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Abstract

Within the daily workload at a ward there is a considerable amount of information processing. It is the task of a
systematic management of hospital information systems to provide health professionals with the right information in
the right place at the right time. This paper deals with the consequences for the management of hospital information
systems if health professional workstations are introduced as a means for this information logistic and with the
experiences gained in the Heidelberg University Hospital. Health professional workstations are formally defined in the
context of a three level graph-based model of hospital information systems. It is found that health professional
workstations have communication needs not only on the physical level of computer systems in the hospital
information system but also on the logical tool level, which is the level of application systems. On this level
communication servers or brokers are of considerable importance. In Heidelberg there are about 200 health
professional workstations (MEDIAS) in routine use.

Keywords: Communication servers; Communication standards; Hospital information systems; Health professional
workstations; Integrated advanced medical information systems (IAMIS) '

“The Health Care Professional Workstation (HCPW) provides a portal to the health care system as a
whole. Through this portal the health care professional must be able to carry out a wide variety of tasks
in an integrated fashion.” [1]
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1. Introduction and problem

1.1. Information processing and communication on
a ward and the tools provided by a heterogeneous
hospital information system

Within the daily workload on a ward there is a
considerable amount of information processing
and communication activities. These are, for ex-
ample, the maintenance of the patients’ records,
planning and documenting of nursing, clinical
documentation, maintenance of registers and sub-
sequently their analysis, requests for drugs and
other material, ordering meals and central ser-
vices, performing order entry, receipt of lab re-
ports, ADT (admission, discharge, transfer),
searching for medical knowledge, for example,
information about drugs or diseases, work
scheduling, creation of statistics, documenting
nursing actions and diseases etc. ([2—6]).

Considering this information processing as a
part of the respective hospital’s information sys-
tem we have to take into account, that especially
heterogeneous hospital information systems tend
to be ‘self-evolutionary’ or even ‘chaotic’. There
will be, however, severe consequences for hospital
information systems if they are not managed sys-
tematically. The tools provided by those hospital
information systems (taking both its computer
supported and its conventional part into account)
are too often nearly as numerous as the proce-
dures they are destined to support. Thus the
medical staff has to shift for example between the
use of a fax for material requests, a phone to
asking for lab reports, a computer terminal for
ADT actions, a personal computer, which is situ-
ated in the doctor’s room, for retrieving medical
knowledge for a drug or literature database, pa-
per forms for order entry and so on.

Obviously, this shift between media and tools is
very time consuming and inclines to demotivate
medical staff deeply.

1.2, Tasks within the management of
heterogeneous hospital information systems

Within heterogeneous hospital information sys-
tems, application systems have to — or at least

should — cooperate closely ([7]) in order to ob-
tain a high degree of interoperability. In addition,
there is a strong demand for functional integra-
tion and user interface integration (e.g. [8], see
also [9,10]). The latter holds true especially for the
situation on wards as described above and it is the
prerequisite to be able to support patient care and
medical research adequately and for keeping in-
formation processing in hospitals economic.
Consequently it is the task of a systematic

management of hospital information systems, 1.e.

its systematic design and supervision, to provide

health professionals with

~ the right information in the right place at the
right time;

— information processing tools, which are best
suited for obtaining and delivering the infor-
mation;

— needed tools on as few media as possible;

— access to the tools at, or at least close to, the
site, where the information processing that is to
be supported has to be carried out;

— access to the tools in a convenient and uniform
way.

1.3. Intention of this paper

This paper deals with the consequences for the
management of hospital information systems if
health professional workstations are introduced in
a hospital and with the experiences gained in the
Heidelberg University Hospital. We want to an-
swer the following questions in detail:

(1) How can a health professional workstation
and its interface to a hospital information
system be defined precisely and what might be
the benefit of a formal definition?

(2) What is the influence on communication in
the related hospital information system which
is implied by the information needs on the
health professional workstation?

(3) How can convenient and uniform access to
the information processing tools be realized at
reasonable costs?

(4) What is the architecture of the health profes-
sional workstation MEDIAS at Heidelberg
University Hospital?
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(5) What experiences have been gained at Heidel-
berg University Hospital?

(6) What are the related approaches to realize
health professional workstations in interna-
tional literature?

(7) What are the consequences for the manage-
ment of hospital information systems if health
professional workstations are to be intro-
duced.

In Section 2 a model of a health professional
workstation is introduced with respect to a three
level graph-based model of a hospital information
system. Section 3 deals with the health profes-
sional workstation MEDIAS in the Heidelberg
University Hospital Information System as an
application of this model. Section 4 introduces
some qualities of health professional worksta-
tions. In Section 5 MEDIAS is examined with
respect to those qualities. A discussion of related
approaches is given in Section 6, and the answers
to the questions listed above are given in Section
7.

2. Modelling health professional workstations
2.1. Hospital information systems

Let us denote a hospital information system as
the partial system of a hospital, which deals with
the complete information processing and informa-
tion storing of the hospital. That part of a hospi-
tal information system, where computers are used
as information processing tools, is denoted as the
computer-supported part of a hospital informa-
tion system [11,12].

As pointed out in more detail in [11,12] hospital
information systems can be considered as dis-
tributed systems consisting of co-operating objects
performing information processing. In a three
level graph-based model (3LGM) the objects can
be classified as information procedures forming a
procedure level, as application systems forming a
logical tool level and as physical subsystems form-
ing a physical tool level of the hospital informa-
tion system (Fig. 1).

