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Abstract

In 1984, Peter Reichertz gave a lecture on the past, present and future of hospital information
systems. In the meantime, there has been a tremendous progress in medicine as well as in
informatics. One important benefit of this progress is that our life expectancy is nowadays
significantly higher than it would have been even some few decades ago. This progress, leading
to aging societies, is of influence to the organization of health care and to the future
development of its information systems. Twenty years later, referring to Peter Reichertz’
lecture, but now consider- ing health information systems (HIS), two questions are discussed:
which were lines of development in health information systems from the past until today? What
are consequences for health information systems in the future?

The following lines of development for HIS were considered as important: (1) the shift from
paper-based to computer-based processing and storage, as well as the increase of data in
health care settings; (2) the shift from institution-centered departmental and, later, hospital
information systems towards regional and global HIS; (3) the inclusion of patients and health
consumers as HIS users, besides health care professionals and administrators; (4) the use of
HIS data not only for patient care and administrative purposes, but also for health care
planning as well as clin- ical and epidemiological research; (5) the shift from focusing mainly
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on technical HIS problems to those of change management as well as of strategic information
management; (6) the shift from mainly alpha-numeric data in HIS to images and now also to
data on the molecular level; (7) the steady increase of new technolo- gies to be included, now
starting to include ubiquitous computing environments and sensor-based technologies for
health monitoring.

As consequences for HIS in the future, first the need for institutional and (inter-) national HIS-
strategies is seen, second the need to explore new (transinstitutional) HIS architectural styles,
third the need for education in health informatics and/or biomedical informatics, including
appropriate knowledge and skills on HIS. As these new HIS are urgently needed for
reorganizing health care in an aging society, as last consequence the need for research around
HIS is seen. Research should include the development and investigation of appropriate
transinstitutional information sys- tem architectures, of adequate methods for strategic
information management, of methods for modeling and evaluating HIS, the development and
investigation of com- prehensive electronic patient records, providing appropriate access for
health care professionals as well as for patients, in the broad sense as described here, e.g.
includ- ing home care and health monitoring facilities.

Comparing the world in 1984 and in 2004, we have to recognize that we imperceptibly,
stepwise arrived at a new world. HIS have become one of the most challenging and promising
fields of research, education and practice for medical informatics, with significant benefits to
medicine and health care in general.

Keywords: Health information systems; Hospital information systems; Medical informatics;
Health informatics; Research; Quality and efficiency of health care; Aging societies.

1. Introduction

““Hospital information systems have been in exis- tence for almost two decades now.
Therefore, it is possible to speak about their past. This contribu- tion is intended to examine
some of the features, which we could observe during this evolution, and it intends to project
some of the present observations into the future’’.

The text quoted here is from the year 1984. Twenty years before this, EuroMISE 2004
conference at Prague, Professor Peter Reichertz (1930—1987) gave in Brussels an outstanding
lecture on ‘‘hospital information systems——past, present, future’” ([1]; among others referring
to the work of Ref. [2]; see for a more recent publication of the author [3,4], see also Refs. [5—
7]). Due to various reasons, | want to pick up this topic. It is slightly modified, as | will today,
20 years later, talk about the past, present and future of health information systems. The main
reason for selecting this topic is that, not only in my opinion, this field is one of the brightest,
most challenging and most promising fields of research, education and practice for medical
informatics,1 with significant benefits and consequences for med- ical statistics and
epidemiology, and to medicine and health care in general.

Some places are more outstanding to give a talk than others. Among these places is the Aula
Magna of the oldest university in Central Europe. Even before the Uni- versity of Krakow was
founded in 1364, the University of Vienna in 1365, and the University of Heidelberg in 1386,
Charles the 1Vth, King of Bohemia, and later Roman Emperor, founded this highly esteemed
university in 1348 at Prague as the first center of higher level education in this Holy Roman
Empire [8]. Since its existence, Charles University had to play an important role as one of the
cul- tural and intellectual centers of Europe, with influence to the whole world.
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Also for my field, which is medical informatics [9—11] in a closer view, and informatics and
statistics in the field of biomedicine and health care in a broader view, Charles University was
and is of considerable influence. Let us remind of Rudolph Carnap (1891—1970), who was
pro- fessor of natural philosophy at Charles University from 1931 to 1935. He was a leading
member of the Vienna Circle, constituting its theory of logical empirism, one of the basic
theories of our field [12]. Let us remember Antonin Svoboda (1907—1980) as one of the
pioneers of computer science [13]. As founder of the department of mathematical machines in
1950 here at Prague, he was of considerable influence to the informatics development not only
of Charles University and of the Czechoslovak Academy of Sciences. He strongly contributed
to the the- ory of computing and was also dealing with early infor- matics applications in
medicine. Last, but not least, let us think of Jaroslav Hajek (1926—1974) from Charles Uni-
versity and Zbynek Sidak (1933—1999) from the Academy of Sciences. They were pioneers
in statistics, particularly in non-parametric methods and their asymptotic theory. Their book on
the “‘theory of rank tests’’, published in 1967 [14], was for many of us a basic resource in the
con- struction of statistical tests, based on ranks, in order to solve medical problems.

Looking at our societies today, we have to rec- ognize that in the meantime, the change of our
societies has continued rapidly. There has been 1 a tremendous progress in medicine as well as
in informatics during the last decades [15,16]. One important benefit of this progress is that our
life expectancy is nowadays significantly higher than it would have been even some few
decades ago, with severe consequences for our societies and for our research. According to
studies of the United Nations [17], we have to recognize that while in 1950, 8% of the world
population was 60 years and older, it was 10% in 2000 and it will be 21% in 2050. While in
1950, 12 persons in the age between 15 and 60 years stood in relation to one person older than
60 years——the so-called potential support ratio——this ratio was 9:1 in the year 2000, and is
estimated for 2050 to be 4:1. This progress is of influence to the organization of health care
and to the future devel- opment of health information systems.

The intention of my talk is to point out future developments of processing data, information
and knowledge in health care environments, as Peter Reichertz did in 1984, but from the
viewpoint of today. The two questions to be discussed will be:

- which were lines of development in health infor- mation systems from the past until
today and

- what are consequences for health information systems in the future?

