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FOREWORD

By Friing Dessau, Cand, Polit,, Mathematical and Statistical Department,

I/S Datacentralen af 1959, Copenhagen, Denmarks

During the months of April and May 1966 a number of international meéts
ings were held in Elsinore, Denmark, coucerning medical date processing.

The interest in using computers in connection with medical prooedures

. ]
has been steadily increasing since the beginning of the 1960 , In seversl

ways the development has been led by mediecal research institutions and
hospitals in UeSehe, but during the last years a vast amount of work has
begun within the medical data processing in Europe and perhaps especially

in England and Scandinavia.
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yhile the study institute was %o be held on the 25th April to the 4th
. May. ¢

" In connection with the conference an exhibition of various dsta proces-
sing eguipment was beld from the 19th to the 27th April, The leader of
this exhibition was engineer Ernst Borg.

" The conference and the arrangement of the exhibition were carried throug
. by means of support from vearious parts. To be mentioned are the support

. from the Council of International Organizations of Medical Sciences, an

organization subsidized by WHO and UNESCO, (grant proposed by the Inter-

: national Federation for Medical and Biological Engineering), and the ex=-

tensive assistance rendered by Messrs., Birch and Krogboe, Consuliing

- Engineers, in connection with the carrying through of the arrangement of

- ;the exhibition.

Dr, John Davis, The International Institute for Medical Elecironics and

“"Biologicel Engineering, is also responsible for the fact that the con-

T4 was on the background of this increased interest in the medical data
processing subjects that a group of persons in Sweden and Denmark, led b
Professor, Dr. Med, A. Tybjsmerg Hansen and the undersigned, took the ini
tiative of holding an international symposium. We were so fortunafe that
the NATO Science Committee sympathized with our thoughis and as part_in
their support to international advanced study.institutes, they granted

& substantial award, Professor Tybjaerg Hansen and I, who were directors

of this study institute, are very grateful for the support granted, Esp
cially after having experienced the enormous attendance at the symposium’
we ave happy that this could be carried into effect, and hereby we want

to express our most heartfelt thanks,

At the same time as the plans for the NATO Advanced Study Institute wer
worked out, a co-operation was established with the International Instity
te for HMedical Electronics and Biological Engineering in Paris,; whose
director, Dr. John Davis, also had worked with the plans of holding an
European conference in medical data processing, Then it was proposed to
hold this conference in comnection with the symposium and & committee ofj
organization got appointed with Professor Tybjaerg Hansen as chairman. |
Tt was decided that the international conference on “Aiutomated Data Pro=

cessing in Hospitels® was to be held on the 20th to the 25rd April, 1966;

“ference was carried through with so great success, and Wy, Gillis Claus,

Director of SJURA, Stockholm, has been a very great help as well in con-
nection with the planning of the praciical srrangement of the conference
as especially by placing his knowledge and his organization at disposal
by publishing this publication., Finally it is of importance for me ©o k
mention Mr. Jérgen Hilden, M,D., who carried a substantial and invalue~
éble burden as well in comnection with the practical carrying through of

he meetings as in connection with the editing of the oonference paperse

The smount of participants in the oonference exceeded the most optimisti
‘1 prognoses and inelusive invited guests and those who exhibited, about
380 from 21 countries paiticipated in the conference, while about 100

persons participated in The symposium.

Tn continuation of any oonference it iz the very great wish of the organ
igers as well as the participants to have the papers and diseussions
‘printed to be used for further studies. Unfortunately, it is so much
easier to wish than to have these wishes carried throuzh as a weli-edite
pook, After several discussions it was decided to publish most of the
papers only in a mimeograped booklet, In order to cut down %the amount ox

pages, unfortunately, we have had io leave out that part of the papers
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.which were not delivered as a manuscript, just as a few very long cone~
tributions have been abridged, We hope that the authors will forgive us
these omissions and restrictions., Time, money and the extent have ne-

cessitated these interferences,

4t the opening of the symposium I inquired about a model for the medical
‘information system. If papers and discussions had been co-~operated better,
the answer to this inquiry would probably have been more clear, However,
it might have been too early to have this model defined, Still, we do

not know enough about the medical information to be able to lay down

the interaction. Though, the impression is that the Elsinore conference
has helped us very much to understand the content and the interactions

in the medical information.

‘The medical data processing is in an epoch age, Earlier age's grsping
and limited experiments must now be replaced by a determined work, Doc~
tors, nurses and the national health administration have a very great
demand of the data processing technique, and it must be the job of the
EDP-system people to fulfil the demand which is claimed from these so

important activities, seen from a soc¢ial point of view.

The Elsinore meetings clarified much for us, But they did not give us any

occasion to rest on the achieved results, The manuscripts published give
us a survey of our knowledge of to-dey, and we are grateful to the per-

sons who through work and intelligence have brought us so far, Now we

?;President

are, however, all going to work to obtain the more perfect results,
Hereby my thanks to all who participated,
Copenhagen, August 1966,

Erling Dessail,

ED/bs,

_‘General Secreatary

', PROGRAM (I

AUTOMATED DATA PROCESSING TN HOSPITALS

-"An International Conference on the Interface Problems

April 20th-23rd 1966

- Hotel Marienlyst and Hotel Prins Hamlet, Elsinore, Denmark,

i The Theme of the Conference:

;;fhe interface problems in hospital data processing ~ a sﬁudy of the

special needs of the patient, the doctor and the hospital administrator

/defining the role of the computer in clinical mediocine,

‘The Presidium:

Prof,, Dr,., Med. A, Tybjaerg Hansen,
University of Copenhagen, Denmark
' Vicempresident Prof., Dr, Homer Warnmer,
University of Utah, Salt Lake City, USA
31Vice~president

Dr, A, Rémond, Université de Paris,

La Salp@tri®re, Paris, France

Mr, Erling Dessau, Cand. Polit., department head
"Datacentralen", Denmark

Exhibition Secretary Mr, Ernst Borg, Masr. "Birch & Krogboe",

Copenhagen, Denmark
Assistant Secretary Dr, Jérgen Hilden, research fellow,

University of Copenhagen, Denmark
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Organization Committee: Aksel Marechmann

Dr. A, Tybjaerg Hansen Professor of Internal Medicine, Vice-director; Copenhagen County Hospital

N Rigshospitalet, Copenhagen f, Denmmark Administration,

On the Requirements for Information Systems in

‘Mr, E, Dessau Head of Mathematical and Statistieal Department,

Hospitals

Hel

Datacentralen, Copenhagen S. Denmark
Charles D, Flagle

Dr, J. Mosbech Medical Consultant, Statistical Section,

2 o Professor, Johns Hopkins Unive, Baltimore, USA.
2 National Health Service of Denmark, Copenhagen
g . _ X . . Time~Sharing a Computer for Processing Patient
L= Dr, P, E, Andersen Senior Physieian, Odense County amd City Hospie .
$ Data direct from Transducers at the Bedside
o tal, Odense, Denmark
g ] Homer Warner
7 yNouy Dr, V, Oram Head of Surgical Department, frhus Munieipality M.Dey Ph, Dey Unive of Utah, Salt Lake City.
‘§ Hospital, Denmark
g The Role of Computers in the Hospital
3 Mr, Ake Pernelid Director-in~Chief, National Swedish Rationaliza- Lee B, Lusted
P . . .
e tion Agency, Stockholm, Sweden Professor of radiology; Unive of Oregon, Porilsa
Mr, Gillis Claus Director, SJURA, Stockholm, Sweden The Computer in the Fational Health Service
Dr, P, Hall Senior Physician, Kerolinska §jukhuset, Henry Yellowlees
Stoeckiolm, Sweden M.Dey Ministry of Health, Loundon
o Ir, T, Hauen Senior Physician, National Board of Health, , ) N i
b ~ - Thusday 21st April

Oslo; Norway
Analog~Digital Data Processing; Hybrid Systems,

Dre Jo Fe Davis Director, International Institute for Medieal

Chairman: Professor H, Warner

Electronics and Biologiéal Engineering,

Paris, France Aintoine Rémond

Gethesda,

M. D., La Salpetridre, Paris

Bl AEDICINE |
P
P
s
¢

A
oo

A Digital Computer for the Management and Study
of the Critiecally Ill

Max H, Weil

MoDey Phe Doy Univ, of Southern California,

Wednesday 20th April

Opening of the conference

[

The president, Prof, A, Tybjaerg Hansen.

Henlth Service

Opening address by the Danish minister of educa~
tion: Mre K. B. Andersen, Los Angeles
Hybrid Approaches to a Hybrid World
The role of computers in the hospital - the interface problems in medical Josiah Macy jre
and administrative patient management, Professor, Yeshiva University, New York.

Chairman: E, Dessau

and Weltore, Public
e,

A, Tybjaerg Hansen Analyses of ECG and EEG,

Professor, Rigshospitalet, Univ. of Copenhagen Spectral Analysis Technigques and Pattern

duzaiios,

Recognition Methods for Electroencephalographic
Data

th,

NN
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Friday 22nd April

Chairman: Dr, A. Rémond

Wo Ross Adey

Professor, Univ, of California, Los Angeles

Computer Analysis of Medical Signals in Hospital
Practice
C, A, Caceres

M,D,, Public Health Service, Washington, D.C,

Computer Classifications of Electrocardiograms
Hubert Pipberger
Professor, V, A, Hospital and Georgetown Univ,,

Washington, D.C.

A Computer System for Automatic Processing of
Hospital Laboratory Services

William Kirkham

M.D.y National Institute of Health; Bethesda

Data Processing in the Clinical Laboratory
Gunnar Jungner
M.D,, Univ, of Gothenburg

Computer Assisted Radiation Treatment Planning
Je van de Geijn ‘

M.D., H. Joannes de Deo Hospital, The Hague

Some Potentialities of the Computer in the
National Health Service

E,D, Acheson

M.D., Univ, of Oxford

Computer Diagnosis of Congenital Heart Disease
and Brain Tumors

Kosei Takahshi

MeDoy Unive of Tokio

Man~Machine Communications in a Hospital
G. Octo Barmett

M. D,, Massachusetts General Hospital, Boston

The Information Problem in Medicine

Go Wagner

Saturday 23rd April

Professory, M.D,, Deutsches Krebsforschungszentrt
Heidelberg

Chairman: Professor A, Tybjaerg Hansen

Computer Aid for Hospital Planning
James Sounder

M.Ds, Bolt Beranek and Newman Inc., Van Nuys

Input and Output Hardware
Jo Fe Davis
M¢Ds; International Institute for Medical Elec~

tronics and Biological Engineering, Paris

The Peasibllity of Automated Data Processing in
Hospitals

Erling Dessau

Cand, Polit., Mathematical and Statistical Dept,

Datacentralen, Copenhagen

The Computer in our Modern Hospitals
Paul Hall
MoDsy Karolinska 3jukhuset, Stookholm

Closing of the conference,
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PROGRAM IT

INTERNATIONAL ADVANCED SYMPOSIUM ON_DATA PROCESSING IN MEDICINE

April 25th - May 3rd 1966

Hotel Prins Hamlet, Elsinore, Denmark,

Themes:

Computer Assisted of Bio-medical Information

Cybernetics in Medicine

Computers and Patient Management - The Usé of Operations Research Methods
Analog Information

Man-Machine Communication in the Hospital

Education through Computers

Instruction in ADP for Hospital Personnel,

Organized by: Professor, Dr, Med, A, Tybjeserg Hansen

Rigshospitalet, Univeréity Hospital of Copenhagen -

Cand, Polit., Erling Dessau
Head of Mathematical and Statistical Department
Datacentralen, Copenhagen

Subsidized by: NATO Science Committee, Paris,

Monday 25th April )
Chairman: Dr. Antoine Refiond, La SalpBtribre, Paris

Informstion Processing in Medicine

a, What are we aiming at by the Information Pro~
cessing
Procedures: A Statement

Cand, Polit, Erling Dessau

Datacentralen, Copenhagen

- Discussions:

be Processing and Evaluation of Hospital Labora
tory Data
Professor Donald A.B, Lindberg

University of Mis$ouri, Colombia, Mo.

ces The Digital Computer esa Tool for Analysis o
Physiological Systems
Professor Homer R, Warner
University of Utah, Salt Lake City, Utel

de A Clinician's Wishes and Expectations of the
Automated Information Proecessing
Professor A, Tybjeerg Hansen
University of Copenhagen, Denmark

Tuesday 26th -April

Chairman: Professor C. Caceres, Public Health Service, Washington, D.C.

1, Hybrid Systems -~ Pattern Recognition

ae Professor Josiah Maocy, Jr.
Yeshiva University New York
be Professor D,H, Bekkering

Medisch~Fysisch Institut, Utrect, Holla
2, Intensive Observations and Care Unitis

s, Dr. Erik Sandde

University Hospitsl of Copenhagen

b, Profesgor Max Harry Weil

University of Southerm California, Los

Angeles
Dr, Mogens Jﬁrgensen, Copenhagen County Hospita

Professor Wesley Clark, Washington University,'

Ste Louis, Missouri

Wednesday 27th April

“‘Chairmen: Professor A. Tybjaerg Hansen, University of Copenhagen

Analog Data Acquisition and Processing

1, Automated Analysis of ECG and EEG
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Professor Hubert V, Pipherger
Georgetown Universify Hospital, Washing-
ton, D.C.

Docent O, Arvedson

University of Umed, Sweden

Docent Ingemar Petersén

Sahlgrenska Sjukhuset, Gothenburg

Engineer E, Kaiser

Kaiser's Laboratory, Copenhagen

Dr. Chr. Guld

University of Copenhagen Neurophysiologi-

cal Iustitute

2, Pattern Recognition

3. e

Tuesday 28th April

Chairman: Dr, Illkka Vi&in&nen,

1. The

8o

de

Professor Lawrence Stark

University of Chicago, Illinois

Demonstration of On-line time sharing;

Storage retrieval and updating of

large Data bases (Santa Monica - El~

sinore)

by Dr, Anne Summerfield, SDC

Helsinki, Finland

Patient Record
Dr, Paul Hall
Karolinska Sjukhuset, Stockholm

Dr, Julius Korein and Dr. Leo Tick
New York University Medical Center,
New York

Dr, A, E. Bennett

S+, Thomas's Hospital, London

Dr, Johs. Mosbech
National Health Service, Copenhagen

Engineer Werner Schneider

Uppsala. Data Center, Uppsala, Sweden
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Friday 29th April

fs Dr, P. Dragsted

Hjﬁrring Centralsygehus, Denmark

2. Cybernetics in Medicine

a. Professor Aldo Masturzo

International Society of Cybernetic Med:
cine, Naples

bs Dr. Joseph Wartak

Computation Centre of Polish Aoademy of

Sciences, Warsew

Dr, Kosei Tsgkahashi

University of Tokyo, Japan

3. Computers in Medical Teaching

Profegssor J.C, Pages and
Professor Grening

University of Paris, France

Chairman: Professor Armne Jensen, Technical University of Denmark

1le Operations Research - A Survey of Methods anc

Procedures

Docent Tore Dalenius

University of Stockholm

2. Operations Research in Medical Werk

Docent Tore Dalenius

University of,S;pokhblm,u,“v

3. The OR~unit in a Hospital

Professor Charles D. Flagle
~ Johns Hopkins University, Baltimore, MD.

-4, Operational Research and the National Health

Service

Mr. J. B, Cornish
Ministry of Health, London
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5, Cybernetics in Medicine c Mr, Stephen J, Si 1
B e . Siege
Professor Lee B, Lusted : State University of New York
University of Oregon Medical School, 4. Mr. P.J. Pudd
® ° od e u
Portland, Oreg., .
, Veterans Administration, Dept, of Data
Menagement, Washington, D.C,
Seturday 30th April
Chairman: Cand. Polit, Erling Dessau, Dataceniralen, Copenhagen e Mr. R, Edwin Hawkins
] ] El Camino-Hospital, Mountain View,
1, Models in Medicine ! .
% Califormia
Dr., Julian Bigelow 2. Discussions
Institute of Advanced Study
Princeton, New Jersey Chairman: Exrling Dessau
% 2, How to manage Health Carel - A Panel Discus- 3. Learning by Computers
T sion on Systems Work, Operations Research, and Professor J.C., Pages
{ % Cybernetics in Health Care Procedures IBM France, Paris
4 2
f MEDICINE The Panel: Chairman: Prof. Arne Jensen,Copenhageny
. . i Tuesday 3rd May
X\F%;“b 2 Professor Charles D. Flagle, Baltimore‘Ch
NP airman: Professor Rud, 331 3 i
j@gﬁmﬁ % Mr. J.B, Cornish, London : ° - Keiding, Arhus County Hospital
- 5 ) - .
N §44 professor Florian Serbanescu, Pisa 1. Automated Data Processing in the Clinical La-
Z Docent Tore Dalenius, Stockholm boratory
Vice=Director Aksel Marchmann Copen- X
i ’ hazen a., Dr, W, Kirkham

Head Physician Paul Hall, Stockholm
Dr. Poul Marke, Copenhagen

Sethesda, md
|

Head Physician Gunnar Jungner, Goten- Do
burg
-y Monday 2nd May Ce
2 ps Chairman: Vice~Director Aksel Marchmanu, Copenhagen, Hospital Board
K
® 1, Planning for an Extensive Automated Medical
Information System
3 a. Mr. Armando Lassus
g X Puerto Rico Medical Center, San Juan
b, Mr, Jordan J. Baruch

I Bolt Beranek and Newman Inc., Cambridge, 2
*

Masse

corion,

du

i rionves

Professor C.

National Institutes of Health, Bethesda,
Md,

Drs, J. Guigan

The Guigan Laboratories, Paris

Dr, Gunnar Jungner

University of Gothenburg

2., Bio~medical Telemetry

Caceres

Public Health Service, Washington, D.C.
Chairman: Dr, Paul Hall, Karolinska Sjukhuset, Stockholm
1. Systems Work and Data Bases

Vice=Director Aksel Marchmann

Copenhagen County Hospital Board
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Dr, Anne Summerfield

System Development Corporation, Santa

Monica, Californisa

2, Summary

Ee

Cand, Polit. Erling Dessau

Datacentralen, Copenhagen

Professor A. Tybjaerg Hansen
University Hospital, Copenhagen

3, Closing of the Symposium.

THE ROLE OF COMPUTERS IN THE HOSPITAL ~ THE INTERFACE PROBLEMS IN
{EDICAT, AND ADMINISTRATIVE PATIENT MANAGEMENT

vk, Tybjeerg Hansen, M,D, Professor, University of Copenhagen, Denmark

hough the computer has been underway for more than a 100 years, it
r.been quickly developing only the last twenty years through the
tle ineraction between developing technology and developing demand
the services that the computer has to offer,

antomated data processing has already turned out to be of immense
ctioal significance in banking, business, administration, process
ontrol in factories and in big science as atomic research, agtronomy,
pace research ete,

ospitals and in the health services the new teohnology has come

ather late probably because its capabilities outside the field of pure
: éiculations have not been fully realized,

ow:-when i1t has become apparent that the health gervices and particulaf;
the hospitals may have some of their most pressing probiems solved

applying computer systems a rapid development is to be expected.

an-introduction to our transactions I shall try to sketch the out-
ines of the theme we are to desl with, T shall do it as & medicil doc-
T i,e, in this context as an informed layman -vso‘I hope ~ reminding
~that it hinges on the doctors attitude and depends much on his un-
@tanding of the esgential problems whether automated data processing
I"be mduly delayed or for that metter unduly hastily introduced in
jhospital; and in the health system, That the computer eventually

find its proper place I do mot doubt,

ally I think nobody does -~ only one can look at it as a pessimist
ng all the real and all the imaginary dangers or as an optimist

erceiving the real bright sides and in addition some fata morganas.
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kind of social environment in which our service must. grow, What we .do

not know, and what we are very anxious to know, is the true picture of

porbidity in the community as a whole; this involves of course not only

the position of patients who have been admitted to hospital but also of
those who have not., Personally I think that the morbidity state in a

country as a whole is the only way in which you can satisfactorily esti

INTERFACE PROBLEMS IN MEDICAL AND ADMINTSTRATIVE PATTENT MANAGEMENT

By Henry Yellowlees, Dr, Senior Principal Medical Officer, Ministry of

el and pate the true demand for medical care, Therefore, we are very intereste
h, London and s
Health, Lo y BDE ¢ in morbidity, and we have to collect information to find out what is gc¢

ing on,

Y T i i l f computers in hos-
i urpose in this paper to examine the role ©
It is my purp Secondly a word on the economy. Our hospitals of course are not busines

snd Wellare, Public

pitals from the point of view of a central administrative authority
{ble for the Public Health in itse widest sense and inevitably oncerns in the way that they have to provide their own finances and ce
responsible

hat I h to say is concerned primarily with the problems which have ‘decide that they will increase the amount of money they have by raising
wha ave

in the British National Feglth Service, However, as my main themel their oharges or by getting extra sources of income, They must of cours
arisen in the 1

ave detailed costing figures available so that they can have some ides

Bk, Eduration,

is the need for more relevant and more accurate information for medical
4 administrative purposes at local level, as well as ab central level,i of What is going on, but they are not able to vary their own income
and administra

L MEDICINE 4 as a large part of the information required has originated in indi- hich is allocated to them, Therefore, they have to plan, I imagine, ir
P and a i

PR
S

7 IYNOIRLYE

ai'of

‘s way which must be really quite radically different from the way in

i i lans in the
i itals I believe that our experiences and our p
viavar hosp! TAL? hich hospitals in the United States plan.