On the procedure level the functionality of a
hospital information system can be described.

Nodes in a procedure level graph are ‘information
procedures’ which have to carry out certain infor-
mation processing activities. Those procedures
can be compared with what is called ‘business
functions’ in [13]. Edges in this graph correspond
to an information interchange between the infor-
mation procedures. Certain symbols called ‘proce-
dure access’ refer to some information procedures
which can be used directly by hospital informa-
tion system users and thus form the entry-points
for users into the hospital information system at
procedure level.

So if we denote P as a set of information
Procedures, AP as a set of Procedure Accesses,
PnAP=0, IL<(®xP)U(APxP)U(P xAP)
as a set of Information Interchanges, then the
graph PLG:=(PUAP, II) can be denoted as the
Procedure Level Graph.

The first step of describing the tools required by
the information procedures is done at the logical
tool level of a hospital information system. The
corresponding logical tool level graph consists of
nodes, which represent ‘application systems’. Ap-
plication systems are for example installations of
application software products on computers. Cer-
tain symbols called ’functions’ serve as entry-
points for users which represent functions offered
by application systems. Using appropriate map-
pings information procedures and procedure ac-
cesses, respectively, can be formally related to
those application systems and functions, respec-
tively, which are used to enable them. On this
level, functions are users’ entry-points to the
hospital information system and thus realise the
access to information procedures. The communi-
cation of messages between application systems is
represented by edges between the corresponding
nodes in the logical tool level graph.

Similarly to the above we can obtain a Logical
Tool Level Graph LTLG:=(A UFA, C) if we let
A denote a set of Application systems, FA a set of
Functions of such Application systems and CI: =
(A xA)uUFA xA)u(A x FA) a set of Commu-
nication Interfaces. The mapping to relate the
procedure level to the logical tool level can for-
mally be described by a:(PuUAP) — p(p(AUFA))
where ¢(X) denotes the power set of X and
a(x)=a;(x) with o« :P— p(pA) if xeP and




196 A. Winter et al. | Computer Methods and Programs in Biomedicine 51 (1996) 193-209

distributed patient
data management

-

cation by scheduling for reports, patient

slectronic orniented accass to
mail reports and to jab-

5 4
NSURT

stock
management

... Other information
Drocaaures ...

transmission of
raquests for material
and for catalogues

antry of current medical
demands for knowledge
ratrigval

Fig. 1. Example of a three level graph-based model of a hospital information system.

|
- a(x)=o0,(x) with a,; AP— p(p(FA)) if xeAP.
This means that procedures are mapped on sets of
possible configurations of application systems and
procedure accesses are mapped on respective sets
of functions.
As a second step, the physical tools of informa-
tion processing are described at the physical tool

level of a hospital information system. They can
be joined appropriately in order to form so-called
‘physical subsystems’. The physical subsystems
are represented as nodes of a physical tool level
graph. In the computer-supported part of a hospi-
tal information system physical subsystems are
computer systems. Again there are entry-points at
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the physical tool level which now are called ‘ter-
minals’; terminals in this sense are not only com-
puter terminals but also personal computers or
printers. Application systems and functions, re-
spectively, can now be mapped on-to physical
subsystems and/or terminals; each mapping
thereby describes which physical subsystems are
the physical basis of the respective application
systems. Edges in the physical tool level graph
represent a data interchange between physical
subsystems.

Let PS denote a set of Physical Subsystems,
TPS a set of Terminals of Physical Subsystems
and DI: < (PS UTPS) x (PSUTPS)) a set of Data
transmission Interfaces. So PTLG:=(PSuUTPS,
DI) describes the Physical Tool Level Graph. The
mapping to relate the logical tool level to the
physical tool level can formally be described by
B(AVFA) - p(p(PSUTPS)) where
B(x):=p1(x) with f:A - p(p(PS UTPS)) if xeA
and f(x)=p,(x) with B, FA— p(p(IPS)) if
xeFA. That means that application systems are
mapped on sets of possible configurations of
physical subsystems and/or terminals and func-
tions are mapped on corresponding sets of termi-
nals only.

On the basis of the procedure level defined
before and the logical and physical tool levels, a
definition of a three level graph-based model, or
3LGM, can now be given for hospital information
systems: the quintuple (PLG, LTLG, PTLG, «, )
is a three level graph-based model, or briefly
3LGM, of a hospital information system.

By this definition we also have a means for
describing the term ‘heterogeneity’. So we can say
that a hospital information system is heteroge-
nous if the cardinality of A is greater than 1. Even
if there are lots of computer systems in a hospital
we can actually talk of a homogeneous informa-
tion systems if there is only one application sys-
tem installed on them (in a distributed manner).

2.2. Health professional workstations

Within the 3LGM it is now possible to define
precisely, what we usually call a health profes-
sional workstation. Reflecting 3LGM a health
professional workstation is characterized by, for

example, a personal computer, i.e. a terminal as
defined before, a set of functions offered to users
on that terminal and a set of accesses to proce-
dures, which are thereby realized on the terminal
or personal computer for example. Thus a health
professional workstation is nothing but a infor-
mation sub-system of the corresponding hospital
information system in the sense of [11].

