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Motivation: vision for the

fUtu re Of hea Ithca re DH , Department
of Health
» people have the best possible start to life
» health is protected, wellbeing is promoted, and avoidable deaths and
diseases are prevented
» people are enabled to live independent and fulfilling lives, and take control
of the care they need
» people who are ill or need support receive safe and effective care and are
treated with dignity, including at the end of life
» health and care inequalities become a thing of the past
» “Going digital means that public services can be more efficient, more
transparent and more effective. The Government’s Digital Strategy has a
bold and simple ambition: to redesign government services, to place them
online and to make them straightforward and convenient.”
» Digital Strategy in Healthcare — “Smart” Health
— Leading the culture change in health and social care igital Strategy emors. 2013
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Smart Cities and Healthcare

Smart cities are cities built on Smart’ and
‘Intelligent’ solutions and technology that
will lead to the adoption of at least 5 of
the 8 smart parameters

“Smart healthcare is the use of eHealth
and mHealth systems and intelligent and
connected medical devices. It also
involves the implementation of policies
that encourage health, wellness, and well-
being for its citizens, in addition to health
monitoring and diagnostics as opposed to
treatment”

Thesis: Digitally-enabled integrate care for
Smart Healthcare

Smart City Concepts

Smart Governance and
Smart Education
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Smart
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Smart
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Z Smart
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Smart Infrastructure

Source: Frost & Sullivan, Strategic Opportunity
Analysis of the Global, Smart City Market 2012-2020
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The Internek

Smart-
Connected
World

A technologist’s
viewpoint:

The Internet of
Things ...and People

THE WORWD

Source: Flickr by Wilgengebroed at https://www.flickr.com/photos/82655797 @N00/8249565455 - Creative Commons Licence
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Smart Healthcare:

Digital/Connected Health and Social Care

Quanitified self

Personal

Genomics Big Data
Medical N ! ¥ griealth
Imaging

Digital Health EHR
and Care
Health 2.0
mHealth .—> <—. Social
Networking
‘Patients at the
centre of care’

The impact technology can have in
healthcare is profound and transformative.

Digital Ambitions for health and social
service to:

* Integrate solutions around the patient

Widespread use of technology

Electronic health records to become norm

UK Trade

& Investment

Health IT Health and * National standards throughout the health
wellness Apps )
and social care sector
Sensors & A
Gamification
Wearables Telehealth
Telemedicine
Adapted from source
UK Trade & Investment, The UK digital health and care opportunity
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Smart Healthcare and the Global Smart
Cities Market

Smart Building 07 Smart Governance

% 0 and Smart Education**
24.6

Smart Healthcare

Smart City Market

S eSmart Security
Smart Mobility e

y

e Smart Energy
_d

Smart Infrastructure*** o

*These numbers represent the entire smart solutions eco-system in each segment for both urban and non-urban panoramas.
**Smart Education includes eLearning services for schools, universities, enterprises, and government entities.
"**Smart Infrastructure includes sensor networks and digital management of water utilities not included in other segments.

Source: Frost & Sullivan, Strategic Opportunity

Smart cities are anticipated to create huge business opportunities with a market
Analysis of the Global, Smart City Market 2012-2020

value of €1.26190 trillion by 2020.
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2015-2035: Three Domains of Global
Health Challenges

THE LANCET GLOBALS
HEALTHS

(. ) ([ Demographic change | (Impoverishing medical
High rates of avertable o
: ) . and shift in GBD expenses,
infectious, child, and :
towards NCDs and unproductive cost
maternal deaths L :
. . injuries JIR N increases )

Unfinished
agenda

Emerging

smei Cost agenda

Source: The Commission on Investing in Health

» Long-term care needs experience shortcomings, especially within and between health
and social care delivery organisations.

»  Financial burden in the delivery of complex care demands

-
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The Context:

The Case for “Smart” Care Delivery

» Chronic diseases are the main reason for poor health and restricted activity,
affecting over one third of Europe’s population and accounting for 70% of
healthcare expenditure in Europe.