But first, the terms health information system and hospital information systems will be intro-
duced. My view expressed here is probably influ- enced (or, maybe, biased) by my own work
in this field during the last 25 years, mainly done in uni- versity medical centers.

2. Health information systems and hospital information systems

Such complexes or systems of processing data, information and knowledge in health care
environ- ments | will briefly call health information systems (HIS, for more precise definitions
see Ref. [18], pp. 26—33). So, hospital information systems are just one instance of health
information systems, with a hospital as health care environment, respec- tively, health care
institution. The aim of health information systems was and is as simple as rel- evant: to
contribute to a high-quality, efficient patient care (e.g. [18], p. 30). This aim is primarily
centered towards the patient, so it is a patient- centered approach and towards medical and nurs-
ing care, and the administrative and management tasks needed to support such care.
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The relevance of ‘good” HIS for high-level quality of care is obvious (e.g. [18], pp. 1—2), as
without having appropriate access to relevant data, prac- tically no decisions on diagnostic,
therapeutic or other procedures can be made, with fatal conse- quences for patients. But HIS
are also an impor- tant cost factor. Approximately, 10% of the gross domestic products of
nations are devoted to health care, and approximately 5% to information and communication
technology (ICT). The health care ICT industry has achieved considerable economi- cal
relevance (e.g. [18], pp. 1—9). Tendencies in increasing investments in health and in ICT, par-
ticularly in developed countries, can be expected. Having this in mind, we can recognize the
relevance of systematically processing data, information and knowledge for the quality and
efficiency of health care. Progress in the field of health information sys- tems is rather directly
correlated with more quality and efficiency of care, where ‘ “with more efficiency of care’’ may
in future mean that care will remain affordable.

Let me briefly mention one example, pointing out the direct relationship of quality of HIS and
quality of care, | had to deal with during my work at the Heidelberg Uni- versity Medical Center
(taken from Ref. [18], pp. 17—19). Imagine the following situation: Ursula B. was preg- nant
with quintuplets. She had already spent more than 5 months in the Heidelberg University
Medical Center. She had to spend most of this time lying in bed. Dur- ing the course of her
pregnancy, her physical problems increased. From the 28th week on, she suffered severe
respiratory distress.

The pediatrician, who was also involved in her treat- ment, had the following question: what
are the chances of the infants being born healthy at this gestational age? He went to a computer,
a ‘health care professional workstation’ available on his ward and in his office. Such a
workstation can be used for a variety of tasks. It is con- nected to the computer network of the
Heidelberg Uni- versity Medical Center. The physician called up a ‘medical knowledge server’
and one of its components, a biblio- graphic database (MEDLINE). This database contains the
current state of the art of medical knowledge worldwide. The medical knowledge server can
be accessed at any time and from any of the more than 3000 health care professional
workstations of the Heidelberg University

Medical Center.

The following information resulted from this consul- tation of the medical knowledge server.
Several publica- tions stated that only slim chances exist for all infants to survive in good
health. If they are born during the 28th week of pregnancy, the chance for survival is about
15%. In case of birth during the 30th week, their chances would improve to about 75%. Also,
according to the lit- erature, further delay of the delivery does not improve the prognosis of the
quintuplets. The physician discussed the results with the expectant mother. Despite her respi-
ratory problems, she had the strength to endure 2 more weeks. On January 21st, 1999, the
quintuplets were born well and healthy at the Heidelberg University Medical Center. A team
of 25 physicians, nurses and midwives assisted during the delivery. The costs for such a
medical knowledge server for a complete medical center are generally lower than the costs for
one ultrasound scan- ner, provided that the information system of the medical center offers a
minimum infrastructure.

A medical knowledge server, as an integrated part of a hospital information system could not
be realized in 1984, at the time of Peter Reichertz’ speech. This one was introduced by the
Department of Medical Informatics of the University of Heidelberg in 1992. At that time, it
was one of the first installations of its kind in the world. Nowa- days, through global access to
knowledge and through our networking capacities, such features can be implemented at low
cost in every health care setting and can be used at any time at the health care professional’s
workplace.
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3. Which were lines of development in health information systems from the
past until today?

3.1.  The 1st line: towards computer-based information processing tools

When we observe the reality of information pro- cessing in health care environments through
the last decades, we could recognize that there has been a tremendous shift from paper-based
pro- cessing and storage (see, e.g. [19]) to computer- based processing and storage [11,15].
This shift had disadvantages—mainly a higher technological complexity, and advantages—
a significantly higher functionality and much better opportunities in using patient data or
medical knowledge. Parallel to this development, there was an increase of data to be processed
and stored, mainly due to the increase of diagnostic and therapeutic procedures, and due to new
information technologies, allowing to pro- cess more data. This increase of data did not lead to
a corresponding increase of health care profession- als. Health care professionals of today
usually have to deal with much higher amounts of data com- pared, e.g. to the health care
professionals of 1984.

The amount of information processing in hospitals, especially in larger ones, should not be
underestimated (see Ref. [18], pp. 11—12). Let us look at a typical Aus- trian or German
university medical center. It is an enter- prise encompassing a staff of approximately 6000
people, an annual budget of approximately D 500 million and, as a maximum care facility,
numerous tasks in research, education and patient care. It consists of up to 60 depart- ments
and up to 100 wards with approximately 1500 beds and about 100 outpatient units. Annually,
approximately 50,000 inpatients and 250,000 outpatients are treated, and 20,000 operation
reports, 250,000 discharge letters, 20,000 pathology reports, 100,000 microbiology reports,
200,000 radiology reports and 800,000 clinical chemistry reports are written. Each year,
approximately, 400,000 new patient records, summing up to 6 million documents, are created.

When stored in a paper-based form, this corresponds to an annual volume of approximately
1500 meters of paper records. Often they should be archived over a period of 30 years. When
stored digitally, the annual data volume needed is expected to be around 5 terabytes, in both
cases, including digital images and digital sig- nals, and increasing. The computer-based tools
of such university medical centers in the meantime encompass hundreds of computer-based
application components, thousands of workstations and other terminals and up to a hundred
servers (larger computer systems that offer services and functionality to other computer
systems), which usually belong to a network.