Let us denote, as defined above, (PLG, LTLG,
PTLG, a, f) a 3LGM of a certain hospital infor-
mation system and let 7, TeTPS, be a terminal as
for example a personal computer. Furthermore let

- PTLG = ({T}, 9),
- LTLG;+=(A;uFA, CI;) with
Ari={AcA|{T} ef(A)},
FA,—{ FeFA|{T}ef( F)},
ClL= {(x, »)eCllxe(ArUFAL) A y
e(ArvFA7)},
- PLG7:=(PrUAPy, 1I7) with
P,= {PeBldx < Ayixea(P)},
AP :={4PecAP|3y c FA yea(4P)},
= {(x, y)ellxe(PrUAPT) A ye(PrUAPT)}.

Definition of health professional workstation

The triple HPW ;:=(PLG,, LTLG,, PTLG7) is
the health professional workstation on the termi-
nal 7 in the hospital information system modelled
by the 3LGM (PLG, LTLG, PTLG, «a, f).

So on the one hand it can be shown that a
health professional workstation at a certain termi-
nal offers the functionality modelled by FA,
which means that the procedure accesses in AP,
can actually be used there. On the other hand the
set A, shows, to what extent the workstation also
serves as a computing facility, i.e. a physical
subsystem, in order to realize application systems
and in the end realize entire procedures, as mod-
elled in P,. For a deeper understanding please
refer to Section 3 which also serves as an example
of the definition above.

On this basis, the interface of a health profes-
sional workstation to the remainder of the hospi-
tal information system can be defined as well. Let
be T, T € TPS, as above, a terminal, for example
a personal computer, and HPW a health profes-
sional workstation in the hospital information
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system modelled by the 3LGM (PLG, LTLG,
PTLG, «a, ).

Definition interface of a health professional
workstation
The triple HPW :=(I11~, Clps, DI) is the
interface of the health professional workstation
HPW, to the hospital information system mod-
elled by the 3LGM (PLG, LTLG, PTLG, «, B) iff
~ DI = {(x,y)eD]]
x=TAry#+T)v(y=Trx#T)},
~ Clp = {(x, y)eC]]
(xe(ArVFA7) A
ye((A—Ar)u(FA -FAy))
v(ye(ArVFA7r) A
xe((A—Ar)u(FA—-FAn)},
~ o= {(x, y)ell]
(xe(®rUAPT) A
ye((® —Pr)U(AP — AP7)))
v(ye(PrUAPr) A
xe((B—-Pr)U(AP — AP))}.

This definition of an interface between a health
professional workstation and its surrounding hos-
pital information system clearly shows that those
interfaces must be realized not only between com-
puter systems. Problems related to interfaces are
rather to be solved at all three levels of the
hospital information system concerned.

3. The health professional workstation MEDIAS
in the Heidelberg University Hospital information
system

3.1. The Heidelberg University Hospital
information system

The Heidelberg University Hospital comprises
62 medical departments with 117 wards, 70 outpa-
tient units, 31 operating theatres for inpatients
and additional ones for outpatients. About 6000
persons are employed in the fields of research,
education and patient care (1994). The number of
inpatient stays reaches about 50000 per year, the
number of outpatients is about 200000. The
Heidelberg University Hospital information sys-
tem is highly heterogeneous on its logical as well
as on its physical tool level ([14]).

Fig. 1 gives an insight into a part of the infor-
mation system by the graphical representation of
its 3LGM. Besides the information procedures
there are procedure accesses AP1, AP2, AP3,
AP4, and AP5 and others. At the logical tool level
the application system IDIKS is the patient man-
agement system, LAB-CHIR, a lab software in-
stallation in the surgical clinic, SAP-RM, the
stock management system, MDMS, an applica-
tion software for medical document management
and MDMS-NSUR, one of MDMS’s installations
in the neurosurgical clinic, HeiKo, the Heidelberg
communication system [15], STOREQ-NSUR, an
application system for material requests in the
neurosurgical clinic, COMPLEX-P, a work sched-
uler and ccMail, the e-mail system used in Heidel-
berg University Hospital. MEDSERVE is a
medical knowledge server [16]. The application
systems’ functions referred subsequently are called
F1, F2, F3, F4, F5. At the physical tool level the
SIEMENS computer is the central mainframe,
PRIME and UNIX computers are mainly used in
the laboratories, SERVER-NSUR is for the
MDMS-NSUR application system, CD-SERVER
is the file server for MEDSERVE and COMNET
is the communication network with all its active
and passive components. The personal computer
NSURI, which is a terminal on a ward of the
neurosurgical clinic, is extracted among the other
terminals.

Let (PLGyp, LTLGyp, PTLGyp, %ups fup) be
formally the 3LGM of the Heidelberg University
Hospital information system. Whereas the
PLGyp, LTLGyp and PTLGyp can be derived
(at least in part) from Fig. 1, ayp and fyp shall
be outlined in Tables 1 and 2 as far as the next
section about MEDIAS is concerned.

3.2. The health professional workstation
MEDIAS

3.2.1. Overview

Health professional workstations in the Heidel-
berg University Hospital Information System are
called MEDIAS (MEDIzinisches Arbeitsplatz
System).