» Ageing is associated increased accumulation of multiple chronic conditions
known as multi-morbidity, including a growing number of functional and
cognitive impairments.

— More than half of all older people have at least three chronic conditions, and a
significant proportion has five or more

» The clinical management of patients with multi-morbid chronic conditions is
much more complex and time-consuming for the healthcare system.

» Further burden on social care services to enable such patients perform
everyday activities, supported by informal carer or home / community care
services.
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The Challenge

Transformation of care delivery

In which setting care is delivered for chronic patients*?
100%
90%
80%
70%
60%
50%
40%
30%
20%

10%

0%

2012 2015 2020

W Hospital (acute) based M Primary care based Community (home) based

European Innovation Partnership on Active and Healthy Ageing, Action Plan on ‘Replicating and tutoring integrated care for chronic diseases,
including remote monitoring at regional levels’. http://ec.europa.eu/research/innovation-union/pdf/active-healthy-ageing/b3_action_plan.pdf
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Digitally-Enabled Integrated Care

» Integrated Care — Smart Healthcare

— The management and delivery of health and social care
services so that citizens receive a continuum of preventive and
curative services.

e According to their needs over time and across different levels of the
health system.

— Can potentially provide a co-ordinated approach within the
context of Smart Healthcare and Smart Cities.

» Digitally-enabled approaches and models can provide
more adaptive and radical solutions to the provision of
integrated care.
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Why Digital?
Healthcare is Transforming through Technology

In healthcare, digital technology systems are no longer
confined to the intensive care unit or the GP’s desktop
computer.

» linked electronic records to support the delivery of
care;

» harnessing data to support research and real-time
public health decision making;

> integrated decision support systems which aim to
maximize effectiveness and patient safety;

»  tools for delivering remote monitoring and self-
management;

» online consultations and interventions, supporting
upstream models of health care, away from the
hospital;

»  wearable and implantable devices, providing new
ways to capture and monitor physiological
parameters.
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Smart Cities and Digital
Healthcare: Exemplars
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Example I: C3-Cloud

» C3-Cloud: A Federated Collaborative Care Cure
Cloud Architecture for Addressing the Needs
of Multi-morbidity and Managing Poly-
pharmacy

Patients & Informal ,:
Care Givers 4

s

PERSONALISED CARE COORDINATED CARE
PLAN DEVELOPMENT & CURE DELIVERY
PLATFORM PLATFORM

EMPOWERMENT
PLATFORM

» ICT infrastructure enabling a collaborative care

and cure cloud to enable continuous
coordination of patient-centred care activities e B e

C3-Cloud Interoperability Middleware

» Digitally-enabled integrated care — both smart

a ‘ o
city and rural community environments.

- Patient data content + Patient dat - Authentication
tandard - Multi-morbidity care - Authorization

- Patient data exchange pathway - Auditing
standards - Personalised rules

» To demonstrate feasibility, pilot studies will
focus on diabetes, heart failure, renal failure,

depression in different Comorbidity Record Systems Record Systems Care Systems &Telse;;::‘i;oring
combinations. (3 European regions) Horizon 2020. Research and Innovation Action

Project budget: 4,995,000 EUR
May 2016 — April 2020
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General Practitioner *
Specialists -
re workers -
harmacists *

Social ¢

» Practice nurse
+ Special nurse
» Nutritionists

]

» Geriatricians :
® ees 1
1

1

Patients & Informal
Care Givers 4

PERSONALISED CARE
PLAN DEVELOPMENT
PLATFORM

Personalised care plan .
(PCP) creation based on
reconciliation of clinical
guidelines

