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Our University Hospital is a very 
good example of the great complcxity 
of (he flow of information through it 
which becomes a road block For its 
sniooth operation. 

Starting osi its random architecturc, 
fo1]oving by the rnultiple dependencv 
nl its persunriel ( Rectorate. Medical 
Schoo]. non pai(I personnel etc. . the di-
fferent sources of income (Rectorat(. 
Hospitals'Union. Students funds, Ins i-
rance cornpanics etc.) and finishing 
with the handling of information in dif-
1 erent wavs by diverse hospital services 
un patient information and cure, test 
resiilts etc., arid the not sinail fact of a 
a umernus staff: doctor resi dents, con- 

and students who check or 
(real, 1tients. 

Economicaj and sociological pro-
l)lems of modcrn medicine make way 
tu a crovded Hospital; and the lack of 
an casy flow of information makes the 
systeni very costly in human care, time 
and rnonev, interferirig with its snloui.h 
operation 

A weIl planned (step by step) Hos-
pital Toformation System (HIS) could 
greatly help in solving this problema. 
VelI plarined means to perfectiv un-

cicrstand what is a HIS, its advantagc, 
liO\V to vise theni properly and its pit 
falis and how tu ti'v to avoicl them. 

The purpose of this paper is to cx-
plain what is a HIS and how to pm-
perlv prepare fot' it. To properly undcrs-
tand the concept of a HIS Wc shoud 

rv m,hat is un Informa tiol t Systctt 
arl(l a Comnmunicution Svstern in a hos-
pital cflvirofln lent. 

¡u fui ??i(itioit SIJS(ei?lS COfltin iiidivi-
dual ohjects related by dcfinecl rclatioils, 
the actions of which are acquisition, 
storagc' extraction and representation 
of information. Iiiíormation Systems are 
relatcd tu un enviinnnicnt, i.c., they 
Iiemsc!vcs are objects (subsvstem.$) o 

larger systern connected tu the other 
ob1ccts by , interfaces. Thus, a laboratory 
information system is a subsvsteni of a 
hospital infomniation systeni. 

The relatiuns tu the enviroiinient have 
tu he dcfincd iii urdIr tu enstire it 
Sfllt)Oth cuiniinicatio,í. 'flie user IS 011-
ly iflt('l'esteCl in the interface problemas 
addres.sed by this requirenicnt, whereas 
the interna1  architecture of a computer-
supportcd information svsteni is of mi-
flor importante to him. 

Thi fnHoving example delnnustrates 
how sti'ung decision support fnnctions 
inflllence ihe design of un information 
system Suppose there is a simplified 
wsion of a coinputer-supported svsteiu 
1 or surveil]ancc of bed occupancy, co-
vering the bed plan of the hospital as 
well as each admission and discharge 
of a putient. If properly dcve1 oped, (he 
systeni vilI always be able tu prescnt 
valid data conccrning the number of 
free bcds. However, in practice, the, 
quel]es of a itscr bccomc much more 
complcx very quickly. For example, in 
adclition to the report "10 bcds free" it 
might he intei'csting t() know vhy ther 
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are only 10 1 rec beds. This question re-
lates to the question of who occupies a 
certain bcd and whcn a certain bcd 
wiP presurnably be free. Answering the 
Iast question may he quite cornplex and 
beongs to the area of decision support 
(is the state of a patient such that his 
discharge might be assumed after two 
days? If not, why not?). 

This cxample illustrates a central 
problein of coniputer-supportcd infor-
mation systems. The systems practicallv 
relevant for medicine are dynamic sys-
tems, wbich change their state depen-
ding on time. This dynaniic aspect is 
:lso incorporated into the interface 
aiid the objects of the environment (in-
formation transmission to the outside 
world depends, for example, un the 
availability of the receiver). 

The additional influences have tu he 
distiiiguished from these temporal chan-
ges: 

- Information requirements of the out-
side world changes in reaction to a 
computer-supported information sys-
tem. Even a rnost careful systems 
analysis cannot prevent sorne infor-
mation, initially classified as e.ssen-
tial, lo change to never needed, or 
new specifictions or requirternents 
ernerging soon after putting a system 
iflt() operation. 