MEDIAS workstations are based on personal
computers and installations are mainly located on
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Table 1
Mapping «

Procedure P or procedure accesses AP

Realising application systems or functions:
%,(P), ax(AP)

Communication by electronic mail
API

Work scheduling for nurses (in test phase), working hours recording, and

statistical analysis
AP2

Clinical documentation, especially writing of medical and operation reports,

{{ccMail}}

{F1}}
{{COMPLEX-P}}

{{F2}}
{{MDMS-NSUR}, {MDMS-...},...}

providing patient-oriented access to these reports and to those of laboratory,

radiology, and other functional units
AP3
entry of current demands for drugs and materials
AP4
medical knowledge retrieval
AP5

{{F3},...}
{{STOREQ-NSUR}, {STOREQ-...},...}

{{F4},..}
{{MEDSERVE}}

{{F5}}

Table 2
Mapping £

Application system A or Realising physical subsystems

function F or terminals: §,(A), §,(F)

ccMail {{some other server, COM-
NET, NSUR1},...}

F1 {{NSURI1},...}

COMPLEX-P {{some other server, COM-
NET, NSURL1},...}

F2 {{NSURI1},...}

MDMS-NSUR {{SERVER-NSUR, COMNET,
NSURI1},...}

F3 : {{NSURI1},...}

STOREQ-NSUR {{NSURI1}}

F4 {{NSURI}}

MEDSERVE {{CD-SERVER, COMNET,
NSUR1},...}

F5 {{NSUR1},...}

wards, in offices (for medical report writing) and
in operating theatres (for operation documenta-
tion) but also for example in physicians’ rooms,
offices of the head nurses and in libraries.
Taking the personal computer NSUR1 on ward
2 of the neurosurgical clinic (Fig. 1) as an example
for a MEDIAS computer (i.e. a computer which
‘bears’ the workstation MEDIAS), we have a
MEDIAS installation which provides access to all
currently accessible information procedures.

According to the definitions above the formal
description of the MEDIAS installation for
example on the NSUR1-computer is:
MEDIASysur1 = (PLGnsur1s LTLGnsurs
PTLGysyur;) and so the interface to the sur-
rounding hospital information system is then de-
scribed by MEDIASysug1++= (Unsuriss Clnsuris
DInsuri#)-

The details are discussed in the following sub-
sections.

3.2.2. Architecture and interface at procedure
level

At the beginning of 1995 MEDIASsur; could
be described at the procedure level by

PLGNSURI = (ENSURI UA_PNSURI: ENSURI)

with Pysur += {entry of current requests for drugs
and materials}, APnsuri={APl, AP2, AP3,
AP4, AP5}, and Ilygygr,:= {(entry of current re-
quests for drugs and materials, AP4)}.
That means that MEDIAS provided access to
the information procedures
— clinical documentation, especially writing of
medical and operation reports, providing pa-
tient-oriented access to these reports and to
those of laboratory, radiology and other func-
tional units (AP3),
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— entry of current requests for drugs and mate-
rials (AP4) and

— medical knowledge retrieval (APS).

— work scheduling for nurses (in test phase),
working hours recording, and statistical anal-
ysis (AP2),

— communication by electronic mail (access
AP1),

Only the procedure ‘entry of current requests
for drugs and materials’ is entirely realized at
the corresponding personal computer. In addi-
tion, general text processing and computing fa-
cilities are offered.

The interface of MEDIAS to the information
procedures in the remainder of the hospital can
be described by

Hysuris:

{(entry of current requests for drugs and materials,
transmission of requests for material...),

(AP1, communication...),

(AP2, work scheduling...),

(AP3, clinical documentation...),

(APS, medical knowledge...),...

< and vice versa> ...}.

A brief analysis of the procedure level graph
of the Heidelberg University Hospital Infor-
mation System in Fig. 1 shows clearly, that
even at this level there is a strong demand
for an intensive information interchange be-
tween the information procedures. If the un-
derlying logical and physical tool levels
would not realize this interchange, MEDIAS
could not provide information like the result
of a lab examination at the access point
AP3 and, for example, a demand for mater-
ials could actually not be delivered to the
stock management. That means that a sys-
tematic management of the corresponding hospi-
tal information system has not only to realize
the accesses to procedures and the interface II,.
SURI1* but also all the other information proce-
dures and information interchanges; otherwise
health professional workstations do not make
sense.

3.2.3. Architecture and interfaces at logical tool
level

At the logical tool level MEDIAS is currently
characterized by

LTLGysyr = (Aysuri Y FAysuris Clysur)

with Ansur; = {STOREQ-NSUR},
{F1, F2, F3, F4, FS5}, and Clysur:
:= {(STOREQ-NSUR, F4)}.

It follows that in analogy to the procedure
level there is only one application system—the
STOREQ-NSUR application for the entry of
current requests for drugs and materials—en-
tirely realized on the NSURI1 computer. Addi-
tionally there are the functions F1, F2, F3, F4,
F5 to get use of the related application systems.
Having no other application system entirely re-
alized on NSURI1 there must be other comput-
ers, i.e. servers to realize them. The description
of the interface to the remainder of the hospital
information system shows the application sys-
tems concerned:

&NSURI =

Clysyri+: = {(STOREQ — NSUR, HeiKo),
(F1, ccMail), (F2, COMPLEX — P),

(F3, MDMS — NSUR), (FS, MEDSERV), ...
< and vice versa> ...}.