Record Systems

COORDINATED CARE

Record Systems

PATIENT
EMPOWERMENT
PLATFORM

& CURE DELIVERY
PLATFORM

Active involvement in
PCP and decision
making

Goal achieving

Risk monitoring

PCP execution /
monitoring / update
Virtual case review
meetings

4>

G O

nome/Comn

Care Systems

Personal Health Record

& Tele-monitoring
Systems

H QR INL2 0 2 0

European
Commission

e cacLoun

C3-Cloud:
Overall

Architecture
I
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e cacLoun

' 4

Multidisciplinary Care ' Patients & Informal
Team (MDT) i s Care Givers

PERSONALISED CARE COORDINATED CARE PATIENT
PLAN DEVELOPMENT & CURE DELIVERY EMFOWERMENT
PLATFORM PLATFORM PLATFORM

: s . [ ]
* Personalised care plan PCP execution / Active ilvaivementin c3 CIOUd °

(PCP) creation based on monitoring / update PCPIafiSass =

reconciliation of clinical Virtual case review making
€ Goal echieving Ove ra I I

idelines meetin
guideline BeUngs Risk monitoring

Architecture
Il

Clinical Decision Slnppnﬁ Maodules

+ Risk assessment & stratification “'" '« Poly-pharmacy: detecting
« Reconciling clinical guidelines unnecessary/contradicting medications
+« Detecting & proposing resolutions for » Goal setting & monitoring
multiple treatment plans + Detecting deviations from goals
A A A A
v v v i
Z o\ .
CieCliGine neaih Social Caie Hoine/Coinuinily Peisonal Heailh Record
Record Systems Record Systems Care Systems & Tele-monitoring
Systems
=
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!
i General Practitioner -
Specialists -

i Social care workers -
Pharmacists -

Multidisciplinary Care

\ ’
3 N i
y ' '
: 1 ' ~
- + Practice nurse ! $ = =
1 ' c

- Special nurse | ]
+ Nutritionists =
+ Geriatricians 8 R

- D E

%l

Ieroperabol
OORDINKTED CARE

PLAN DEVELOPMENT

PLATFORM

TECHNICAL
INTEROPERABILITY

« Patient data content
standards

U cesmeaeerassiean
standard:;

!

Electronic HealtI
Record System

Electronic Health

Social Care
Record Systems

SEMANTIC
INTEROPERABILITY

Patient data
Multi-morbidity care
~athuraw

Personalised rules

Social Care Home/Communit

Home/Community
Care Systems

—

=

e cacLoun

European
Commission

EMPOWERMENT

PLATFORM

PRIVACY &
SECURITY

« Authentication

= Authorization
- AveAi

Personal Health Record

Systems

C3-Cloud:
Overall
Architecture
i

!
O

Personal Health Record
& Tele-monitoring
Systems
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Digitally-Enhanced Tools in C3-Cloud:
example of self-empowerment platform

.“CBCLOUD SK  Sven Karlsson(al)

Home Careplan Tracking Questionnaires Guidance 4 o
e Activities @ o Guidance €
Scheduled activities Type 2 diabetes Diet for Healthy Eating
Activity When Actions
Enalapril once a day Every day 1 time at breakfast Add note )
. Type 2 diabetes
Daily meal photo Every day 3 times at a meal from 2017-12-02 to Add note
y P 2017-12-09
Fill in lifestyle questionnaire Once between 2017-11-22 to 2017-12-09 Add note
i ; . . - High blood pressure(hypertension)
Follow the diet Every day 5 times at 08:00, 10:30, 13:00, 16:00, Add note
19:00 from 1999-08-13 to 2016-09-06
every week 1 time during the morning from
Measure blood pressure weekl Add note
P y 2009-07-21
Metformin twice a day Every day 2 times (at breakfast and at dinner) Add note
Atorvastatin 20mg Every day 1 time (at breakfast) Add note

& cacLouwn
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Example ll: NHS digital infrastructure
empowering the citizen -

iivery choice for England’s population

Taking the hassle out of healthcare

e Igg! i,
-] [24] b
1. Accessing your GP record 2. Booking appointments yvill be 3. You'll need fewer phone calls
online will give you more control qw_ckerwhen youcan doit when you can communicate with
online professional teams electronically

over your care
[==] T
-=xree -

4. You'll have less paperwork in 5. You'll know where to go for 6. Services will do more to offer you
your life when your healthcare health and care information when support you use and understand
letters are available online there is one trusted website information if and when you need it.

i % ¥

, . 9. You will have more information
?' Tj%u Ilkbg %ohf'd?nt tha:jyour d to help you choose the best
eedback s being |steng toan services and treatments for you
helping to improve services

7. You won’t have to repeat yourself
when your information is shared

between health and care professionals
Source DOH, Digital Strategy Report, 2012

Prof Theodoros N. Arvanitis, 6t Smart Cities Conference , Boussias Conferences,
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PatientView

Home |WantTo Join Help? Forgotten password?