-Natural development of the out-
sicle world rcsults in new informa-
tion and in new information require-
ments, for example, hv developing 
new tests with new and so fai' unk-
no\\fl  diagno.stic possihilities. 

Gom ;uu,iicotion Sqstein 

Basic to an information system is 
tlic ti-ansniission of messages. Therefore, 
iiiforination system rests on a commuui-
cation system cornprising individual sta-
tions and connecting conununication u-
nes. A station rrlay be a transmitter, a 
receiver, and/or an exchanger of mes-
sages. 

A comniunication line can be dedi-
cated, i.c., strictly assigned to a trans-
mitter and a receiver, and it can be US(d 
in a dircction or in both directions. In  

addition, there are general communica-
han unes used by more than une tran.e 
initter and/or recciver. 

The architecture of a commuuica-
tion system rests on its functions for 
Tiiessage transrnission; in addition, it 
clepends particularly on its sensitivity to 
the failure of individual components, 
un its extensibility by new components. 
:mcl un its costs (Fig. 1) . 

Each station in a ring is connected 
tu twa ncighhors. The ring is relativelv 
simple and easv tu cxtcnd, but it is sen-
sitive to the interruption of a connee-
tion. This is particulariy true, when mes-
sages are only transmitted in a single 
direction. 

This disadvantage is not prcsent in 
the complete ring, which, however, has 
high costs fui' extcnsions. Extension by 
an additional station requires establis-
hing al! connections tu each une of the 
stations already present. 

Thc' bus is a general communication 
une. wherebv thc source niust obtain 
"control" of the 1ine prior tu message 
transmission. .If the bus is interrupted, 
tlien al! connections are interrupted. 

The star has a central exchanger. It 
is relatively simple and easily extendi-
blc'. If the exchanger fails, then alt con-
nections fail. 

In the regular net each station is 
also exchanger and decides to whoni 
an incoming message is to be transmi-
ttcd. In general, the regular net combi-
nes the charaeteristics both of the com-
plete ring and the star. 

Coniplex communication systems 
may be hicrarchically structured, A fre-
quentiv used principie is the local con-
c'entrator, vhich takes over the comniu-
nications with other suhsystems (Fig. D. 

¡los pital Injorination Systeni (HIS) 

At pi-esent, the definition of infor-
iiiation systems is so general that the  
individual functions of a HIS are not 
specified. Therefore, very clifferent 
systems are described in the literatuçe, 
which are called HIS. 

A first structure is deriveci from 
le siriictiire of a hospital: 

Patient core: warcls, arnbulatory units 
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F,inctiona/ un it: laboratories, ni-
diologv, nuclear medicine. ECG-unit.... 

Su.pIy: pharmacv. bloocl bank, tech-
nical stock, kitchen. 

Adminisi ral ion: admission. accoun-
tirig. billing,. 

These four arcas are cornpleted hy 
rcsearch and teaching in university hos-
pitaiS. 

Ohjecti ves of a Hospital Infonnation 
S ,1ste n 

tatirnt data are the source of all 
activities in a hospital. Because data 
captureci at a certain station are needed 
1w other stations in order to do thcir 
tasks, data acquisition. input, storage. 
retrieval and transmission must be or-
ganizcd. 

The most important obj'eetives of a 
FITS are 

a) improvemcnt of information, b) 
acceicration of presentation of inform.i-
lion, e) rationalization of course of ope-
ratious, ci) relief from routine work, e) 
(1('CiSiOfl sul)port. 

Jinprovement of information can be 
ohtained in several wavs. Reducing the 
lrequcucv of data acquisition - in the 
ptiival ca.se cach datum is acqnired 

onlv once - reduces the frequencv j: 

crrors. Information extraction by ag. 
gregatiiig data from different sourccS 
i mpnves the potential for analysis. 