United Kingdom will pe of interest to this international conference,

25 Deponm

: 5 ell, I have said that I was speaking from the central position, and t
i lanming needs in ferms of “surviva . ,
Prof. Flagle discussed the long term p

i £ bjectives to the National Health Service in Britain are that no citize
in the instifution™, and wheress he gave due prominence to the needs for

4

s s s hould be in need of medical care and unable to get it because of lack
this institution to fit it to the community background which it served,

. . PO . £ oney and second 1 dequat dical eatment is . .
i here con the indi jdual ho spl al 1 ¢ a e medic treatmen 181
one had the feeling that the accent was e \4 ] ¥ at

Zethesdo, M

in the central department in a nationalized health servic 11 who need 1%, But the tax payer pays, and it is very unlikely that
and of course 1n .

titution to me is & national health service, and it might well he proportion of the gross national product allocated to the health
the institution o

41t of data which I have centrally, T would wish to abolif SeTvices will greatly increase; therefore, our hospital service knows
that, as a result O

R . ; ; tty well the way it has to go for a long way ahead and that it has 1
entirely one particular individual institution. Now again quoting Prof,

Flagle: he mentioned a 155t of points under his long term planning sec- within its budget which it cannot alter itself.

He needed to know

Henlth Seqvice

tion, He wanted to know about population projections.

. N . s t kind of information do eed for managemen cen ra.lly ? We need 1
about mor bidlty to have some lnfOIm&tlon on future technioo-loglcal ad we nee f
s ¥ r 1 1 o

‘ 1 i 1 case management efficiency to get better value for money which will
i i t in which his hospital woild have to
vences, on the social environmen

u the mo a ed, elsewhere in the service We need
opera te to know some thing about economy and- some thing about the tr ends ble us to 5€e ne
P ’ y sav

N for us in the British Heslth Service, the population eage doctor efficiency. Doctors must undertake and are increasingl:
in medicine, Now, 1oTr

h these broken down on an area basis wh rtaking a management function of the hospital; it is not just ad-
we have the

and. Wellare, Public

; i and
j 5 projections we have, . (1w which we are interested, We can stration, it is part of the condent of the doctor's work. We must,
MEDICINE i will fit the areas of the hospitals in ¥ o : o ) B )
" ! efore, increase doctor ¢fficiency by enabling them to retrieve in-

‘ i i ral the
L i technological adwances, and we know in general ¢ ;
" get advice on some ation and having recorded their knowledge and experience to retrie

ESESEGE--

B Special charts 1 and 2 at pages 46- 47

knowledge, so that they can improve their clinical skille, We must

Heolth, Education,

- Y NOILYIN
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tion, But, I would like %o stress a few points and I sssume that

this identificstion containg at least these things: birth daté,

Dpossibly in or together with some number (354 or 5 digits) which
at least give Sex and the region, We should also have the name

with surnames and initials,

HBALTH SCREENING

the address and area code snd tele-

; i of Gothenburg
By Gunnar Jungner, M, Dr. Associate Professor, University hone number, but also occupation,

fitle, relatives, community

} d iblv
MEDICINE £ode, some educational codé and possibly social

~medical code
expressing certain special features and medical notes of the per~

. . in, about its
There are meny different opinions about health screening, son. This means a complicated information.

{ . . It is obvious that in
fnéb‘“x

~ nd goal. However,
medical value, bow it should be pewrformed, the aim a g health screenlng we have some pertinent wishes

s more than for -

laimed in a dis- .
one thing is true and that is what Erxling Dessau once ¢ instance is generally assumed for hospital wards,

an Welfare, Pub

The reason is, .

sing machine : -
sugsion: No health screenlng without a data processing ¢ that we need an identification and a characterization much more
4 te and in many other medical fislds,
1 What I am going to talk about is, in fact, the task for a compu
L .

in so=called health screening. Another important detail that I would like to assume that there

is an agreement on is the medical records, As you know this as-

Definition sumption is not at all true but nevertheless I feel that it is

important --in order to meke this discussion short but fruitful -

. $ alth screening,
It is then necessary to define what is meant by he to have that problem with following assumptions,

The medical
- record is in principle the complete amount of medically important

what by con=
Sereening is an attempt to find by limited resources facts, from the birth to the ‘actual time,

This means necessarlly
that the medical records containsg many different sections and thet

“the amount of information is unwieldy and impossible to supervise-
-and overlook,

ventional means would have been 1mpractiqa1, costly and personnel
demanding. As Breslow (l959) states: "Screening is the presumptiy

jdentification of unrecognized disease or defect by the applice

Let us assume that ‘all practical difficulties are
over and that we can get the details back’ when heeded " we then

en use a summary of the most pertinent data from each section

“of the-medical record and that the gathered summaries reflect

"the medical experience for the person in questiom,

i an be
tion of tests, examinations, or other procedures which ¢

applied rapidly. A screening test sorts out apparently well per
sons who probably have a particular disease from persons Who DT

s : 5 s
bably ‘do not have the disease. It is not intended to be d%ggno

tic nt!“‘l

he pra tice and discuss some experlen g ‘ anc 0 ha;ing en ldea of th s
Before we.are golng into t c P c e wards is shov 1 3

o ing where the life time of an “individual is represented. We then
T gest that we tr to get to an agreement, at least temporar,
sug, y. ’

find that there are quite a few types of medical information, At
for this discussion, about a few things, birth - the only occasion when it ‘ig customary to be healthy and
yet be in a hospital - héalth and sick care meet, The first iden-
tification comes in and also the first medical findings,

have for instance schaool examinations,

that thi
1.1 First, about identification of a person, Let us assume

: vifton Later we
problem is solved and that there is standard mode of identifi

we may have examinations
during military service, at taking of life insurdnces as well as

\NB References at pages 60 - 61 Pre-employment exsminations, when going abroad etc,

Already be-
Diagrams and special figures at pages 62 - 71

ore so-called health examinations are undertaken we have
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:o set up & community cancer register with its own master index of
8. BEach time a oase is reported to it, the master index is searched
¢e whether this case has already besn rejorted to another ’e
ce agg}n the hospit;l or clinic which reports the case must :f::zz;

N NATIONAL HEALTH SERVICES

SOME POTENTIALITIES OF THE COMPUTER I “ia
e
ntifying data because itz own filing mimber will be meaningle
ss

he cancer register.

By E.D. Acheson, Dr, Director, Oxford Record Linkage Study, University

of Oxford. | »

re i A . .

i s & third situation which is even more common than the oth t
e . er two.

. ere it 1s necessary to send data about a patient from a hos

al.or clinic to the doctor who referred the casge )

Again, in a com-
T ayst ’ ot o
yotem which is based on & single hospital 4t is likely that the

will b i i
i e filed on magnetic tape under the personal number used in

In most communities the health gervices include a number of hospitals,

agenoies, clinics, and authorities which may be responsible for differ-

ent aspects of the same person's health, ei
he problem of communication

ther concurrently of in b particul
ar hospital. To the general practitioner in the field this

In this paper I will discuss t Doy
T i .
> § meaningless, and again unless the full indentification data

succession.

of data sabout patieﬁts between such agencie
thods in this context.

s and will refer specifical-
G ) the addr .
o addrese of the patient are recorded on tape with the other data

s

ual clerical operation will have to take place to communicate i
n-

t;on from the hospital asystem to the family doctor.

ly to the use of modern data processing me

Let us examine three common-place situations in which it is necessary

to communicate data between health agencies, First, there is the

ig required in hospital B ebout & patient

A. Under these circum-

ford, a comﬁunity of 1 w v wenty.

X 0 ]

o o o dain preen S 0,000 pergons, T know of twenty-four manual
names, each dealing with a different agpect of the healih of

who has previously been admitted to hospital
am
e people, Each of these creates a barrier to communication, and
5

stances hospital A has to write a letter or telephone the other hospita

particulars of identification ab
o be instituted to find the.

ific to

egui. r i
guires a separate clerical effort to be maintained up to date

out the patient. In hospital moT
' ¢ each new procedure which is dsveloped in the future brings

‘E;I of another iesolated system of medical data (data isolate)
: reguire a manual or clerical procedure to effect communica-
h the remaindsr of the medical data in that community

giving full
B a search of an index of names will have t
which are usually filed under a number spec

appropriate records,
int out that this clerical

the hospital concernsd. It is important to po

barrier to communication between the hospitals will remain even if the’

two hospitals concerned have automated medical records systems unless: T GE

identification of patients. A

they share a common system for the
a are required for’the

different situation arises where morbidity dat 1
nkegs, & term whioh was introduced by H.L.Dunn in 1946, is
— e et y N

t is necessary to

whole community. Let us suppose for example that i
Q with breaking down such barriers .of communication. Dunn

obtain informatidn about every case of bronchogeni
One might suppose it was gufficient t

¢ carcinoma for the

: d record linkage & : er
o ask esach of th ge 88 follows: "Each person in-the world creatsa

tife. This book starts with birth and ends with death, Ite
made of the principal events in 1ife., Record linkegs ig the

whole community.
s to repoft the number of cases and that the inc
TUnfortunately such & method woul

agencie idence could ba

determined sgimply by adding these up.

regult in a subetantial overestimate,
ente may come into contact with several different

The usual sclution to the problem (as in Denmark

: ; 40 the proce

O etng. tne aoumse ot the . P 88 of agsembling the pages of this book into a
er H, Newcombe in Canada extended this concept from the

he family, Thue perscnal record linkags is concerned with

logether the sucosssive items of data about an individualj
’

illness such pati

hospitals or clinies.
‘reoord‘ligka;e is concerned with assembling the cumulative

NB References at page 78
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Many of the a.dvanta.ges of reoord linka.ge are realized 0111] when the

ghly
s:YShem becomes national, ConbemDOI&I;Y wveatern pocieties are a0 highl ‘
moblile that a fOllOI'-U.p Byatem funcbioning on & region&l or local basis

will have 1imited value. The arrival of the el°°troni° oompuber has made

> -
i 8880 [ ag d plan for n i 1 8Y -] f i &L ANGUAGE
e ! it reasonable to envis e an to pla xr ationa. atems © ntegrated
1 medical da t8" accessible to medical men in the serv ice of the PE.biEIl b
i

By Julius Korein, M.D., and Leo J, Tick, Ph,D.,
and for research. !

Department of Pgychiatry
and Neurology,

New York University Medical Center, and the Data
Proceaging and Computation Laboratory of the School of Engineering
7 and Science of New York University,
u';" ).

8 T\‘/‘!‘fOLLVN : ; MQE_S_

ESON E.D 1964 Brit. J Prev Soc. Med. 18 1) 8-13.
¢ ( )1 . . y ==? ( 1
ACH Il ale

6, 1412.

Amer. J. Publ, Hlth, 36, _

DUNN, H.L. (1946), Amer e vameaty £ 4625,

. S.J. & JAMES, A.P. (1959),

he primary goal of the research reported was to develop a technique
HOBBS, M.S.T. & ACHESON,

NEWCOMBE, H.B., KENNEDY, J.M., AXFORD, 66,
e W., (1962) Comm. of the A.CuM., 5, 563=5
& KENNEDY, J.M.,
NEWCOMBE, H.Bss

%
: f the Seminar on
1962) Prooeedings 0 diation Studie
: & RHYNAS, P'O'W‘.( P Genetic and Radi

‘ NEWCOMBE, H.B. Statistics for
i d Health
. Ugse of Vital an

U.N., New York. 135-154.
NEWCOMBE, H.B. (1966), Brit. J. Prev.

0T processing narrative (natural language) medical data by computer
for the purpose of analysis, storage and retrieval of these data for

edical reoord keeping and patient cars, and clinical research. The pre-~

Nt report deals with a statement of the problems and the methods used

n‘attsmpting to resolve thenm, Finally, some results will be presented

th detailed examples and suggestions as to the dir

Soc. Med., 20 (2), 49-5T- rk will be indicated,

ection of future

SCUSSION OF THE PROBLEMS

squisites of medioal narrative data processing may be considered
B MEDICINE f]‘ T two headings. One, is that of the input and its relationship to
0 ‘ hysician utilizing the tecmique.
A7
li%:

The other, is the possible types
anélyses that are of significancde to the physician,

o

orted in part by grants.from the Health Research Oouncil of the City
oW York (U-1329 and I-470) and the Neurological Research Fund
“0164~708) of New York University Medical Center,

and the National
tutes of Health.

‘Réferencss at pages 85 - 86
MEDICINE

egends for Figures and Tables at page 87
igures at pages 88 - 92
Tables at pages 93 - 95
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gnradmitted twice within 3 years (8), Fig, 2 shows the result: the
fferences between the two "measurements® represent & broadly scattewsd
rmal distribution with only a few extreme values, most of which tuined
.%o be slips of the pen, Much more serious is the uniexpectedly high
QUALITY CONTROL TN MEDICINE ak. in the middle of the curve, representing the rate of those patients
in'which the figures of both statements were the same, As we could de~

y in most of these cases (nearly 30% of the whole collective) thers

Heidelberg, Germany. had-been ne second measurement at all; the figures had merely been copiad

., Professor, Dra, Deutsches Krebsforschungszentrum,
By

from the older record, The unreliability of $these data is therefore not

Altho h we all know very W ell that no bo dl) can work Wi thout making er- ; J due to errors in measu “
. n . : gifi . is also cha Z'ged with th
ug. T
H ) in our aa y ; ion v X0 am
rors emembe the at erb errare humanum es y s B {
(I‘ I r 1 in prov g Te h ] (o) dai Jgificat e rob

i 1ts fr
we tend to forget this knowledge, and admit; €egey resu

e 1ete exceed a certain range 3+ showing the distribution of 300 automatic measurements of the

tory as exact, as long as they do not

e emmente ling data derived from lum-control-~time of a dosimeter, proves that also machines can make

of expectance, But a long experience in control

from the laboratory has sho TS, In this case it is the acting in unison by the different elementn
- . . or »
from clinical examination,

us that. the’ se t d reliable than doctors .gene ‘ construction that is res i b3 X .
data are much less exact an ’ ( ) %

’ ® ions from the tr

ly believe. ] 8

c s inical dat Ds-even higher than the error-rate in medieal findings and measure-~
d reliability of clinica b
ne fact that the accuracy an

i r and Freis (4 i '
P and "soft" data. TH mentioned by Gruber (2) 11 patients got two different placebos,

re told that the red tablets were a strong hypnotic while the

Considering %

L varyi within a wide range ) in 19 60 pro pOS‘Y is thdat conce i g % .
gey rnin he JT]d
s ng C

to distinguish between vhard", "re}atively hard",

. : hss.
originally borrowed from the jargon of engineers, na

terminology, nes were placebos, Fig, 4 gives the result of the trials 3

sy influenced by the words of the doctor, had slept much better

umentation and data-?

> i ical doc
epted also in the medica
o at we have to hend

then beer widel
) most dubious data th

cessing literature. Among the

“ ; ' ? PP 'Ientl:& Oppositen
i LI A
) he anamnestlo [

f oﬁr patients,
ave, without any had experienced quite the contrary; the white tablets had been

eepooiaty Those rofering to feten: tter than the red ones, Only 5 of the 11 patients (=45.5%) had

th unreiiébility of patiemts! state difference between the two placebos.
cample for e. 3 3
e (3). These authors aske

r not and check blem of observer error resp, observer variation is so well known

A most instructiv
hes been published by Lilienfeld and Graham ‘
atients if they were circumcised o
e findings of the following clinic

were no less than 66 (=3444%) wrong answers.

e e may restriot here to only one example, taken from a study of

al examination

e e Petersen, Lovgreen, and Thillemann (1), The Danish authors compared

Fig, 1 shows, t}"ere ements of 3 eiperienced radiologists in reading 2,200 photofluoros

V 1 b'iit of the measurements of the- of the lung (see Fig. 5), With regard to sequelae of pleurisy only

e ot ae Tie som 1o ke 7 linic, We cOMP 28 to pulmonary findings without calcification even only 6.3% of
?

patients! height, as

these data in the fir

1aid down in the records of our ¢

st and second record of 5 5 adult atlents’ hav xPeT-t opinions re in accordance, Simil
D 3 we

& Yerushalmi and his group of Californian radiologists (9),

NB References at page 99 gquency distributions of datamcollectives can occasionally be

Figures at pages 100 - 102
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Agreement and Disagreement on Different Diagnoses.