PatientView

= Manage your condition and
medications

YEARS
OF THE NHS
1948 - 2018

» Monitor your symptoms and tests

= Make contact with your unit

fenal PatientWieow [ |:n.i

Home Patient Dotafie Patient Tnfs ABOutMe EnterMy.. Reeums Medkines |.—-|;

lognd I a3 turneran g ol

Eh g pmawary

Moy PeELRE -
About PatientView Further Information News -
PatientView shows patients' latest test results plus You can view our information links without logging in. » Problems? - Renal Patient View ':::: Bnd  label Lwes Crestinne K Ca  PO4 MD  whc sty GFS  Comeant Sousnce
information about their diagnosis and treatment. They . E . o807
. o You can view a demo as if you were a patient. forsal 1 148 69
can share this information with anyone they want, and 4 b 14:1% e i = - e =
view it from anywhere in the world. PatientView has Support for development of PatientView has come from :; g’:;“ 1 49 69 4.3 48 7.7 222 Ldin
developed from a project launched for patients of Renal these sources. = :-a s
Units, but has expanded to be able to show information T 15:09 | L e -
for others too. It requires your local unit joined. IR0, oM o7fa1 11 45 &4 45 Edin
(e.g. renal unit, diabetes unit, IBD unit) If you want to see your results on PatientView then click S
= - S :'::'51:" io e PATIENT
e 38 76 ‘.5 144 7O 282 Edin
Source https://www.patientview.org/ s el PATIOT
:;:I:Iﬂlﬂlﬂ a1 )| 44 i3 47 211 Edin
E::’::"ln‘ 4,1 73 “+.3 14) &4 29 rdin

’v _ 22/84/30 3 60 200 £din
s THE RENAL CROHN'S& ‘i

DH ) Department . ASSOCIATION BOWEL DISEASE
Of Health Egsesrf‘%té;rt‘ founded 1950 COLlTls UK TOGETHER

Riaghaltas na h-Alba

-
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PHRs: open access to quality data

University Hospitals Birmingham INHS |

NHS Foundation Trust

| Delivering the best in care

Recordsofall current and historical madication records held
by the hospital are displayed. The patientcan also add their

myhealth@)EHB

i hirg yOu s el recoedh

A Heto Pavent 1

My records

acanen

View update st 2811 Naspe

3

Lab resusts

@@\D‘H!

EE

7 |
]

o @ O

My contacts
Warage you b

My vaurt

My protie
Eddt yout prek

apital cortacty I

own medication, or notify QEHB of any changes.

TR T
R el
e b

1190 Foday 3 Fetvuary 2012

My recordy Communicate My favourites

Lzb results held by the hospital are displayed.

The patient can submit their own external blood and other
test results [e.g. blood pressure). BP measurements entared
by the patient are presented in 2 graph

Recent and historicalinpatienthistory isdisplayead. |

Relevant Web links (e.g. BNF) are listed here. |

Hospital appointmeants are listed and patients can add other
events (such as zppointmants).

Patients can add GP details, QEHB and other hospital
contacts.

Patientscan choose to upload healthdocumentsto their
portal and keep them private or share them with QEHB.

