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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.
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e Health Record
Smart card
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e What can we do with all the data?
e Case Study — Mental Health




Smart Health Card

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

e Allows only authenticated readers to read the
Information on the card.

e User normally carries the card

e Can be connected to the Web servers
through the card reader



What data it may contain?

Usually has four kinds of data:
e Device data (identifying the device(s) and functions);

e User data (unigue ID of the device holder and
related parties),

e System data (funding relationships, insurance

carriers,

oublic or private healthcare providers); and

e Clinical o

ata (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

| 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.




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

September 28, 2005 - Standing on a Burning Platform: Implementing a Provmc&ﬂﬁg
X X X
Wait-time Information System e
00

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

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 Strateqgies 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 275 200A - eHealth {|trateadiec in <|tinnort of Pevehiatry



Why we do need yet another
eHealth seminar now?




Source: Ipsos-Reid Consumer Polf commissioned by OHA (Oct 2002), N=800 Ontarians
Initial Reactions to eHealth
Overall, what is your initial reaction to the idea of ...? Are you very
positive, somewhat positive, somewhat negative or very negative about
this idea?

[0 Somewhat Positive B Very Paositive
Electronic patient record 40% _ 81%
System
Ontario Hospital eHealth Council
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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

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:



Current Objectives of EHR

e Better prescribing practices
e Reduced waiting times
e Improved access in remote communities

e Complete and accurate clinical data for
diagnosis and treatment

e Less administrative burden and more time
with patients



Diagnostic Tools or Toys?

(http://abusharr.net/palm/)

®
(http://www.canhealth.com/doctors.html)

(http://pbrain.nypermart.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

f;j' Diagnosaurus ;‘Eij g @

Diagnosaurus
All entries w

** About **

** Instructions **

Abdominal aortic aneurysm
Abdominal pain

Abdominal pain, gensralized
Abdominal pain, left lowsr quadrant
Abdominal pain, left upper quadrant
Abdominal pain, right lower quadrant
Abdominal pain, right upper quadrant
Abdominal pain, upper or epigastric
Abortion, recurrent

Abortion, spontaneous

ABPA

Abscess, Iver

Jump TD:l

E =

[ »
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more than 1000 common presentations. ....



Management of hyperglycemia in type 2 diabetes
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| Lifestyle Intervention + Matformin |
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= T
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Add Basal Insulin® Add Sulionylurea Add Glitazone
| - Most effecu"we - Least cxpn MSive - Mo hypoglyeamia
r
M
No |+ M_%mc:-?% | Yes* | | No |'—61c:-?% 1 Yes | | No " a1Ca7% ] Yes®
rfﬁ — \\h_._:_:_:_____-- i .
Intensify Insulin® ! F.nn Glitarone” Add Basal Insulin® | | Add Sulforyiurea’ |
_--\__\_‘_-lui—_______- I_ _--__'_':ln-l--:;____- - -
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T e ——_ = T . L
.ﬁ.dd Basal or In1en5|fg.-' Ir‘nsulnr'1I= I"’
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Intensive insulin + Metformin +/- Glitazone J

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

Various Electronic Monitors

Sophisticated Laboratories (e.g.DNA analysis)
MRI

CATSCAN

Radiation Therapy

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!
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Figure: Decision tree that is created using the WEKA software for
Breast Cancer Diagnhosis.



PP
ACCURACY OF DATA MINING TOOLS: WISCONSIN BREAST CANCER DATA@ @ @
o
WEKA CRUISE DISCOVER*E LVQ
ACCURA ACCURAC ACCUR ACCURA:
METHOD oy METHOD v METHOD Acy | METHOD v
ZeroR 77.88% Decision Tree | 99.49%
U”g’sl‘ri'tate 98.49%
Decision Tree | 98.995% Dependence | o ga04
Tree
Decision 0 Rule 0 OLVQ 98.99%
Table 98.55% Classification | 22327
Linear Split | 98.49%
Nalve Bayes | 98.49%

Source: Eapen, A.G.(2004) “ Application of Data mining in Medical Applications” M.A.Sc.
Thesis, Department of Systems Design Engineering University of Waterloo, Canada.



Case Study: Data mining In
mental health

e A.G. Eapen!, K. Ponnambalam?, J.F.
Arocha?, R. Shioda3, T.F. Smith?, J.
Poss?, & J. Hirdes?

1Systems Design Engineering, ?Health
Studies,’Combinatorics & Optimization,
University of Waterloo
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InterRAI

‘interRAI Minimum Data Set
Resident Assessment Instrument

Smallest number of pieces of information
required from each patient

@ Collection of tools for gathering health
data

O Integration of data from different
sources

® Thousands of patient records have
already been collected



Largest health care database |
Canada

Seceve

® RAI2.0

B RALHC
RAI-MH
interRAI-CMH
InterRAI-ESP

¥ interRAI-PC

# terRALID
iInterRAI-ER/AC
iInterRAI-CHIP

ﬁ iInterRAI-CHA




Data categories

® Over 250 data items per instrument
® personal items

© Health service use, history
® substance use

O Cognitive state, history

© Nutrition

© Medications

O Diagnoses
Oetc....,




RAI Integrated System

® common language

® common theoretical/conceptual
basis

® common clinical emphasis
‘Common data collection methods
‘Common core elements

Hirdes et al., Healthcare Management Forum , 1999)



RAI data quality

® Collection and evaluation of patient-
specific assessment data with
® A common language
O Multiple uses
® Permits direct comparisons
© Allows for timely access to data
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Electronic Health Record — Mental Health

