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Introduction 

Reading an early scientific paper in 
medical informatics as the one by 
Warner, Olmsted and Rutherford [1] 
is both thrilling and useful when trying 
to understand the historical develop­
ment of the relatively new scientific 
area of medical informatics. The for­
mation of the area of biomedical com­
puting started in the 1960s [2] and still 
important aspects of the characteris­
tics of medical informatics as a scien­
tific discipline and its relations to other 
subject areas, such as biomedical engi­
neering and computer science, are still 
being discussed [3]. When thinking of 
lessons learned over the past 30 years 
of biomedical computing, the HELP 
system is probably a very good choice 
of study material, since the HELP 
system has incorporated applications 
and methods that span nearly the full 
range of activities in medical 
infonnatics [ 4,5]: biosignal processing, 
patient monitoring, computer-based 
patient records, decision logic and de­
cision support, medical terminology, 
8Ystem integration, evaluation and as­
sessment, etc. 

Obviously, the article mirrors the 
technology of the early 1970s in the 
'Way that the method and result parts 
are "bits and bytes oriented", reflect­
ibg the desire to report low-level de-
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tails of program implementation. But 
more interesting is, of course, the un­
derlyingproblem which the developers 
of the HELP system tried to solve; 
time seems to have had little impact on 
its relevance. On the contrary, the 
introduction and parts of the discussion 
of the paper still seem highly relevant, 
which at the same time raises a num­
ber of questions: why do we still have 
the same basic problems to solve, what 
has happened since the early 1970s, 
were the expectations at that time set 
too high, which problem areas were 
underestimated, and which sub-prob­
lems have been solved? 

In this commentary we will try to 
identify some problem areas which we 
believe are fundamental both to the 
HELP system and to the medical 
informatics community as a whole. 
We don't claim that the problem list is 
in any way exhaustive, nor that our 
comments take all relevant aspects 
into consederation, but we do make 
some comments from our own experi­
ence about what we think is still today 
a highly relevant piece of work. 

Problem Areas 

Information and Decision Support 
in the Clinical Setting 

"The rapid growth in useful medical 

knowledge has made it increasingly 
difficult for a physician to stay abreast 
of improvements in diagnosis and man­
agement of patients ... " [1]. This state­
ment concerning the information sup­
ply problem was true in 1971 and may 
be even more true today. The world of 
medicine has changed radically since 
the early 1970s. The scientific domain 
is expanding rapidly with a doubling 
time of 19 years [ 6, 7]; this implies that 
the total amount of biomedical knowl­
edge has tripled since the publication 
of the HELP paper. In 1971, about 
217,000 articles were added to the 
MEDLINEdatabase; in 1997, the num­
ber of articles per year had reached 
over 400,000. ICD-8, the classification 
of diseases, used in the early 1970s, 
contained about 4,000 codes; today, 
ICD-10 contains over 10,000 codes. 
SNOP, the coding system used to code 
discharge diagnoses in the HELP sys­
tem, had four axes and contained ap­
proximately 10,000 codes. The first 
version of SNOMED, the predecessor 
of SNOP published in 1977, had six 
axesandcontainedabout39,000codes; 
today, SNOMED 3.5 has 12 axes and 
contains over 150,000 codes. 

Throughout the years, one of the 
primary goalsofthemedical informatics 
community has been to provide tools 
and methods for supporting health­
care providers in their quest for infor-
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mation. Areas dealing with questions 
concerning information supply include 
decision support and expert systems, 
where the HELP system was one of 
the frrstofitskind, and also information 
retrieval, literature databases, and elec­
tronic medical record systems. Others 
within medical informatics have tried 
to focus on describing the information 
need [8,9] and the context in which the 
information need arises [10]. 

The information needed by health­
care providers, . ranges from patient 
data and scientific medical knowledge 
to logistic and social information [8], 
whereas most efforts have solely dealt 
with patient data or general medical 
knowledge. The sources used by 
health-care providers include journal 
articles and on-line retrieval systems, 
textbooks both on paper and CD-ROM 
and continuing medical education 
(CME) programs [7]. Journal articles 
are often considered hard to use for 
solving practice-related problems, due 
to high specialization, leading to low 
relevance for most patient care. Text­
books, although easy to use, quickly 
become dated and many widely used 
CME methods show little impact on 
physician performance [ 11]. Health­
care providers claim that they have a 
hard time trying to fmd the information 
they need due to numerous problems, 
including sorting out relevant pieces of 
information andfmdingtime to look for 
information [12]. The impact of the 
Internet as a source of information for 
health-care practice has yet to be de­
termined, but willlikel y be significant. 

Realization of Medical Decision­
Support Systems 

One of the major features of the 
HELP System is its data-driven deci­
sion-support capability. HELP was 
from the very start based on the view 
that "this system can only be effective 
when integrated with a patient-ori­
ented computer-based medical record" 
[ 1]. That view then led to the construct 
of small and independent logical mod-
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ules with triggering criteria, which 
each held a piece of medical decision 
logic with the capability of generating 
warnings and alerts with respect to 
specific patient cases with specific 
data characteristics. The logic mod­
ules' triggering criteria were expressed 
in terms of patient data entered into the 
system, e.g., the storage of specific 
symptoms in combination with a spe­
cific medical history. The intentions of 
the system developers were to make 
available both current patient data and 
up-to-date medical knowledge for the 
diagnosis and management of patients 
for a wide variety of medical prob­
lems. The challenge was at least three­
fold: (1)formalizationandmaintenance 
of a comprehensive knowledge base 
together with the realization of a prob­
lem solving or inference mechanism, 
(2) structuring of patient data allowing 
for automated processing, and (3) inte­
gration. of various system components 
into an effective solution within the 
clinical setting. 