Courtesy of University Hospital Birmingham NHS Foundation Trust
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Quality service improvement: smart data to
knowledge

!L‘ZZB Bolton

Test Practice jUsgentiContactsy Disease Register

Practice Improvement

Test Practice > Pages > UrgentContacts.aspx

General Practice This Site

UrgentContactsv2

| Practice Name |P82xxx Test Practice ~

View Report

4 4] ofi b Pbi [100% = | Find | Next | Select a format <] Export (2 = A
Activity Yesterday  Activity Last 7 Days =
% 2 Urgent Contacts Time Series (Weekly Summary)
g < ‘0 Please note that this chart now excludes discharges and non emergency admissions to make trends easier to identify.
= ) fa 80 = ALE Atendance
ARagf,lE \) B2 g S Out of Hours
=N = RBH Emergency Admission
NG N w— \Walk In Centre
/’0 '70 60 —
/9 ’ 4
& - b \ F =
| wakhn o ; \/
‘ v
Source, Dr Anne ~ ~ 40
Talbot, GP & | /Z ®
Urgent Care — 1
g Out of < O 3 20
Clinical Lead, Hours N
~ S
Bolton CCG 2 %
27 >
Admiss £ 1 B 2 = W oR R 2 @ R B B B B
Bove Q= . O = g 8 8 g8 8 & 8 & & 8 & & &
RBH 3 E; 5 8§ 8 8 8 8 8 8 8 8 § § 8
b %
@
Dischs =P ‘o On Disease Register Frequent Contacts
Rgg & 9 = < g Yesterday Last 7 Days Yesterday Last 7 Days
U
> 1 1 4
% % w\“‘ls"'/?o :\i“li“/ \0““"|5"‘v‘r/20 ® \‘lo‘l S
z ’ oo I, % . U o ", % 64 7,
Total =5 =5 z, S D Z, ~ 2 o
Gouiy @, @ % 28 o3 2% o3 28 ol &
S ~ \ A ) \ =
< [
N i . h e .
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Example lll: Quantified Self (©) sweatcoir

Sweatcoin: currency 2.0

8:10 AM

» Engages the user and creates a
sustainable uplift in physical
activity

Monday Offers

»  Facilitates the exchange
of economic value created by
physical activity through Sweatcoin

) A0

Marketplace and user-to-user

@ ivyheath = a ,_”‘
7 Ef'.

\

|

ess| ¥ erele 365 Refresh
monltor/ Thermometer leggins i
ear——

transactions

»  Tackling obesity:

— Indoor step verification

Sell for Sweatcoins %8

Do you have a product or
service vou want to sell for

— Verification of other activities

— Predictors of physical activity behaviour
change

-
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Sweatcoin user for Has opened the Sweatcoin

" app in the last week

Example Il o

minimum 6 months

An equal split of US and UK users

@ sweatcoin iPhone owner '.‘

Mean daily step count for each month

» 5406 users, 9 months daily . . .

step count (3 months pl"iOF to 3-months pre-registration 6-months post-registration

SWC registration and 6-

months post registration). 700 ; ‘4 +7o
» Demographics, self-report 600 60

activity and Sweatcoin 500 ¢ ¢ 50

feedback 400 40
»  Relative step count: average -

from 3-mth prior subtracted
from all values to see change

200
| | . 10 I I I
] ) . e L]
»  Sustained 15-20% increase in N . | : : : : . 0
-2 -1 0 1 2 3 4 5 6

after registration
-3

daily step count following 100 ® o
registration.

N
o

o
-
o

Mean Relative Daily Step Count
W
o
Percentage Increase in Daily Step Count

Months after Sweatcoin Registration
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Smart Health: System View of
Public Health

Source: Dahlgren and Whitehead, 1991

Determinants of Health: Relevance to Smart Cities Concept

P
4 - St - .
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Summary

» The impact of digital technology and information can be transformative for
healthcare.

»  Digital Healthcare — Individuals & Communities: The benefits to individuals and
society are multiple. People’s health journeys are better understood and
appropriate lifestyle choices can be better tailored and promoted to the
individual.

» Digitally-enabled integrated care as a smart Healthcare way forward: In the case
of chronic conditions, disease management can be more effectively supported
and avoidable deaths can be prevented.

» Digital Healthcare an important constituent to smart cities

\ \
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