Indeed the application systems ccMail, COM-
PLEX-P, MDMS-NSUR, and MEDSERYV (for
the relation between information procedures and
this application systems please refer to Table 1)
use servers running NOVELL NETWARE for
their databases. The corresponding communica-
tion interfaces therefore realize database ac-
cesses. As STOREQ-NSUR is entirely realized
on NSURI! its communication interface to the
Heidelberg communication system HeiKo must
also be realized (in part) on NSURI1. HeiKo
provides communication services to application
systems by means of standardized 3rd genera-
tion programming language interfaces for send-
ing and receiving messages. The messages are
formatted according to an HL7-like in-house
standard and thus enables the understanding of
incoming or outgoing patient data'and reports
for example. The interfaces for sending and re-
ceiving are available for all operating systems
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(BS2000, PRIMOS, DOS, UNIX,...) used in the
Heidelberg University Hospital. As MDMS-
NSUR needs a message interchange as well it also
has such a communication interface to HeiKo.
This is the prerequisite for the information inter-
change at the procedure level called for in the
previous subsection.

The application systems ccMail and COM-
PLEX-P are based on commercially procured ap-
plication software products. STOREQ-NSUR,
MDMS-NSUR, and MEDSERYV are self devel-
oped.

After switching on a MEDIAS computer a
simple menu is presented to the user. Only privi-
leged users are able to use the operation system
level (i.e. MS-DOS). The menu is to map the
user’s desired information procedure to the appli-
cation system realising it. So if a user, for exam-
ple, selects ‘clinical documentation’ an underlying
shell will start running the application system to
support clinical documentation, writing of medi-
cal and operation reports, providing. patient-ori-
ented access to these reports and to those of the
laboratory, radiology and other functional units.
Therefore at the NSUR1 MEDIAS computer it is
MDMS-NSUR that is started from the SERVER-
NSUR. After having automatically started the
application system needed, the particular user in-
terface of that application system is offered to the
user. If ‘quit’ is entered the application system
control is returned to the shell and thus the menu
will be presented again. The menu is site depen-
dent and can be customized by a mere table.

3.2.4. Architecture and interface at physical tool
level

MEDIAS at the physical tool level is quite
simple and is characterized by

PTLGysur:=({NSURL}, ©),

D_INSURI *

={(NSUR1, COMNET), (COMNET, NSURI)}.

Being based on the use of personal computers
under MS-DOS and MS-WINDOWS (with a 386
processor or higher) computers like NSUR1 need
to be connected to the computer network of the
Heidelberg University Hospital. The communica-

tion network provides 10baseT cables to connect
the workplaces’ sockets with its active compo-
nents. In this area the ETHERNET protocol is
used. For connecting the in-house nets a back-
bone based on optical fibres and running a FDDI
protocol is used. Besides TCP/IP services the
NOVELL protocol is used to access correspond-
ing servers at the physical tool level. While TCP/
IP is mainly used by the communication interfaces
provided by HeiKo, the NOVELL protocol serves
to connect the functions to their related applica-
tion systems.

So all MEDIAS computers like NSURI1 have
an ETHERNET board and appropriate TCP/IP
and NOVELL software installed and there are no
extraordinary requirements on MEDIAS comput-
ers.

Every MEDIAS computer is connected to a
printer at a reasonable distance via the communi-
cation network. If appropriate there is a bar-code
scanner available as a mobile data entry device.
The bar-code scanners are especially employed for
entering the demand for drugs and other materials
on the ward. The keyboards are usually equipped
with a reader for magnetic tape cards; this is to
input patient identification data from the patient
card, which is issued by the hospital at admission
time.

4. Qualities of health professional workstations

4.1. Qualities at procedure level

As called for in the introduction, health profes-
sional workstations shall serve health profession-
als in getting the right information in the right
place at the right time. This service has to be
provided for both the areas of education and
research and of patient care [17,18]. As stated, for
example, in [2,3,6,19-22] especially ‘point of care
systems’ [2] on wards and ambulatory care units
should therefore among others provide access to
the following information procedures:

— fundamental documentation and hospital-
based diagnosis statistics,
— nursing documentation, patient records,
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- clinical documentation including writing of
medical and operation reports, providing pa-
tient-oriented access to these reports and to
those of laboratory, radiology, and other func-
tional units,

- requests for dates in functional units,

- entry of current requests for drugs and materi-
als,

- order entry and results report,

- resource management,

- management of human resources including
work scheduling, recording of working hours,
and statistical analysis,

- work flow management in ambulatory care,

- calendar management,

- medical knowledge retrieval,

- knowledge based support for diagnosis and
therapy,

- admission, discharge, and transfer of patients
[23].

There are needs for other information proce-
lures in other sites and areas of hospitals, but
vithin the context of this article we will focus on
vhat is happening in patient care units.

t.2. Qualities at logical tool level

According to our introductory remarks on the
ippropriate support of health professionals in the
leld of information processing there are two re-
juirements for health professional workstations
hat seem to be in conflict with each other. One is
he demand for ‘information processing tools,
vhich are best suited for obtaining and delivering
he information’ and the other is to provide ‘ac-
'ess to the tools in a convenient and uniform
vay’. There is conflict because especially in big
10spitals, for example the Heidelberg University
Jospital, the choice of the best suited tools will
ften result in the acquisition of heterogeneous
ipplication software products and thus produce a
andscape of heterogeneous application systems.
3ut even if there may be no problem in acquiring
oftware products with convenient user interfaces
here may actually be a problem in providing
miform access to the heterogeneous tools.

