificial Intelligence

|s the field of study

Machine Learning

Is a branch of Al that focus on the creation of
intelligent machines that learn from data.
Another very well know branch inside Al is

Optimization.

Deep Learning

|s a subset of Machine Learning methods,
based on Artificial Neural Networks.

Examples: CNNs, RNNs

Generative Al

A type of ANNs that generate data that is
similar to the data it was trained on.
Examples: GANs, LLMs




~

Generative Al Has Potential Use Cases Across All Health Care Segments~

Pharmaceutical firms Medtech

o Accelerated drug discovery and design ° Generative product design

° Climical-tnal planning and execution @ Diagnostic image enhancement and analysis
0 Precision medicine therapies ° Supply chain nsk identification and process

augmentation

Providers Services and operations

o Patent screeming and on-demand, personal care &) Synthetic<lata generation

/

@ Automated document processing @ Inventory tracking and restocking

P \
° Medical image recognityon &) Data shaning/interoperability

&) EHR interoperabibty & Generative Al cloud services

Payers Public-health agencies
&) Preventative health care through predictive models @ Public-health surveillance
© Automation of claim processing @) Resource allecation and utilization

0 Validated ° Early stage @ Conceplual

Source: BCG analysis




- ‘) Advantages and disadvantages of artificial intelligence in medicine

Disadvantages Advantages

Efficiency. accuracy,
precision

Decreased work|
oad,
Increase patient face time

Increase time on critical
cases

Saves money, Better
monitoring

Reference: J
Family Med Prim
Care. 2019 Jul;
8(7). 2328-2331




Al and Clinical Research and Innovation

Transparent Reporting of a multivariable prediction model for
Individual Prognosis Or Diagnosis (TRIPOD) Statement -Al

Consolidated Standards of Reporting Trials (CONSORT)
Statement-Al

Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) Statement -AlI

DECIDE-AI: new reporting guidelines to bridge the
development-to-implementation gap in clinical artificial

intelligence

Developing specific reporting guidelines for diagnostic
accuracy studies assessing Al interventions: The STARD-AI

Steering Group
Assessment of Diagnostic Accuracy Studies (QUADAS) -Al

Enhancing the QUAIity and Transparency Of health Research
https://www.equator-network.org/
network




Image illustrating the
relationship between
the time spent self-
managing diabetes
(blue)
and time spent with a
health care provider
(white).

Credit: Diabetes Hands Foundation

Digital Health could help the patient empowerment and
coaching.

AMmerican

'aet.es. ww.united4health.eu



Treatment of Diabetes in Older Adults: An
Endocrine Society®* Clinical Practice Guideline &

Derek LeRoith &, Geert Jan Biessels, Susan S Braithwaite, Felipe F Casanueva,
Boris Draznin, Jeffrey B Halter, Irl B Hirsch, Marie E McDonnell, Mark E Molitch,
M Hassan Murad ... Show more

The Journal of Clinical Endocrinology & Metabolism, Volume 104, Issue 5, May 2019,

Owverall Health Category Group 1; Qroup 2: Group 3

Good Hoath_{_mermedate st _|__ Poo Heat_ MANAGEMENT

3 oF more non-diabetes O F D IA B ET ES

. End-stage
N I - : =
Mo comorbidities -::hmnau: 'Ilnehrﬁﬁ medical condition{s)™
1-2 non-diabetes chronic Ary one of the Tolowing: Moderate to
illresses® savere demeantia

Mo ADL'?FTFI-HHTTIEI‘IT‘E_I- mlmﬂfjf;llgw;eim;j::gn&m =2 ADL C H AL L E N G I N G

Patiant characteristics ' ' ' i
and =1 lADL impairmeant -5 1ADL impairments

rmpairments Residence in a long-term FO R T H E
""" | ELDERLY
Reasonable glucose target ranges and HbA1¢ by group
Shared decision-making: individualized goal may be lower or higher PAT I E N TS
WITH
COMORBIDITIES