Pulmonary

S g ings . lijtar Pulmonary
o Bherisy b caleifications  calcibentions
Readery : calcilications
vo. percemt o per cen
A+B+C | 7 143 13 63
' e
A+ B 2 1 7 i
A + C 1y 163 23 5 15.1
B + C | 5 ‘ 1 o
A 24 59 l
B 2} 694 12 ¢ 786
c 8 90
Total | 49 205

Frequency distribution of the end-ciphers 1-0 in leucocyte - counts
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IME~SHARING COMPUTER SYSTEM FOR PATIENT CARE ACPIVITIES

G, Octo Barnett, M.D.+, Director, Laboratory of Computer Science,
Massachusetts General Hospital, Boston, Massachusetts and

Paul A, Castleman, Project Director, Bolt Beranek and Newman Inc.,
Cémbridge, Massachusetts,

igital computer has been used for a number of years in the account-
?artments'of major hospitals; more recently it has found increasing
1. the medical research laboratory. For the most part, these research
ave been either the statistical analyéis of large amounts of data,
batch processing techniques, or the highly specialized processing
log signa.ls],"2 However, increasing attention is now being paid

the possibility of using computers to improve patient care by ex~

ing the communication and the information storage and retrieval

dures that form an essential part of medical practicé.3’4’5’6’7’d

qllection, storage, analysis. and retrieval of a variety of types
formation are of great importance in providing good patient care.
ical Records Room at fhe Massachusetts General Hospital (a 1,000
cute care hospital) now stores over 1,600,000 records dating from
pproximately 50,000 new patient records are started each year.
ent record consists of many different forms of written data, such
patient's medical history and physical examination, reports of
ry tests, reports of medications and treatments given, reports
tions, diagnoses, progress, etc, Some of the record is "hard"
coded information,‘but most of it is "soft" medical prose, The
f transactions that occurs in'a major hospital -during the

xf a day's activities is overwhelming, The various laboratories
ngle major hospital perform over two thousand tests each day,
‘imated that at least 7,000 different doctor!s orders are

;aily and that the nursing service administers over 60,000

4" treatments, It is probable that at least 100,000 separate

lighed Investigator, American Heart Agsociation

qgraphy at page 11l. Figures at pages 112 -115
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items of information are entered into the patient records each day. 411
per w be concerned with a detalled discussion of these areas

At present, almost all of the data collection and storage is done by’ DEFIN
T'TION OF THE HOSPITAL FUNCTIONS

writing on slips of papeZX. Most of the data trensmission is done by

carrying carbon copies of these slips of paper from one area of the P B .
. : : e difinition of the existent hospital information system requi
hospital to another, Almos?t all of the data retrieval is effected by ¥ equires

ngiderable effort and is compli
laboriously exemining vast numbers of Tecords conteining inmumerable 0% techniqu 1ved ? cated by the fact that wost of the pre~
i 3 es evolved in a r i . _ :
different types of information (often in vague language oT illegible e The hosvital elatively unplamnnmed fashion over many de-
. spital o i i 3 s .
soript). S dP ! peration is characterized by a wide diversity in
:dypes of doctor's orders, by the large number of individuals invol-

ved' in implementing these orde :
Tn order to explore the feasibility of antomating some of these infor= - 4 rs, and by the dymamic pace of patient car
, . , , . . procedures, Bven a bread clasgification of the variet £ d !
metion processing functions, &n experimental timeshering, remote-access ders would inolud y o octor's
) , ‘ ord ould include over twe i . -
computer system is being deve10ped.9’10 A considerable portion of the ivity, diet , wenty different groups such as medication,
. ietar, siothe :
research effort is concerned with the definition of the information prd- . T Z; Py rapy, consultation, laboratory test re~
. ts, nursing ara; et
sessing needs involved in patient care, the exploration of how best to™ 0 b _ pys; etc. In each group, there can be as many as
. . - . i 5 gvera. ousand unique orders, The implementation of these ord
deal with the data which should be stored in the patient's medical Te=~ \wes the tinated . se orders re-
N *E1 coordinated activit f N .
cord, and the development of a computer system that has terminals and russional individual y of a number of prqfes51onal and non-
- individuals located i i .
methods of communication which are optimal for use by the hospital per= S ored parts of the b ed in various and, frequently, widely
s o e hospital i 5 :
sonnel, The research project is carried out by the Laboratory of Compub e ALrE . e tip o« The implementation also involves a
. . g eren unctional units s 1 :
Science of the Massachusetts General Hospital and the Information Tec o chomical and climioal 1 uch as the diet kitchen, the
. g and clinical laboratori -
nology Division of Bolt Beranek and Newman Inc. The hardware configur dig, central T bleed ries, the x-ray depariment, house-
: ] supply ood bank, th ic ;
tion of the computer system includes a modified DEC PDP-1 computer, ’ ’ e surgical operation rooms, etc,

a sixty million character Univac Fastrand drum, two magnetic tape uni mputer syst Pich in 4
. ! em which is to be effecti § s

and a small four hundred thousand character swapping drum. Half of th g - ] . ctive as a communication system

e capable of rapid, continuous and reliable operation because of

24,000 word computer core is occupied by the Time-Sharing Executive ‘ . . ]
ure of patient care activities, A medication for a given patient

routine., The remainder of the core contains specisl-purpose interpret

ordered while the patient is o A : i
subroutines, and 4,000 words for the riunning useT program 1tselfs The : P n one ward, administerd while the

t:4s in the recovery room, and ch i
emall drum is used for program storage while milti-programming; the : v ’ cherted (recorded in the patient!s
: scord as having been administered) when the patient is on

large drum and magnetic tapes are uged for bulk storage of data and care o T tn
. e unl n e Magsachuset s

1ibrary programs, Over one pundred Teletypes serve as input=-output i ’ ) setts General Hospital, over 500

ts may be in transit during a typical day.

devices; at any one time, sixty-four of these may be active.

(See Figure 1) k

felt that the system under development should simulate closely
. o egent form of hospital i i
The research project has four main areas of concern: a) the definiti o ® operation, rather than superimpose & new
ificial form of operation, For example, we have retained the

of the hospital functions under consideration, b) the development of . ]
t’ cumbersome but familiar method of patient identification by

pPTOgTAmS that can be used by non-technical individuals, c) the imple n'digit
X ¥ unit number, rath $ o
mentation of an interpretive commmication system using & time=-ahare - ) ’ ta er than assigning a smaller but artifi-
. e exception to this rule : -
computer and d) the evaluation of the acceptebility and reliability 1a i . ti 8 e 1ls that whenever possible, ad-
is en o e total data b
the total system in actual hospital operation, The remainder of the ] ase in computer memory to carry out
erations which are impossible without & computer system. For
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wish to specify maximal 1imits for the size-of tered a special code which caused the computer program to ask all fol-
example,; the hospital may der study would permit the maximal 1ng questions in a long, or unabbleVlated, mode, In question four, the
dose of a given drug. The SYSte: uZhe computer system, If this limit is. er typed "HOW" in order to obtain further information about the requir-
1imit %o be specified d?rectiy 2 through the Medication Order Program, od syntax, In the first response to question four, the user made an error
exceeded W?ei tzjmizzi 1z ZthZ:ed. (See Figure 2) .typing, and the computer rejected the answer and repeated the gues~
an appropriate

on. The user then entered a unit rnumber whictl
Medical PIaCt oe and hosplb&l &d.ml.IllStIathn are b5 nature conser ati ej J ed bj the com~

5y stem because that Partj cular n ber ]
oth are re ativel resigstant to odificatio fro within and ighly re~ d Previousl}’ been- a -
b 1 Y mod. atlon irom hi hi & Y ssign

- cted a spe ing
sistant to any change :meosed from without, The descriptlon of informa ? the user correct

T using a speoial key which erases the last character entered,
t ‘can be.
tion processing problems in the hospital is not & function tha

d by an outside cansultant, The many facets and impli- basic procedure for using the system is as follows.

assume ' !

coupletely dures are done in a certain way can only be under= teletype terminal, a user calls the desired program from the libra
cations of why proce

tood by one who has had extensive experience observing and participat- programs stored in fhe Fastrand drum. From then on, the user car-
s

h tal operation, For example, it would be erroneous tg on a diaglogue with the computer, with the user-program acting as
1 hospital o . ;. .
g i sotue f : ption that the medicel administration could diary. The computer system is highly problem-oriented in that
1d ing assum
make the simplity er program is concerned with a definite function, As is illustrat-

gure 3, the interaction with the user is predesigned into the

X for r I 1 cases 7
specify a reasonable absolute ma: imal dose ‘0 a druge. In a C y bl
hysicia.n must be allowed the final decision in the choice of therapy
P

: I“ ‘th:r_'ough the use of -
reminds e one B8
P ys Y ng Medication Qrde

pe ;h e e dru rescr t5
Programn of the usual upper limits o e dos (o] the e Any pre j01
tion that excee n se t ust e ent e n a t modlfled
1 h ds he limits mus b nter d i Sllgh ly

2) NTERPRETIVE COMMUNICATION SYSTEM
fashion. (See Figure

B, DEVELOPMENT OF PROGRAMS FOR THE COMPUTER SYSTEM

unication system the basic unit of information is a message, In

g an interpretive communication system, we have choosen to think
3 3 b sed on the patient care units in a ages as the whole range of information entered by any hospital
A computer system which is to be u in since it must be useful: an hether it be addressed to & hospital location, to storage files,
hospital requires cazeful Tunan engineet 1g’cancerned with patient car e message processor itself, An interpretive communication system
acceptable to individunals who are prlmar;eiause the system is designed étem in which the routing of any message or modification thereof is
and have little knowledge of computerSas appear to the user in a "cou- quély defined by a set of rules, but is in part determined by the
for use by such individuals the Progza: typzs a question and the user: Q of the message and by the state of the data base (inoluding
versational mode", wherein the oompu erOVliﬁ abundant checking of both ﬁénding orders that are from time to time entéradas part of the
eters & Tesponse. 411 BOSE Programslpo rovide error mMessages, facili ‘e'by the user.) For example, in the admissions program, illustrate
gemantic and syntactic erroxs, and @ Z ri id verification of encoded ure 3y the admitting office specified the patient care unit and
ties for correczlniterzori :2iliz’r22pondp the user may inquire WHOW sgignment, The computer program then examines the data file and
entries, If in doubt abou

e bed assignment only if that bed is currently unoccupied, The’
Bystem also automatically generates a message to the appropri-
t notifying the nursing staff of the admission and” supply-

ate information on the patient. (See lower part of Figure 3)

receive a brief statement of the required syntax,

tive Pu
Figure 3 illustrates a few of these techniques. (For illustra 1ti P
s N 2 °n
the information entered by the user 18 underllned.) Ques
poses,

er the 2ral form of message manipulation is necessary because of the
per one is first agked in an abbreviated or short form. The us € 2 g ? M
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complex interactions which constitute communications in a large hospitaly hough . 10¢
‘ use i
wl for demonstration, are too primitive or unreliabl
y operations on a patient care unit e e

v

there is also the consideration that the inter—oommunication links must
be allowed to change with time, Thus, & user program is available to Te-

§<; specify the composition of a patient care unit in terms of name, number
5
Foif

ALUATION
of Tooms, number of beds, and teletype line numbers OF ACCEPTABILITY AND RELIABILITY

: ' ograme now in use at th
The interactive and interpretive.nature of the computer s stem is illu- e Massaohusetts Gen .
® ® 7 gis provide for: eral Hospital on a research

strated in Figure 2 in the form of a medication order and a medication

1isting. In response to guestion 2y the entry of the room and bed loca- the admitting, transfer and discharge of pat
of patientss

tion results in the verification of this code by the computer systen

a census of patients and
an . .
returning the name, age, S€X and unit number of the patient, In response, inventory of available beds;

the recordi i ;
to a"Y" on question 4, the computer 1lists all the active medication or-~ ing of medication orders and the automatic printing

: of up~to=d i
ders on this patient. Tn question 5s2; the computer fails %o find an ex- v ate lists of drugs to be administered;

act match for the spelling of the drug name entered and types back a the charting of medicstions &3
given and the preparation
of sum-

1ist of drug names which have & similar phonetic spellinge In the same maries of past drug orders and drug administrat
- istrations;

question, the computer notes that the usual maximsl dose for this drug the entering of laboratory test
est results and the { :
printing of any

has been exceeded. The user over-rides this formulaXxy 1imit by entering selected s .
: ? ample of laborator
: y test results,

the dose, preceded by an gsterisks, In question 5,54 the computer returns
the generic name for a drug which has been requested by & trade name,; an e commt
‘s uter syst i s
ystem is being developed and evaluated on nine patient ca
J care

in addition, types information which the hospital pharmacist had entered oas (about 30
abou %1
300 patient beds) and three laboratories at the Massachu

in the hospital formulary about this articular drug
o - P . tts General Hospital, However, the programs I b
. s have been operational for

‘than a year and i
In present hospital operation,there are a number of procedures and 4if=- 7 in most cases are in an evolutionary stage. Much of
L4

o et - i cpession S £ oo o oment | eizzrzazi/ZZ;llfiizi;ed/?o a sma%ler number of patients bed (10 to 40
doctor' s medication order, In order to have patient X receive drug ¥ ab i'sérvioe op;ration azhwee% ba?lsa The system is pob being used fox
ey e ;.t %t J.sf it is not actuslly replacing any hos-
i proczdi~ is being tested by duplicatinglthe present
ry;impreSSive demonstr:ij on & parallel basis, At this point, we have
3 on system, but transition to a 24~hour/day,

/week operationdl system is not an easy or a rapid proces
Se

time T; the npurse performs & congiderable amount of time on clerical
duties; on a single patient care area, she might sort and resd medica~
tion cards more than a thousand times in an eight-hour shift., In the ¢
puter system, this sorting and 1isting is done automaticallys and the
computer generates each hour on each patient care unit a list of the m
dications which s?culd e sdministered at that houre This is i1lustrat ave mumeTOUS quesfio ‘
in the bottom part of Figure 3, where tbe medication 1ist for this car e ns of acce?tability and reliability that have
ample, one of the major concerns of the hospital

unit contains those medication orders to be administered at three o'cl S0 with
4o Wi the actual identification of the persomnel who would di

use the system:
Figure 4 is an illustration of a higtory of test results on one patie : v whether the Teletype operator would be a nurse,

or &nd/or a special i
for one weeks These results are automatically organized in a format d P 1y trained clerk, This answer i8 dependent on

phistication of t i s
gigned by the hospital to display fests in groups, such as serum elect: : he particular terminal devices selected; the com~

system and the d
1ytés, hematology tests, etc, There are over fifty different patient=¢ : esign of the programs can be adapted to a variety

devices, Initiall
funotions for which similar programs have been written. jany of these vy ve heve used keybostd entry ane oo e

g with ix i
2 a matrix input device and with oscilloscope display routine:
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The reliability problem

i MEDICEN are only beginning to consider,

—

&
? Three factors do appear obvious,

2

however, First,

with frustration and misconceptions.
tive, and knowledgeable planning cannot be over-emphasized,
problem is more complex and difficult than was oiiginally conceived;
desired system must be both powerful
to grow,

liminary experimce we have had thus

and improve the methods of hospital edministration., It is hoped that
such a time~-sharing system can facilitate medical research and, more

make possible a higher standard of patient care.

important,

I7 JeuoneN a1 Jo Uonos||09 8y} wWol peidoo sem afied siyy uo jpUsiBW B

is related to the degree of flexibility desired
to the size and sophistication of the hardware, to the development of

back-up procedures both in the computer system and in the hospital, and
to the use of the computer as & regsearch tool as well as & service systen

There are also factors involving record secrecy and legality which we

it must be re~emphasized
that the definition of the problems and the specifioation of appropriate;
medical and nursing algorithms are vital first steps; there is little
previous experience in this area ard the developmentel efforts are plagued
The importance of critical, imagings.
Second, the
the
and flexible; designed not simply .
but also to change in rather fundamental Wways. Third, the pre-
far strongly indicates that a well~
designed communication and information-storage~retrieval system can de~

finitely lighten the paper-work requirements of the professional staff -

11
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computer system.

Hardware configuration of the experimental time-sharing.
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104 PM 372471966 TH2F(26) THi
ALL MEDORDX BJJ

MEDICATION ORDER

D =/
DATE T
“1s1 TIME
2 DOCTOR BARNETT,Q
PATIENT 1028 DAVIS, JANE S4 F 843-32-45
LIST Y

2 ASCORBIC ACIUD,SOMG,P0O,BID,1

1 TETRACYCLINE,250MG,P0,41D;5DAY
ORDER

PIR +6GM, PO, 83H, SDAY

. JYROID, 150MG, PO, 3P, I
DO YOU MEAN... THYROID

AL MAXIMAL DOSE IS 100.000 MG

?  *150MG

ROID, *150MG, PO, 3P, 1

.3 KYNEX, SO0MG,» PO, 41D, 7 DAYS
FAMETHOXYPYRIDAZINE

SIDER SHORT-ACTING SULFONAMIDE

The typescript of the program used in ordering & medication
and an example of a medication listing, For illustrative

purposes, the information entered by the user is underlined,

IST FOR 3:00 PM 372471966

DAVIS, JANE S5aF

843=-32-4%
3 ASPIRIN,O.6GMsP0,»@3H, SDAYS
4 THYROID, *150MGs PO, 3P, 1
: MARBLE, CURT  25M 999-45-B5

6 TETRACYCLINE,250MG»P0,9A 3P 9P 3A, 10DAYS

M 3/24 \ Figure 2
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1:01 PM 3/2371966 TH2F(26) THI
CALL ADMSHRD BJT

119 PM 3/25/1966 TH2F(2
F 6)
LABREX BJT ™

THL

SHORT ADMISSION FORM
PAT «/
PATIENT TH102B DAVIS

11028 » JANE
BEGINNING DATE FOR REPORT 3710
ENDING DATE FOR REPORT 3/17

DOA =/

ADMISSION DATE 3/21/66

PATIENT NAME DAVIS, JANE

ADDRESS 45 CROWN WAY, LINCON, MASS.

UNIT NUMBER <HOW E«Ge 131-64-17 1111-11-11 FIX
UNIT NUMBER B8BB-87-56 ALREADY IN USE FIX

UNIT NUMBER 843-32-45

DIVISION B

s

SERVICE MED

DATE OF BIRTH 01,02/12

PATIENT -
PAGES HIT EOM TWICE WHEN ‘READY.

V1S, JANE

VRO U b DB WIN ==

AGE 54
SEX F 43-32-45 TH102B LABORATORY REPORT!
10 VISITING DOCTOR BARNETT» O v ’ MAR 10 ~ MAR 16
11 ADMITTING DIAGNOSIS SIKKN\\CK DATE SPECIMEN COLLECTED
12 INSURANCE BC — MAR
13 LOCATION THIQ9 ILLEGAL CU AND/OR ROOM NUM FIX 10 "?? MAR MAR MAR MAR MAF
12 LOCATION TH104 ALREADY IN USE 12 13. 14 15 16
13 LOCATION TH102B crecmommeann e
14 INITIALS BJT , s HEMATOLOGY REPORTS c-=cosmmwcoos-
- EMATOCRI T a8 .
| ADMISSION DATE = ‘ 4 36 PEND
=THANK YOU-
coeacm e sr-e<=-v= SERUM ELECTROLYTE REPORTS eeo-eccece= .
s 132 143
The typescript of the progranm used -in the admission of a 2
UM
patient to the hospital and the notice that is automatical i 3.5 PEND
generated on the appropriate patient care unit. 10.6 PEND
27 92

NOTLFICATION OF NEW ADMISSION

) , [ TROGEN 16 20
DAVIS, JANE 54 F ‘843-32-45 ) MG PEND
TH1028B » FASTING 108
SICK BARNETTs O
MAR MAR MAR MAR MAR MAR MAR
10 1 12 13 14 1s 16

- THANK YOU- Figure 4
Figure 3 FOR ILLUSTRATIVE PURPOSES, TH
— INFORMATION ENTERED BY THE Ui

le of a laboraton reporb show1ng how the re ort is
D

uested on the patient care unit,
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a for research programmes using the search abilities of the computer
o produce collected fact and allow associatione between different fac-
rs. to.be uncovered? Or .is there a common path which might ultimately

ead to success in both fields?
A CONCEPT OF DATA PROCESSING FOR MEDICAL RECORDS

. . wool, London, Englan ome: part of the present contents of the individual record will have %0 1
By A.E. Bennet, ¥,D., S:% Thomas Hospital Medical Sehoots ’ etained, X-ray plates, photographs, electrophoretic patterns, tracings
tc, cannot be stored in a computer, at least not economically at pre-

i of automatio data proces- ent, So it would seem that some system of manual filing must remain for
The past six years have seen numerous‘repor g 1. i oazly paper by he forceeable future and, therefore, I suggest our ojbective should be
sing of the whoie or parts of the medical recor -d zor imoroved bech= he modifioation and simplification of present methods. Accepting this,
Schental et al.” in 1960 clearly recorded the nez . andP roposed that mecess of computer applications in this field depends on how well any
niques in the handling of clinical and resz:::?bli ?;r thiz purpoéee In retem devised augments and simplifies the present organization rather
the routine ?se of a digital comPuteg Ziz desciibed techniques which ths énatten¢¢a to replace it, Whatever is dgne must be practical in the
this and their two subsequent'P&Pers However, was based on recording text of individuwal. therapeutic mediciney it must be simple, convenien
had developed and tested. Their concept, Ofet 10m ter translatable I require no additional practical skills. If we ocannot meet these re-
as much of the information as coulg be.pzfnlznz ;ooibury4 published ac- rements then I-consider that the results of our efforts will be sever
izzi;sOZEezoz;riizz; iz:e:isjtb:z;d’oilihzs concepts Although all succe Himited and the value thus largely destroyed.
ed in gaining their stated objectives, they clearlyeze:ZSZ;jiic::;y1;:- ‘esent our case notes exiet with the clinical history, examination
ations and difficulties encountered and were prepar ‘ continuation notes written as a longhand narrative in a partially
examine their work. jzed sequence, They are completed on blank forms and include rele-~
) tate apising from autopsies and laboratozy ositives’ gome only qf the relevant negatives and are of such
Handl ing much more unlfor? ata n and Melton6 adopted on approach oF thor detail as is considered mnecessary by the clinician, At the
vestigations, Bahn et al,” and Smi hanThus . ;ne ond of the scale ¥ f a period of patient care either by discharge from the ward or
entated towards the needs of resgarz‘-. o1 nictory, examinabion ard spé tiending an out-patient clinic, a summary of the case is prepared.
have attempts to rescord th? whole ¢ ancr ient ;are and also for m py.;of this is retained in the notes and a copy esent to the patient's
cigl data which would fulfil the nee toSee -+ 1imited approach Fud £11 ing physician. We believe that further develgpment of this summary
dical research; at the-other end we j%f. L4, The s11 embracing approad ‘serve the needs for future medical care and allow accumulation of
the need for research in a restricted Iliou;d suggest unsatisfactory=l or research. To go further and record all information assumes that
has proved expensive, imprectical an. s h inhereﬁt disadva all equelly valuable and this we cannot accept; nor is it required
the narrow approach is perfectly sat;sfactory put hes gearch and administration purposes, Much clinical data is subjeot

: biases of observer variation and this destroyes a large measure

‘usefulness in research.

tages in a Jimited design.

