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Presentation Outline

• Health and Economic Motivations

• Past and Present Projects

• Current Technology

• Funding Models

• Issues for Acceptance/Adoption

• Security and Privacy
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Rising Cost of Health Care

• According to a study published in Health Affairs 

(2008):

– Total US health expenditures increased by 6.7 percent 

in 2007, two times the rate of inflation.

– In 2007, health care spending in the United States 

reached $2.3 trillion, 16.3 percent of its Gross 

Domestic Product (GDP). 

– It is projected to reach $4.3 trillion by 2017, 19.5 

percent of its GDP. 
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Rising Cost of Health Care

• According to the Canadian Institute for Health 

Information the numbers there are relatively 

similar, in 2005:

– 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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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 

– Electronic Health Records or 

– Telemedicine and home care

►
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One ñSolutionò: Electronic Patient 

Records (EPRs, EMRs, EHRsé)

• In the US, Canada and the EU there are a 

major efforts to digitize patient records

– President Obama announced $50 billion 

– Canada Health Infoway has invested  $1.5 billion 

to 2008, with another $500 million recently 

announced

– In the EU, some countries are well advanced in 

this area 
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Will Electronic Records do it?

• “As implemented, EHRs were not associated 

with better quality ambulatory care.” 
(Electronic Health 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 billion annually.” 
(“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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What will? Or at least might?
• Veterans Administration studies („08 & „09) on home-

based diabetes care using Care Coordination/Home 

Telehealth (CCHT):

– VA spends $1.6 billion on diabetes care

– Cost of providing CCHT is $1600 per year

– In-home nursing case is $13 000 to $77 000 per year

– Conclusions:

• Reduced hospital utilization by 25.31% 

• Enhances ability for self-management of chronic disease

• Delays progression towards institutionalization 

• Offers a way to remain living independently at home

• However, it has a compliance of 20-30%
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Sensor Networks for Home Care

Internet

Telemedicine

EPR’s

Novel Devices

Patient-

Centric 

Health Care

&

• In person visit Ý telemedicine Ý smart sensors

• “Virtual” medical systems:  distributed, networked 
devices

• New model for home care: Webs of self-aware devices

• Health Care delivery in pull mode rather than 
traditional push mode 

• Assess/treat patients

• Make care decisions

• Predict health

►
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Sensor Networks for Home Care

• Telemedicine is part of it

• But it also includes smart monitors and sensors

– Autonomously 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

• With UC Berkeley, Aarhus University, 

Tampere University of Technology
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Technology: Then and Now

Then:

• Sensor Network: 

experimental

• Wireless Sensors: 

experimental

• Systems Engineering:

well defined for 

“simpler” systems

Now:

• Sensor Networks:

commercialized

• Wireless Sensors:

starting to be 

commercialized

• Systems Engineering:

well defined for 

“other” systems
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Current Devices and Systems

• E.g., Bosch‟s Health Hero
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Blood Glucose

ECG

PT/INRSpirometer 

Peak Flow/FEV1 Oximeter
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Body Sensor Networks

• Intel develop bioelectric chip for diagnostics - Thanks to the use of 

cutting-edge silicon technology, the final production chip is likely to be 

very small, and hence extremely cheap. That in turn should allow it to be 

integrated into a low cost, disposable, single-use cartridge that plugs into a 

larger reusable device... 

• IMEC extends flexible ECG patch to enable arrhythmia detection -

IMEC has further extended the functionality of its wireless ECG patch for 

cardiac monitoring. It added wave analysis software locally on the patch 

node...

• Approval for wireless transmitter that monitors implanted cardiac 

devices - The Merlin@home transmitter‟s wireless technology gives 

patients the additional comfort of having devices automatically checked. 

The entire follow-up procedure is conducted without any direct 

involvement from the patient... 
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Current Networking Solutions

• Wireless networking 

solutions are becoming 

available

• E.g. SensiNode‟s IP-

based 6LoWPAN system
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Developments in Systems Engineering

• Traditionally NSF and NIH have been 

restricted in supporting this area

• Recognition by Funding Agencies that 

engineering research is needed to make this 

happen

• Fortunately, this appearsto be happening, e.g. 

Cyber-Physical Systems at the NSF

– Wearable sensors was one of the first areas funded
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Current Example: NICU System
at Toronto Sick Kids Hospital
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Funding Models: USA

• Private providers HMOs

– Payer and provider

– There are for-profit or not-for-profit HMOs

• Public providers, e.g. Veterans Administration, 

MediCare

– Also payer and provider

• Disease Management Organizations

– For profit, but cost driven
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Funding Models - USA

• Two key players appear to be pushing the 

advances that there are in the USA:

– Kaiser Permanente (Not-for-profit HMO)

• Strongly supporting open standards for hospital 

systems, e.g. Medical Device “Plus and Play” 

Interoperability Program (www.mdpnp.org) 

• Not yet focused on home care

– Veterans Administration

• Supports studies and programs to push home health care

• Is expanding it utilization of  “Care Coordination/Home 

Telehealth” (CCHT)
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Funding Models - Canada

• Provincially funded, single payer systems

• In Ontario LHINs distribute most of the 

funding through hospitals and other providers

• Homecare is provided publicly through the 

LHINs and privately by for-profit and not-for-

profit companies

• Physician funding is determined directly by the 

Ministry of Health – “fee for service” model
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Challenges to Acceptance

• FDA approval of new systems

– They approve “devices”

– Software and embedded systems are challenging

• MediCare “listing” of devices

– Once a device is approved and “listed” it is very 

difficult to modify or improve it due to price 

restrictions

– VA, HMOs, etc generally follow MediCare‟s lead
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Challenges to Acceptance

• Medical acceptance

– New technology must show a benefit to health 

outcomes to be accepted

– There is often reluctance to accept new technology

– Cost benefit must be shown

• so far Health Technology have mostly driven costs up

• Compensation for physicians

– It is not at all clear how these types of sensor 

networks will affect “fee for service” models
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Last Word: Privacy and Security

• The issues with health care are somewhat 

different than in other areas

• E.g. Banking:

– Bank errors can be costly, but can be remediated

– Money can often be recovered, cards re-issued

• What about personal health information?

– Once released can it be recovered?

– What about non-health information revealed by a 

sensor network?
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Privacy and Security

• Privacy and security must be critical 

components of any sensor network home care 

system

• However, from our experience, many users are 

willing to accept some loss of privacy in 

exchange for increased security

– E.g. with wearable fall sensors

8 June 2009, OECD Experts Conference 

Mike Eklund 

►



Faculty of Engineering and Applied Science

Thank you

Mike Eklund

mikael.eklund@uoit.ca