A tvpieal example is the presenta-
han of iniportant information from pa-
tient liistory, alrcady triggered by ad-
nissiOn ("risks" such as al] ergies nr 
(MI1tiflUOI1S therapies) 

The complete ring nr the net ap-
pmac}i the traclitional hospital structu-
re bcst. Thcy are favored by the direct 
coijucetion of individual stations, be-
cause. the risk of communication dis-
1 u1rl)anc(; irucreases with the numbcr of 
(xchangers. A further advantage is the 
fact that discounting a commijnication 
Ene uy ('( )n cerns onh' the stations directiv 
invo]vcd, vhereas ah other unes may 
'Jill svork. These are important cons'-
de!-ations to be kept in mmd when the 
fascnatinr advantages of a star are 
c-nnsiclered. 

Tu a star thc data are nearly ah 
ccntralizcd and can be integrated in an 
optirnal way. Multiple storage of data 
can be eliminated, whercas in a com- 
plete ring data must be storcd in cadi 
node, because eaeh station must have 
access to a subset of tic rnister data in 
order to relate the data ha the patient. 
This rcsults in seriOus problcrns. espe-
cial IY concerning data update. 

For examplc, ji after tcrmination of 
the admission procedure it appears that 
the name has ha be corrected, then in 
a eomp'ctc ring the correcting station 
muust ensure that each false copy is e3-
rrc'ctcd in each station storing this da-
t un. Tliik, prohle:n has not yet beeii sc1-
'ecl sitli justiii.iblc expenses and su±Ii-

ci&'uut salcty for lurge sytcms such as aue 
nccded in haspitais. Tu contrast to this, a 
single correction in the central clata ba-
se uuffice:; ¡fl 1 star in ordcr to prcsent 
the corrcct datum to uach station. 

The optimal arehitecture will be 
hierurchic. Each station must make 
available certain 'local" data, which 
are also of interest to other stations. 
Therefore, the coinpromise betsveen lo-
cal independence with regard to data 
acquisition, update, and retrieval, an 
the nne hand, and dcpcndcnce on other 
stations nr on a central data base, on 
the othicr hand, determines the archi-
teetur( oí a svsteni in practice. 

Eunctions of a 1-los pital Infornuation 
SIstern 

At present, there is no HIS meeting 
the above-dcscribed objectivc sufficien-
tly wel]. But subsvstems have been de-
veloped and have demonstrated poten-
tial fundamental solutions of the pro-
biems. The most important functions 
are: 1— patient admission, bed occu-
pancy, appointment scheduJing; 2— ac-
quisition of service rccjuests and presen-
tation of planning foundations for the 
service units; 3— service acquisition ac-
counting and billing; 4— inventory svs-
terns; 5— rnenu-planning; 6— result ac-
quisition and evaluation (chinical labo-
ratory, nuclear medicine, ECG,..); 7---
automated medical reporting; 8— do-
cumentatioru and archive administra- 
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¡ion; 9— decision support; 10— adminis-
trative functions (accounting, property 
n)anagcment, financia] accounts, ... ). 

This list omits functions rcferred to 
as rese.arch and teaching. These should 
be conceptually separated froni a HIS, 
even if they utilize data of the hospital 
organization (e.g, teaching programs 
utilizing 'actual" data). If oil cornputr 
applications in a hospital are interpre-
lcd as components of a HIS, thcn fina-
uy the publication of nacional statistics 
bclongs to a HIS. But then the conccpt 
becomes so vague that it no longer 
rneans anything. 

The multiple relations and the s-
yeral possible rcalizations are explained 
by means of an example. (Fig. 2) 

Drug therapy as a componcnt of a 
COnlputCr-SUpporte(l HIS can be ínter-
pretc(1 as purely a clocumentation pro-
biem, whcrc for each patient all thera-
pies are storcd for latc'r statistical eva-
Juation. When therapy is relevant for 
accountiiig, therc is an additional rela-
tion lo administration, to which the 
therapy (includiiig price) has to be 
transmittecl. Because knowledge of the 
therapy may be i'elevant for the eva-
luation of findings, this informations is 
additionally made available to selected 
s(Tvice units. Thus, cvaluation of an 
ECG (carcliac drugs) or of 1 ahoratoiy 
results, detection of micro-organisms 
and their sensitivities in microbiology 
(antihiotics), and 1)lanhling of operations 
(aiiticoagulants) depend on the know-
ledgc of the therapy. A reliable organi-
zatioii of drug adniinistration on the 
wards is supported by work lists (pa-
tient, time, drug, dosage) 3. 