. -
This suggests the need for definition of purposes. Are we attenpting
i hey
. i 4 so replace medical notes as t :
fulfil the needs for patient cazitzz vine ti xtract and process seleé glly a study of the handling and content of case notes was underta-
exigt at the moment; or are We » his was repor'l;ed.’7 in 1963 and although other such studies must hav
undertaken there is to my knowledge no other published study for

{gson. The method employed was to identify a random semple of the

NB References at page 122
Wotes at page 123
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$111 continuess OTES ON THE PROCEEDINGS OF AN INFORMAT DISCUSSION GROUP ON THE

HZCTRONIC DATA PROCESSING OF MEDICAL RECORDS

direction this work was firgt started and s

iday, 29th April, 8,30 - 10,0 Dem,
hairman: Dr, A,E, Bennett,

lowing the opening remarks of the Chairman, Dr, Jungner expressed h
'5 on the need for the development of procedures which would allow
ding of serial informstien on individuals., Record linkage was dise
d all members present agreed on the benefits that would be deriw
this form of operation and the work of Newcombe (Canada) and
on: (England) was mentioned, Expense was briefle discussed but the
m of a positive identification for each individual emerged most
Dr, Korein suggested that the fingerprint could provide a unic
loation, convenient and readily typeable, but the political impl
g.0f such a method of routine identification were not acceptable
REFERENCES participants, Other methods based on a unique alpha~numeric nun

. meds 4
SCHENTAL, J.E., SWEENEY, J.W,, NETTLETON, W. (1960) J.im 11‘1e
Lo y JoBo
173, 6 ‘
2 - . -~ (1961) ibid, 178, 267
- - (1963%) ipid, 186, 101

Soundex coding of names with other identifying details were de-

cussion progressed to considerations of the clinioal record, Mr.

with Drs. Korein and Tiok maintained that processing of all thé

(1963) J.Am, med. Ass

1tained in the case-notes was desirable to serve firstly the
3 KOREIN, J., WOODBURY, Meho, GOODGOLD, A.Loe V
‘ .

“medical care and then research., Professor Dalenius replied tha
186, 132 of comparability and uniformity in the data contained in case~
(1962) Communs Ass, comput. Mach. P 7 ’ ¥ ’
4 LIPKIN, M, and WOODBURY, Mode articularly in the narrative parts, made the value extremely lo
L]
532

orm of retrospective research., This was upheld by other member

BAHN, R Cc SCHMIT, ReW, ¥ YOUNG, GeGoe (1 6 ) Proce Staff Me °
'3 F] siey

Cline, 39, 835 .

oy 2

6 SMITH, J.Ce, MELTON, J. (1963) Meth, Inform, Med.; 2,
° (1964) Lancet, 1, 819

oint was made that large-scale collection of data in the hope
ight prove useful was an expensive, wasteful process, This was
Mr, Baruoh who maintained that the process of sifting data

by an information system was more expensive than storing it in
uture need, This was accepted by all members with the provigo
value of such data was very low and that the true role of the
for medical research in this field lay in its oapability of prc
& which was uniform and valid and colleected with the defined
P testing a hypothesis.

7 HOLLAND, WoW,, De BONO, E., GOLDMAN, Jehe i
» 1, 10
COCHRANE, A.L, CHAPMAN, P.J., OLDHIM, PoD. (1951) Lancet, 1, »
8. g Aels '
-
WIRBATEN, A.S., WOOD, C.H., FLETCHER, C.M, (1959) Br, J. pre
b s AeSey
Medo, 13, 175

10, SMYLLIE, HeC,, BLENDIS, L,M., ARMITAGE, P.
L]

9.

(1965) Lancet, 2, 41
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8. Dr, Stewart(4) subsequently noted because more and more the physic
1s funotioning as a mansger - s Job for which he is not specifically
epared either by training or tradition, He must direct the efforts

NFORMATTON 4 energien of _ M
ME ORGANIZATION AND ADMINTSTRATION PROPLEMS OF HOSPITAL I ron ot oving sy one o o Stzeck tia o
50 ; _

MANAGEMENT SYSTEMS

‘ wutomatic data PI‘OOessjn e .
3 . 3 & l.mprovad
y Lee Be Lus ted, M.Das Professor of Radlology, Universi by of Oregon g help brin
B o OIgS.IJ.:i zetion to -thi

Ty several years ago whi
1 Q T cl 3 reg g ng a sto

wag-perhaps apocryphal, about how the computer brought peace to the
Center.

girframe manufacturing industry, It seems that some of the bitterest
tercompany warfare was taking place among several airframe manuface

‘ n ually discovered
8 )] ly u g [+
N
1foma [s7 D mpanieg event

,a‘h there were g est adv‘e‘ntages in: £ by
a tumultucus € &8 arge wit otent al o oxr tunities or -auto- air
by hlghly charg d h p L PP rame degi 1
1 aet ha

i g electronic computers Ho
t » 3 t £ £ an
matic data processuxg, Tn the Unlted States he OI‘OSS"CUIrentS o] L4 Wever, compu-ters w

gides there weren'+t many computers available, So after much soul
) W - al ter many. J s .
o1 are heaping up pressures which seeml 1ikely to ( arching the airframe companies decided that they should share a com
changing times T

t o o) act ar alth care One observexr .
bllshed pattelns of medic 1 prac ice d heal * .
esta t £

- e the edical scho ter understandin Who know - mp T e 2
) 5 _tr”ggle betweer he m g 0 ows what time sha.rlng co uters and 10
seeg the s

3 - 5 ) - fea] ati d¢ | .
and the medic 1 PI‘E.C'tlti oners for the © 1570 of medlc <} |
a. . O Cne [e) ed & ducation an

the basic gtructure < aed. cal care The re ent passa e of the Medican
(2 c &

pTo «am has raised difficu t gqu £ ut me ds of inancing he
egtions about tho t
L
gxr

! of La procesaelng in ho 311’“’55
costs © medice and hi yita axr over the entire heal th fleld have itomatie 4§ -
£ cal OsSplL 1 e e and h at

ends back over the past fifteen years and during the last ten years

dical personneé search activities have dealt with ome or another aspect of bio-
ter of a shortage of doctors, nurses and parame | : :
the specte

(2) Asg

1 computing, In this paper I want to discuss some of the organiz

7. commen ting on the shortage of doc ] o ® 3 4
h rtag orsy Dr Phlllp R, Lee :
g

ant Secret e th, Edu ation and We fare J:ecenl:l said: D()()t0\~
ay of B alth 3 duc 1 ) y

system is used in a medical center or heospital, In presenting
id D, Rutsteln !
i to have to work hardexr"s However, DTe Davi . :
are just going

3 5 iai % 3 i ion I am drawi ng o :
ofes [o] eve: ive € ine H edical SOhOOl, an! variet N
P, f [o) ntiv ne a he arvard Vil N of ex
( ) Pr Medic.
r sor v N a

years: from my professional work as

a olinical radlologist, fr

W i tew enera o] she U S Public Hea.lb . |
am H Ste art Surgeon Gen 1 =2 v v ‘/
Dre i1l v ) 3

i They say in esgence that better use Research and from my expexience for the past four years as
i t view
Jervicey share & differen N 'to future medical care and -they prap director of the Primate Information Management Experiment
. time is the key :
the physician's

+h id [s) tion am the comp ther ; . .
e W espread use of medical assistans, automa ion d: ; . l
. earch Centel‘g

e P
to consexve the PIZYSlCl&n s times But this 18 not e&Sllly acCcom; 1ligh

ork euppor ted b:? the N&tlonal Ins titutes of He 1th Grant Fr 001 3 em an unlikel pla 1
8. b y
P ce in whic}

er~based information management experiment some explanation
dation of Oreg
3icel Research Foun
-64-1163, and the le
traot No, PHA3-64

rder, Two factors were particularly importent in ohoosing the

legional Primate Research Center, First, the Oregon Center was
NB Summary at pege 134

References at page 135

pproximately 1000 subhuman primates which were rto be used
Figures et pages 136 - 139

de-variety of biomedical research projects and each primate

e ‘an individual record similar to a patientt's hospifal recort
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High standards of health are maintained smong the primates and conse-

stems, We have geen .
quently there is a constant flow of reports on routine laboratory ex- e o% o inaumnden in which the nedien

nter automatic data procesging S)Stem was started as a dePaI tment
. and medica tion. roject and was subsequently transferred for adminis purp
1 rocedures trative oses

system a ‘thoug some [
n what similar t¢ o‘the medical center director's Office. The result was, of course to

a hospital record system would not have the service pressures of patient e ‘the automatic data processi
i o ' ssing system function as an interdepart-
Ve on't wish to give the impression that by assigni
he computer administrator to the hospital administrator's officeg:;zf

6 shal
¢ all be able to solve all of the problems but perhaps some of th
;okier ones will be less difficult to deal with -

care which are present in a hospital,

Experience with the Primate Information Management Experiment has shown
that the computer administrator, who must gain the cooperation of all

participants, is faced with a dilemma, He must be influential in chang=
ing and guiding the work habits of men who do not work for him and try

4,

Hospital c .
to gein their cooperation even though they may not feel that they will omputer systems are interdepartmental in function,

benefit from the experience, 4t the same time, he must convince the

‘ hospital computer syst i
administrative supervisors of these men that they, the administrators, e e B ancoons Whioh

ot. several departments . X
will benefit from a central record systeu and promise thab it will not: or services in a hospital, This is true

Her the system is small
ynduly interfere with the normal activities of the employees. The 0T~ . 226 does only labomatony work o i larse

does the medical record procesgin e edicg cente. T ho t
4
’ |9 Ze Th 1 T O Spi a

ready have an admini i
important to the general success of the project if it tends to cross etrative nechenion for dealing with interde-

{ ental matters but th i
yraditional lines of anthority. If he is lower or equal in rank to the ) o meohenien may not be adeguate vo deal with

.
: 8 raised by an interdepartmental automatic data processing

administrative heads of participating departments, it is not likely
that he will receive adeguate cooperation.
T o mtessabive ntertace pro, ance, in a hospital with a medical record automatic data pro-
: g system, how should such questions be decided as (1) what data
“collected and who should record it; (2) what procedures should
4 for checking the accuracy of the data; (3) what people should

cens i f
to what kinds of data, If an interdepartmental committee is

lemg of hospital data processing systems,

I The Administrative Pogition of the Computer Svstem-Direct’

ig Important, %0 advi
advise on these matters the hospital administrator is in the

to appoint th
Some years &go the Harvard Business Review(S) published the resultis o2 ° comities. &n important point which is fre-

verlooked is
a survey which showed that in companies claiming the best results fr b’ the pexgons zespouaible for the date pro-

. i,esy the dire )
computer usage the computer executive was no more than two administral . oy oompes sy on pasamens nre

gy responsible for deciding what kinds of information should be

1evels below the company chief executive, I doubt that a similar suryg
by the system,

has been made for hospital computer projects but.I think that the
observation from the business field holds a good deal of validity fo - .
ospital staff resistance to the hospital computer system

the medical center or the hospital, In the medical center or hospita
maey be a problem,

this means that the computer system director should be responsible

rectly to the dean of the medical school or the hospital administra

zed science in i
Such a statement may seem & truism of good administrative practice e et oetton o2

puters are relati
it frequently hes been ignored in getting up biomedical data proces ‘ S oo T e e

garded by .medical researchers and physicians with a good deal
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129
of skepticism.

t we want them to do -- and whether it is worth the piice of doing

“things tha§~way. He gquestions whether the doctor needs to o
v v National
5 inrod(é) who heads the Computer S stems Group at Brookhaven a
P know &ll

£ Ye can know, e.g., continuous temperature recording of every
Y ¥y v iomedical Te-
LaboratoT recentl reported the results of a surve of bio
¥

: ient, and ‘suggest that we need to be quite critical about whether

' ’ "&b ‘ i i i n > N .

repid computer ETOV ghow is worth the price of admission," Dr. Farrier's advice is
i howed that 23% foresaw more

gearch orkers which s

i i wrrent slow.
in their field, 19% thought such growth would lag behind its ¢ :

M g8 are -
pace and 58% belleved blc)medlcal CO]'ﬂP\lteI' use would keep pace with P compuier s stem
/ fu

me eXxpenslive errors
science 11 general. These findings could hardl?f be lnterpreted as d extre 1}' X nsi

| depen ) 0 a program on which
enthuslas ti ort for blomedl al com uti and. it ight be oss:.ble . a h int .
s c supp c P ng mig P b
that for any ar ticular hospl tal O 1y a small pro poTr tion of the s taff
P . -

S\lppOl‘t and pa‘rthlpatlon of hosplbal personnel is needed for a hOSplt ‘ ' T ng for facts wi find tha
P er ., T u
‘
. ; tnat

! is 1little quant] tative 4
omputer pTro ect and I sugges t tha t a sine wa non O guccess 18 that ailable on the amount .
comp ______9.__.__ — of time Spen‘t

n ods © hOSpltal
uge prese
P P Jec &r c meth f
the com uwter pro ect dlrector should have a medlcal de ee beca the the t

ich are being duplicated by the hospital ; stem,
8 t ily w N , person. A ¥ 3] co
upport of the medicel staff is more readily won b guch & P .
P mputer sy

vigoTou ed ation pro am mus ¥t be a art of any hospl tal coOm uter pro been in progress 1in th s
g 8 uc p gT P P e nited

ig three years and a few as long as five years but the number of

+ d should be organized o reach &ll segments of hospital person= cation§ » the proguess of the projects is e b e e
ject an

nels,

£t to con gider next some wegtions & boub hospl ta 10) uter te: T ( ) on the Massachu enera. OSPJ' tal Co
wan O q com systenm setts G

‘jec{:’ pOints out that some of the limi .
[¢] w. t ti t i tem itations of the pr
% d whether he expense of the automatlc data pl‘OCGSSlng sys imitat
ogts an

. . L compu.ter System are pre:aent bec -
can be us blfled in terms of impro aement in the quallty of patlent car ause th
dJ e System is e:{perj 1

gramming activity is constantly in progress. This would not be

ge’on a computer system in service operation. The Massachusetts

H ital Computer gyvstems Are EX ensive, 1s the "Show Wor? Hospital investigators e i et
1T, 08

price of Admission?!

Price of ACE_P i

analysis,
aluation of the relative merits of the computer system will have
ased to a major extent on the critical judgment of the profes-
i her he sheu
AR ital administrator who confronts the decision of whethe
ospi

3 ‘ 3}1[38.1, A conelusion whic thi
r uld + b Kk h ta t 1 t c £ :
© sho no embark on a hospil compt er systen progec 18 on I'G!l» 1 hink ma 1
. h

] unnapp e an sti11 wishi
by a range of opini ons Whl(ﬁh are likely to leave him like Hamle n axn ‘ er h y S tat d
£ ind igi 0 5 £ . it y . £ moTre ob; ective data

) nal HOg
Dr JM A Lenlhan regional phySlClSt of the Western Regiona ;
° eliiplie

t E that E h 1t t o " [5:"1‘58 the automatic dat pro 3 3
a Board, ng. a.nd, a, ‘Every arge osp al now being buil or p a cessing £

cords do con tain interes t:l.ng and usefu i 5
ho de elec tronic com uting and da ta handlin, faclll tiess nfo
d s uld inclu P g g . rmat
ne 10N, he

icle reports the computer handling of patient records in the
) te in money, Space and staff are $rivial in comparison wit ‘ C;inlc, Western Reserve University Hospitals, Cleveland, Ohio.
The coS ’

investigatore point out that the cost to use the automatic
penefits to pe gained."

(8)

1 :
N Di N s}
ABBOCl&tE lrector of the Cll—nlcal enter Natlona.l IDSbltU.teS of He

? o i visit and
. s 32
A different point of view is expressed by Dr. Robert Mo Farrier Y .00 per pa‘t]ent

' could find no difference in the actual physician time spent
patient whether or not the computer-based record system or
ag it & -
a ve that 44 is not & question of what computers can do : t%onal record system was used, However, the participating
‘He sa .
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Summary FERENCES

problems confront the person who wishes to develop an automatic SOMERS, ALR
H e:ile

These problems have ‘been arbitré

Some i i i
socioeconomic observations on medical education

and the practicing profession, J,¥ed,Educ, 40 (2)- 258, 1965
LAl oot . b4

Many
data processing system in a hospital.
1y divided into the two general categories of tpeople problems" and

UyS,
er. Of the two ¢S, News end World Report, page 38, Mar, 7, 1966

technical problems for purposes of discussion in this pap
Medical Tribune, page 16, Mar., 5-6, 1966

categories, the “people problems" are more difficult to manage and

they demand more attention if the hospital antomatic data processing Am, Med, Assoc, News, Feb. 2
* . s, Feb. 28, 1966

system is to be accepted as an integral part of the hospital. Some o
op M
p Management and Computer Profits, Harvard Business Review 41:6
- . 7

1963

problems of administering the hospital computer system are presented

and some comments are made on costs,
“Medical Tribune, page 11, Feb, 5-6, 1966

The complex problems of medical record processing and communication ‘Medical Tribune, page 16, J s
————— y Jun, 26-27, 1965

in the hospital make it obvious that attempts must be continued to

-Medical i
g computer facilities Vedical Tribune, page 14, Jan. 1-2, 1966

develop hospital computer systems, Time-sharin
he future as the »yHOSDital Computer Project., 1966 Status Report, Memorandum Nine
- - L¥]

Massachusetts General Hospital, Boston, Mass
) = L

with remote input—output wunits may be available in %

pasis for hospital communication gystems. At the present time such

are not available and it seems appropriate to develop less
puter—based gystems.

systems g
EVY, R.,P,, CAMMARN, M,R,, and SMITH, M,J. Computer handling of

comprehensive and less expensive hospital com ambulat oo
=+ ory clinic records . .
o JoA M A, 190: 1033, 1964

AIRD .
, H.P, and GARFUNKEL, J.M. Electronic data processing of

—paged medical record
medical records, N,E.J.M, 272: 1211, 1965

An example is given of such a unified computer

system (PRIME) which has been completely functional for over & year,
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The seve
ral problem areas which we have- encountered fro
very beginning of o s e
Ur planning work and
the way th
problems were partially or totally solved Y e

@

&, 0O s E
&: I stem 1 1 he
V ue f the ntegrated nfo(‘n&t]on S te: n relation %o th

THTEGRATED INFORMATION SYSTEM FOR AN INTEGRATED MEDICAL CENTER
total operation of the Medical Center

By Armando Lassus, Manager, Information Processing Division, Puerto Rico

RIGIN AND ORGANIZATION OF THE MEDICAL CENTER

ledical Center.

