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1. Introduction

In March 2001, twenty individuals
fromthehedth’ informaticscommunity
were invited by the International
Medical Informatics Association
(www.imia.org) to participate in a
workshop entitled, “Challenges in
Medicd Informatics’ inMadrid, Spain.
The broad objectives of theworkshop
were (a) to review the relevance of
medical informatics as an academic
disciplineintoday’ s setting and (b) to
examine its impact by the new world
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Abstract: In March 2001, the International Medical Informatics Association organized a
workshop entitled“ ChallengesinMedical Informatics’ inMadrid, Spain. Itinvited twenty
members of the medical” informatics community to discuss current issues relating to the
academi c standing of thefield. Thebroad objectivesof theworkshop were (@) toreview the
relevanceof medicd informaticsasan academicdisciplineintoday’ ssetting and (b) toexamine
itsimpact by the new world economy. One of the issues discussed was to find an gppropriate
response to the growing emergence of bioinformatics in the age of genomic discovery and
molecular medicine. Withtheexciting discoveriesinmol ecular medicinecoming hotonthehed's
of thefirgt draft of the mapping of the human genome and the availahility of high-throughput
measurement of geneexpress onsusing microarray techniques, bioinformaticshas, inrecent
years, gained prominencein life sciences research and development. Asthe next phase of
researchwill seetheapplicationsof genomicand proteomic dataintheclinical management
and treatment of patients, it is inevitable that bioinformatics and health informatics will
converge, presenting an exciting new challenge for our field. The terms “biomedica
informatics’ and “ clinical bioinformatics’ have been used to describe this convergence.

Anather excitingchallengefor hed thinformaticscomesfromthespectreof globa bioterrorism.
Following the September 11, 2001 terrorist attacksinthe USA and thegpateof anthrax outbresks
there and dsewhere, there has been an urgent need to review current methods of disease
surveillance. Currentresearchin® preventivebioterrorism” focusesontheuseof prodromal
(warning) symptomsto predict seriousinfectiousdiseaseoutbreaks. Thehealthinformatics
challenge, inthiscase, isto develop awide areanetwork of health information systemsto
achievered-timereporting of prodromal symptomsfromsentine stationsandtodepl oy data-
mining and decision analytical techniques for the outbreak predictions.

The third challenge to be covered in this presentation relates to the deployment of
networked virtual reality for remote tele-rehabilitation of patients with cognitive and
physical impairments. Whil ethebenefitsof deployingtelemedicinal principlesfor remote
medical rehabilitation of patientsareclear, the costsand use of virtual reality posearea
challenge. Some solutions are proposed in this paper.

economy. Amongthemany issuesthat
were discussed was the challenge
posed by therecent risein prominence
of bioinformaticsfollowingtheefforts
to map the human genome and
subsequent deluge of genomic and
proteomi cdatacomingout of molecular
biology | aboratoriesaroundtheworld.
Paperspresented at theworkshop have
now been published in the January
2002 issue of Methods of Information
in Medicine [1]. The challenge from
bioinformatics is just one of severa
excitingareasfor heathinformaticsto

* in this paper, the terms health informatics and medical informatics are synonymous

find new nichesin the wake of recent
trends for the applications of info-
communicationtechnologiesinhealth
and healthcare delivery.

2. TheChallengefrom Life
Sciences

With the exciting discoveries in
molecular medicinecoming hot onthe
heels of the first draft of the mapping
of the human genome [2] and the
availability of high-throughput
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Fig. 1. Therelevanceof biomedical informatics.

measurement of gene expressions
using microarray techniques[3], bio-
informaticshas, inrecentyears, gained
prominence in life sciences research
and devel opment. Asthenext phaseof
research will see the applications of
genomic and proteomic information,
culled from nucleotide and protein
databases, in the clinical management
of patients, it is inevitable that
bioinformatics and health informatics
will converge, presenting an exciting
new challengefor our field. Theterms
“biomedical informatics’ and*“ clinical
bioinformatics’ have been used to
describe this convergence [4,5,6]

Bioinformatics dealswith the data-
andimage-processingandinformation
toolsandtechniquesinbiology that are
instrumental intranslating molecular/
geneticinformationintobiological pro-
cessed/pathway knowledge. It there-
fore makes sense that if we couple
bioinformaticswiththetool sand tech-
niquesthat deal withclinical information
(e.g. computerized patient records,
clinical decision systems, image- and
signal-processing), wehavethemeans
to correlate essentially genotypic
informati onwith expressed phenotypic
information[7]. Whilebioinformatics
enables us to understand the funda-
mental knowledgeabout biological pro-
cesses, theinclusion of clinical infor-
mationinbiomedical informaticsopens

thegateway togeneticrisk profiling of
patients, new paradigms in disease
diagnoses and prognoses and novel
approaches to drug discovery based
on the correlation of genetic and
molecular knowledge of diseaseswith
clinical information of their patients.

Bridging the gulf between bio-
informatics and medical informatics
requires a meeting of the following
challenges:

e Co-operation between biologists
working in the basic sciences and
cliniciansin the medical sciences.
Thisisalready takingplaceinlarge
researchingtitutionsthroughout the
world. Itisalso necessary to bring
together bioinformaticianswhodeal
essentially in the life sciences
domainwithmedical informaticians
who work essentialy in the health
andmedical domains. Thiscouldbe
achieved by having joint activities
between the organi zations of these
two professional groups such as
the International Medical Infor-
mati csA ssaciation (www.imia.org)
and the International Society of
Computationd Biology (Wwww.isch.org).

