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Introduction

For more than three decades, the
focus of medical informatics at
Geneva University Hospitals has
beenthedevelopment of innovative,
patient-centered computer-based
tools to improve the quality and
efficiency of healthcare delivery.
Created under thevisionary leadership
of Professor Jean-Raoul Scherrer
[1], the Division of Medical Infor-
matics (Division d’Informatique
Médicale, DIM) has always com-
bineditsserviceandresearchmissions,
leadingtothedevel opment of influential
real-world systems, such as the
DIOGENE hospital information sy-
stem[2,3], pioneering medical image
management tools [4,5], and bio-
informatics resources [6], as well as
significant contributionstothefiel dsof
medical knowledgerepresentationand
natural languageprocessing[7],image
processing, federated health care
records architectures, and e-health.

This paper presentsthe philosophy
andscopeof theresearchandeducation
efforts of the Division of Medical
Informatics at Geneva University
Hospitalsand School of Medicine.
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With the development of the
DIOGENE hospital information
system in the 70’s, informatics made
its way into the daily life of the
collaborators of Geneva University
Hospitals. Computing resourcesbeing
limited, theideaat thetimewastogive
priority to the applications for care-
providers. Without terminals and 15
years before the advent of personal
computers, thechallengewasto create
aconvivial man-machineinterface: a
pool of phoneoperatorswho mediated
theinteractionsbetween professionals
andthemainframecomputer, sending
direct visual feedback through video
cables, wasanexemplary solution, the
so-called“ Genevasolution” [8],toan
ergonomic, organizational andtechnical
problem that can still be found in
today’ s systems.

This example illustrates the key
philosophy that hasguided not only the
service mission of the DIM, but also
most of itsresearch activity: innovative
solutions for patient-centered, real-
world problems. The emulation be-
tweenthesetwo missons, theproximity

of researchers, informaticiansandclin-
icians, and the cultural acceptance of
innovativecomputer-basedtool swithin
the real-world care processes have
enabled new synergies, development
strategies, and production systems.

Theimportanceof communication,
collaboration and knowledgemanage-
ment withinthe hospital isnow better
understood, but theactual roleof infor-
mation and communi cation technol o-
gies in such complex organizations
and processes need to be further
studied. Ethnographic techniques,
coupledwiththeanalysisof usagelogs
and outcomemeasures, canbeapplied
tothis"laboratory” environmentwhere
actors can be finely observed, and,
when necessary, randomized in
prospectivestudies.

Today, GenevaUniversity Hospitals
(HUG) comprise agroup of primary,
secondary, andtertiary carefacilities,
employing8'000collaborators(includ-
ing 1'300physiciansand 3'000 nurses),
totaling 2'200beds, 50'000 admissions,
70'000 emergency room visits, and
732'000 outpatient visits each year.
Numbersreflectitslevel of computer-
ization: thereare4'600 PCs, 500 physi-
ciansareequippedwithinstitutionally-
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managed PDAs loaded with clinical
information resources and dozens of
wheel -mounted computersareusedto
provide point-of-care information
through a wireless communication
network. Digital informationhasbeen
accumulated for decades, in theform
of text,images, and encoded data. Itis
now available online within the
computerized patient record and a
clinical datawarehouse. The Picture
Archivingand Communication System
(PACS) handles 85 percent of al
radiology images, whichareavailable
onall clinical workstationswithinthe
computerized patient record.

Based on a distributed component
architecture [9], using HTTP/ XML
and DICOM as standards for inter-
operability and a strong terminol ogy
management, theclinical information
system can easily be extended to
providespecificviewsor new business
logic, while maintaining a globally
coherent system. As interoperable
components or applications can be
shared over the internet, these
extensionscan befunctional aswell as
geographical, leading to various
telemedicineapplications, rangingfrom
sharing of knowledge components, to
teleradiology andtel econsultations.

The Division of Medical
Informatics(DIM)

TheDIM[10] isbasedintheGeneva
University Hospital asaclinical service,
and in the Geneva University School
of Medicine asan academic division.
This dua attachment facilitates the
linksbetweenfundamental and applied
research, and the transition between
pre-graduate education and post-
graduate or professional training.

The DIM consists of more than 50
collaboratorswhowork inoneor more
of thefour operational groups:

- theintegrated patient record group:
in charge of the design, develop-
ment and deployment of theinstitu-
tion’ sclinical computer-basedtools,
includingthecomputerized patient
record, clinical data capturetoals,
and clinical decisionsupporttools.
Areasof researchinclude: innova-
tive human-machine interfaces,
role-basedinformationintegration
and presentation, and knowledge-
couplinginclinical workflow,

- thedigita imagingunit: inchargeof
theingtitution’ simagemanagement
system (PACS) and the support of
cliniciansforimageanalysis. Areas
of research include the develop-
ment of specific algorithms and
tools for image analysis (segmen-
tation, 3-D reconstruction, aug-
mented reality), and, inconnection
with the radiology services, the
development of new imageacquisi-
tiontechniques, inparticularinthe
field of functional magnetic
resonanceimaging,

- themiddlewaregroup: inchargeof
the clinical information system’'s
foundation components. Areas of
researchincludeopen, component-
based architectures, federated
health-record systems, tele-
medicine infrastructures, and
security indistributed systems,

- the natural language group: in
chargeof terminol ogy management
and the integration of operational
natural languageprocessing (NLP)
tools in the clinical information
system. Areas of research include
innovativeNL Ptechniques, clinical
knowledge representation and
engineering[11,12].