In the following, | will mainly focus on the computer-supported parts of health information
systems, as here the lines of development are the most interesting. In many of the health care
set- tings, | am aware of the electronic patient record has already become the leading record,
no more the paper-based one. We however have to recognize that currently we are still in a
phase of transition. Twenty years ago, at the time of Peter Reichertz’ speech, the paper- and
film-based part of a hospital information system was the one being dominant in terms of
volumes of data and functionality to sup- port processes, therefore, denoted as the ‘conven-
tional’ part. Today, we observe a certain dominance of the computer-based part of (e.g.)
hospital infor- mation systems, while however the paper-based part is still existing, among
others due to ease of use and legal reasons and has to be maintained. So, there is a highly
redundant co-existence of paper- and computer-based information processing, often causing
higher (maybe double?) costs and higher efforts for health care professionals to access and to
use data.
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3.2.  The 2nd line: from local to global information system architectures

When working on computer-supported information systems in health care some 40 years ago,
in the 1960s, 1970s and 1980s, our view as medical infor- maticians was mostly focused on
small (function- ally limited) applications in special departments of a hospital, e.g. at a
laboratory, radiology or administration unit (e.g. [4], although there were always exceptions,
e.g. [20]). We were mainly deal- ing with ‘departmental information systems’. In the 1970s,
1980s and 1990s, we were already able to have broader views on such computer-supported
information systems, now considering the informa- tion processing in a hospital as a whole.
We were mainly dealing with ‘hospital information systems’ [1,2,21—24]. Already starting in
the 1990s and in this decade, we are concentrating our research and are starting to focus our
practical work in consider- ing information processing in health care regions, mostly in a rather
global sense. For the first time, we are really having the chance to broadly explore patient-
centered information processing in ‘health information systems’ [25—33].

Patient-centered information processing was our aim from the beginning on, not institution-
centered processing, which may lead to sub-optimal results with respect to quality and costs of
patient care. The development from local to regional and global architectures fortunately
correlates with the inten- tions of many health care authorities to improve quality and efficiency
of care through disease- oriented, not institution-oriented care strategies.

Such departmental, hospital and health care sys- tems were having specific information system
archi- tectures and infrastructures. Peter Reichertz has given in Ref. [1], examples of the
architectural style of the ‘“Medical System Hanover’” at that time (Figs. 1 and 2).

As architectural styles, we could identify, e.g. more centralized or more distributed styles [38—
44]. Questions in all architectures were, e.g. technical availability, quality of data, refer- ential
integrity of patient data, data modeling, interfacing, quality of functionality, in particular
concerning the support of health care processes and problems of transcription. Last, but not
least, the ease of use of computer-based tools regarding data input and data usability for health
care professionals in their daily work with the patient always has been of relevance.

Until today, many of us feel that health care professionals as users accept the necessity of
computer-based health information systems and see their benefits, but they are not really
content. Besides the reason that computer-based informa- tion processing tools are still
improvable, especially with respect to the ease of use and the ease of data input, the increasing
amounts of data in medicine and health care, as mentioned in the last section, may also be one
of the reasons for this unsatisfac- tory situation.

Let me take as example for regional HIS architec- tures the so-called health@net project at
Innsbruck, Aus- tria [45,46]. In this project, we developed a stepwise approach to replace the
paper-based transmission of medical documents with standardized electronic commu- nication.
In the first of three steps in total, we established an electronic communication of discharge
letters and diagnostic results between existing information systems of different health care
providers in Tyrol, Austria, over two channels: in the form of cryptographically signed
S/MIME email messages to members of Austrian health care networks and via a secure web
portal system.
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Fig. 1 Example of a visualized information system architecture, here of the computer-supported
part of the hospital information system of the Medical School Hanover from 1984 ([1], p. 9).
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Fig. 2 Example of a visualized information system architecture, here of the computer-supported
part of the infor- mation system of the Innsbruck University Medical Center from 2002 ([34],
p. 31), using the three-level graph-based meta model (3LGM, [35,36], see also Ref. [37]), here
to describe the so-called logical tool layer.
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In the meantime (since June 2003), documents of the electronic patient record including, e.g.
discharge sum- maries, radiological images or lab results of the TILAK hospitals are available
globally to health care profes- sionals via special secure web services. This gives us the
opportunity in particular to support patient-centered care in the Tyrol and related German,
Italian or Swiss regions, beyond the limits of one health care institution and even beyond the
limits of a nation. An outline of the health information system architecture, extending Fig. 2,
is presented in Fig. 3. Of course a couple of problems, also legal ones have to be treated and
solved.

3.3.  The 3rd line: from health care professionals to patients and consumers

At the beginning, computer-supported health infor- mation systems were primarily intended to
sup- port health care professionals, mainly physi- cians, as well as administrative staff in hospi-
tals [1,2,22,23]. Later, there was a focus also on nurses. Since several years, we can recog- nize
that health information systems now also will have to directly support patients, their rela- tives,
respectively, all people with health questions and problems—often denoted as health
consumers [3,26,47—50].

3.4.  The 4th line: from using data only for patient care to research

Another shift was given in the use of data in such information systems. Even until the last
decade, there was an almost exclusive use of HIS data for patient care and administrative
purposes, with some use for quality management and controlling [2,21,27]. Now we are having
the ability to extend the possibility of using data, primarily used for patient care, also for health
care planning and, above all, for clinical research [9,15,51,52]. This possibility will have a
continuous influence to medical statistics and epidemiology, in terms of probably different
study designs and methods for data analysis.

3.5.  The 5th line: from technical to strategic information management priorities

While for computer-supported information systems technical problems were the main focus
from the 1960s until the 1990s, we could observe a shift starting about 10—15 years ago.
Organizational problems, social issues and change management aspects became to be identified
as relevant and were even becoming dominant for the field of health information systems
([53—755], see also Refs. [56,57]). At the same time, it was recognized that there is a need for
managing information systems. In particular, the strategic, long-term information management
was finally regarded as a serious and necessary task [58]. In the meantime, strategic information
management plans have become part of the business plans of many hospitals. Meth- ods like
strategic alignment or portfolio manage- ment are being used for strategic management. Other
methods, for example to analyze and assess business processes, are now also taken for tacti-
cal information management (see, e.g. [18], chap- ter 5).