Fasting: 90-130 mg/dL | Fasting: 90-150 mg/dL | Fasting: 100-180 myg/dL

Mo Bedtime: 90-150 mg/dL | Bedtime: 100-180 mg/dL | Bedtime: 110-200 mg/dL
LIsa of drugs

that may cause <7.5% <B% <B.5%%Y
ypoglycemia
(e.g.. insulin,
sulfamdures, Fasting: 90-150 mg'dL Fasting: 100-150 mg/dL | Fasting: 100-180 mg/dL
glil'liHEﬂ.J ! -T.E'!rt Badtimea: 100-180 ITIq."E’L Bedtimea: 150-180 I1'Il.:.l.|"l.'.||_ Badtime: 150-250 lTIg."I:'L This project has received funding from the European
I Union's Horizon 2020
=7.0and <7.5% =7.5 and <8.0% =8.0 and <8,5%"

research and innovation programme under grant

agreement N° 857223



Greek Deployment Site :

(Central Greece) Use Case 3

<+ Greek PS Coordinator: Dr Kostas Votis (CERTH/ITI) 1 :
“PI : Assist. Prof. Alexandra Bargiota (UTH)

<*Central Greece Pilot Coordinator : Dr George E. Dafoulas (UTH &
Cities) Net)

USE CASE 3- Diabetes: predictive modelling of
glycaemic status

«MEAETH AZIOAOI'H2H2 AATOPIOMOY
MHXANIKH2Z MAOH2H I'TA TH T'AYKAIMIKH
PYOMI2ZH ME2C2 METPH2ZESC2N 2Y2THMATOX
2YNEXOY2 YITOAOPIAZ2 KATAI'PADOH2
[AYKOZH2 (CGM) 2E MNMPAITMATIKO XPONO 2E
AZOENEIZ >=65 eTwv ME ZAKXAPQAH
AIABHTH TYTOY 2 KAI 2YNNO2HPOTHTE2».

CitiesNet { - )

HHHHHHHHHHHHHHHHHHHHHHHHHHH E:




From pilots to routine care deployment....

KAIvika NMpwTtoKoAAa

NMNpootacia Asdopévwy (GDPR)
Cybersecurity/Ku3epvoaoc@aAegia

CE/DOC MDR —laTtpoTeXVOAOYIKO TTPOIOV?
Alao@aAion aoc@AAEIOC aoBevN-XPNOTN
AIO0AEITOUPYIKOTNTO

PuBuioTiké kail Nouiko lNMAaioio

KooTog /ATTOTEAEC A - AC@OAAICTIK KAAUWYN




YAIKOENATPYINNHzH

Kapra Avagopag MepioTatik®v XpnoTtwv IarpoTeXvoAoyikmv Mpoiovrwv

>xeT.: ®EK 2197B/2-10-2009, ®EK 2198B/2-10-2009, ®EK 1060B/10-8-2001

Mpog: (Sroeia skovwviac karackevaorrj otnv EAAdOa) Koivonoinon:

EONIKOZ OPFANIZMOZ ®APMAKQN
Tunua AveniBupnTwyv Evepyeiwv
Topeag YAIkoenaypunvnong

A. Meooyeiwv 284

T.K. 155.62, XoAapyog - AOHNA
TnA.: 210-6507528

Fax: 210-6549585

2nueiwon.: H kdpra ouunAnpwverar aro 1o xprioTn kar anooteAAerar orov karackeuaotri Tou Iarp. [lpoiovroc pe Tautoypovn kovorioinon orov EO®

A. ZToIXEia XPOU NPOEAEUCNG TG AVaPpopag ToU NEPICTATIKOU

[ ] Noookopeio  [] Kévrpo Yyeiac [ IStk KAiviky [ ISiwTiko aTpeio [] ®appakeio [] AMo:

Ovopaocia KEvTpou avagopdc:

OVOATENWVUHO avapEPOVTOoG:

I510tnTa:  EnayyeApatiaguyeiac [] NAI [ OXI

Av NAI, npoodiopioTe: [JIatpdoc  [] ®appakonoidg  [] Noonheutic [] Texvoddyoc ] AMAo:




4 SEEMENY

{ EAANVIKN ETaipeia MeAETng
Edappoywv MAnpodopixnic Yyeiag

Hellenic Society of eHealth Services and Education

Naaf2 7 EAAHNIKH ETAIPEIA
| eSS WHDIAKHE IATPIKHE

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

EAATE 2THN KOINOTHTA MAZX
2TO FACEBOOK Kk Linkedin I'lA NA
NMPOAIOYME THN WH®IAKH

YI'EIA ZTHN EAAAAA!
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CONGRESS WORLD
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EYXAPIZTSC 'TA THN NMPO2ZOXH 2A2!

@GeorgeEDafoulas
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