; o
- o [+] en 8 ¢ arges 1d most ex censive hi hre
Puerto Ri Medical ( ter i the lar, t ar (&} a

INTRODUCTIOR i
— centers that are being established ag the highest
), ghest echelon of

acn o h 23 egions i C iglan has bee
&g
¢lne in e ¥ f re¢ health r n n which he sland

The Puerto Rico Medical Center began to take shape in 1945, when the ided for the Health Care Pr
, - 0gTam,

Puerto Rico Planning Board developed a preliminary plan for an integraté

ctions,

hospital and public Health facilities program - &a vast and imaginative

t designed to bring better health to hundreds of thousands of my

can see some .
projec of the estimated work lgad

fellow Puerto Ricans,

7y
NO, 1.PUERTO RICO MEDICAL CENTER, WORK LOAD PROJECTIONS

in 1955, Puerto Rico's Department of Health achieved
Federal, State,

Ten years later,

agreements with a number of institutions sponsored by

JMunicipal, and private agencies, Two years later, the services of a fi Daily Annual
of architects were engaged for the development of the master plan of Yolume Volume
physical facilities, In July, 1966, the Puerto Rico Medical Center is fents:
due to be fully operational as an Integrated Medical Center. ; misgions .
‘ gcharges ) 110 45,000
The fact that the Medical Center is still 'in the process of being born 170 45,000
has been both a blessing - and a complicating factor. We were not boun 35 ‘ 9,200
by an existing way of doing things. én the other hand, we had absoluts ' aiibss
no basis of experience on which to build our plans. ’ nts
st visits during the year - 50,000
In my presentation I expect to cover the following topics: : : éits 225 60,000
1, Origin and organization of the Medical Center ' ) isits . . izo . 240,090
5, Problem formulation and specific objectives i 5 300,000
3, Discussion of each of the applications comprising the initidl fos
phase ) 240 87,000
4. The approach followed to initiate the actual planning of the:
system nations
5, The plan that was established for the development of the sys g : 450 130,225
990 285,000

The implementation plan, which takes into consideration a grad

implementation of the total system
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ntilization of slectronic data processing methods,

The cumulative im~
pact of that work, the continuing technological innovations,

and especiale
1y the knowledge generated by the efforts of others have .instilled an
3 | ON SYSTEM
PLARNING A COMPREHENSIVE HOSPITAL INFORMATT

intense interest in us to use automatic data processing in our hospital
“operations, '

LR 12 ? s
By P.J Budd Chief Data Ma.nag‘emenb Director Unlted States Veterans

In addition fo the medical program our major benefit programs are: (1)
Administration,

he payment of compengation to ex~servicemen disabled while in military

exrvicej (2) the payment of pensions to discharged servicemen who are

n-need and have a nonservice~connected disabilit
h the planning, problems, and expe-~ i ¢ (3
i i 4o share with you
Tt is my intention

)} the monetary
51etance to veterans for education and training upon their return +o

vilian status; (4) s low-interest financial loan program to assist ve-

tration have had
hich we at the United States Veterans Admins . ovessoin
i s W data
Thenes to take full advantage of the potential of da P
in seeking to

ranis in acquiring private homes or in the establishment of private
. . dicine. :
in the field of me

iness enterprises, and (S)the provision of life insurance coverage

tional and historical back affords participating veterans and their dependents economical
za

idi with & limited organi

After providing you

n 1o nancial gecurit
2 ( ) ? r {1
ground I in tend to: 1 relate to you our ap pIOECh to and our pIOST'eﬁ ectio f £i
in the use 0 e [s) ronic data I‘OCeSSll’l in our medlcal &CtlvlbleSn

(2) tne several determing r to the advent of the general purpose electronic computer, the con-
for you:

; 1v want to describe

then particularly

ned effective management of these large programs, and especially the
cal program, loomed ominously before us.

ent studies
T ghall be making in the course of our pres blems vhES
i which we . “the problem
tions vo for you (3) the potential penefits and t P g met
indicate . 8s
end tndhe inherent in the use of electronic data proce
we believe are

Bprecisely why the Veterans Administration responded positively
tions.
in hospital operak

Bpeedlly when general purpose elecironic computers arrived during
THE VETERANS ADMINISTRATION

50" s, Since that time, we have automated a vast array of what
ormerly manual and time-consuming business procedures in virtually

| states Veterans A inistration Program area -- and we are now conducting research and develop-
: United State

. ; tating that the
I will begin by 8

The top BZERCY of ficial fforts to extend and refine our present automated procedures,
Government. e : .

the U.S, Federal

is an agency of

d by and is Tesp
£f ? PP b
the Adminlsbra.tc;r of Veterans A alrs is a ointe

he United States He is charged ¥ ary purpose of the VA Medical‘Progzam is to provide a high
s the Uni M i

the President of

ible directly to

g ur . i h
slation and administrative polici y-of medical care to our veterans. We consider med cal researc
i legisla
: ion of national
the implementat

' . our veberan populﬁﬁ professional training of medical personnel as corollary medical
.- to the benefit programs authorized for objectives, To facilitate the achievement of these goals, the
pertaining to v

es, an Poy g8 an extensive med 1
ere are xr + y 6,000,00 e in n rt
Th app QX1ma el 2 O veterans the ted Stat

) benefits which the citize professional training programe in conjunction with 78 schools
sl is continually increasing. The be ine, 41 schools of dentistry, 69 schools of nursing, 68 univer-
s total 1
thi warding doctoral degrees in psychology, snd equally substantial

in social work, physical and occupational therapy, and other
related professions,

i 1 have made available for our veterané are d:w'e::iss;1
e e £ presentation today will be concentrate
T s 0I :zll briefly mention the other prin?ipal bzn§
s MadicalIPzzgz:z: for a specific purpose == for it was in the ben
progrems. ; his

= A L t: 1 g i 3
reas 2% the Veteransg A inistra tien achiev ed ini tial sURC
& I dm acea n
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180 lines to little boxes in the hospital, These boxes are local computers
ence the term ILC, The purpose of the LC is to take the information
oming in from the terminéls which may be at a rather low rate to stor
t in memory for a short period of time and piping out over the wire t«

MEDICAL TIME-SBARING SYSTEMS i

iz about 2000 bits per second.
Newman IncCes
Bolt Beranek and
h, Genexal Manager,
By Jordan J.Beruch,

This is not a technological neces-
it purely serves to keep telephone line rental low. So we have

local computers that take the information coming from the termim

Cambridge, Magsachusetts, USA.

end put it out on telephone lines, they also take the informa~
(de & couple o" on ooming from the computer center over the telephone lines, and
ke to talk today abou what is going on insi ‘gtribute it among the terminals, However, since it is a computer it
T would like

+do certain tasks that we would like it to do,.

i at the Massa-
4 the types of programs that we are using
computers, an

q
L)
ChuSEbts General Hosplbal T would like to talk about the most fre u

For exgmple it can

q tions that we ge t about tiIIlE-ShaI‘ul sys tems, talk a 1ittle bit tro the orma of the inf
g t
unestion h i £

D
bout a system which is running now at the Magse. General Hos it&l ﬁld

tiplexers (M) are used again to take the signals from little termlna
gystem thatms
t of my time talking about a gomewhat larger &Y
spend most O

t them out over common telephone lines, In this case they come ou

4 plane are to be two terminals are squeezed into one telephone line up to hospital
i Qur current P

at the current time.

been put together

nospitals in 1967. The mel where there is a local computer, and then the local computer
rimental hospi

i {th one or more e€Xpe

operating w

son for talkln the arge 8 em t i is a gOOd ay of i hem ag th
ki about h 1 ger ys S 5 | if e | .
= + bt tha t W ‘ egts %

' a2 storage device for t} .
f the things that we have learned in v v '
ing

in
i 4 large time-sher
h been monkeying with small, medium, &8I

that we have

arge buffer of information because one of the ‘terminals, like J. Macy!':
syatems.

be puring stuff out like & firehose instead of trickling it,

there wvhere we ¢ 80 we
‘ an soak up the info rmation
ith. the capturing of data gett’.i p »
to do wi . . ]
i itel p oblem as

then spew it out

tored some place in the comput the telephone line at a sutable rate, Another reason why we use a
i is store

data base which is

that data into a

either on comm
4 then being able to manlpulate that date
memory an

e don!
P P] i h Spi 1 8 so th
ig at w

ate the communication medium., Clichés sre voluminous -standard mes-
5. o1 displays, It is senseless to transmit

nd
on program commande.

all those bits: we
have a computer.
11 do when they
now, it is what people Wi

To those clichés on a disk file in a hospital and just transmit
A SYSTEM CONFIGURATION

gger that sets them off, The trigger says where to put it and
to:put it, and that takes very little information, All this go over
. { . h i -
thet 15 being put,togethe 0-lines to & compute? cente? The computer onvt e left is as
m ’ " i -
Let me show you & diagram of the sgyste . ttals, mimoe it does i 0 be plugged in, It consists of a CP which is & central proces
of handling hosp ? . nnected to which is a fairly high speed drum,
the moment for the purpose into & moderately large time-sharing
that go in : R e

the oomponents d side and in
strare T labeled three hospitals on the left han
gystem,

NCED MEMORY
i digcussion we W
th ig a terminal. As we get on with our
pital ers

teke a look at the memory, There is a set of. -general registers;
ve gquite dif ferent and that some of
terminals may be
see that these

& ters that you are all f
8] Y 111 i hat the terminal., fee hmetic r
e L e
may in fact be com uters ou W notice t s

ator the input~output reglster, end so on, all high sPeed re-

e et

‘made out of solid state devices, The general registers contain
¥B Discussion at page 187
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enough in themselves to inspire effort ang Justify oapital expenditure
in new data proceeeing systems, Beyond the immediate improvement in
Bsupport of existing procedures there are potentials for totally new

sohemes of medical care adminietration,
3 AI‘JS

i - SYSTENMS IN HOSPIT

y 3 FOR NFORMATION

ON THE REQUIREMENTS

§ Hopkins University, Baltimore Yo establish perepective for consideration of the broad problem of ine
By Charles D, Flagle, ProfessoT, the Johns Hop formation flow in a hospital or other health services it is helpful to

Maryland, USA. kfhink of the institution itself ag a purposeful system. As a system a
hoepital is both complex and complicated. Tt is complex in ite multipl
research and survival as an institutic

t'is oomplicated in its several streams of professional and administre
vs authority,

PART T ~ INTRODUCTION

oals of patient care, teaching,

he urpose of this aper is to rovide & ba eview & d evalua=
iel basis for revi 0
T P 1 pap

sach controlling some of the met of services that com-

- o eessing in Bospitals. Hopefully, i#e in success or failure in reaching its objectives,
in the field of data p .

tion of work in

< A efforts can be re~
ructed wi ;hin hich each of ouxr

s model can he const e t W t

a f :8 CO ribution to e otal,; & 4 a e ame ime W y

cognlize or it sont t t thi tot 1. t th 5] + e Ing;

he dominant central action in the gystem is patient care,
perceive the gaps that must be filled.

the interac-
n of physician, patisnt, and the supporting hospital services in the

. N s N N v f deseaSe. ithin the ho s 1
WwWith th ossible exce tion of com uter gided diagnosis, 3 ig a ge bagic P] . s Splta ‘a numbe: f

. Y there » 1

1 Y d 1Y g i %

sl and hospital data processinge. This is if we include outpatient care, thousands,
5 dic a

i f 1iterature on me

paucity oti

em of honth] a & da o he
: ‘ erm DIObl y T

* Iy 1ven

S P

sc:xenblflc resealch. The pobenhlals of data process:.ng machinery are nietration is to suppos .

many services, the large number of physician~patient relationships

3 fs sufficient to proauce’gre ‘are simultaneously and independently in progress.,
lication

their brute force app.

great that

system view
P §al 1
ms.e

Oth the individual Phy‘sj oian ati
absence of technical repor ng 8 s of hospi tal communl cations T ent relationshi
sen ti of tudie D and t}

al ae a support of many such gimultaneous relationships will be

® ation and sampling do m ded upon later, after an examination of the general problem of
f observ

i and the methods o

ig & messy bubslness

d journals. “performance and control, The argument to be developed is that
e smer e - foation plays the key role in sucoessful system performance, In
eld s |
y ad hoo studies indicafes an ook spital system, it is not far fetched to say that many of the
3 d hoc s
ight of numeTrous 2
Nevertheless the we

s onsumed in communic operating problems manifested asg shortages_of personnel and
in hospitals is ¢ !
ne humen effort in

mous amount of

Heieh (4) cites a number ?9 or inedequacies and errors in service are in reelity evidence
i gses. Heie

tion handling proce

tion and informa

. ime’ ip spend 818 in communication,
W ‘that about thirty per cent of nursing time/ is spen
.
studies, sho ing

e CTLDLL
in communlcal;lon, and half of this can bs found in the transcTr 101

tient medicabion. Chagrin at estern countries the trend in hospital administration has been
3 with patien :

k associated wi

and other paper WOT

g + ¢ entraljzatj on and
h T £ m d ct tient care 18 hei htened by evidence t
D

¢ TOmOVing them physically and administratively from the wards
dures. ;
: to 15% of the proce
errors oceur in 5%

ios. Sterily supply, dietary, pharmacy and housekesping services
ples of activities inoreaeingly separated from the scene of

care, While this has freed medical and nursing peresonnel on one

® ;
?

ap oreated new logistiocal problems of coordination, inventory,
JR— ) ¢ page 197
NB References &
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physicians' orders, those related to intens 5 » .
¢ data processgling for e d y
ctiviti £ 2
1t of need for n g pa-

In the latter case the universe of events is & group of patients in & tient care and hospital administrati
d ration,

ward or clinic, and the decisions are those of personnel and logisti-~
cal support requirements, An example of the great variability of age~

Ko doub
ubt the medium and long term problems are equally pressing and in

gregate needs of the set of patients on a hospital ward is shown by the long more 1
: run mportant, but the immediate a i
pplicability of data

copnor et al (6). First, in work measurement studies, it was sho syetems is less
' Wi clear, Decision procedures i ng
in forecasting and planni
T

that the bedfast, intensive care patient requires about five times as fre mot well formul
ated, They may be stro i
ngly influenced by political

much attention as those who are ambulatory and convalescent, Then it and social factors a
) s well as by statlstics, Mu
ch of the necessary

was shown that, because of the random, independent aspect of admigsion forecasting requi .
quires well linked sources of inf
ormation, Modern date

i their number was qul te var able T h
i stems are offered here not as an efficient substitute for COSblY pro-

l]rjrty bed waerde. This wor. demenstra- du:res, as in the short term case but as somethi nev an added
3 k ’
ng ’

i ]) 1 ed for dai ¥ observation and assessment o ag;
+ f gregate pa . ] &n

$ient requirements, 2) the need for timely interﬁretation and trans-

or medium and 10118' term deolslons are extremel y y W t re-
: i ; .
' ’ ) : costl in wasted

ces
or unmet needs, Therefore, though recognizing the difficulties
?

adm nistrative s)sbem b
h

meet the demands thus forecast. In & T
8 1 h 1 1 d.

syetem characteristics of ward administration on a day to day basis ch of procedurss for i
. planning future health service
systems,

and proposed methods of ghort term decision making. Similarly by con~

solidation of physicians!' orders the aggregate work loads on labora-

$ories and other ancillary gervices are made available for short term
decigions, Techniques for medium and long term decisions are not as fi
1y developed but we can aBsess their nature to some extent. Bagically RENCES
the informeation requirements are those for forecgsts ~ one may exira~
Pq}ate directly from observed trends in resource utilization or at- B COOMBS, C.HB., A Theory of Data, J

tempt to correlate resource wtilization with demographic varlables wh : Iheory of Data, John Wiley and Sons, New York, 1964

) SELZNICK, P,, Leadership in Administration, Harper and Row, N
York, 1957 r Sew

trends can be reliably estimated,

PART TV. THE STATUS OF INFORMATTON SYSTENS IN HOSPITALS

ABE
A RCROMBLE, M,L,, The Anatomy of Judgment, Hutchinson, London 1960

HSTEH i i
. s ReKoCasy Evaluation of Hospital Medication Systems, Doctoral

Many forces have conspired to focus effort in hospital information Dissertati
- rtation, The School of Hygiene and Public Health, The Johns

system development into ghort term problems. AS noted before, existin H . .
opkins University, Baltimore, 1966

communications are very cosily; there is an attractive opportunity ﬁb

s 3 - Us
save time and money. The cumbersome existing procedures have come &b SACKER, R, and SAATY, T.L., Finlte Graphs and Wetworks: in Intro

-duotion with Application, New York, MoGraw-Hill, 1965

through relatively recent centralization of hospital services and 10

gistical support away from wards and olinios, thus creating need fo WNOR, R,J., FLAGLE, C,D,, HSIEH, R.K.C., PRESTON, R.A
oKeCoy y ReA, and

- SINGER, S,, "Effective Use of Nursing Resources -- A Research
~ R?port", Hospitals, Journal of the American Hospital Association
~Vol, 35, No., 9, May, 1961,

communication and coordination. In addition, short term decisions -ax
related to existing activities and proceduresj the problems ars tang
and accessible, their golution is not only mnecessary put apparentl

possible, Thue researchers have been enocouraged to examine the pot
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Among the U.S, institutes, which are active in this field, mention will
be made here of the two following:

1) Operations Research Division of the Johns Hopkins Hospital, Balti-
more, Maryland

OPERATION RESEARCH IN MEDICAL WORK

By Tore Dalenius, Professor, University of Stockholm, Sweden., ii) Systems Development Covporation, Santa Wonioa, California.
y o s

fnis paper is based upon a report commiesioned by R&det fér sjukhus- -addition, research relevant to the application of OR within the health
a8

d.vft s rationalisering (SJURA), Stockholm, Sweden. ervices is being carried out at several universities, including the
rifte

eachusetts Institute of Technology (M,I.T.), The University of Michi-

Ann Arbor, Michigan, and the University of California, Berkely,
fornia,

1, Operations Regearch

In the almost 30 years that nhave passed since the term operations re-

h - hereinafter referred to as OR - was introduced in 1937, OR h igh institutes which have been and are active in the field consider~
search - her

: even wider meaning, In this memorandum the term OR will b ere include the Nuffield Provincial Hospitals Trust, which deserves
bteen given an

: 4 ticular mention., Both on its own initiative and on research contract-
oot o the peviorine e : by universities this institute has successfully developed the appli-
(1) For analysis of how already existing resources can best be psed'for fon of OR in health services.
the solution of a certain task. For this type of OR the term "classic

QOperationg Research in the Health Services in Countries other than
the U,5.A, and England

OR" will be.used below.

(2) For the analysis of those resources which must be developed for the

y are many cases o© the ap=
8 ers ol f
est Q 88X or thi ki £ OR e e y oned that to-ds th

gtian of classic OR in health services in countries other than the

analysis" will be used below. . States and e,

OR was first used for the scientific analysis of military problems. HO

. S‘ ome Surveys
v y cessfully app= ‘some ourveys
ever, during the last 20 years the OR meihod has been suc .

l1ied for the solution of problems in civil 1life, including problems in

hea e 78 of verious kinds have played an importent pert when compiling
the health services.

emorandum, A number of important surveys are given below:

2 Operations research in the Health Services in the U.S.A., and Eng STCes:

land,

Both the United Statse and England have been and are gtill the leading
countries in research into the direct significance of OR in the heal

services as well as its applications.

erations researoh and systems engineering., Johns Hopkins Prese,
ore, 1960 .
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twenty executing ones, Tn a wider sense,

it is & question of a "stratif
cetion of the organization plan¥

by the planning, the administrating an
the. executing levels,

DATA BASES AND SYSTEMS WORK

 REGULATIONS
By Aksel Marchmann, Vice-Director, Copenhagen County Hospital Board,

o . Denmark A supplementary part of the or
openhagen, De .

ganization is the so-called regulations
which we can consider as "standing orders", Now, how do these come into
he picture?