Let me mention as example the strategic IT plan 2003—2007 of the Tyrolean State Hospitals
(TILAK), including the Innsbruck University Medical Center [34] and let me quote the English
version of the management summary:

The following IT-strategy 2003—2007 summarizes the current state and the planned
development of informa- tion technology (IT) and information processing of the TILAK. It
updates the past IT-strategy of the TILAK. Objectives

The aim of the IT-strategy is to, in the best possi- ble way, support workflows in medicine,
nursing, science and management through the implementation of suitable information and
communication technologies, as well as by providing adequate procedures for patient care,
man- agement and administration.
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With this, the IT-strategy supports the general goal of the TILAK of ensuring timely medical
care for the Tyrolean population, which also meets demands with regard to medical education,
and research in the clinical areas of the Medical Faculty of the University of Innsbruck imple-
mented at the Innsbruck University Hospitals.

Providing timely information technologies will con- tinue to be seen as a strategic instrument
with regard to the best possible health care and as basis for improved management and scientific
research.

The present state

The IT solutions of the TILAK, as seen from a national and international point of view, have
reached a high niveau. For example, through the development of an enterprise wide integrated
hospital information system, the path to an encompassing electronic patient record, which is
available, everywhere was begun early. All radio diagnostic departments are equipped with a
pic- ture archiving and communication system (PACS). This enables widespread film-free
work within the TILAK buildings.

Current weaknesses exist in the many independent special IT solutions with the integration and
support expenses which are tied in with them, as well as in the minimal IT support of the
patient-based order entry. The proportion of electronically available documents needs to be
increased when compared to the conventionally available documents.

Planned development

IT will considerably change medicine and healthcare in the next 10 years. There are great
expectations of IT tied in with the great expectations in view of the increase in quality and
efficiency of patient care. Demographic development and medical advancement will
furthermore produce great cost pressures on healthcare. With regard to this development, the
following goals will be pursued in this IT-strategy:

- integrated, institution-wide care through the network- ing of all service providers;

- patient-centered documentation and communication based on an extensive electronic
patient record, as well as;

- the standardization of medical process through the pre- sentation of knowledge as well
as the integration of knowledge in standards and decision support systems.

In order to reach these goals, projects should be car- ried out in the following areas:

- expansion of the clinical information system (for details, see Ref. [44]), more precisely
the electronic patient record;

- further development of knowledge management;
- new medical department systems;

- a reduction of the number of existing medical depart- ment systems through the
expansion of HIS functional- ity;

- new functions for business management, logistic and technical areas;

- new technologies (e.g. digital signature, integration of speech and data
communication);

- expansion of IT infrastructure (e.g. development of network infrastructure,
introduction of mobile termi- nals);

- development of regional networks, as well as;
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- impulse projects (e.g. the use of robotics and 3D image visualization).
IT organization

The organization of information management has already been adapted to the aims presented
in this IT- strategy. On one hand, the organization encompasses a definition of a strategic, tactic
and operational level, and on the other hand, a combination of internal and external areas in the
sense of cooperative outsourcing.

For strategic information management, the TILAK board and the Director for Information
Management receive support from the Strategic Information Manage- ment Board. In the
future, information management will also be further developed through work distribution to
both internal and external competencies, where the role of the project initiator, project
management and first- level support will primarily occur internally and system development,
computer center operations and educa- tion will for a larger part be performed by outsourced
institutions.

One of our challenges of today is that we have to set up information system strategies not only
for hospitals or other health care institutions, but also for regional, national and international
settings [59—61].

3.6.  The 6th line: inclusion of new types of data

With a higher degree of use of computer-supported information processing tools, not only the
function- ality of the computer-supported part of HIS was extended. Correlated with this
development, as a continuing process, the types of data to be consid- ered continuously
increased. Were it in the 1990s the possibility to broadly consider images, in par- ticular from
radiology, in addition to alphanumeric data, we are now having new types of data on the
molecular level, e.g. as DNA or protein data [62—66].

3.7.  The 7th line: inclusion of new technologies

Another continuing process in this evolution was the increase of functionality in computer-
supported health information systems. Today, we can observe new extensions by the use of so-
called enabling technologies for health monitoring. These technologies enable us to
continuously monitor the health status of patients with unobtrusive, non- invasive technologies,
e.g. as wearable devices. Such wearable devices may range from micro sensors, integrated in
textiles, through consumer electronics, embedded in fashionable clothes and computerized
watches, to belt worn personal computers with head mounted display [67] (see also Refs.
[29,57]). With appropriate sensors data can be measured continuously, not only at discrete
points in time, and without manual intervention. With the help of such sensors and with
ubiquitously available computing facilities, local (pre-) process- ing is possible as well as a
later, maybe wireless transfer to monitoring centers, at least in terms of reporting on exceptional
conditions of a patient and in raising alarms in case of critical situations. Here, we can identify
new possibilities of orga- nizing care and treatment in a way that might be more convenient for
our daily life and may support us to keep living in our social environments. It may be suitable
and affordable for aging societies.

3.8.  Summarizing the HIS development

Comparing our globe at the time of Peter Reichertz in 1984 and the one we are living in today
in 2004, we have to recognize that we imperceptibly, stepwise arrived at a new world. Peter
Reichertz
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Fig. 3 Logical tool layer of a three-level graph-based meta model (3LGM) of relevant
health@net system components. Medical documents from the clinical information system
(CIS, in Fig. 2 denoted as KIS) are addressed to their receivers (according to the eVGA-Server,
an LDAP address directory which is hold by the Austrian Medical Association) and transferred
either to a gateway server (which delivers the documents directly into an inbound directory of
the GP- system over the commercial health care networks, step 1a) or onto a server for
document management which provides the files for a secure Web portal (step 1b) and the GP’s
Web browser also directly into the inbound directory of the GP-system (from Ref. [46]).
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Fig. 4 Highlights of new technologies in hospital information systems, from the viewpoint of
Professor Peter Reichertz in 1984 ([1], p. 30).

foresaw many of the core developments in health information systems (Fig. 4), but the scope
was even broader and the pace even faster than he probably expected. Our daily life looks
different today compared to 20 years ago. The same can be observed for the working
environment of health care professionals, or for patients and health consumers.