TheDIM hasestablished numerous
academic collaborations that extend
its research and education potential.
Theseinclude:

- within Geneva University, the
Faculty of SciencesandtheFaculty
of Literature, for the co-direction
of doctoral students (computer

science, physics, mathematics,
linguistics),

- otheruniversities,andinparticular
the SwissPalytechnical Schoolsin
Lausanne (EPFL) and Zirich
(ETHZ), withprojectsdealingwith
advanced image analysis and
operational research for resource
usageoptimization,

- the Swiss Institute for Bio-
informatics, whosedirector isalso
amember of the DIM,

- the European Nuclear Research
Center (CERN), based in Geneva,
with projects on medical imaging
instrumentation, and othersongrid-
and super-computing.

Current research activity

Currentresearchactivity at theDIM
can be grouped in four mains areas:

- techniquesand toolsfor enabling
the learning healthcar e institu-
tion: healthcare being fundamen-
tally aknowledgebusiness, thereis
aneed for improving the ability of
healthcare institutions to capture,
manage, activate, and discover
knowledge within the immense
amount of informationthatisbeing
produced by the care processes
and by biomedical research. Tacit
knowledge capture can be
enhanced by varioustools[13,14].
Knowledge representation tech-
niquescanimprovethequality and
reusability of knowledgebases. The
combination of data mining with
NL Ptechniquesandimagefeatures
extraction couldleadtoinnovative
“multidimensiona” knowledgedis-
covery applications. Linkswithbio-
informaticsopen perspectivesboth
for theintegration of genomicsand
proteomics information in the
clinical processes, and bioinforma-
tics research can be helped by
medical informatics tools such as
ontology management tools and
NL P techniques,
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- clinical information systemsthat
make a difference: with numerous
different types of stakeholders
involved in the process of care
production, in acomplex environ-
ment characterized by discontinui-
ties and nomadism, the clinical
information systemmust beableto
adaptitshuman-machineinterfaces
tobringtheappropriateinformation
at the point of decision, in aform
factor adapted to the needs of the
user. Research topics include
clinical decision-support systems,
component- and agent-based open
architectures,intelligent notification
systems, workflow and resource
usageoptimization, andtheevalua-
tion of thecognitiveand communi-
cationimpact of information tech-
nologyinclinical environments[15],

- from medical image acquisition
to augmented reality for clini-
cians. thecompletemedical image
production chain is a subject of
research activities at the DIM. It
startswiththeopti mization of medi-
cal image acquisition techniques
[16], the storage, communication
andintegrationof imagesinvarious
clinical applications, automated
feature extraction for diagnostic
assistance, to the post-processing
of images, automated segmentation
[17], multi-modality co-registration,
tridimensional reconstruction and
use in augmented-reality toolsfor
surgery,

- medical information technolo-
gies as enablers for developing
countries: thepotential of informa-
tion and communi cation technol o-
giesto improve the health system
of developing countries is real.
Infrastructures that can survive
rough environments must be
designed, telemedicineapplications
that hel pdistributing expertise, and
medical contentsthat isadapted to
the resources and culture of the
country are current topics of
research, through collaborations

with several Western Africa
countries[18] and the deployment
of a multilateral, south-south,
network of tele-expertiseand tele-
teaching[19].

Education

The DIM is involved in various
educational activities. Medical students
follow coursesonmedical information
retrieval and critical appraisal of web-
based information. In parallel, aweb-
based medical informatics course for
medical studentsisbeingdevel opedas
part of the SwissVirtual Campus[20].
This course will be used by al five
Swissmedical schoolsstartingin2003.

Atthepost-graduatelevel, the DIM
provides a biostatistics course for
physicians, amedical imaging course
for radiologists, and a short-coursein
medical informaticsopentohealthcare
and informatics professionals [21].
Several doctoral studentsincomputer
science, physicsor linguisticsarehosted
at the DIM and are co-directed with
the Geneva University Faculty of
Sciences of the Faculty of Literature.

Medical residentsand post-graduate
students interested in the field of
medical informatics can spend a one-
or two-year fellowship at the DIM.
Physicians are usually encouraged to
spend at least two years of clinical
practice before joining the DIM, in
order to develop clinical skillsand a
good understanding of the care
production processes.

Medical informaticstrainingisstill
in itsinfancy in Switzerland, but the
need for trained professionals is
pressing for the development of
structured curricula. A master-level
degreeisbeing set upincollaboration
with the DIM and the Geneva
University Computer Science
Department. It should be availablein

2004 and followed by a PhD-level
degreein2005. Itisalsolikely that the
Federationof SwissPhysicians(FMH)
will recognizemedical informaticsasa
specialty within afew years.
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