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Abstract

Smart cards are now used in many countries to store the health data of 
an individual. This is normally a personal history of medical facts and 
data. In addition, regulations require many jurisdictions to capture 
specific health data of all patients, for example, with cancer or other 
specific conditions. In this talk, we give a general system architecture 
that can take advantage of such data to support improved medical care 
to the individual, and also help improve the system efficiency. We will 
present also a case study using data mining. 



Outline

l Health Record
l Smart card
l Electronic Health Record

l What can we do with all the data?
l Case Study – Mental Health



Smart Health Card

l Unlike most cards (e.g. credit card) “Smart”
cards are highly secure and has an 
embedded microprocessor.

l Allows only authenticated readers to read the 
information on the card.

l User normally carries the card
l Can be connected to the Web servers 

through the card reader



What data it may contain?

Usually has four kinds of data: 
l Device data (identifying the device(s) and functions); 
l User data (unique ID of the device holder and 

related parties); 
l System data (funding relationships, insurance 

carriers, public or private healthcare providers); and
l Clinical data (information about the cardholder's 

health, events, appraisal and labeling by a 
healthcare professional, and related actions planned 
or performed). 



Electronic Health Record

“An Electronic Health Record (EHR) is a health record of an 
individual that is accessible online from many separate, 
interoperable automated systems within an electronic 
network.”, Health Canada – Health Care System, 2006



Canadian Health Infoway

“Vision
A high-quality, sustainable and effective Canadian healthcare system 
supported by an infostructure that provides residents of Canada and their 
healthcare providers with timely, appropriate and secure access to the right 
information when and where they enter into the healthcare system. Respect 
for privacy is fundamental to this vision.”



eHealth

Institution: administration systems; laboratory and radiology information systems; 
electronic messaging systems; and, telemedicine -- teleconsults, telepathology, 
and teledermatology, and others
Home care : teleconsults and remote vital signs monitoring systems used for 
diabetes medicine, asthma monitoring and home dialysis systems 
Primary care : use of computer systems by general practitioners and pharmacists 
for patient management, medical records and electronic prescribing. 
The above are from Heatlh Canada, 2006

I add further three items:
Patient: continuous monitoring and guidance for better health and preventive 
care.
Professional practice: Improve best practices, College of Physicians and 
Surgeons.
Governance: Improve regional, provincial, national, and global health 
governance.



September 28, 2005 - Standing on a Burning Platform: Implementing a Province Wide 
Wait-time Information System

October 26, 2005 - Getting to Filmless: A Shared Digital Imaging Initiative

November 23, 2005 - Accelerating the Development and Implementation of Electronic 
Health Records (EHR)

January 25, 2006 - Drowning in Data: What's a Healthcare Provider to Do?

February 22, 2006 - In Pursuit of the EHR Holy Grail: A Critical Situational Review?

March 22, 2006 - The Ontario Laboratories Information System (OLIS) System Project 
A strategic change initiative for eHealth in Ontario

April 26, 2006 - New Strategies for Health Care in the Home

May 24, 2006 - Ontario's Public Health E-Health Strategy - Supporting Public Health 
Renewal

June 21, 2006 - The Physician in eHealth: The Missing Link

September 27, 2006 - Engaging Physicians in Ontario's eHealth Strategy

October 25, 2006 - eHealth Strategies in Support of Psychiatry

WIHIR (Univ. of Waterloo eHealth Seminars for the last 12 months)



Why we do need yet another 
eHealth seminar now?



From The Road to Electronic Health Records for Ontario: Enabling Regional Service Delivery, The Ontario Hospital eHealth
Council Electronic Health Record Working Group, February 2003



July 20, 2006 10:52 AM
US government: by 2014 all medical records will be electronic 

Rand Corporation estimates that in efficiency costs alone a paperless medical records 
infrastructure could save US$77 billions each year. Aiming a 2014 target, the goverment
is creating a series of projects to fund the electronic medical records initiative, including 

a certification process, that will qualify vendors and products.

Full electronic records are not only cheaper, but far more reliable and fast. Think no 
more overnight delivery of piles of dust-covered folders or those always-misplaced 

dental x-rays. 
Source: Ars Technica



Current Objectives of EHR

l Better prescribing practices
l Reduced waiting times
l Improved access in remote communities
l Complete and accurate clinical data for 

diagnosis and treatment
l Less administrative burden and more time 

with patients



Diagnostic Tools or Toys?

l Raja's Palm Library.htm
(http://abusharr.net/palm/)

l Tech4doctors.htm
(http://www.canhealth.com/doctors.html)

l Ectopic Brain - What's New.htm
(http://pbrain.hypermart.net/)



Diagnosaurus: a free differential diagnosis tool for 
PalmOS and Pocket PC

(McGraw Hill Inc.)

This software is a freeware designed to provide differential diagnosis for 

more than 1000 common presentations. …. 



From Management of Hyperglycemia in Type 2 Diabetes: A Consensus Algorithm for the Initiation and Adjustment of Therapy: A consensus statement from the 
American Diabetes Association and the European Association for the Study of Diabetes 

David M. Nathan, John B. Buse, Mayer B. Davidson, Robert J. Heine, Rury R. Holman, Robert Sherwin, and Bernard Zinman
Diabetes Care 2006 29: 1963-1972.