THE PURPOSE OF DATA:

et us illustrate this by an example, We choose & businese which hasg

4wo departments only,

ment, On the front doo

Collection of data serves onme main objeotive, namely documentation, The namely a sales department andg a production departa
Collectio

r there is a sign saying "tailer's shop", The

Im is divided into two separate departments which are headed by the
ame: manager, Each department is run by & branch manager,
énager,

documentation has above all a message for the human being within the or=
ganization, e by e

under whom there are one or two intermediate 1inks and, finally
‘have "those who carry out the work",

Consequently, the matter of creating data and systemse work is primari;
dependent upon the knowledge of the whole structure of the organizatio
and its information system, .and on the knowledge of the methods of in-

t.u8 suppose we enter the shop (i.e,

formation, the theory of decisionmaking, and, finally, upon the placin -
» ) uit,

its sales department) and order
The shop assistant will measure you and then hand over the or-
rto the tailer's workshop .,

of the human being in the total system,

Suppose we had gone through "the actual

it would then have been necessary for ug to contact
manager himself,

oré 5 of command®
S0, by way of introduction, I suggest we get a closer visw of the org : 3
’

However, as the prooedure for this kind of busi-
nization, .

g:has for once been decided upon, the standing orders are laid down

egulations, In other words, the regulations provide that "the shop
Btant" has supervision of the tailor?

THE ORGANIZATION TO-DAY:

s workshop, Is this identical
W all familiar with the organization plans on which we by a gra the organization plan we drew up? The answer is no.
e are i

diagram draw up the:hierarchy ag a8 pyramid, with the board top-most, o rens
I ; :

then follows the management, On an equal level we have then the funé: LTE
ley:
: i ivide themselves into several lower y
nal departmente whlqh again div ‘ ‘ N
to end up with the executinglevels, In between the management may a} der tolwidge a number of activities,

be some staff assistants who act in a purely advisory capacity,.

to co-ordinate development and
ackle special applications we set up. a series of committees, The

ers 0f the committees represent assuredly a collection of the most
Depending on the structure of the activiiy, we come baok to the deps

ments divided by objective or the functional departments.

ble persons, (Very often the same persons may be on all committees),
hese oommittees fit in with the "lines of command" we drew up? No, .

CISM OF THE ORGANIZATION PLAN:
How many levels must we have between the bottom-most ones and the %o

" ly. Fo
most departmenis or vioce versa? A number of "gplden rules" apply :

ure e lo owed e draw ng up of the 01‘3‘81]]’ zeti 1
the bottom-most level the maximum is six Tepor ting dePar tments and bhe PIOCed we follow in th 1
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locuraoy and completeness with whioh they desoribe objects and processes,
untll the situation arimes in whioh some detsil makes a great deasl of
differance. For instance all of our bille are roughly alike excepi that
’the 10§ bill differs from the 1% bill in & emall detail, henve the acw
oursoy and detailed preoision we demand of & model depende upon exterior
esonsideration apart from the actusl moedel itself, That exterior consider-

| MATHEMATICAL MODELS IN MEDICINE

By Julian Bigelow, M,D,, the Institute of Advanced Study, Princeton, New

Jersey, USA, atlon 1s the signifiocance or importance of thess details in connection

yith the exterior ussge of the médel. We try and build into the models
hose features and details we belisve to be important to ite function -

{The ideae whioh I shall discuss are mathematlical models which may be of: d %0 leave out those detaila whioh for the present oentemplated use

'interest and may be of use in the medical blologlcal work., These mathemas em not to be important, In general no model ia ever ﬁerfeot, no grain

and is exactly like ancther and the only valid model of a mpeoifio
uméh'being ig the original of that human being, thus we go about our
8 personal or scientific, equipped at each moment or time with a
oase of approdimate but workable models, eaoh cut down in precision
ome arbitrary cutwoff point where it did not seem worth while for
o-go further in accuracy and detail, but with & bag full of models
‘are not very aocurate there is a fendency in ordinary life and a

ed in progressional research to try the models as explapations for si-

ions that are new in the sense that when they darrive the standard

tiocal models may need the requirements for selculated solutians using
computing maohines because other ways they may be too difficult or toqi
troublesome but this is not the main polnt that we Intend to convey. In:
faot in this regard we emphasize that somputing machines do not necessgs
rily solve problems in the field of medioine or indeed in any other fiql
~ they merely make possible such solutione if intelligent human beings
propeily proposes the problems and if they properly interpret the probeé
by which these solutions are evaluated. There lg very little quesiion iy
my mind that mathematical procedures, computational procedures, if they
can be brought into effective contact with the fundamental underlying of models don't quite £it, their incompleteness becomes strlkingly
problems in medicine mnd blology; oan and will represent important tool Loable and newer modified models beoome necessary, Seeing the diffe-
oe g0 ptrikingly by comparison of the new sltuation of the old model
- 0an often manage to oonsiruct an improved model that will closer
resent the new reguiremente. We aesert that it is upon this kind of
oese that scientific research and the piogreeeion of human knowledge
‘baged,

I would like to make a Bide-eomment: thers ie a serious question in my
mind as a matter of personal judgemaﬁ as to how many medical people ough
to get concerned with computing machines, there is a serious question o
for instance as 1f one were to take some arbltrary fraction of the peopl
who were busy now in medicine and divert their energy into computetion
whether the fleld of medicine would be further ahead in years from now

or whether it would not, uld like to take b moment to digress again in oonneotion with the

‘of ocomputing machineu: one of the importent things the computing
hine can do for you le to ineist that you addrege it by preparing an
oit statement of what you want it to do, It is both a disadvantage

@ computing machine an inherent ourse of the conputing machine and

The model ig an explicit guerum mocheme for representing some process oF
phenomena of nature 80 thet they ocan be bgtter gtudied or understood, T
think thet all well~trained scientiste and many who are not so well tx
ned use models to help thimnk about their work although very often the .
models are intuitive ox even subconscious. Each of ue by direct every~
day experience forms models of the objects, ths space, the physiocal la
of mechanios, the bahavior of fluids, eto., and even the more ocmplioat
phenomens guch gg the growth of plants and animals, Hegarding these
every~dsy unformelized models we oannot be very demanding as ito the

Yy great advaeniage and & very great power of the oomputing machine

4 the things we can eay to 1t do not oonsist of loose genexal state-
y they are highly specific, one must addrese the maohine in a

on &8 t0 tell it what to do from eaoh moment to the next in terme of
tation, and this represents a certain kind of an expliolt commitment
hypothetioal procedure which you believe will be effeotive in
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carrying out & study in the direction of application you have in mind, imensional Euclidean space, coordinates repreéenting condition descrip-

There are some interesting sort of side~examples one oan cite where rs such as neurological state, cardiocirculatory 'state and so om. We

people bhave attacked probiems whioh were not known to have solutions ex: 1 now try to define a safe region surrounded by fatal regions, and the

plicitly in mathematioal form and in a course-of sitting down and wri zoblem of understanding and improving by iteration upon our knowledge

ing instruotions for the oomputing maohine explioitly have solved this  them a patient under stress is crossing over some borderline, con-

problem in a caloulated senee, the discipline of carrying out the pro sts exactly in tsking a trial set of variables seeing whether or not

gramming has in fact taught the mathematician the answer to the problem ne can form some kind of function depending upon this trial set of

‘80 he never needed to put it on a computing machine, I stress again and ariables and collate that with actual experience in terms of survival
again this fact that the advancement of knowledge and informatien is of

this curious eort that unlees one is willing to sharpen the hypothesis:

nd‘in terms of other mediocal knowledge (so we have to establish both
ther variables correct or suitable) and secondly what function of them

of the question of the moment sufficiently sharply to be able to make epresents the best the separation of the space of survival. from the

explicit statement of what appears, then one does not know where the fu pace of non-s ival, The only way one knows how to do this is to set

zy edges of the decision are, one does not know where the model is inm: hypothetical sets of variables, set up a function which you think

completely covered, but as soon ae this is done a number of things whic Apreases these, (Some of them may be independent of the others and some

can test whether or not a model is sufficient and point to its feedback then may not: dependence may be very complicated). It is strictly by

%o come to the surface. This occure interacting with computing machines cascade of events that one of the functions fall below a certain level

it occurs interacting with mathematics, it occurs interacting with care hich then enforces a second function etcs but the heart of the question

fully deeigned experiments, in the real world, in biology and elsewhere making a model ie to set down some explicit hypothesis of this sort

but I think that the fact that the computere are forcing people in other snd see whether or not by imteraction between the physicians and some-

fields, and forcing people in medicine to consider really what it is the ody who can bring the resulta of their observations into mathematical

are doing at each moment, it is one of the valuable side products of ‘th orm we can boost up an expression which represents the survival func-

movement, It may be that the actual computations are indeed less impor= iom, It is perfectly clear that the survival function will not be &

tant then the recognition of the obligation to reduce to explicit etate onstant from one person to the other,
ments what one believes one is doing at a particular decieion point in.
: . ; . g perfectly clear also that one has to entertain probabilistic meas-~
investigating eome pieoe of research,.
8 that under a given experiment the function may have turned out to

‘ : hat in i descripti th h i t

We are now going to speak about not general modelling, not intuitive somewhat erroneous In its description so &t one has to spply to
: :: d t1i kind bability i i k
modelling (i.e, mathematical modelling in a far more abetract sense) measure and sometimes some kind of probability invariance to take
but about mathematical modelling as it appears in literature involvin
sophisticated eymbols and oomplicated equations representing prooesse
and objeots, I would like to roughly desoribe & kind of cases in which
mathematical modelling has proved to be of some help in bio-medical w
and T would like to dieouss some features about them which in my opi:

.are responsible for the contribution that has been made.

“of those things we have not got into the model, But the explicitness
he model and the fact that it stands there and either is confirmed
ejacted guite radically if we are far froh choosing the right kind
epregentation or right kind of variables, these are the keys to the
¢86 of repetition and iteration that which one oan hbpefully achieve
model of this sort which would be useful say in helping the anaesthe;

ho is monitoring various functions during an operation,

Let me first speak of a model whioh I am sure has oome up at this mee
ing, namely, the problem of evaluating the state of stability, the st
of health, the etate of reserve of a patient who is in critical condis

iepresentation we will have at any one minute or time or any one
od of time will always be somewhat inadequate, There should always

Suppose we assign the patient at any given moment a point in multi- ‘oorrective term for outside oansative features which we have not
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built into the model, Therefore, the aotual behavior in & given oiroums: arameter system with the model in question and one may be able to repre~
stance hae to be tempered with mome kind of judgement and experience in’ ent ‘such an evolution and developing a very very large number of mole=~
ite use but to the extent which we can reduoe it to a scheme of this wlar objeots by what is oalled in &pplied mathematios and other fields
sort, to the extent we oan test the scheme, we oan pick out a sample pari ‘lump representation in which you use the statistioal average of the

of the prooess which is represented in a explicit way and then we can - process going on in each stage in place of any attempt to follow the in-
work with that sample part in actual experience in the area in which re~ dividual processes involved,
search and further development, applicable along these lines should pro~_‘ .
ceed, he roele of the observations you oan make is critical and one has to

. . ; onetantly iterate and feed these back and oompere them piece by pieos’
And in fact that point ie the main theme of the message I wieh to oonvey ith the aotual biological faote and the amotual medical facts taking
namely, the mere fact that the models at a given stage are inadequate isd lace or one is sure to get off on side~tramoks from which the sense of
not a reason for net using them, in faot the model should bhe expected td ‘éality is lost, but in many cases where the variety of complexity are
explain gome fairly large; some fairly signifiocant fraction of the ocuring in biological processes ie a complexity consisting of many
phenomena in question snd the purpose of these models is to give you & arallel thinge which in some sense can be thought of as a large popula~
bagie for starting out a study and to study further differences, ) on .of events, then the etatistical prooedures, the procedures of statis
08l meohanics and the laws of mass action which are useful in physics

I would now like to ehift to a different kind of question regarding phyeical chemistry and eleewhere can come to one's aid and one can
models, It is very well knowh to anybody in mathematics who tries to .d ite with what egsentially amounts to families of ordinary differential
anything in oonnection with biology that biology ie an extremely diff{i ations in terms of the reagents present and to exemine the ordinary
cult and complicated field for mathematios, I would like to explore f

a moment the kinds of stages of evolution that the oonstruotion of mat

ferential equations not distinguishing one family of reactions indise
baoteria or inside the oell or over a population of cells which is

matioal modele can be expeoted to go through. In the firet place thera) 1g-into an evolution from another but simply talking about the average
; are various kinde of oomplexities, one kind ,of ocomplexity ie that in V or:the average reaction rate, Typiocally, studies have been done aloné
"' given eituation one has a very large population of events taking plaoé o:1ine with sucoessfull applications which I believe may be valuable.
' which can be treated relatively uniformly in eéme genge, Examples of: pen to do with thinge like the diffusion of chemioal reagents and
are examplee where you have the bioohemical changes taking place due-.
enzyme . action ineide the cell itself, I believe that it is correct t
there are single cell baoteria in which the evolutionary period from
generation to the next ig shorter than something like 20 minutes an
which it can be demonstrated that the aotual number of ohemical react

that are taking place of transforming one molecular enfity into anot]

giloal reagente introduced into humans, introduced into animals and
jroblem of repreeenting the behavior of the total animal with regard
8 experiment as being one of a partition set of reservoirs with dif-
nﬁ processes between them and the diffusion processes between the
rvoirs through membranes into the outeide environment and back. again
gg: things whioh are ocalled mass actions kind of phenomena indeed are
complex but it oumn very well be that the important question ie the
fiona of the statietical parameters involved rather than in the de~

in that period of time are of the order of 108 ~ these figures are of
course appallingly lerge, The kinds of matheratical models that we ha

to consider to carry out such processes as these and %0 examine them B g:end in many oasee the statistical parameters and the statistical

study them, eeem at first glance to be absolutely terrifying but in pe rvables oan give you what you want to know and the problem is treat~

of fact the exietence of large populations of ocomplex moleoules taking; a8 one in physical chemistry or indeed tn the statistical mechanics

gucceseive straps of ohemical reaotions may in fact be representable by 868 and fluide, There are of oourse cases where this is not true,

a very muoh simpler model in that the highly parallel nature of whatv{ n order to attack those oases where we cannot represent large popule

happening may be & parameter which one oan represent by a single 8 of evolving and dependent proocesses by averages over those
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r it is el i ibuti ' :
processes, s clear that further mathematioal contribution to the For these lots of diffioulties lie in wait for both the mathematician

and the biclogist er the medical person who is working on such topice, in

partioular the fundamental difficulty whioh ocours again and again is

field in terme of the value of oonstructive models will be dependent

upon something deeper in terms of interrelationship between the mathema

tios conoerned and the subjeot field, That deeper thing in my opinion that one does not have simple ways of making observations on the indivi-

dualé of the population which ie undergoing changes, one does not have

& way of tagging them and, therefore, one does not have a way eof examin-

will be the devising of new and different methods of making observations
and measurements, It may involve the questiens of providing new instru-

mentation and new classes of transducers,which may not new be recognized ing eequences of evente which one may oall long range order or long range

sequential dependents., The lack of the experimental ability to examine
specifio sequence without disturbing the conditions under which one is
perating is directly related to the faot that one 1s in a very weak
position in censiructing modele, The reason for this is thet in fact
‘thematics, although it is too weak a science in some sense to be as v
glpful ag one would like in biology, has also the property that it is ;;

oo much a science, namely, if one seis down the wrong set of initial

by medical people, but which have properties of being able to sort and

separate in different ways, Therefore, the second point I wish to make

is that there appear to be large sample problems which certainly can be
expressed in terms of the biologioal framework in which the explioit sp
cificity of the reactions involved need not be a key subject under in-

#estigation but can be replaced by something like a rate constant and in
which the comparison of the results ef the model would be comparison o
experiment in real life made poseible by something which is related to saumptions after what is going on in a process one can gmerate literal-
the mathematical idea of {the ceniral limit theorem of probability, whick .enormous numbers of femilies of possible consequences, There is no in-
roughly speaking says that even though the individual species involved erent way that mathematics tells you which of these consequeﬂces to se~
in a large population of events may differ in some detail, if the popul= ect as the right one %o represent the problem in mind, In general what
ation is large enough and ebservations are made en ite average many of ne hag iz something much more like & steady state, From the steady state
the detailed characteristics of the individual average eut in the pro- : £ distribution one has to try and refer back to see what the processes
cess of doing the operation as a measurement and of doing the operation; tifeh could have produced that distribution are, This is a very much
as a computation and to thie extent ene can treat the thing as if they 6re aifficult problem. .

were uniferm., In fact, if there were net phenomena as these one would
not be able te make an estimate of the number of grains of sand in a - hink that the requirements which suoh problems impose upon the use
shovelful by taking out small samples of grains of sand and make an in f mathematics and the construction of mathematical models are closely
ference of their size and distribution. In fact one can do meny things nked to the requirement that the mathematician and presumably the bio=
in the phyeiocal world of this sort in which the detailed distribution of gicist and presumably the medical man in question have to get together
the individuals oombined in such a way in the over all measurement tha and live together for a considerable period of time in order to evolve
they average out to a conetant which Tepresents the typical one, and ond wver all the olasses of phenomena to pick out in those cases where they
in fact deals with these statistices., Now, of eourse that is only the be= an dream up or invent unaw techniques and measurements which are going
ginning, the very most elementary foot in the doorway with regard to ‘eveal relevant paramevars in respeot to long range or organizational
the precessees which clearly go oﬁ in bioclogy. Clearly, -in biology ther 8 of prﬁbleme in the subjeot field, but I would like to say that,
‘are long sequences of processes in which very explioit and very highly iever frightening a task this is, however, much may sppear to be an im- i
discriminatory reactions take place, and for these it is perfectly cle: fiment in the progress ef biology and medicine to contemplate detail for o

that one is dealing with problems in which not the statistical aspect, tail sxplioit models of this sort, I personally am convineed that this
ad must sooner or later be followed in many important areas of work where

ogists and medical people niow proceed, I am convinced because the

not the mass action aspects ef ordinary procedures are occuring but in
whick ene needs to trace a leng sequence down, something like a topole
cal branching tree of events and to introduce combinatorial statemants yential thing which is confronting those who wish to consiruct models

about the outcome of an individual sequence of reactions, d'to make hypotheses which are capable of verification is related
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to the organization of the objects in biology and in medicine and that-
~ the detailed examination of thls organization is the veryrkey to unders
standing the process iteelf, '
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Furthermors, however weak mathematios is at representing highly complie *,TA PROCESSING IN THE CLINICAL LABORATORY

cated succeessive stages of organization and prooesses which go on for .
‘meny many different kinds of sequential trsnsformstions (snd as I sai y-Gunnar Jungner, M.D., Asmociate Professor, University of Gothenburg,
before it ism weak because it is oo rich bscause you can invent too _Sweden,
many things and you can invent things which are not real). However, we '
it 18, it ie the only sclenoce which reslly conoentrstes on this kind of
process iteelf, I think that; however difficult it is, it is inevitad

and if one looks at literature 10, 20, 30 years from now one will gras~

omputers have great and ilmportant tasks in the hospital laboratory.'In
bhe - firat plaoe, interest has been concentrated on the cleriesl part of.
dually see more and more cases where an inload has been made, where Ho 8 .work, as the Increasing number of analyses involves problems that
means of identifying and increasing successive stages has been devised ¥ diffieult to overcome by ordinary laboratory operstion.
whioh can experimentally be carried out, and where the model iteelf hap
; gecond phase of development can be distinguished, in whioh the comput—

s are oonnected more or less directly to the analytical procedures,

been formulated mathemstically and shown to coinclde with the actusl
phenomens involved in such a large number of places that the probabilif
i is was & natural step, sinoce the instruments became incressingly aimed
‘ utomatic registration. Although the different stages of development
’not olearly delimited, it seems as if still another stage must be

that 1t le far wrong oan be demonstrated to be quite small indeed,

‘One final remark: the role of computation in such procedures: here I

would like to return to some of my first remarks, namely, that the role ieaged, in which the. computer intervenes %o such an extent in the

of computation 1s extremely lmportant, but it is important poseibly pri ative system of the laboratory that new ways of managing it must be

marily because by oarrying out computations on & model the resesrch te ds The motive power is the effort to increase the production of

in guestion begin to learn what the implicetions on the model they po Bes, to make the work more accurate and easier and, perhaps, above

really are, On the other hand, in biology a@s in many areas such asg ¥ to reduce the oosts with respeot to both staff and money.,

area of ohemistry, the oomputations whioh nature is able to carry ow

when one sterts from a given set of conditions, ars extremely power/ soms fundamsntal viewpoints will be presented in connection with anm

gnt of some projects aiming at a high degree of automation, snd in

the analytio robot and the oomputer are essential components, To

’fhs possibilities of getting help by thelcomputer in the hospital

Ty, 1t is necessary to balance the laboratory requirements and

ntlalities of the computer, in order te achisve a system which
ble, effeotive and easlily handled,

fast, and aocurste, One can produce over and over again complex re
both organic and inorganic whioh have remarkeble sbility to pass f
many. steges to reproduce themselves very soouraiely, and in which
produots oan be desorlbed with an inoredible degree of presoision,
that the initlal oonditlons are specified, this mesns in fact tha
computing machine and its operating team is likely to lag behind {
al disocovery, imperloasl invention and imperical trestment by some-
siderable period of time, Thié doss not mean that it is not making
contribution, The contribution which 1t oan bs expeoted to maks, i