Fig. 5 tries to visualize the first line of devel- opment, described here, on the growing amount
of data to be stored and processed, in particu- lar in the computer-based part of health infor-
mation systems. Fig. 6 tries to roughly visualize those aspects of this development, as
mentioned in lines 2—7.
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P
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|
Y
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time
Fig. 5 Roughly trying to visualize the tendency towards computer-based information
processing tools, dealing with a steadily growing amount of data in health infor- mation
systems.

4. What are consequences for health information systems in the future?
4.1.  The 1st consequence: the need for institutional and (inter-) national HIS-strategies

It is obvious, at least from my point of view, that strategic information management has now
to be considered as an important task in the continuing process of maintaining and improving
health infor- mation systems, in order to improve health care. It has to be implemented not only
in health care institutions such as hospitals. Institutional informa- tion management strategies
will have to be accom- panied by regional, national and international strategies.

Strategic information management should now consider the developments mentioned before:
on the global access to HIS, the extended HIS users including health consumers, the extended
use of data including research, the new types of data and the health monitoring opportunities.

Conflicts will arise and will have to be solved. There will be promises and perils [68—70]. We
have to find a balance to preserve privacy and to get the necessary support by ubiquitous
computing resources for our health and quality of life.

4.2.  The 2nd consequence: the need to explore new architectural HIS styles

It also seems to be clear, at least | am convinced, that architectural styles of these new health
information systems will again change in the now global environment (see, among many
others, e.g. [71—74]). Besides the need for research (see Section 4.4), this has to be considered
also and already today for the practice of information processing and information management.
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Fig. 6 Roughly trying to visualize the lines of development of health information systems
concerning range, users, functionality, complexity, data and technology, based on the general
tendency of a growing amount of data to be processed and stored, as described in Fig. 5.

Traditional institution-centered architectures will probably not be adequate, when dealing with
regional up to global ‘transinstitutional” infor- mation system architectures and infrastructures.
This development will fortunately lead to more patient-centered (not institution-centered) HIS
architectures. We will have to explore architec- tures, providing reliable services in the
conflicting field of being less redundant, less transcrip- tive, and functionally more lean, but
not too sensitive for local, regional or even global black-outs. Development and investigation
of adequate transinstitutional information system architec- tures and organizational
frameworks that support patient-centered, shared care will among others include exploring
networking care facilities in health regions (e.g. hospitals, practices), diagnos- tic and
therapeutic telemedicine, as well as home care. Considering the population development
mentioned at the beginning, finding appropriate architectures will be of outstanding importance
for the future of health care and so for all of us.

A final question to us as information system ‘architects’ is: what is ‘just’ functionality and what
is great architecture, inspiring people? When does architecture as just conventional architecture
end, and when does it really become art? Concerning great HIS architecture, I have the
impression that we information system architects are still centuries behind the architects of
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buildings. And let us keep in mind a sentence from Professor Francois Gre’my, one of the
founders of our field: ‘‘any technol- ogy sets a relationship between human beings and their
environment, both physical and human. No technology can be seen as merely instrumental.
This is especially relevant when dealing with large automatic information systems, developed
to con- tribute to the management and integration of large organizations, such as hospitals’’
[75].

4.3.  The 3rd consequence: the need for education in health and biomedical informatics

Another immediate consequence, in my point of view, is the need for appropriate education in
med- ical informatics, respectively, health informatics or biomedical informatics. Because of
the mentioned progress in informatics, including the described developments in health
information systems, edu- cational courses and even programs are needed, in order to have
well-educated health care profession- als or even health informatics/medical informat- ics
specialists, with sufficient knowledge and skills to systematically process data, information and
knowledge in medicine and health care (see, e.g.[76] as one of the latest examples). Let me
espe- cially mention the educational initiatives of the European Centre for Medical Informatics,
Statis- tics and Epidemiology (EuroMISE Centre) here at Prague [77], today celebrating its
10th birthday and having been established 10 years after Peter Reichertz’ lecture on the past,
present and future of hospital information systems. Because of this need for education, the
International Medical Infor- matics Association (IMIA) developed and published
recommendations on education in health and med- ical informatics [78]. Lectures [79] and
practicums [80] on health information systems should play an important role in such
educational programs, as knowledge and skills in this field are of high rel- evance for
health/medical informatics graduates (see, e.g. [81]).

4.4.  The 4th consequence: the need for research in health and biomedical informatics

Health information systems are in a phase of rapid development, with many questions being
still unsolved in terms of architecture, functionality and management. As in my view, these
new types of sys- tems are urgently needed for reorganizing health care in an aging society,
there is a significant need for research in various areas of health and biomed- ical informatics.
Some research questions could be mentioned in Section 3. For a rapid and successful progress
on health information systems, it seems to me of particular importance to do research in the
following fields:

- development and investigation of appropriate transinstitutional information system
architec- tures supporting patient-centered, shared care, from networking care facilities in
health regions (e.g. hospitals, practices) to home care including,

e.g. diagnostic and therapeutic telemedicine, health monitoring, the use of ubiquitous ICT
infrastructures and providing secure authentifica- tion;

- development and investigation of methods for the strategic management of health
information sys- tems, especially concerning information process- ing in health care regions,
including;

- development and investigation of methods for modeling and evaluating health
information sys- tems as well as studying HIS properties through evaluation studies;

- development and investigation regarding com- prehensive electronic patient records,
providing appropriate access for health care profession- als as well as for patients, supporting
patient- oriented use of patient data in the broad sense as described here, e.g. including home
care and health monitoring facilities, and also facilitating clinical and epidemiological research
and health care planning;
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- investigation of powerful, innovative ICT tools for the various users of health
information systems;

- development and investigation of methods for medical data analysis (‘medical data
mining’) based on the new information system architec- tures and electronic patient records
and consid- ering the broad variety of data types including, e.g. image and DNA data.

5. Conclusions

Let me summarize. Modern information processing methodology and information and
communication technology has strongly influenced our societies, including their health care.
Twenty years after Peter Reichertz‘lecture on the past, present and future of hospital
information systems [1], we can recognize that institution-centered hospital infor- mation
systems are developing towards regional and global health information systems, with new,
strongly extended functionalities and tasks.