Modern tools that a health care 
system depends on
l Various Electronic Monitors
l Sophisticated Laboratories (e.g.DNA analysis)
l MRI
l CATSCAN
l Radiation Therapy
l Various Robotic Devices

In the future, it will be many different software based on new 
algorithms and knowledge

None of which can replace a well trained practitioner! 
Most practitioners would agree that a well designed tool could save 

time, save lives!



System Architecture for Mental Health Care



The Data Mining Process
A tool to use thousands of records
starting to be available. 

Source:
Discover*e tool
PDS,
Waterloo
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Figure: Decision tree that is created using the WEKA software for 
Breast Cancer Diagnosis.
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Case Study: Data mining in
mental health

l A.G. Eapen1, K. Ponnambalam1, J.F.  
Arocha2, R. Shioda3, T.F. Smith2, J. 
Poss2, & J. Hirdes2

l
1Systems Design Engineering, 2Health 
Studies,2Combinatorics & Optimization, 
University of Waterloo
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lThe InterRAI MDS organization
lThe data set
lFunctions
lScope
lThe instrument

lData mining tools
lExperimental results



interRAI

linterRAI Minimum Data Set
lResident Assessment Instrument
lSmallest number of pieces of information 

required from each patient

lCollection of tools for gathering health 
data
lIntegration of data from different 

sources
lThousands of patient records have 

already been collected



RAI 2.0
RAI-HC
RAI-MH
interRAI-CMH
interRAI-ESP
interRAI-PC
interRAI-ID
interRAI-ER/AC
interRAI-CHIP
interRAI-CHA

Largest health care database in 
Canada



Data categories

lOver 250 data items per instrument
lPersonal items

lHealth service use, history

lSubstance use
lCognitive state, history

lNutrition

lMedications
lDiagnoses

letc....,



RAI Integrated System

lCommon language

lCommon theoretical/conceptual 
basis

lCommon clinical emphasis

lCommon data collection methods

lCommon core elements

Hirdes et al., Healthcare Management Forum , 1999)



RAI data quality

lCollection and evaluation of patient-
specific assessment data with
lA common language
lMultiple uses
lPermits direct comparisons
lAllows for timely access to data 





Electronic Health Record – Mental Health

Pedarla, P.(2004) “E-Intelligence form design and Data Preprocessing in Health Care”,
M.A.Sc. Thesis, Department of Systems Design Engineering University of Waterloo, Canada.



InterRAI assessment process



Data Mining Software & Methods 
to Help Decision Making

lWEKA: ZeroR, decision tree (J 4.8), 
decision table, naïve Bayes 
lCRUISE: Univariate split decision tree; 

bivariate split decision tree
lLVQ-PAK: Optimized learning vector 

quantization
lDiscover*E: Decision tree, dependence tree, 

rule based classification



Raw Data 

CRUISE

Preprocessing the 
data
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Data set

linterRAI Mental Health Data set (Ontario)
l4,000 cases were used 
l455 variables per record
l3,500 training cases, 500 test cases



Experiment 1

lClassifying the patients into 4 categories
lAcute care
lLonger-term patient
lForensic patient
lPsychogeriatic patient



Experiments 2 & 3

lClassifies if patient is likely to be a 
threat to himself or not
lClassifies if patient is likely to be threat 

to others



Experiments 4 & 5

lClassifies if patient has injured himself or 
herself (actual event, postdiction)
lClassifies if patient has been violent to 

others (actual data, postdiction)



Experiments 8 & 9

lSimilar to experiments 4 &5
lViolence to self and others; removing 

information about  past violence
lIncreased difficulty



Base case: Weka’s ZeroR

Experiment Accuracy

1 75.75 %

2 70.74 %

3 75.69 %

4 62.72 %

5 66.53 %

6 62.72 %

7 66.53 %

8 70.74 %

9 75.75 %



Experime-
nt

Cruise 
univariate split

Cruise linear 
combination 

split

Discover*E 
decision tree

Weka J4.8 
decision tree

1 80.56 % 87.71 % 87.71 % 78.16 %

2 76.55 % 77.15 % 73.74 % 73.35 %

3 78.48 % 88.84 % 81.48 % 82.27 %

4 77.35 % 80.96 % 67.07 % 71.94 %

5 83.66 % 82.16 % 80.33 % 84.17 %

6 88.17 % 86.77 % 85.11 % 86.77 %

7 86.17 % 83.97 % 83.90 % 81.16 %

8 79.16 % 77.95 % 69.92 % 71.74 %

9 79.63 % 88.77 % 79.45 % 80.76 %

Decision tree results



Why we do need yet another 
eHealth seminar now?

l Suggest ways to use data of all patients to 
do:
l Knowledge discovery
l Discover systemic deficiencies and efficiencies
l Optimally allocate resources
l Monitor and continuously predict health of 

patients, practices, institutions, and regions



Ideally, for the patient

l Continuous monitoring (not every minute but 
may be event based) and guidance for 
preventive care (for example, obesity, blood 
pressure, etc indicating problems and asking 
for medical visit)



Ideally, for example, for the 
primary health (practitioner)

l Continuous updating of protocols, diagnostic 
rules, available specialist resources, billing, 
etc

Both of the above require Knowledge discovery 
and other systems analysis tools



Ideally, Institutions could use

l Optimal allocation of resources
l Performance indices
l New directions (problem areas identification 

and requiring new resource allocations and 
research)



Challenges

l Secure but easy access (for  practitioners 
and researchers) 

l Large-scale data
l Need for new algorithmic developments
l Need for supercomputing (large memory and 

large CPU time)
l Validation (need the help of practitioners)
l $$$$