: all, let us consider the demands of the hospital laborstory,
hey are presentsd as the taske required of ths computer (Fig, 1).
supposes that a considerable part of the analytic activity is
ted,

contribution to consplideting our understanding of prior wellknown
mena which have been observed, and 1t is only the consolidation of
understanding of those phenomens that one can in faot hope to proos

the investigation of new claeses of phenomena, gures at pages 248 - 251
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d¢ is put into the garbage at B or into the archives which is the same
h;ng. The chain moves in the direction shown and the computer controls

€ analyzers %o take the sample from the chain as it passes by. I pre-
there is a possibility to lead the sample along C in case you want
‘analysis repeated or in case the result of one analysis indicates
at you have to go to another analyzer that was earlier in the line.
f course, the computer may be programmed to submit the sample %o tests
requested by -the doctor, depending upon the outcome of the prelimi-

ary tests, ) Maybe there is a switching yard as shown at A because in

LABORATORY AUTOMATION AND COMPUTERS

By J. Guigany M.D.4 Laboratory Director, Paris, France.

jAfter showing a film that demonstrated how his automated laboratory i

Paris works Dr. Guigan explained his plans regarding future reforms. Th der to expedite the analysis it would perhaps be more olever %o sort

contribution was given in French and translated by Mr. Nielen. divert the samples to different analyzers and have them work in paral-

l. (0f course we must be very careful in this new type of laboratory
glve the samples an absolute place in the chain and not a relative
I am really not too sure that I have all the details, I think Dr Guig ¢e. You see, it is very dangerous to have samples that are identified
decided to start all over again, If you look at the last 10 years you.: by their relative position in some sequence, I% is actually manda-
find .that actually the automatic analyzing machinery was developed not y that you should have your samples in an absolute place in the chain)
with a computer in mind (it could not have been), It was developed on.
the tracks of the human observer, The zutomatic analyzing equipment hlnk it would be very feasible to have the chain run at a relatively
helped the human to make an easy observation before the computer was h speed, Here again the camputer is essential., The computer would know
able to read what these analyzers show. ‘position of the chain at all times just as the computer knows the
tion of the printing chain in the printer to the nearest millisecond
Now Dr. CGuigan has made the observation that as the computer is indes perhaps the nearest microsecond,
ent and is on-line you should actually develop & completely differentb
and new laboratory with different analyzing equipment, because a digit ally the computer would give out the reports and you would have a
computer actually can do much better than detect peaks in curves. Dr.: etely automated laboratory.
Guigan proposes to develop new analyzing machines each specialized for
one particular analysis and designed compietely from scratch. They are ~¥ould always have to do something that is not routine enough to

not necessarily auto-analyzers in the present sense of the word. d into this system. If the computer decides that a certain analysis
ch is not in the chain would be done then of course you can divert

You enter the sample and the request for analysis to the left in Fig ample at B end have it go fo some special other analyses just at
Dr, Guigan 1s not concerned with the trajectory before this because ;
samples come in his laborgtory with identification and with the reqﬁ SSTON
for analysis. The regquest immediately goés into the computer. The an

zers would be on-line with the computer and not only on-line in the s am: We should like to work with you on this, we think that with
of the digital read-out devices the flame photometers now can be
ited and run maybe 150 samples per hour., I think that there are a
f. companies that are interested in developing such special purpose

meted analyzers the output of which can be put into a computer on-

that the computer reads the enalysis but also that the computer coule

direct the analyzer to do things. Now the sample is put on a chain a

NB Figure at page 254
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_pTOMATION OF HOSPITAL LABORATORY SERVICES AS PART OF A MODULAR APPROACH
"HOSPITAL AUTOMATION AND DATA PROCESSING '

—>

By William R. Kirkham, Ernest Cotlove and George Z, Williams, Department

GUIGAN

,--.@.-_\
’I \‘

“pf Clinical Pathology, Clinical Center, National Institutes of Health,

-

Bethesda, Maryland and
‘:Scott I, Allen, Office of the Director, Clinical Center, National In-
stitutes of Heal th, Bethesda, Maryland, USA,

Two techniques, automation of health services and automated data proces-

sing have great potemtial for assisting in patient care and extending to

.@.----- S
1]
t
[)

greater numbers ofpeople the skilis of modern medicine, Most computer

—

installations in hospitals have been oriented toward administrative or

usiness functions, a few have been oriented to information communica~

o > e e P 4 et o ot o e e

on and patient care functions, The orientation of a computer system in
hospital is to a great extent governed by the interests and hospital
ickground of the persons responsible for the déVelopment of the system.
‘few hospital automation programs with orientation toward patient care

e been developed by hospital laboratory staffs seeking to apply new

- ——— 1 o e i i o i S i P VY Ol D ) o o S P WD g

o

. echniques to their problems., We will briefly review the several approache

\5
~---_.@__..-_..
[
1
]

to laboratory automation and data processing in the United States;

TN

D
Al

hospital laboratory automation program at the Clinical Center, NIH,

—>

emphasize the factors to be considered in a hospital automation pro-

+ The hospital sutomation systems reviewed are considered only in

.
I

pect to the interaction of the system with the clinical laboratory

ationa, There are other important aspects of hospital operations in

INPUT
SAMPLE+
REQUEST

‘of these systems which are not pertinent to this review.

ral groups have attempted to plan-and. implement complex realtime
ital systems with input/output terminals on all nursing stations,
Figure 1 1y utilizing one computer for all processing and oommunication., A
community or regional computer centers which will serve multiple

itals are at various stages of development in the United States, At

Pigure and references at page 266
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Services, a paper presented at International Conference on Auto- for

mation in Hospitals, Bisinore, Denmark, April 23,- 1966, :

1. processing hospital laboratory data,

2. the analyses which are possible from these data and their

NURSING unar implications for laboratory quality control and physiological

il research, and

Request cerd

{mark-sanse)

\
LARCRATORY ANea /\\ . \

3. the uses of such data in education.

-

MISSOURIL LABORATORY DATA SYSTEM

The results of clinicai laboratory determinations in this institution

1 e )
— = Report review are iransmitted to an IBM 1410 digital computer within the hospital via
= ‘ 1692/93 densely coded matrix keyboard transmitting units located in the

The

o e
-

Jaboratories, The system has been presented in detail elsewhere;l

rk lists

]
\
1
1
]
1
1
Code corriers :
]
[}
!
!
!
!
!
]

mputer system evaluates and contributes to the results and then routes

the reports through a transmission system to the remote printer which is

(L—__“ Ooiime vl EI
Result cords e enelyres T /
S 1

X )VJ //’

@ (urd reoder K /
74 R /
l Cord punch \/ S f

Printer \

\ Computer

arest the patient' s ward or outpafient clinic.

Waork
DA'A PROCESSING

The results of determinations in the bacteriology, hematology, and che-
nistry laboratories are emtered on the matrix keyboards by depressing

¢ne or more of the 260 buttons provided. The meaning of each button is

»/'V’J Vs
d ————
§¥B Supported in part by U.5.P.H.S. grants AI-03679, HM-00374, and

CD-00234.,

Summary at page 271
RefeTences at pages 272 - 273
hﬁbles at pages 273 -~ 275
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indicated by a printed English langnage deszcription appearing next to th ut of ten cases, therefore, the computer system merely served as an ex- .

button. The descriptions are drawn on a sheet of opague plastic which eption reporting device to alert the laboratory physicilans to unusual
overlies the keyboard. The meaning of each of the 260 buttons can be iroumstances, ’
redefined according to which plastic overlay rests on the keybcard; th

latter device senses with microswitches the notch coding on each overl: ORATORY QUALITY CONTROL

At the computer site, the information received from the laboratory ap- he advent of multi-channel analytical devices in clinical chemistry

pears in puriched cards and is processed by the computer., Here a complex at accentuated our need for better guality control techniques., These
evaluation of the data takes place, The eveluation includes a considext re poszible only with computer systems. A simple beginning of such con-
tion of such factors as age, race, and sex of patients; previous pati rols was provided by studies with Van Peenen and Couch.B’4 Here it wés

diagnoses; relation of new test results to earlier ones; expected nor ted that the combinations of high, low, and usual values of the serum

mal range of values; relation to the freguency distribution of result egtrolytes did not all occur with equal freguency. The statistically

at this medical center; biological properties of bacteria and antibio- 8 or non~occurring patterns of these values as well as the analogous

5,6

tics; and the pattern of multi-tests results, Valid results are trans aie pattern of blood urea nitrogen/serum creatinine and a variety

mitted directly and without human review to the hospital ward station. f liver function tests7 are included in our computer programs as "for-
Individual reports are rejected by the system and are sent, along. wi bidden patterns,™ Their occurrence causes a rebort of multi-channel ana-
explanation, back to the laboratory. Here the director reads the expla ysis to be rejected and/or the determination to be repeated, We are
nation and the report, informs himself of the unusual character of the ware that a theoretical basis for rejecting these patterns is still lack
report, takes whatever action is necessary to validate the report or % . but rejoice that we at least have a mechanism to prevent erroneous
proceed further with the laboratory investigation of the patient's pr eports from being rendered. The more subtle association of patterns of
lem, and then responds to the computer system by either releasing orf ‘éults and their physiological meanings is being investigated.

cancelling the report in guestion., All records are stored for one day

on random access storage and are then scoried and merged on magnetic yther area with implications for quality control and medical' administra-

with records of previous laboratory determinations. is the analysis of bacteriological data., Tables I, II, gnd IIT pre-
t part of an analysis of the computer processed reports of the bac-
Through this system, the quality of the information reaching the clin iology laboratory.

cian is improved and transmission of the information is more rapid. e

with manual systems. For example, in a three month period 389 inval es IT gives the relative frequency of certain common pathogens as

patiént unit numbers or invalid specimen accession numbers were det“ appear in our laboratory reports. As might be expected the staphy-

in the bacteriology system befcre feports were issued, through the: cci, E. coli, A, aerogenes, Pseudomonas species, and the Proteus

of the Modulus Eleven self-checking number systemz. Six hundred an ies constitute the commonest laboratory findings.

twenty-five invalid patient numbers were detected in hematology. On
other hand, most reporits which we cause to be rejected by tae comp thousand and eighty-four (69%) of specimens for routime culture
system as dangerous or suspicious are not, in fact, erroneous. Dur led no growth. An even greater percentage of specimens for acid
the same three month period, 123 reports from the bacterioclogy lab A ulture yielded no growth: 97% of the 1,865 specimens indicated in
were rejected as dangerous on strictly medical grounds, and 1278 I. It would be desirable to have comparable figures from other in-
hematology. All these rejected reports were investigated by the ap ions with which to compare these yields, We can now ‘analyze our
ate iaboratory directors and 109 of the 123 in bacteriology and : ’ahoratOry usage as'it changes in time but cannot compare with

the 1278 in hematology were approved and released for reporting. Amidst the frequent accusations of abuse of the laboratories by
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unnecessary requests, ohe seeks in vain for a statement of the aoceptab oted,above.s In addition the study will establish permigsible ranges

number of specimens one should be expected to culture without growth in or these non-numerical reports and create an automatic eurveillance

order to detect viable tubercle bacilli in one subsequent apecimen, It: over the quality of our two laboratories,

has seemed to us that in our general medical institution, where known
tuberculous patients must be refused admission, we do not consider it an DUCATiON

abuse of the laboratories to have processed 97% of acid fast cultures

without growth. The overall yield also seems . acceptable but should be he computer system has for some time now been extremely useful as a

compared with other institutions, gans of giving individual students and investigators aocess to the pa-

ent care data which is stored on random access disks and magnetic
Table III presents date which may serve as a guide to medical studente apes.9’10 During the last fiscal year 125 category-oriented inquiries

and medical technology students in achieving an initial general orients: the laboratory files were processed; these excluded those inquiries

tion %o cultural specimens and expected results. E,coli remains primari- bich sought information concerning specific patients, Two hundred and

ly a urinary pathogen, with occasional excursions into the respiratory wenty-five inquiries from staff and students were made into the compu~

11,12

tract. Pseudomonas sp, are about equally divided amongst urine, sputum,’ r-based hospital diagnosis files, In all cases it has been appa-

and wounds, We had had a subjective sense that Pseudomonas sp, were nt that the meaning of a single category of information about the
associated with burns in a higher percentage of cases than our data sugs atients in the computer file, for instance the serum potassium, is

gests. Clostridium perfringens is truly "where one finds i%; " the use nevitably much more valuable and meaningful for education when the

of anaerobic culture technique has a more profound influence on the pate stem makes it possible to combine this with other categories, for in-

tern of recovery than the types of specimens, A statistical table ceannot ance, electrocardiograph findings or blood pressure or clinical diag-
of course, communicate the importance and the drama which the few isol iz, Questions rarely involved more than three categoriesof data at
tions of this pathogen from wounds actually represented, Howe¥er, the
unit numbers of the patients associated with such isolations can aléo
easily recovered by the coﬁputer system and the clinical eituation'ﬂ; btless, purely instructional goals could also be served by such a
rounding these laboratory problems can be recreated by reviewing thei tal computer system. We have only begun to introduce didactio ‘infor-
charts. ‘ n _into the system and hence cannot report on this‘aspect of the

em, At present it would appear ideal to blend inetructional tech-

Looking specifically at the patients whose specimens yielded Myocobaoteri s into the patient care or service-oriented hospital computer

um tuberculogis, one finds that 16 patients yielded 52 isolates, Th ms,13

tuberculous patients also were the source of 48 speoimens which wer
tures gpecifically for acid faet bacteria without growthj the numbe

specimens in this oategory varied between patiente from zero to eié

In addition, during the same admiasiona the 16 tuberculous patients'r tem for acquiring, evaluating, and processing hospital laboratory

quired 102 other microbiological oultures (for ordinary bacteria or: ‘has refined the data and speeded their transmiseion o the clinical
fungi), The number of these cultures varied between the patients from icians, Because the data are now machine processible, the laboratory

zero to 19, or can utilize new techniques to achieve quality control, Likewise

. tudent can tombine these data with diagnoses and other computer
Becagse the actual colleotion of such data has been auntomated, it-ha d information in order to help himself learn the patierns of diseas-

been poseible to establish a prospective exchange of data with anoth

uﬁiﬂﬁuﬂty?hospital for the purpese of answering same of the question
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TABLE T

TYPES OF IN-PATIENT CULTURES

January 6, 1963 through June 6, 1964

Type of Determination Number of Specimens

Routine culture for bacteria 10,194
Culture for fungi 811
Culture for acid fast bacteria 1,865
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) TABLE I1
AEREERAEREBREE
RELATIVE FREQUENCY OPF BACTERIAL ISOLATES FROM HOSPITALIZED PATIENTS amue pmoth| V| & TIRITR )
Number of ] BUTIBA I I S r
5 Isolates Per Cent'  Patient ) N R T A B
taphylococcus aureus 686 9,6 = oy 1
S. epidermidis 430 6.0 sutxp) * SISISISS %
giplococcus pneumoniae 212 2.'9 ) : " L’i = ﬁ 3 —
Streptococcus pyogenes (beta hemolyii M
c) 12 “
Streptococcus fecalis vite) 23? %‘g SIUISIL S L;:
ot i ¢
her streptococci 205 2,8 R olale{vla] T o | o
- wnands| o o o 1
Hemophilus influenzae 24 0.3 S0 N AN N
H, a i ¢
._aegypticus 3 0.0 0B} STUTS g. :\‘} c;’. 3\
Neisseria pharyngis group ol m™ 73 ) )
W. meningitidis 2}7 8‘8 US| S| 3
R UV RN Sl L B -
L — g [aN} NN o <}
Escherichia. coldl 883 12,3 prory reamerd StStSie| &g i.—?
E. intermedis e 2., . /TBau0tTIDd = ISl
E, freundii 2 2 = T
Aerobact 40 0.5 = SHERERRIEE .
. cter aerogenes 368 5.1 o xukreqdosey 2 IR VS P e uj =
Pseudomonas species 5 = S et SR
z . ° A . =
: Proteus mirabilis g;i g'g & ‘uses OTIFEED o o | 2
P, vulgaris 67 059 g = b 1»»5\1 - ERk
;“ 11 M S <
: P, morgagnii 8 0.1 é soooi| & 3 . .?
i Paracolon bacilli 1 = 3 sT=1% T :
2 = - - -
Alcaligenes faecalis 3j|_ é‘g "o”rw rEuTdsemasen) o A T W e E
| . 3l e el S N N N ®
Salmonella species 7 0.0 A ) Njojo]o | ®]| O -
v ) . * = *YsSeM TRTYOUOIL = »";SWP L\i i (‘\im R
Clostridium perfringens 13 0.1 18 ) 2 Lo L2 2 3
Bacteroides S i ‘ © e T T i = &
species ° 0.0 © N Si w @
Mimeae tribe 3 0.0 S oIxEm SUoE o é 5
: Serratia species 5 O-O OClunlnlolalo s &
: Bgcﬂlus §ubtilis 5 0.0 E pootg|l A S|d A3 A g B
- Diphtheroids 244 3,4 © - g &
Unidentified bacteria 2 020 g gseosay| S| S| SIS S5 & 4
No growth - routine culfi : i S Ral ol = K= Rl K kit
| ure 7084 69,4 - 7 N 2 %
. ol o 5] ol e
Myobaoterium tuberculesis hominis 52 0 2l 5 I S slBl 8 9
Atypicel acid fast bacilli 1 O'g 41 @ o glol® S5 =
| 0 il slal2ld| 48] ° 3
Candida albicans 241 @l o N PR 81 @ -
. o @ -
Saccharomyces species 49 g'i 5! 3 al |8 é‘ “ E ° B :
Aspergillus species 7 O:O sl e 21818181913 g 2 8
Histopl ol o ISR =T = A T =
plasma capsulatum 4 0,0 .9( 8 B go g ©w ?« "3 ?4 § % o
+ R + — o <} ja} ~ o3
T}vle.number of specimens from whioh the named organism was Tecovere 'E« 5181 @ S g I E e §' - '3
divided by the total number of specimens which yielded growth. 3 ﬁ ol s 1 g 3 g» X (rn! g g
*The number of uni tients f o Diu W B m s s £ ¢
: [ que patients from whom th i -
covered m the named organism was Tre ololwlolw|lalwlala L I
¢ seqeTosT JotoN| @ | & | @ |0 j ] =} " .
* \O hael QO N3 N A0}
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monitoring, which is the subjeot of this report.