The solution of this problem is often called
functional integration’ ([8]). Quite far from that

we want to deal here with the question of how a
uniform use of different functions of different and
heterogeneous application systems can be
achieved. In our opinion one can distinguish be-
tween three levels of uniformity at a health profes-
sional workstation:

— level 0: no uniformity,

— level 1: uniform access to application systems,
— level 2: uniform functions.

Let a personal computer be attached to the
hospital wide communication network and having
installations of NETWARE and TCP/IP on it.
This computer is thus providing the possibility of
getting access to whatever application system of
the hospital information system the user wants to
use. Access is realized by explicitly choosing the
appropriate servers and executing the appropriate
operation system’s commands. Let us consider
such a health professional workstation as having
‘no uniformity’.

A ‘uniform access to application systems’ can
be achieved by providing a menu which enables
the user to simply select a procedure giving access
to a certain information procedure. The underly-
ing software should then automatically find the
application system with the required functions
and then attach the respective server, find the
application system there and start it. Thus the
mapping « between procedures and application
systems and the mapping f between application
systems and computers together with a mere rout-
ing is provided.

The highest level of uniformity achievable in
this context is to provide ‘uniform functions’.
That means to provide the same interface with all
functions available at the health professional
workstation. Thus, there is a uniform layout and
a uniform way of using menus, buttons, function
keys etc. and a uniform philosophy or ‘look and
feel’ in using the functions even if they are offered
by different application systems. The more hetero-
geneous a hospital information system is at the
logical tool level the more difficult it is to achieve
this level of uniformity. Obviously, there should
be only a few problems if all application systems
concerned are based on the same application soft-
ware product or even based on application soft-
ware of the same vendor. But having application
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systems based on multi vendor software will cause
considerable problems. As presented in [24] an
approach for solving this problem is to establish
specialized application systems for generating and
presenting the needed functions at the worksta-
tion. Serving as a shell, such an application sys-
tem communicates in a synchronous program to
program manner with those application systems
providing the generic functions and thus doing the
job. Difficulties arise if these remote application
systems don’t provide appropriate interfaces for
that kind of communication, but there are prag-
matic solutions based for example on ‘plugs’ [25]
or ‘wrappers’ [26].

4.3. Qualities at physical tool level

Three of the demands made for appropriate
support of health professionals in information
processing concern the qualities of a health pro-
fessional workstation at its physical tool level, i.e.
to assist health professionals by
— needed tools on as few media as possible;

— access to the tools at, or at least close to, the
site, where the information processing to be
supported has to be carried out;

— access to the tools in a convenient and uniform
way.

The first charge is always fulfilled by a health
professional workstation by definition. This is be-
cause there should be only one media, ie. a
personal computer or another terminal, which
provides all needed functions.

As a consequence of the second demand health
professional workstations have to be designed so
that they are capable of being employed in all
areas of a hospital. Due to the usually restricted
size of rooms for nurses and physicians on wards
and ambulatory care units and due to the fact
that almost always lots of people, including pa-
tients, share the rooms the following requirements
arise:

— space-saving equipment, i.e. compact comput-
ers, flat screens;

— ergonomic equipment, i.e. low radiation colour
screen, at least a 15 in. screen, silent printers
etc.;

— if mobile data recording is necessary: handy
recording devices (e.g. bar-code scanner).
Additionally, a data transmission interface for

connecting the workstation to the in-house com-

munication network is necessary.

While convenient access at the physical tool
level to the tools is still addressed by the require-
ments pointed out before, the uniformity of access
can be supported at the physical tool level by an
in-house standardisation of types of workstation
computers and their operating systems. While
choosing such a standard one should consider the
economical aspects and the requirement for the
workstations to run as clients in client-server ar-
chitectures. Thus, a choice of MS-DOS could be a
‘sound general solution’ ([27], p. 175) but this
holds also for MS-WINDOWS.

4.4. Qualities of the corresponding hospital
information system

The demand for providing
— the right information in the right place at the

right time
— access to the tools at, or at least close to, the

site where the information processing to be

supported has to be carried out
is actually the essence of the demands to be
fulfilled by the management of a hospital informa-
tion system if health professional workstations are
to be introduced. These demands cannot be
achieved only by good design of the health profes-
sional workstations but also require an appropri-
ate architecture for the hospital information
system as a whole.

Considering how information can be exchanged
between a health professional workstation and the
rest of the corresponding hospital information
system one should analyse the definition of an
interface of a health professional workstation in-
troduced before. According to this definition not
only interfaces at the physical tool level but also
at the logical tool level have to be taken into
account.

On the health professional workstation let there
be, for example, access to the procedure ‘clinical
documentation, ...providing patient-oriented ac-
cess to...reports...”. This procedure needs infor-
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mation, i.e. the lab reports, from a procedure
‘laboratory diagnostics’.

Thus, if there is not only one application sys-
tem realising both procedures, there must be a
communication interface at the logical tool level
so that the corresponding lab application sys-
tem can send messages which could be inter-
preted as lab reports. Thus, the management of
the hospital information system has to provide
a means for communication at the logical tool
level. According to our experiences a communi-
cation server on the logical tool level [15,28]
and the use of standardized protocols like HL7
[29] will essentially support this task. A commu-
nication server may be realized on a single com-
puter but can also be distributed over a set of
computer systems as described, for example, in
[30].

Last but not least data transmission has to be
performed on the physical tool level, if the two
application systems are installed on different
computer systems. Thus, the hospital information
system needs an adequate communication net-
work [31].