As a consequence, more than ever, medical infor- matics is needed for an efficient development
and strategic management of these new health infor- mation systems. Having the possibility of
doing research and education in this field, or to con- tribute to its practice is a great opportunity
and responsibility, as it gives the chance to contribute to the quality and efficiency of health
care at a very prominent place. Twenty years after Peter Reichertz talk, we may redefine the
aim of health information systems as to contribute to a high- quality, efficient health care, now
for patients and consumers and for medical research.

Health information systems have to be devel- oped and explored that enhance opportunities for
global access to health services and medical knowl- edge. Informatics methodology and
technology is expected to facilitate continuous quality of care in aging societies. Ubiquitously
available computing resources and networks, existing worldwide for the transmission of all
varieties of data, will allow us to consider new types of information systems for health care,
including new kinds of health moni- toring and also new opportunities for the analysis of
biomedical and health data. These transin- stitutional information system architectures and
infrastructures will, when appropriately designed and adequately strategically managed,
provide new opportunities for the whole field of biomedical and health informatics as well as
of biomedical statistics and epidemiology. As in most areas of the sciences, let us remember
that we need high-quality evaluation studies to learn, what we really have achieved and what
we could do better. Last, but not least, these new opportunities for the systematic processing of
data, information and knowledge in medicine and health care may consid- erably contribute to
the progress of medicine and the health sciences as well as to the progress of informatics in
general. And let us keep in mind that (bio-) medical informatics, health informatics, as well as
statistics and epidemiology are aiming not for more technology, but for more and better care,
a care that is affordable in aging societies. In the end only health and the well-being of
individuals is what counts here.

Acknowledgement

This EuroMISE 2004 symposium has been organized and initiated by many persons, but one
is out- standing. It is the initiator of the European Centre for Medical Informatics, Statistics
and Epidemiol- ogy, Professor Jana Zvarova. In her never ending engagement, despite
sometimes difficult political and economical constraints, she was always a pro- moter of our
field, convinced that good science and good education in medical Informatics, statistics and
epidemiology will contribute to better health and to the progress of the sciences. Her scientific
achievements and her achievements here at Prague are really outstanding.



Saleh Mohammed Saleh Alyami et al. 669

Because of this reason, the University for Health Sciences, Medical Informatics and Technol-
ogy (UMIT) at Innsbruck, Austria, decided to honor Professor Zvarova with its University
Medal. Let me quote from the certificate: for her outstanding achievements in the field of
Medical Informatics, Statistics and Epidemiology, the executive board of UMIT has decided
on January 14th, 2004, to award the University Medal of UMIT to Prof. RNDr. Jana Zva'rova’,
DrSc., Director of the European Centre for Medical Informatics, Statistics and Epidemiology
(EuroMISE Centre) of Charles University Prague and Czech Academy of Sciences, to be
handed over dur- ing the International Joint Meeting EuroMISE 2004.

References

[1]

[2]

3]

[4]
[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

P.L. Reichertz, Hospital information systems——past, present, future, key-note address during
‘Medical Infor- matics Europe 84’, Fifth Congress of the European Federation for Medical
Informatics, Brussels, September 10—13, 1984 (manuscript available from the author upon
request to R.Haux@mi.tu-bs.de), reprinted and first published in Int. J. Med. Inf. (this issue).

M.J. Ball, An overview of total medical information sys- tems, Methods Inf. Med. 10 (1971)
73—82.

M.J. Ball, D.E. Garets, T.J. Handler, Leveraging information technology towards enhancing
patient care and a culture of safety in the US, Methods Inf. Med. 42 (2003) 503—508.

D.A.B. Lindberg, The Computer and Medical Care, Thomas, Springfield, 1968.

D.A.B. Lindberg, Medicine in the 21st century: global problems, global solutions, Methods Inf.
Med. 41 (2002) 253—256.

H.R. Warner, T.A. Pryor, S. Clark, J. Morgan, Integration of computer support for institutional
practice: the Help sys- tem, in: C. Weller (Ed.), Computer Applications in Health Care,
Springer, New York, 1976, pp. 121—133.

R.M. Gardner, T.A. Pryor, H.R. Warner, The HELP hospital information system: update, Int.
J. Med. Inf. 54 (1999) 169—182.

M. Stemberkova, Universitas Carolina Pragensis, Karolinum Charles University Press, Prague,
1995.

J.H. van Bemmel, Medical informatics, art or science? Meth- ods Inf. Med. 35 (1996) 157—
201 (With discussion).

R.A. Greenes, N.M. Lorenzi, Audacious goals for health and biomedical informatics in the new
millennium, JAMIA 5 (1998) 395—400.

R. Haux, Aims and tasks of medical informatics, Int. J. Med. Inf. 44 (1997) 9—87 (With
discussion).

R. Carnap, H. Hahn, O. Neurath, Wissenschaftliche Welt- auffassung der Wiener Kreis,
Original text from 1929, Quoted from H. Schleichert (Ed.), Logischer Empirismus—— der
Wiener Kreis, Munich, Fink, 1975, pp. 201—222.

J.H. Oblonsky, Eloge: Antonin Svoboda, 1907—1980, Ann. History Comput. 2 (1980) 284—
298.

J. Hajek, Z. Sidak, Theory of Rank Tests, Academic Press, New York, 1967.

R. Haux, E. Ammenwerth, W. Herzog, P. Knaup, Health care in the information society: a
prognosis for the year, Int. J. Med. Inf. 66 (2002) 3—120 (With discussion).

R. Haux, C. Kulikowski (Eds.), IMIA Yearbook of Medical Informatics 2003: Quality of Health
Care: Informatics Foun- dations, Schattauer, Stuttgart, 2003.

Migration Letters



670 Health Information Systems and it is Role in Integration Between Physician and Radiology
Nurses and the Patient-Physician Relationship: A Systematic Review

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

United Nations, Population Division. World population aging 1950—2050, New York, UN,
2001, http://www.un.org/esa/ population/publications/worldageing19502050/pdf/
62executivesummary english.pdf, last accessed May 7, 2004.

R. Haux, A. Winter, E. Ammenwerth, B. Brigl, Strategic Information Management in Hospitals.
An Introduction to Hospital Information Systems, Springer, New York, 2004.