& MedClinfcForm<

Caze Recor

e Hnpelrssress

Statenents nf hnpelezsress [p g ' There's nn hpe for the fobore;
MNathing iz going to change for the better"]

Clinical Examination Form Ninter
Sechon B, MEM 1AL 5 1ATE INDILATURYS [Lontd. | Section B, MEN 1AL 5141 E INDILATURS [Contd. |
c. Decreazed Statenents of decreasze in energy evel (e.g. ' just don't feel like INDICATORS OF MAMIA
Energy daing atwthing; | have no engergy”] "
0. Uriflated Exayyeated vell-upirior, anugarice, inflaled belel abook oree's
i i _ i SelfWoarth ot ahility, etc. .
U Heyalive Falienl inade riegative slalemenls ey, "Nothing mallers, |
Statements would rather be dead; what's the use; let me die"; rearets having] ) ) ) ) . )
lived 2o lang) | P. Excited b atar excitalion [e.q. heightened physical activity, excited, loud,
Behaviour il

aor prazzurad speach, increazed reactivity) |

INDICATORS OF PSYCHOSIS

I. Seli-Deprecation

Self-Deprecation [e.g. "'l am nothing; | am no use to anpone")

1. Hallucinations

Falze senzary perception, of any tppe, without correspanding
shirauli (2.9, zuditary, excluding command hallucinations; wisual,

| Lautile, ulfactog, gustaluy ballucinatior ) ’—
g. Guilt Exprezzions of guilt 2. "'ve done something awful; Thizizall ——— R. Command Hallucinatior directing the patient to do scmething or to act in a
e Taall'] | I lalluciniabivne paticulan imanme [z, b bann sell woollizie] |
h. Anhedaria Statenents that indicate a generallack of pleasure in life [e.g. "1 ; ; ; : o
o . " : 5. Delusions Fixed falze balief 2.0 grandioze. paranoic claims: S
dontenjoy anything anymore:) | unzubstantizted samatic complaintz] |
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abriomal phygical | behaviour or body posturing I'_'
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Camplaints persiztontly soclke attcntiondrcassurance) - — - - - _—
| 1J. Abnormal Loosening ol aszociations, blacking. fight of ideas tangentiality,
A . . ) ) . Though circumstantially etc. |_
| Fepetitive Repetiive physical movements [e.9. pacing, hand winging, —_— Frocess/Faom
Maovements restlezsness, fidgeting, picking) |
L ) . ", Flat or Blunted b cbar excitalion (2.9, heightened physical activity, excited, loud,
K. Unrealiztic Expressions of what appear to be unrealistic fears (e.g. fear of . Mitant i ek R
Fears being abandoned, of being lett alone, of being with others) 3 st RdAnanth st st )
L. Phobiaz Unrealistic, intense fear of specific object or situation — W, Liable Affect Affect fuctuates frequently with or without an external
| explanation |—
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Thoughts | MEGATIYE SYMIMTOMS
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JIEE

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.



InterRAIl assessment process

Assessment of Decision making Care plan
MDS-MH (RAP) development

Evaluation ; Care plan'
implementation




Data Mining Software & Methods
to Help Decision Making

@ \WEKA: ZeroR, decision tree (J 4.8),
decision table, naive Bayes

@ CRUISE: Univariate split decision tree,
bivariate split decision tree

.LVQ-PAK: Optimized learning vector
guantization

@ DiscoverE: Decision tree, dependence tree,
rule based classification




Research Process

Raw Data Preprocessing the Filling missing
data values
TOOL
Formatting data into different formats
required for the different Tools

LVQ_PAK CRUISE WEKA DISCOVER*E
Results obtained and checking
accuracy obtained




Data set

@ inicrRAI Mental Health Data set (Ontario)
‘4,000 cases were used

@ 455 variables per record

‘3,500 training cases, 500 test cases




Experiment 1

.Classifying the patients into 4 categories

O Acute care

_onger-term patient
~orensic patient

Psychogeriatic patient




Experiments 2 & 3

@ Classifies if patient is likely to be a
threat to himself or not

@ Classifies if patient is likely to be threat
to others



Experiments 4 & 5

@ Classifies if patient has injured himself or
herself (actual event, postdiction)

@ Classifies if patient has been violent to
others (actual data, postdiction)




Experiments 8 & 9

@ similar to experiments 4 &5

@ violence to self and others; removing
Information about past violence

Increased difficulty




Base case: Weka’'s ZeroR

Experiment

Accuracy

75.75 %

70.74 %

75.69 %

62.72 %

66.53 %

62.72 %

66.53 %

70.74 %

75.75 %
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o000
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Decision tree results oo
elc - : ; ) DVE CKC 4
PIiratic
al ladle U 0 € 0
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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 %




Why we do need yet another
eHealth seminar now?

e Suggest ways to use data of all patients to
do:
Knowledge discovery
Discover systemic deficiencies and efficiencies
Optimally allocate resources

Monitor and continuously predict health of
patients, practices, institutions, and regions



ldeally, for the patient

e 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)



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

e Continuous updating of protocols, diagnostic
rules, available specialist resources, billing,

etc

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



ldeally, Institutions could use

e Optimal allocation of resources
e Performance indices

e New directions (problem areas identification
and requiring new resource allocations and

research)



Challenges

e Secure but easy access (for practitioners
and researchers)

e Large-scale data
e Need for new algorithmic developments

e Need for supercomputing (large memory and
large CPU time)

e Validation (need the help of practitioners)
o $$$$