As a conclusion one can see, that if a lab
system has for example an ETHERNET-interface
to the communication network but no means
for sending reports appropriately and in a stan-
dardized manner on the logical tool level the
best health professional workstation would be
useless.

5. Qualities of MEDIAS

5.1. Qualities at procedure level

Comparing the description of MEDIAS in Sec-
tion 3.2.2 and the qualities demanded for a medi-
cal health professional workstation in Section 4.1
one may be astonished at MEDIAS’ poor com-
pliance with the demands. But our experiences
have shown the considerable value of the proce-
dure accesses for the users:

— Clinical documentation, especially writing of
medical and operation reports, providing pa-
tient-oriented access, for example, to lab re-

ports

Access to this procedure is provided on 110!
MEDIAS computers. All operation reports in
our hospital are written by using this proce-
dure and thus can use all information of the
operation documentation. About 36000 lab
and other reports per month are presented by
this procedure. This means that about 35% of
all our lab reports are now transported via
computer support. An evaluation study
showed that by the introduction of this proce-
dure we could increase the rate of reports
being on the ward in time from approximately
35 to 75% [32]. Because this helps essentially
to reduce patients’ length of stay the proce-
dure not only supports health professionals in
their tasks of patient care, but also reduces
hospital operating costs (e.g. [33,34]).

Entry of current requests for drugs and materials
23! MEDIAS computers provide access to this
procedure. The need for computer support for
this procedure was also derived in [14]. Still in
the stage of introduction are MEDIAS com-
puters on two wards providing access to a
procedure for ordering meals.

Medical knowledge retrieval

Access to medical knowledge is provided on
132! MEDIAS computers. As reported in [16]
this procedure is not only used in research but
also in patient care approximately 45% of
1887 observed sessions were concerned.

Work scheduling for nurses

The demand for introducing computer sup-
ported access to this procedure on MEDIAS
was a result of an internal problem and system
analysis concerning information and commu-
nication needs of nurses [14]. As it is still in a
test phase the benefits have not been evaluated
up to now.

Communication by electronic mail

This procedure is not so important for use in
areas of clinical care, because there are proce-
dures like ‘patient-oriented access, for exam-
ple, to lab reports’, which are more
appropriate for routine use on wards and out-
patient units.

' As of July 1995.
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5.2. Qualities at logical tool level

According to Sections 3.2.3 and 4 MEDIAS
provides level 1 of uniformity at a health profes-
sional workstation, i.e. uniform access to applica-
tion systems. Although this is far from what is
usually demanded in literature (e.g. [8,21]) our
experiences are satisfactory. As the procedure
‘medical knowledge retrieval’ itself uses several
application software products with heterogeneous
and sometimes awkward user interfaces but in our
experience only in 1% of the 1887 observed ses-
sions were the user interfaces criticized [16]. Thus
our conclusion is that the benefit of components
of health professional workstations is much more
important than the user interface.

5.3. Qualities at physical tool level

In July 1995 there were about 200 personal
computers running as MEDIAS computers in the
Heidelberg University Hospital. Up to March the
computers were run on MS-DOS but now we are
changing stepwise to MS-Windows.

5.4. Qualities of the Heidelberg University
Hospital information system

Integration of MEDIAS in the Heidelberg Uni-
versity Hospital Information System is possible
because there are appropriate means for commu-
nication both at logical and physical tool levels as
mentioned before [28].

On the logical tool level there are about 40
autonomous application systems having com-
munication interfaces with the communication
system HeiKo (Section 3.2.3). All those applica-
tion systems use an in-house communication stan-
dard, which is an HL7-like communication
protocol. Thus, for example four lab systems re-
ceive patient data including identification num-
bers from the ADT system and send lab reports
to the MDMS application systems. The patients’
identification numbers ensure proper matching of
the reports to patients in MDMS. No new appli-
cation system with a potential of sending or re-
ceiving relevant data will be introduced without
having a communication interface to HeiKo.

In the beginning of 1995 the communication
network on the physical tool level connected the
computers of all application systems mentioned
before and provided 2845 sockets for worksta-
tions all over the hospital. By the end of 1995 all
wards shall be equipped with such sockets. There-
fore, all MEDIAS computers can now be situated
on these sites, where they are needed.

6. Some related approaches to health professional
workstations

A lot of papers dealing with health professional
workstations are now available in the interna-
tional literature and a good overview of the cur-
rent state of the art can be found in the
proceedings of a relevant IMIA conference held in
1993 in Washington, DC [21].

The most exciting concepts, which aim to
achieve not only level 2 of uniformity but real
functional integration of heterogeneous applica-
tion systems on the logical tool level seem to be
HERMES [15,22,35] and HELIOS [35].

As the HERMES project focuses on communi-
cation between heterogeneous application sys-
tems, an architecture for a hospital information
system has been developed rather than a mere
concept for health professional workstations. As
reported in [25] the use of request brokers [36] is
effective for supporting communication on the
logical tool level. :

The HELIOS concept also refers to request
brokers for communication but is rather charac-
terized by high demands on the functionality of
health professional workstations and claims that
they are ‘able to capture, process and display real
time sound and video to provide easy access and
management of multimedia patient medical
records and possibly benefit from vocal or tactile
command extensions... ’ ([35], p. 251). Actual
realisation might be hindered by the costs for such
workstations and the problem of getting respec-
tive data.