Tlie systein conid he reqitiroci lo 
check the plausibility of prescriptions 

invalid dosage) , lo offer cheaper al. 
teinativcs for expeosive drugs, and to 
indicate possiblc interaction.s (inhihi-
tion, cumulation, incompatil)ility) to the 
attending physician. There are additio-
iiol relations to a drug stock on the 
wtrds, to an inventory system in the 
pharmacy, etc. For certain therapies the 
patient has to be educated. Thcrcfore, 
there are relations to teaching progranis 
for patients. 

Thus, thc functions related to the 
dato concerning drug therapy may be- 

come arbitraii y vol uminous and cOflt-
piex. Fig 2 iFustrates how preciscly 
these functions have to be specified be-
lore a computer-supported HIS is de-
veioped. 

The central component of a HIS is 
the dato base. It is updated by dato 
input vio interfaces. The structure de-
p(nds on typc and number of observed 
attributes and, in particular, on the 
perrnitted access paths. But these paths 
itsuallv differ in data input and retrieval. 
\Vhile data input is almost always pa-
ti ent-oricnted, retrieval has different 
strueturing entena such as time, loca-
tion, specialty, source, rnethod of dato 
capture, or attribute values. 

iherefore, a HIS has intimate rela-
tions to documentation systems. The 
mixture of objectives of a HIS and a 
documentation system is the most fre-
(JII(']]i cause of misp]anning and failurr. 

Dro g-Gontrol Systems 

A drug-control system is an ñu. 
1Jorta1t subsysten3 of a HIS. Acquisitioii 
of drug prcsciiptiois can support dcci-
Siffll making under different aspects, 
like checking of indication, dosage, and 
applicatioii form, or warning of drug 
interactions. Worksheets may be printed 
to support patient care including pa-
tient, time, and meclication. Acquisition 
of clrug administratiori alfccts nearly oil 
arcas of a hospital , as shows Fig. 3. 

Severa] applications have demonstra-
ted that such systems have cost-reducing 
sidc-effects, which can only be partially 
derived frorn the optimization of stock-
keeping. A large part is the rcsu't of 
optinhizing physician behavior, Many 
hospitais have already establisbed a 
drug coi nmittec. A drug-control system 
iiractically cuforces such a comniittc'e. 
The very first effect is the reduction of 
the drug spectrum kept in stock As it 
happens, manv drugs are in stock cmlv 
because individual physicians believe 
that these drugs are especialy effcctive 
or do not know about an alternative. 
Sometimes, these physicians have al-
ready lcft the hospital hut the dormant 
stock remaincd. Indication list contai-
ning only those drugs whose effects are 
known and which are the cheapest a- 
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tcrnatives reduce the costs significan-
tly. Nevcrtheless, justifiable deviations 
Iroin the lists mas' be permitted. 

Pee uliarities and Pitfalls of a HJS 

- The conventional system has 
emerged over a long period and has 
rusulted in an organizational and per-
sonal structure, which is anything but 
rdiahlc' oven under conventional con-
ditions. 
- There are psychologic and socio-

logic problems of medical and parame-
dical personnel, which can only be sol-
ved hv oducation and "acclimalization". 
- Personnel is frequently under a 

stress. sometirnes being so strong, that 
disturbances are not tolerated, especia-
uy when catised by tecimical devices. 

- There are many exceptional cases 
vlwie for most components complete-
nuss of data cannot be a prerequisite 
for operatiOn. 
- Precise authorization with respect 

to organizational decisions is missing 
or unproperlv distributed. 
- Complexity of problems and lack 

of experience lead to long developmen-
tal 1)criods and unreliable hardware and 
software. 
- AI]-hearted decisions require de-

velopmcnt without adequate resources 
in equipment and personnel (requirc-
ment for "transportable" solutions in an 
inimature statc: development of systems 
for routine use on computer systems, 
which are prirnarily available for re-
st-arch and teaching). 

