Hewo

Health Education Technology Research Unit

Autonomous technology for
health care

Mike Eklund

Faculty of Engineering and
Applied Science

www.uoit.ca/hetru




Presentation Outline

Motivation

Impact of technology
Aging and ICT

An example
Conclusions




Rising Cost of Health Care

« According to the National Coalition on Health Care:

— Total US health expenditures increased by 6.9 percent in

2005 (the latest year that data is available) — two times
the rate of inflation.

— In 2005, health care spending in the United States

reached $2.0 trillion, and was projected to reach $2.9
trillion by 2015.

— In 2003, the United States spent 15.3 percent of its Gross
Domestic Product (GDP) on health care. It is projected
that the percentage will reach 20 percent by 2015.
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Rising Cost of Health Care

« According to the Canadian Institute for Health
Information the numbers here are similar, in
240[01%

— 7.7% increase over the last year

— three times the rate of inflation of 2.7%.
— $142.0 billion in 2005

— 10.4% of GDP in 2005
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Solutions: Electronic Patient
Records (EPRs, EMRs, EHRSs...)

* |Inthe US and EU there are a major efforts to
digitize patient records

— "We will make wider use of electronic records and
other health information technology to help control
costs and reduce dangerous medical errors."

-- President George W. Bush, January 31, 2006

(I am still unsure what is happening in Canada)
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Will Electronic Records do it?

“As implemented, EHRs were not associated
with better quality ambulatory care.” Eectonic Heaith

Record Use and the Quality of Ambulatory Care in the United States, Jeffrey A. Linder, et al., Arch
Intern Med. 2007;167:1400-1405.)

“...effective EMR implementation and
networking could eventually save more than $81

- ”
b|”|0n annua”y (“Can Electronic Medical Record Systems Transform Health

Care? Potential Health Benefits, Savings, And Costs” Richard Hillestad et al, Health Affairs, 24,
no. 5 (2005): 1103-1117

— That is a one time reduction of about 4% of costs
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How else can HIT make an
impact?

* David Brailer, (former) National Coordinator for
Health IT (US):

—[...] from a technology perspective — that's when it
gets really interesting, because it is not about a

doctor using a keyboard — it is about [...] a
streaming set of information that is flowing from a
patients home, body, etc to allow people to be

empowered and autonomous at home and not in a
nursing home.”




Worldwide age wave is coming

Older Population by Age: 1800-2050
Sourte: IL5. Burzau of the Census

apte
Bureau.
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How will we handle this?

« Group care facilities are very expensive

— Monetary cost to
* The individual and their family or
* Or the social welfare system

— Health/happiness cost
» Leaving ones home is often difficult or even traumatic.
» Current efforts to alleviate this focus on EHRSs or
telemedicine:
— Connect patient to doctors and nurses remotely

— Still requires one-on-one care, however much more
convenient
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What i1s Telemedicine?

« Telemedicine is a technology-rich alternative to a

traditional face-to-face physician consultation.
Physician Station Patient Station

N g
lams

* Telemedicine remains a one-to-one activity, more
convenient of course
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Current Devices and Systems
 E.g., Honeywell HomMed Products

— Telemedicine applications
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Technology Trends: Bell's Law —
new computer class per 10 years

* Enabled by technological opportunities
* Smaller, more numerous and more intimately connected

* Ushers in a new kind of application

B  Ultimately used in many ways not previously imagined
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What can we do with these
advances in technology?