 Thelinkingof genomicinformation
with clinical information can be
facilitated through new architec-
turesinthedesign of computerized
patient records. However, even
today, there are still not many
healthcare ingtitutions with fully
operational CPRs. Even if these
areavailable, thelegal requirements
for patient data protection have to
be in place. These issues are
formidablebut notinsurmountable.
They can be resolved with time.

» Standardization issues, which are
already challenging in health
informatics, will have to be
extended to cover bioinformatics.
Already, the need to standardize
bioinformatics concepts and
representationsare challenging, to
say the least.

3. TheChallengefrom
bioterrorism

Another promising areaof research
inhealthinformati cshasbeen spawned
from the spectre of global terrorism.
Following the September 11, 2001
tragediesin the USA and the spate of
anthrax outbreaksthereand el sewhere,
therehasbeenanurgent needtoreview
current methods for disease sur-
veillance[8]. ‘Bioterrorism’ hasbeen
defined by some as “the use or threat
to use disease-spreading micro-
organisms or toxins as weapons for
revenge, politics or support of acause
or the advancement of a criminal
enterprise” [9,10]. From the epide-
miological standpoint, bioterrorist acts
can be overt or covert. Overt attacks
such asdepl oyment of chemical agents
haveimmediatemanifestationsand can
dicit immediate response from civil
defence and military personnel.
Biological attacks, on the other hand,
arecovert andwill not beimmediately
manifested because of the incubation
period between exposureand theonset
of illness. Hencefor covert bioterrorist
attacks, theexisting method of disease
surveillance that relies on positive
diagnoses of specific diseaseswill not
be effective. Current research in
“preventive bioterrorism” focuses on
the use of syndromes i.e. signs and
symptoms as possible early-warning
alerts on the disease radar screen to
detect possible covert acts of bio-
terrorism. The health informatics
challenge, in thiscase, isto develop a
wide area network of health
information systems to achieve real-
time reporting of prodromal (or
warhing) symptomsthat areassociated
with serious infectious diseases.

One such project that has been
submitted for research funding in
Singapore involvesthe setting up of a
sentinel network linking government
polyclinics and participating general
practiceclinics. Tobedeployedover a
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Fig. 2. Proposed Syndrome-based Primary Infectious Diseases Epidemiologic Reporting and

Surveillance(SPIDERS) System.

secure, virtual private network using
the Singapore ONE broad-band
infrastructure as the supporting
network backbone, the Syndromic-
based Primary Infectious Diseases
Epidemiologic Reporting System
(SPIDERS) will be a web-based
information system that (a) supports
nation-wide, real-time reporting of
syndromic data, (b) alerts on possible
disease outbreaks based on historical
experience or ongoing investigations,
(¢) providesgeographica andtatistical
information on outbreaks, (d) deploys
Web-based agents to track
occurrences of disease outbreaks
reportedonthelnternetand(€) linksto
Web-based information on
epidemiological diseases, disease
outbreaksand biol ogical andchemical
agents as weapons of destruction.

The heart of SPIDERS will be an
inferenceenginethat will employ data-
mining and Al techniques to predict
disease outbreaks based on incoming
real-timesyndromicdatacollectedfrom
the sentinel stations.

4. TheChallengefrom
deployment of V.R. for
tele-rehabilitation

The third promising area of health
informaticsresearchisto examinethe
use of telemedicine for home-based
tele-rehabilitation of patients. The
practice of telemedicine is not new.
Recent publications on telemedicine
have described the potential virtual
reality (VR) technology may provide
for treating patients with cognitive or
psychologica impairments[11,12,13].
Y et there has been few breakthroughs
in the development of commercial
telemedicine systemsthat deploy VR
technology. The reasons are obvious.
Theside-effectsfromtheuseof virtual
reality are already very challenging,
even for normal persons. Spatial
disorientation, nausea, lossof balance
are common complaints. Thus, to
deploy VR techniques in the
rehabilitation of patientswith cognitive
deficiencies would be additionally
challenging, especially when many of

such patients are in the elderly age
groups. In addition, the costs of the
VR and ICT hardware, such as data
gloves, motion and position sensors
and high-end microcomputers with
large memory, high-speed processors
and graphics accelerators, have been
barrierstotheproduction of affordable
commercia systems.

In Singapore, we have now found a
solution to the problem of deploying
VR techniques for remote tele-
rehabilitationfor cognitiveandphysical
impairments. A dataglove is used to
record finger/joint flexure of the
patient’ s hand and a position tracking
system records a patient’s motor
performancewhilemanipulating ‘real
world’ objects. The datais sent to the
workstation of a remotely located
therapist where a virtual reality
applicationvisualy recreatesthe real
world’ task being performed by the
patient. The therapist can view the
scene from any possible position/
orientation, unlike a video which
displays only one viewpoint. Storage
of all dataprovidesacompleterecord
of patient progressandallowsplayback
and detailed analysis. A video/voice
link providesreal timecommunication
betweenthetherapist andtheremotely-
located patient. Details of this work
can befound in aresearch paper to be
published[14].

5. Conclusion

The three areas of research that
havebeenhighlightedinthispaper are
just some of the emerging fields that
build on the tools and techniques of
health informatics. Once again, their
multidisciplinary nature underpins
health informatics as a discipline that
addressesavery broad range of health
and hedlth care topics. Projects in
biomedical informatics, for example,
require health informaticians to
collaborate with scientistsworkingin
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Fig. 3. Main components for motor performance monitoring with

patient handling ‘real world' object.

basic biology, those in syndromic
disease surveillance require collab-
oration with medical epidemiologists
whilethoseinremotetel e-rehabilitation
require input from rehabilitation
therapists. Neverthel ess, theseprojects
fall within the domain of health info-
rmatics so long as, according to Hauix
[15], they “cover computational and
informational aspectsof processesand
structuresinmedicineandhealthcare’.
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