The "HELP' HIS 

Que of the foremost examples of this 
integrated approaeh to patient care is 
HELP (standing for Health Evahiation 
through Logical Processes), a systein 
which started development in 1972 
under a team headed by Dr. Homer 
Warner, at the Latter-Day Saints Hos-
pital in Salt Lake City, U.S.A., and now 
provides a 550-bed tertiary carc hospi-
tal with the foliowing repertoire of in-
f >iniation sources:  

1. Patient record (demographies, 
1)stract of past medical history, and 

complete data from current admission, 
¡ncluding al] investigations). 

. Decision.rnaking support (botli 
statistical and rule-based). 

Administrative (admissions, trans-
fers, discharges, and billing). 

Research (databases, storage, ana-
lysis. etc.). 

Lile the University of Pittsburgh's 
INTERNIST-1 expert systeni for inter- 
nal medicine, HELP is another represen- 
tative of the multi-person years projeet 
philosophy. However, HELP gains a 
major advantage over its Pittsburgh co-
unterpart in its day-to-day connection 
with clinica] reality. Asido from holding 
a database for all of the hospital's cu-
rrent in- and out-patients. HELP also 
includes a vast knowledge base cora-
prising "one million patient histories 
and 3,000 medical decision rules", which 
together serve to fuel the "40,000 de-
cisions niade daily" by HELP's expeit 
systcm core in the area of interpreta-
tions, alcrts, and therapeutic sugges-
tions. This is achieved with a complex 
iine-up of equipninient, including 6 mi-
1Ii-eompUters, 1,500 Mbytes of storage. 
250 terniiiials, 70 printers and 18 micro-
1Ceso' units. 

But the desigu of HELP goes much 
deeper. Because HELP is the informa-
tion-gathering center of the hospital, 
and therefore built into the strueture of 
the hospital along with the essential 
services, it is ab1c to tap mt0 data as it 
becomcs available from patients under-
going rnonitoring (ECGs, arterial ga-
ses, and blood prcssure, for iristance) or 
lab investigations, rather than relying 
on doctors or nurses to key in data. In 
fact, as HELP stands at pi-esent, it is 
able to assimilate and process data froni 
all the foUowing arcas of hospital me-
dicine: history-taking and physical exa-
inination, hematology, biochemistry, fa-
cliology, ECG, blood gases, lung func-
tion tests, haemo-dynamic and cardiac 
function tests, and drug therapy (indo-
ding drug contra-indications). In addi-
ton to thaL imprcssive list of informa- 
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tion storage activities, there is also a 
continuous monitoring facility which 
registeis changes in a patient's condi-
tioti. This is demostrated bp the phar-
njacy module, which alerts staff to drug 
allergies and sensitivities, drug interac-
tioris, inappropiate dosages and iflCO-
rrect frequency of administration. fu 
any one month, it is claimed that the 
module picks up an alert in 5% of pa-
ticnts, aiid a life-threatening situation 
in a furthcr 1.8%.  This degree of vigi-
lance would cleariy be irnpossible if t 
was not for HELP's openloop system of 
thcrapeutic guidance. 

As may heseen in Fig. 4. the "ca-
diac' HIS is another example of a HIS. 

As we sce, a HIS should be not on!v 
of great value but indispensable in a 
modcrn teaching hospital. As technolo-
gv improves and prices are greatly re-
oliiced, cost Nvill not be the main barrier 
for its use. Thc real difficulty will lay 
in the lack of computer knowledge by 
the key hospital personnel. 

Of course this prob'em can be solved 
by a cicar policy of ear]y teaching of  

basic informatics to all hospital perso-
onci directly and indirectly involved in 
patient care to be able to have, at the 
right time, a critical number of people 
who not only is techriically able, but is 
also psychologically prepared to unders-
(and that a HIS is not a system that 
irnposcs itself on humans, but is therc 
nicrely to assist them. 
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