The challenge of establishing a com­
prehensive medical knowledge base, 
covering in principle every clinical do­
main, has been shown to be much 
more problematic than the early pa­
pers from the 1970s indicate, due to the 
complexity of the medical domain and 
the wide variety of information needs 
by different health-care professionals 
of different specialties [13,14]. Over 
the years, much effort has been in­
vested in the search for a standardized 
knowledge-representation format, al­
lowing sharing and reuse of knowl­
edge. The experience with the HELP 
logic modules was one of the key 
factors behind the development of the 
Arden Syntax for Medical Logic Mod­
ules [15]. Our own group has been 
working with Arden Syntax in several 
application areas and reported on its 
usability, strengths and shortcomings 
[16-18]. One major obstacle when re­
alizing data-driven decision support is 
the database and knowledge-base in-

tegration [19,20], which still awaits a 
standardized solution. In the HELP 
system, a centralized hospital informal 
tion system, the data structures of the 
patient record, the monitoring systems 
in the intensive care units, and those 
within the decision-logic frames were 
developed uniformly. The problems of 
integrating knowledge-based systems 
or expert systems with the databases 
in the hospital information systems is 
one of the major reasons for the "fail­
ure of Af' in clinical applications: 
[13,14]. Too many AI-systems were 
developed that left the issues of data 
integration aside, leading to incomplete 
solutions in the clinical setting, despite 
powerful knowledge-representatioJ 
formalisms and inference engines. In 
the USA attempts are made to im­
prove knowledge and data sharing 
through co-operation between Arden 
Syntax and HL 7 projects [21], but the 
terminological problemsconcerningtbJ 
formal, communicable description of 
medical data still remain to be solved. 

Electronic Patient Records and 
Medical Terminology 

A key area in the history of medical 
informatics is the move from a paper­
based to a computer-based patient 
record. A 1998 held IMIA conference 
on the Electronic Patient Record in 
Medical Practice (EPRiMP) [22] high­
lighted that fundamental research is­
sues still exist. The HELP system is 
one of the most comprehensive elec­
tronic medical records (EMRs). The 
data in HELP are drawn from differ­
ent hospital departments and cover a 
wide range of functional types [4]. 
Alrnos.t all data in the HELP system 
are encoded in PTXT, a strictly hierar· 
chical medical terminology developecl 
within the LDS hospital [23]. Although 
of fundamental importance for the sue· 
cess of the HELP system within the 
LDS hospital, PTXT has not gained 
widespread acceptance outside the 
different HELP installations. The lirni· 
tations of strict hierarchical terminolOj 
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gies as abstracting systems for medi­
cal record keeping is well documented 
in the literature [23]. Traditional hier­
archical classification systems have 
beell developed with a specific pur­
pose in mind and are not well suited for 
re-use, which becomes a necessity if 
tbe EMR should be used not only for 
cJjrect patient care, but should support 
seamless care, overcoming health-care 
organizational barriers, provide health 
statistics reporting, and facilitate fol­
low-up and medical audit. Advanced 
terminological systems, such as the 
GALEN terminology server [24], 
based on formal description of medical 
concepts and their relations, with sup­
port for sanctioning mechanisms for 
composition of complex medical state­
ments from atomic ones, promise solu­
tions to the problem of abstracting 
systems in the form of traditional clas­
sifications. However, unsolved ques­
tions remain regarding the degree of 
structure of the patient record, models 
for unambiguous representation of 
patient data, and how to facilitate struc­
tured data entry, based on a common 
terminology server [25-27]. 

Discussion 

Initially, we asked some questions 
regarding the development of the field 
of medical informatics. The fact that 
we are still dealing with the same 
research questions as those described 
in the 1971 HELP paper may be due to 
many reasons. One could be develop­
ments within the domain of medicine. 
A rapidly expanding biomedical knowl­
edge base resulting in a high degree of 
specialization, places new demands on 
the methods and information systems 
that we try to develop in the field of 
medical informatics. These demands 
are more complex than those formu­
~ated 30 years ago. The developments 
1D the field of information technology 
and the new possibilities this brings, 
also increase the demands on the medi-
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cal systems. 
Another reason may be an underes­

timation of the complexity of medicine, 
together with the initial optimistic be­
liefs about artificial intelligence and 
computer science as well as early 
successes in other fields such as ad­
ministration and finance. 

Even though not many problems 
have not been completely solved, sev­
eral steps into the direction of better 
informationmanagementinhealth-care 
organization have been made. Our 
understanding of medical information 
management from a technical, organi­
zational and practical point of view has 
increased together with understanding 
of the cognitive processes behind medi­
cal decisions, and the social context in 
which health care is being practiced. 

In systems development, there has 
been a trend from centralized towards 
decentralized systems and now, per­
haps, back towards a more centralized 
view, based on the middle ware para­
digm. The centralized systems were 
considered too rigid and unable to suit 
the specific needs of each specialty. 
The decentralized systems developed 
more recently have posed other prob­
lems, especially in the communicating 
of information between systems. 
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