R.A. Jydstrup, M.J. Gross, Cost of information handling in hospitals, Health Serv. Res. 1 (1966)
235—271.

M.F. Collen, General requirements for a medical informa- tion system, Comp. Biomed. Res. 3
(1970) 393—406.

A.R. Bakker, C.T. Ehlers, J.R. Bryant, W.E. Hammond (Eds.), Hospital Information Systems:
Scope, Design, Architecture, North Holland, Amsterdam, 1992.

M.J. Ball, J.S. Silva, J.V. Douglas, et al. (Eds.), The health care professional workstation, Int.
J. Biomed. Comp. 34 (1994) 1—416.

C.T. Ehlers, Aufgaben und Bedeutung eines Krankenhaus- informationssystems, Informatik,
Biometrie Epidemiologie Medizin Biologie 25 (1994) 106—114.

C.0. Ko'hler, Integriertes Krankenhaus-Informations System, Meisenheim am Glan, Hain,
1973 (in German).

W. Hammond, A.R. Bakker, M.J. Ball (Eds.), Information sys- tems with fading boundaries,
Int. J. Biomed. Comput. 39 (1995) 1—192.

M.J. Ball, J.C. Lillis, E-health: transforming the physi- cian/patient relationship, Int. J. Med.
Inf. 61 (2001) 1—10.

K.A. Kuhn, D.A. Guise, From hospital information systems to health information systems—
problems, challenges, per- spectives, Methods Inf. Med. 40 (2001) 275—287.

N. Maglaveras, I. lakovidis, P.C. de Groen (Eds.), Regional health information networks and
telematics applications in a user friendly information society, Methods Inf. Med. 41 (2002)
357—450.

J.E. Gray, C. Safran, R.B. Davis, et al., Baby CareLink: using the internet and telemedicine to
improve care for high-risk infants, Pediatrics 105 (2000) 1318—1324.

P.A. Heidenreich, C.M. Ruggerio, B.M. Massie, Effect of a home monitoring system on
hospitalization and resource use for patients with heart failure, Am. Heart J. 138 (1999) 633—
640.

P. Itkonen, Development of a regional health care network and the effect of knowledge
intensive work on personnel and organisation, Methods Inf. Med. 41 (2002) 387—392.

P.W. Moorman, P.J. Branger, W.J. van der Kam, J. van der Lei, Electronic messaging between
primary and secondary care: a four year case report, J. Am. Med. Inf. Assoc. 8 (2001) 372—
378.

M. van der Haak, V. Mludek, A.C. Wolff, et al., Network- ing in shared care—first steps
towards a shared electronic patient record for cancer patients, Methods Inf. Med. 41 (2002)
419—425.

E. Ammenwerth, R. Haux, G. Lechleitner, et al., TILAK IT-Strategy 2003—2007, Information
Technology Support- ing Health Care and Medical Research, Innsbruck, Austria, TILAK, 2003
(in German).

A. Winter, B. Brigl, T. Wendt, Modeling hospital information systems. Part 1: the revised three-
layer graph-based meta model 3LGM2, Methods Inf. Med. 42 (2003) 544—551.



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]

[54]

Saleh Mohammed Saleh Alyami et al. 671

T. Wendt, A. Ha'ber, B. Brigl, A. Winter, Modeling hospi- tal information systems (Part
2): using the 3LGM2 tool for modeling patient record management, Methods Inf. Med. 43
(2004) 256—267.

B. Hu'bner-Bloder, R. Haux, G. Lechleitner, M. Pfaffermayr, Experiences with 3LGM2
modeling of hospital information systems to evaluate their quality, in: M. Fieschi, E. Coiera,
Y.-C. Li (Eds.), MEDINFO 2004, Proceedings of the 11th World Congress on Medical
Informatics, Amsterdam, 10S, 2004, p. 1653.

P.D. Clayton, S.P. Narus, S.M. Huff, et al., Building a com- prehensive clinical information
system from components: the approach at Intermountain Health Care, Methods Inf. Med. 42
(2003) 1—7.

P. Degoulet, L. Marin, M. Lavril, et al., The HEGP component-based clinical information
system, Int. J. Med. Inf. 69 (2003) 115—126.

G. Gell, P. SchmU"cker, M. Pedevilla, et al., SAP and part-ners: 1S-H and IS-H* MED,
Methods Inf. Med. 42 (2003) 16—24.

D.A. Giuse, Provider order entry with integrated decision support: from academia to industry,
Methods Inf. Med. 42 (2003) 45—50.

R. Haux, C. Seggewies, W. Baldauf-Sobez, et al., Soarian— workflow management applied
for health care, Methods Inf. Med. 42 (2003) 25—36.

K.A. Kuhn, R. Lenz, T. Elstner, et al., Experiences with a generator tool for building clinical
application modules, Methods Inf. Med. 42 (2003) 37—44.

G. Lechleitner, K.P. Pfeiffer, 1. Wilhelmy, M.J. Ball, Cerner millennium: the Innsbruck
experience, Methods Inf. Med. 42 (2003) 8—15.

T. Schabetsberger, E. Gross, R. Haux, et al., Approaches Towards a Regional, Shared
Electronic Patient Record for Health Care Facilities of Different Health Care Organizations—
—IT-Strategy and First Results, in: M. Fieschi, E. Coiera, Y.-C. Li (Eds.), MEDINFO 2004.
Proceedings of the 11th World Congress on Medical Informatics, Amsterdam, 10S, 2004, pp.
979—982.

T. Schabetsberger, E. Gross, R. Haux, et al., From a Paper- Based Transmission of Discharge
Summaries to Electronic Communication in Health Care Regions, Int. J. Med. Inf. 75 (2006)
209—215.

P. Doupi, J. van der Lei, Towards personalized internet health information: the STEPPS
architecture, Med. Inf. Internet Med. 27 (2002) 139—151.

D. Masys, D. Baker, A. Butros, K.E. Cowles, Giving patients access to their medical record via
internet: the PCASSO experience, JAMIA 9 (2002) 181—191.

S.E. Ross, C.T. Lin, The effects of promoting patient access to medical records: a review,
JAMIA 10 (2003) 129—138.