Besides these concepts two pragmatic solutions
shall be mentioned here.

Scherrer et al. [27] reports on the UNIDOC
workstation which is integrated with the DIO-
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GENE-2 application system of the Geneva Uni-
versity Hospital information system. While focus-
ing on support for writing of medical reports it
also provides access to medical knowledge re-
trieval by MEDLINE and to administrative and
medical procedures by DIOGENE-2. As far as
[27] reports, UNIDOC provides level 1 of unifor-
mity. On the physical tool level UNIDOC is
based on a client server concept, where MS-DOS
clients are connected to UNIX servers.

The Integrated Academic Information Manage-
ment Systems IAIMS is presented in [18]. As with
HERMES, TAIMS is a concept for the hospital
information system as a whole rather than a
workstation concept and thus shows, that health
professional workstations must always be seen as
constituent parts of its related hospital informa-
tion system. IAIMS is reported to have been
successfully introduced at the Columbia-Presbyte-
rian Medical Center to support both the areas of
education and patient information. About 1000
workstations provide access to the procedures on
the procedure level supported by the clinical,
scholarly, administrative, and basic research in-
formation services. And as UNIDOC IAIMS has
level 1 of uniformity.

7. Discussion

Let us now summarize the results by discussing
the questions of Section 1.3:

(1) How can a health professional workstation
and its interface to a hospital information system be
defined precisely and what might be the benefit of a
formal definition?

Health professional workstations and their in-
terfaces to their related hospital information sys-
tem are formally defined in Section 2.2. The
definitions clarify that in heterogeneous hospital
information systems a health professional work-
station is not only a part of one of the application
systems installed, as for example the patient man-
agement or ADT system, but it is an information
sub-system of the hospital information system
with interfaces on all three of the levels of the
remainder of the hospital information system.
Correspondingly, a health professional worksta-

tion can be defined formally within a formal
model of hospital information systems. Thus it
can be shown clearly and in a structured way that
such a workstation has an interface to the com-
munication network and to all relevant applica-
tion systems. It is therefore able to interchange
information with information processing proce-
dures which are to provide the information
needed by health professionals.

(2) What is the influence on communication in
the related hospital information system which is
implied by information needs on a health profes-
sional workstation?

There are communication needs both on the
physical tool level and the logical tool level of the
hospital information system. While communica-
tion networks are needed on the physical tool
level there is a need for specialized application
systems which offer communication services on
the logical tool level as well. In Heidelberg this
application system is called HeiKo; brokers as
described by CORBA [36] seem to be the solution
to come. As argued in [37] a ‘full level of stan-
dards from the physical level through and beyond
the applications level’ is crucial for being able to
‘achieve the necessary seamless interoperability
required by workstations for ubiquitous intelli-
gent communications between the workstations
and the sources of data’ ([37], p. 29). The defini-
tion of health professional workstation’s inter-
faces shows especially on the logical tool level that
these standards have to encompass the communi-
cation between application systems as well as
between functions and the remainder of its related
application systems. For the communication be-
tween application systems on the logical tool level
the use of standardized communication protocols
like HL7 [29] is appropriate.

(3) How can a convenient and uniform access to
the information processing tools be realized at rea-
sonable costs?

A pragmatic solution for a convenient and uni-
form access to the information processing tools

- can be realized by a uniform access to (heteroge-

neous) application systems (uniformity of level 1).
This can be realized by a simple software shell on
the workstation. This shell has to make the access
to application systems situated somewhere on a
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server in the communication network transparent

to the user. Commonly used PCs with an ETH-

ERNET board are sufficient.

(4) What is the architecture of the health profes-
sional workstation MEDIAS at Heidelberg Univer-
sity Hospital?

The MEDIAS architecture is described in detail
in Section 3.2. MEDIAS is based on a PC on the
physical tool level. On the logical tool level a shell
provides a menu for transparent access to hetero-
geneous application systems in the Heidelberg
University Hospital Information System. Thus,
there is access to information procedures like
e-mail, work scheduling, documentation, writing
and presenting of reports, entry of requests for
drugs and materials, and medical knowledge re-
trieval.

(5) What experiences have been made at Heidel-
berg University Hospital?

There are 185 MEDIAS computers in routine
use. It was quite surprising—even for us—to see
that the loss of real functional integration and
even the awkward user interfaces of some applica-
tion systems could not impede considerable users’
acceptance.

(6) What are related approaches to realize
health professional workstations in international lit-
erature?

A discussion of related approaches can be
found in Section 6.

(7) What are the consequences for the manage-
ment of hospital information systems if health pro-
fessional workstations are to be introduced?

Those responsible for the management of the
hospital information system have to provide on
the physical tool level:

— an appropriate communication network (a
modern optical fibre backbone will be helpful
but is no ‘conditio sine qua non’),

— commonly used personal computers with con-
nection to the communication network,

— connections to the communication network of
all computers being the basis of application
systems, which have to deliver messages to the
workstation (e.g. a lab system computer).

On the logical tool level:

— an application system which runs as a commu-
nication server,

— application systems which provide the func-
tions for presenting the needed information to
users and can be accessed as easily as possible
from the personal computers mentioned above,

— communication interfaces between the commu-
nication server and the application systems for
presenting the information,

— communication interfaces between the commu-
nication server and the application systems for
delivering the information (e.g. a lab system).
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