* The low cost and high processing power can help
by:
— Providing preventive tools
— Improving safety, security, monitoring, at home

— Enabling technology cooperation, delivery of services
 Indeed if we think of much of the
monitoring and alerting:

— This could drastically reduce the amount of care
required to provide the same (or better) level of care
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ICT for Assisted Living

* Telemedicine is part of it

 But it also includes

detect and alert the user and/or care
providers of
» Accidents
» Acute illness
» Deterioration of condition

— This will allow the user to remain at home in a safe and
secure environment and delay the transition to group care
facilities longer than otherwise
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A System (ITALH)
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Components: Privacy

* Privacy and security are critical components of
this system, which is enabled through

— Embedded processors and software so that raw data
IS not broadcast
* (unless specifically requested by an authenticated user)
 This also vastly reduces the bandwidth requirements

— Data encryption and wireless security

* The system is by default a closed,
home/personal system

— Care givers can have access from the outside with
proper authorization
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Components: Smart Sensors

 The monitors and sensors include embedded software
systems which can autonomously detect events of
concern, e.g.:
— Wearable sensors

» Fall sensors
* Heart rate, pulse monitors, etc.

— Stationary sensors
* Motion detectors
» Camera systems
* On their own, we can not expect to have sufficient
accuracy, however in combination they will
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Components: Sensors

» Biometric sensors
— Wearable

— Implantable 1 am “
(Tampere University of Technology) '
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Components: Gateways

 Mobile gateway

— Using mobile telephones, with Symbian OS and Bluetooth wireless for
wearable sensors
» E.g. Nokia 6680, 6630 and 9500

Data interface and alert activated systems have been developed
This allows user to have continuous monitoring away from home as well

Currently targeting SMS for signaling, voice for communications, video
conferencing in the future
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Components: Gateways

« Home gateway

— The fixed home devices and wearable devices connect to the
home gateway

— Currently Laptop PC (Windows) based

— Investigating smaller, less expensive systems, e.g. PXA255
systems (very small Intel processor, Linux OS)

— Allow connections from caregivers via internet and/or telephone
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Components: Wireless Connectivity

« Wearable sensors can connect to the mobile
phones using Bluetooth radios

* Also using Berkeley Telos Mote (802.15.4)
devices
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Components: Setup and User
Interfaces

* To be effective, the system must be
designed to be:
— Easy to set up and maintain

— Have a variable level of interaction possible
by the user to accommodate a large range of
skill and interest in using the device

— The primary concern is to ensure that it Is
used




Components: Integrated Tool Chain
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Toolchain background
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Toolchain Goal

Middleware Services

— |nd|v|dua| and Separate COTS OS (Linux, Symbian, etc.)
approval for tools within
the chain

— Simplify the approval for the output of these tools

— Allow the approval of incremental changes in
components of the system
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First Smart Sensor: Fall Detector

* |n Canada falls are the leading cause of fatal
and nonfatal injuries to older people (Source:
NTR/CIHI 2001):

— 58% of major injuries in people 65 and over are
caused by unintentional falls

— Compared to 26% for 35-64 year olds

— And 12% for 20-34 year olds

— In fact it is even more serious than that:
« 86% for 75-84
e 94% for 85+

« (Source: Ontario Trauma Registry, Canadian Institute for
Health Information, 2002)
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Fall Detector (Version 3)

* Features:
— TelosB/Tmote Sky based
— 3-axis, £10 g accelerometers
— 2-axis gyroscope

— Battery powered

— USB and wireless
Zigbee connection

— NesC programmable
— 80 Hz sampling
(Designed By Roozbeh Jafari)
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Experimental work and
development
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Acceleration Analysis
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Data and Opportunities
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The recorded data from
accelerometer based fall
sensor is analyzed and
replayed with this Matlab
program.

Examples

— an elderly woman walking
with a walker (top right),

— a woman sitting down (top
left),

— a woman standing up
(bottom right)

— a man stretching his arm
(bottom left)




Currently: Building a local testbed

£ Wireless Sensor Network

Settings |
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Future Work and Possibilities

Continue building up activity sensor system
Add biometric sensors

Home and mobile system to be connected to the
outside

Integrate such technology

— Into a full home care system (Tashiro, Stanyon, Hung)
— Into NICU systems (McGregor)

— With plug and play capabilities (Liscano)
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Conclusions

 New ICT has the potential to dramatically
affect health care delivery

 Patient education is one area that will be
affected

* Challenges remain in the technology to
make It cost effective and reliable
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