R. Nelson, M.J. Ball (Eds.), Consumer Informatics, Springer, New York, 2004.

J. Zvarova, J. Preiss, A. Sochorova, Analysis of data about epileptic patients using the GUHA
method, Int. J. Med. Inf. 45 (1997) 59—64.

F. Leiner, W. Gaus, R. Haux, P. Knaup, Medical Data Manage- ment, Springer, New York,
2002.

N.M. Lorenzi, R.T. Riley, Organizational Aspects of Health Informatics: Managing
Technological Change, Springer, New York, 1995.

M. Berg, J. Aarts, J. van der Lei, ICT in health care: sociotechnical approaches, Methods Inf.
Med. 42 (2003) 297—301.

Migration Letters



672 Health Information Systems and it is Role in Integration Between Physician and Radiology
Nurses and the Patient-Physician Relationship: A Systematic Review

[58]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

B. Kaplan, N.T. Shaw, Future directions in evaluation research: people, organizational, and
social issues, Meth- ods Inf. Med. 43 (2004) 231—251.

J.S. Ash, P.N. Gorman, M. Lavelle, et al., Perceptions of physician order entry: results of a
cross-site qualitative study, Methods Inf. Med. 42 (2003) 313—323.

M.L. Stricklin, C.M. Struk, Point of care technology: a sociotechnical approach to home health
implementation, Methods Inf. Med. 42 (2003) 463—470.

A. Winter, E. Ammenwerth, O.J. Bott, et al., Strategic infor- mation management plans: the
basis for systematic infor- mation management in hospitals, Int. J. Med. Inf. 64 (2001) 99—
109.

T. Cornford, E. Klecun-Dabrowska, Images of health tech- nology in national and local
strategies, Methods Inf. Med. 42 (2003) 353—359.

J.R. Moehr, Guidelines, the internet, and personal health: insights from the Canadian HEALNet
experience, Methods Inf. Med. 41 (2002) 230—234.

J. Mohan, R. Razali Raja Yaacob, The Malaysian telehealth flagship application: a national
approach to health data pro- tection and utilisation and consumer rights, Int. J. Med. Inf. 73
(2004) 217—227.

F. Gerneth, R. Haux, C.A. Mu"ller, Data modeling for immuno- logical and clinical data of
leukemia and myasthenia patients, Methods Inf. Med. 31 (1992) 136—146.

A.M. Grant, A.M. Moshyk, A. Kushniruk, J.R. Moehr, Reflec- tions on an arranged marriage
between bioinformatics and health informatics, Methods Inf. Med. 42 (2003) 116—120.

C.A. Kulikowski, A micro—macro spectrum of medical infor- matics challenges and
opportunities: from the informatics of molecular medicine to that of transforming health care
in a globalizing society, Methods Inf. Med. 41 (2002) 20—24.

V. Maojo, F. Martin-Sanchez, Bioinformatics: towards new directions for public health,
Methods Inf. Med. 43 (2004) 208—214.

V. Maojo, F. Martin-Sanchez, H. Billhardt, I. lakovidis, C. Kulikowski, Establishing an agenda
for biomedical informat- ics, Methods Inf. Med. 42 (2003) 121—125.

P. Lukowicz, T. Kirstein, G. Tro 'ster, Wearable systems for health care applications, Methods
Inf. Med. 43 (2004) 232—239.

President’s Information Technology Advisory Committee (PITAC), Transforming Health Care
Trough Information Tech- nology, Arlington, VA. National Coordination Office for
Information Technology Research and Development, 2001, http://www.itrd.gov, last accessed
May 7, 2004.

A. Hasman, C. Safran, H. Takeda, Quality of health care: informatics foundations, Methods Inf.
Med. 42 (2003) 509—518.

R. Haux, P. Knaup, W. Herzog, et al., Information process- ing in health care at the start of the
third millennium——potential and limitations, Methods Inf. Med. 40 (2001) 156—162.

J. Bisbal, J. Grimson, W. Grimson, et al., From passive to active electronic healthcare records,
Methods Inf. Med. 42 (2003) 535—543.

R. Brandner, M. van der Haak, M. Hartmann, et al., Elec- tronic signature for medical
documents——integration and evaluation of a public key infrastructure in hospitals, Meth- ods
Inf. Med. 41 (2002) 321—330.

K. Lampe, P. Doupi, M.J. van den Hoven, Internet health resources: from quality to trust,
Methods Inf. Med. 42 (2003) 134—142.

C. Sicotte, P. Lehoux, Teleconsultation: rejected and emerging uses, Methods Inf. Med. 42
(2003) 451—457.



[75]

[76]

[77]

[78]

[79]

[80]

[81]

Saleh Mohammed Saleh Alyami et al. 673

J.M. Fessler, F. Gremy, Ethical problems in health informa- tion systems, Methods Inf. Med.
40 (2001) 359—361.

R. Haux, Biomedical and health informatics education at UMIT——approaches and strategies
at a newly founded uni- versity, Int. J. Med. Inf. 73 (2004) 127—138.

J. Zvarova, R. Engelbrecht, J.H. van Bemmel, Educa- tion and training in medical informatics,
statistics and epidemiology in EuroMISE, Int. J. Med. Inf. 45 (1997) 3—38.

Recommendations of the International Medical Informat- ics Association (IMIA) on education
in health and med- ical informatics, Methods Inf. Med. 39 (2000) 267—277, see also
http://www.imia.org, last accessed May 7, 2004,

R. Haux, E. Ammenwerth, ter Burg, et al., An international course on strategic information
management for medical informatics students: aim, content, structure, and experi- ences, Int. J.
Med. Inf. 73 (2004) 97—100.

R. Haux, E. Ammenwerth, A. Ha'ber, et al., Medical Infor- matics Education Needs
Information System Practicums in Health Care Settings Experiences and Lessons Learned from
32 Practicums at 4 Universities in 2 Countries, Methods Inf. Med., in press.

P. Knaup, W. Frey, R. Haux, F.J. Leven, Medical informatics specialists: what are their job
profiles? Results of a study on the first 1024 medical informatics graduates of the Uni- versities
of Heidelberg and Heilbronn, Methods Inf. Med. 42 (2003) 578—587.

Migration Letters