CURRENT STATUS OF ON-LINE AUTOMATION

omated measurement and collection of biological data in a clinioal :
Antomated analog devices are 2
he nse of indirect anacul ta~ ‘

tirely satisfactoxry for

BXPERIENCE WITH THE USE OF A DIGITAL COMPUTER FOR THE STUDY AND IMPROVE
.MANAGEMENT OF THE CRITICALLY ILL, AND ESPECTATLY PATIENTS WITH E
CIRCULATORY SHOCK » ‘

Aunt
satting is feasible in a number of areas.
available for measuring plood preasure by ¥
These devices are not en
indirectly obtained blood preasure
dly reduced blood flow, Analog

tory techniques (6-13Y,
patients in shock however since the

loges accuracy under conditions of marke
o determine cardiac output by integration

‘By Max, H, Weil, M.D., Ph, D,, Associate Professor, University of

Southern California, Los Angeles, USA.

computers have been developed t
r the indicator dilution curve (14-19). Esti-

of the correoted area unde
iroke

Detailed analysis of the physiological data by manual methods is inefw=

mates of cardiac output have also been obtained by calculation of s
nts of the arterial pressure wave (20-21), and by the
to arterio-venous

s has been

ficient, both for clinical research and for practical use at the bedsid
volume from compone

- automated technigue of relating oxygen consumption
oxygen differences (22). Flow through large -blood veesel
v computerized impedance technigques in patients during surgery
baged on pressure oI impedance changes du~
and more recently both analog and

A combination of automated sensors, with analysis of their output by an
on-line digital computer, offers a means of achieving a comprehensive in

ventory of patient condition for immediate use by the physician and the
measured b

~(23), Respiratory ratemeters
chest movemenis are widely used,

’clinical investigator, An important development, in which our grouw
shares responsibility, ie the use of the output of an appropriate iombi
ring
digital techniques have been applied to th

(24)+ Automatic measurement of rectal

natio :
n of automated devices to develop an integrated picture of a
e acquisition and analysis-of

patient!s pathophysiological condition on a time-related basis. For
e of thermistors ig common during
Analog devices

historical justification we would record that our efforts were preceded
and esophageal temperatures by the us

ardiovascular surgerye
d an important role in

by the w i . .
e work of Wilbur and Derrick ( ) in the development of
esthesiay particularly during c

transducer sysbem and digibal computer used off-line for simultaneous h e assume
t rate av

for measuring and reporting hear
the monitoring of patients in cr
lsleotrocardiograms has provided a new measure O
cardiographic diagnosis (25—30), while wireless telemeiry has bee
ially useful for continuons electrocardiographio monitoring (31). Analog
devices have been used for chemical determinations guch as blood sugaT,

actate, DH, PCO,, P02 and, independently,
‘oreasingly important role for efficient processing of data generated in
:clinioal laboratories. The contribution that antomation mekes when &ap-
plied to each of these technique greatly bolsters the present as well as

!the potential usefuluess of the resnlting measurementse
automatic devices is used to obtain an jnventory of the

the acquisition, computation
died by a system which in~

meagsurement ; . ‘,
nt of blood pressure, pulse, respiration and temperature during

itioal~care areass Automated analysis of
f objectivity in electro-

n espe-

anesthesia,

However, techniques by which multiple signals are‘handled concurrenily
employing time-sharing methods were previously developed and shown to b
've eff i i

‘ ry .ectlve in space research, handling of airline reservations and‘

industrial process and control operations (2-5). Similar techniques, in computers Mo e e e

modified form, were adapted for the clinical project of om-line clinica

NB
Supported by the John A, Hartford Foundation, Inc,, New York and
When a combina-

Bublic Health Service Research Grants HE-05570 and HE~07811 from th
: tion of such

patient's condition,
the resultant information is expedetionsly han
a digitel computer as the central proces

National Heart Institute.
and presentation of

References at pages 284 - 287

Figuree at pages 288 - 289
S0T e

¢ludes
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6 \
apparatus up to 250 KV and OCo and equivalent high energy X-ray

machines,

COMPUTER~ASSISTED RADIATION TREATMENT PLANNING For reasons discussed below, we further restrict ourselves to the

latter category.
By J. van de Geijn, M.D., H. Joannes de Deo Hospital, The Hague, Nether=

lands, The whole activity of radiation treatment planning by means of cal-~

culations has sense only in so far as the calculated patterns and

levels are of an acceptable accuracy. The interaction between con-

1. This conference i; devoted to the investigation of the role of thi ventional X-raye and body materials is dominated by the photo-elec~-

computer in clinical medieine, 1t is the purpose of this paper %o tric effect. This effect is trongly dependent on atomic number

give some information about what 1s being done in this respect in @,Z4) and photon energy (°l3)o Consequently there is a strong dif-

special field of medicine, radiotherapy, where there is a strong- ference in energy absorpti%n per unit weight between bone and soft

interplay between mediQine and physicse tissue, Soft tissue hehaves to a good approximation as water, as
far as tﬁe distribution of absorbed energy is concerned,
Before examining the role of the computer in this particular fiel .

it may be useful to try and give, briefly, an idea of the general It appeara to be impossible, at present, to get sufficiently detail-

problems as far as they are of interest for the purposes of this: ‘ed information about the geometrical and physical properties of

lecture. bone struoctures in individual patients., Therefore sufficiently ge-

neral and accurate calculations for conventional X-ray treatments

The purpose of radiation treatment is to cause, by means of inter are not possible and there does not seem to be any sense in trying

sction between lonizing radiation and living tissue, certain b o oomputerize calculation methods for this range of energy.

logical effeots: destruotion of malignant growths without undue

L6
damage to surrounding normal tissues, For oCo gamma radiation and equivalent Xarays the situation is

mach more favourable, For this range of energy, the dominant inter-
From this definition it will be clear ai once that gaood knowledge ‘action mechanism is Compton scattering. This is the interaction of

of the distribution of the absorbed energy is of vital importan @ photon and a free electron. In the present case, all electrons
It is the purpose of radiation treatment planning to try and fin can be oonsidered free and therefore the probability of this effect

for every individual patient, the best irradiation procedure with depends mainly on the electron demsity, whioh depends very little

the technical means available. on the sort of material, This gives the very important advantage

that the whole human body, except the lungs and air oavities oan be

In the present paper, we shall limit our aftention to external: ireated as water equivalent. Therefore, caloulation methods derived

radiation techniques (teletherapy). from experimental investigations in water models (phantome) are, in
principle, meaningful for most of the human body.
The equipment commonly used in most small and medium sized radi : '

therapy departments consists of conventional (orthovoltage) rén

ONVENTIONAL METHODS OF CALCULATION AND TRRADIATION

e traditional basis for the caloulation of dose distributions in
eral is the well known isodose chart (Fig. 1). This is a

NB  Literature and legends at page 300
Figures at pages 301 - 304
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. BRI APPROACHES TO A HYBRID WORLD
R -
z . iJoaiah Macy Jr; Professor, Albert Einstein Collegs of Medioine,
"é Yeshiva University, New York, N,Y., USA.
>- - -« - ~” - )
3 * M
; “ w w " w w - - -
. » ©w -] o " i - ..
% - ° : .- : o ,o® o “PROPERTIES OF HYBRID DATA
[ pey ~ w
: - w * ~ w'm/ C~ ~ o w A~ :
. w ° / o o o UN 3 * b4 :
& . R ® ~ 9 . Hybrid" data combine continuous analog variables with simple numerical
o
2 ( - . - ‘doded measurements, In mathematical terms, this is a combination of
v - .
~ -~ @ - - . ontinua and finite sets. As a olass, hybrid data includes continuous
~ w ~ o -
H aow . 4 - otions of time or some other variable combined with discrete numbers,
- w O~ Do ® ™ ~
I A < -~ . “© - 7 it oan combine functions of time and other variables with discrete
N s " - S e . - ” 'bera. The only data excluded from this olass are those which can be
I = R - ° o - resged directly as a small set of numbers oXr codes, and although they
w L] z
" ° - o~ hd " srige the major part of medical records, such data can be processed
w0 ~ ~ o
- w 7 o o " erEmen - onventional digital techniques,
. “w - e w\ "«
~ £
° ° ' @ - ne clearly distinguishing feature of hybrid data is the presence
° ~ / e ® o o \ continuous variables on which complex transformations must be perform-
“ 2 : . /Q - = ‘his medical data such as EEG, EKG, and X-ray films should be clas=
o geemeso ) nl ° - fed as hybrid because the raw data consist of continuous variables
. / )
.{, 7 e - :/“’ " - dch information must be derived by performing some complex trans-
~ - .
Q,ﬁ-—w—o—""’,. - © ion on the raw variables,
-~
ow'“’ ~ o "
) ~ - - : : " o e ® LY - " v e . .
s o 9 9 ° - « dical and biological data, such as pulse-rate, heart~rate, blood
" w " Ll w " " w L 4 -
; . - .7 ~" o5 and body temperature,-are effectively excluded from the hybrid
x o . e ® e Tthough they are basically continuous variables, because the para—
- .
. . - ‘of intereat are measurements taken at speoific time intervals and
o .
a e " - " - jan be readily expressed as disorete numbers,
o L]
x e -
3 -
....._..................................................._..v...._...__:-_:-_:._:_:._:._:._1._.‘._!.., RTD COMPUTING REQUIREMENTS
SEETRTITRTSTRTETETE T R A s e 2N S R AR EAR I -
tlems of computing with hybrid data have involved the necessity
Figure 3 b

ferences ‘at page 322. Figures at pages 322 - 326,




Me| 1q6u/(dog '3'N Aq pejosjoid aq Aew pue Aued pay e Ag suipipep {0 Alelqr [BUCREN 8U) 10 U0Ro8||00 ay) woly paidod sem abed sit) uo lrusiew sy

306 307

to sample and quantize them for processing in conventional digital com=- tion after interim caleculation, turning a knob or setting a dial is

puters, Until recently, the appropriate equipment and information about ¢ most familiar and natural way to do so, Although some of the computa~

dependable techniques was not generally available and the so-called "An ton is most effioiently performed by digital methods, the analog type

log-Digital Conversion" process was, in itself, a source of many diffis of display and control is more "intuitive", and can be done in a straighte

culties, Second, the results of such conversions are usually an all but ofward manner because the required accuracy is low, Displays on a

unmanageable flood of numbers produced in an effort to approximate numeris tendard oscilloscope are, in many cases, sufficiently accurate,

cally the continucus data, For example, the numerical iterations needed
to appreoximate continuous transformations in processing converted EEG he hybrid deta, in all the cases mentioned, can be processed by selving

and EKG data have been cumbersome and tj_me-consu_mj_ng even in very ]_a.rge he - technical problems of adapting established standards and metheods to

digitel computers, Third, results of such oalculations depend, often camputer context. There is ancther area of ¢linical and diagnostic in-

heavily and sometimes insidicusly, on the criginal choice of sampling erest for which standardization, gquantification, end processing tech—

rate and conversien accuracy. Although these facts suggest the use of. uee have yet to be defined, Interpretation of the raw data has been

conventional ananlog computer for this claes of data, such computers human art, performed by & trained human observer in & manner that re-

turn out to be inadequate for processes which require the use of memoryy % accurate definition or duplication by machine, Recent attempts to

coded information, complex logical decisions or non~linear operationsy: tendardize the measurements and transformaticns of EEG and EKG records

as hybrid data frequently require, ' computer processing seem promising. Other attempte to apply pattern

ognition techniques to X~-ray plates and histological slides may result

Several properties of hybrid data help to establish the most effect & method for processing "pictorial" material, Phoncoardiograms have

computing teohniques, The accuracy of the data is well within the ia@ n picked up by microphone and recorded on analog tape in an effort to

of simple analog methods, usually between 5% and 0,5%, An aocuracy- ntify some of the information usually given verbally in medical re~

of 0,1% is achieved rarely and exceeded even more rarely, Such accura ¢ It is not possible to compute with descriptive data such as the

are low enough to permit a wide range of analog and digital method jective impressions of the examining physician. These impressions are

range of natural bandwidths, from 100 cps to 10,000 -cps, with very reeged in & more~or~less conventionalized form, but the measurement

casional incidences up fo 20,000 cps, is also well within conveniernt ot been standardized and no procedure to relate the measurement to

limits for analog computation and for conventional conversion equipn gnosie or treatment has been defined,

The output format for hybrid date is another consideration in select 1-the theoretical problem of establishing what procedures to use has

appropriate computer techniques, Although a permanent recard in numer golved, it is naive to expect in any kind of computer gystem to pro-

form is often wanted, this is seldom useful as interim feedback in: useful information from the data. The technological problems pre-~

oontrol situation. Interim results sent as information to the labo: 1y discueesed can be solved by appropriate design and programming of

or operating room are most appropriate and most familiar if graphi rid computer, but there is nothing in & hybrid system that will con-

plots or other analog displéys showing resnlis as a oontinuous funoch te for a lack of sound theoretical and conceptual understanding of

of time, Thie is particularly true when the control process requires rangformations to be performed, The nature of medical and biclogical

human response and action ae a result of the computationy in such oa make the hybrid system, with its special resources and flexibility,

the responee and action are facilitated by output which permits fa an appropriate tool for attacking the theoretical problem through
comprehension, For most medically and biologically trained people, i give clinical and bioclogical research.
mation presented in analog form ie grasped more quieckly than the.pri
of accurate numbers which will serve ap the eventual record of the

putation, Aleo, if human Intervention is needed to control or select
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III. HYBRID COMPUTATION stendard analog and digital oomputers joined by interface equipment to

form & general-purpose wnit of coneiderable size and capacity. Because

The hybrid methods to be discussed here consist of a mixture of digital £ the limited aocuracy and bandwidth of medical data, modern hybrid

analog and non~standard techniques, assembled %o provide maximum flexi= ethods usually have the capacity to process the flow of data in real
bility and to capitalize on recent advances in commercial components ‘time, by making the necessary calculations at a rate which is fast com-
ared to the data rate. This not only allowe various closed-loop uses of

uwch computers, but means that much smaller reguirements are imposed on
ded if the full set of analog-digital cons

Analog-to-digital conversion and digital to-analog oonversion is- inol

where needed, as well as special formats, coding smchemes and pregrams
isital memory than would be nee

techniques, No specific size of system is implied: small systems sery
ersions were first stored for. computation.

a single laboratory, large versatile gysteme serving many leboratorie:

and medium systeme serving as specialized parts of a large digital -0
puter oan utilize the proposed techniques, which impose few limits @ overal features of modern computers are especially important in. the
the extent of the system and provide flexibility and simplicity for evelopment of hybrid equipment, Recent increases in computing speed and
user, amplifier pandwidth of analog computers has been important, as has the
ewvelopment of fast, golid~-state control circuits. These new control cir-

The range oovered by these techniques varies from the very effioient ite avoid the timing problems. and response delays associated with relay
ntrols, provide an order of magnitude inorease in computing speed, and
e.ugually easy to work with in providing digital logic oontrol of

og elements. In addition, they make possible analog memory and the
This versatile control system

expengive, speoial purpose equipment fully and permanently oommitted
& special function to the completely programmable system which is-%
efficient for any single job but more broadly versatile.
‘ation of fagt analog transmisslon gates.

,h its wide range of solution speeds includes among its advantages

Flexibility costs very little in additional hardware but it increas
ed conversion techniques, and analog

he use of iterative sclutions, forc

programming complexity, for every function or parameter not wired iy
cult problems as multiple integration,

ime sharing. Such previously aiffi
artial differential equations, and s

be solved by analog methods.

be gselected or de-selected by every program written.
plit boundary value problems can

In general, hybrid computing implies the use of the methods and eq

mentioned to operate jointly on each specifio problem, The efficient )
of the system usually includes having each part perform the computati n.enalog computer with these control circuits can easily be controlled
8 small digital computer, or by special logic working on sigrals from

it performs most naturally. This normelly means that continuous ope
s it becomes & versatile high-speed

ological sources. By such method
trol computer for biological purposes.
fous calculations in real time on changing pbiological variables,

the results baok to the laboratory or to the digital portion of the

tions such as integration, differentiation, oontinuous functions of
It can be used to perform

tinuous variables, and frequently multiplication and non~linear ope:
tions, are performed by the analog part of the equipment; sorting, send-
decision sequences, accounting procedures, and memory are provided by

digital portion, Control is generally a function of the digitel oom uipment for monitoring.

although control operations may be oontingent on events which taks
: veral recent small digital computers have been produced with the

in the analog portion,
In general, the most important

aoteristios needed for hybrid work.

ege is speed, Speeds of 4 or'5 usec for a o
dding two words, OT extraoting some part of a word, with memory cycle
is & desirable level of gpeed. For data manipula~

IV, COMPONENTS FOR HYBRID SYSTEMS omplete operation, suoh

es of 2 useo or less,

Hybrid systems range in gize from-a few items of raok-mounted eéui
‘ n, sarting addition, and logical deoision programs,

asverage execution

with some partioular permanent assigned funotion to & oombinatio
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. times for the working part of the program should be five microseconds or » THE INTERFACE

less per instruction., Slower computing speeds than this make it ineress~

ingly difficult to handle the higher data rates in real time; faster The collection of components which connects the enalog and digital com-

speeds than this would be a distinct advantage, The more complex operam- uters to each other and to the real world, and which controls the flow

tions, such as multiplication or division, can be considerably slower, f datae and the conversions, is generally called the interface, This in-

since in most cases in which time is critical these operations are not erface equipment is the basis of successful hybrid operation, and will

performed digitally, be discussed at greater length,

For almost all hybrid work, a short digital word is satisfactory, For me of the most necessary and important parts of an interface is the con-

maximum speed and convenience, a binary machine with & twelve-bit word, . . srsion equipment, analog-to~digital (A/D) and digital~to~analog (D/A)o

and the binary character of the machine makes it easy to manipulate the uch converters are available from several menufacturers in a wide range

individual bits directly, This manipulation is often essential to fast f speeds and accuracies, Conversion accuracies of 6, 8, or 10 bits are

hybrid control operations, The occasional cases in which double-preclsion Ye most usual choices; converter speeds of up to 100 KC are useful, The

is needed in machines with a short word do not usually cost much in.time elationghips between conversion rate, bandwidth, frequency.speotrum,

or programming complexity, liasing error, and other variables, have been discussed in the litera-

ture, (1,2), Sample~and-hold devices and multiplexers will also form a

A very necessary feature of a digitel machine for hybrid work is fast, art of the interface in most cases; they can be selected to suit the

versatile, multiple input/output. It should be possible to carry on se- articular range of applicetions, and can allow oonsiderable flexibility

veral input and output operations simultaneously, while continuing come I number of channels and speed of sampling available, In general, it is

putation., Conventions for selecting and addressing other devices should ost convenient if the multiplexer is "addressable”, that is, if it can

be as simple and flexible as possible, Fortunately, many of the new smal e caused to change to a specific channel under digital command, In ad-

computers have been designed with the process control market in mind, lon to this, an independent device is of ten provided whioh is actuate

and input/output operations are gemerally fast and flexible, The inter: a by digital command, and which moves the multiplexer to successive

face will undoubtedly contain elements and functions not produced as hannels sequentially after each conversion, This relieves the digital

standard with the digital mechine, The design of the machine will dete ic of the need for specifying each move of the multiplexer in cases

mine how difficult and expensive it is to produce and connect such de re each channel should be sampled in turn at the esame rate, The ade

vices to the digital computer, ssable feature is particularly useful when unequal sampling rates are

ired, or when an event on one chennel is detected, and causes the

For larger and more versatile hybrid combinations, the requirements ing of some other channel, For simultaneous conversion of several

stated above are still valid; it ie useful in eome cases to use s machi els, it is usual to provide each-channel of the multiplexer with its

with a 24~bit word, but the need for speed and versatile input/outputl ample-and-hold, so that the samples are actually gathered at the
still present, In addition, in most cases of Hybrid operation, a larg ime for all channels, even though the conversions are sequential,
fraction of the programming is done in machine language, at least in : also convenient to provide an accurate master clock or source of
ly; the machine language of the chosen maochine should be versatile, e ng pulses within the interface, and to have the multiplexer and con~

to use, and should lend itself to the easy determination of loop time r timed from this clock, This makes the interface operation inwe
and pregram segment times, These times are critical in many hybrid‘p;nw dent of the timing of the digital portions of the program, and
grams, and must often be determined to a higher degree of accursoy i ws accurate control of conversion timing,

any "average execution time" caloulation can provide,
emainder of the interface oonsists of the logic components needed to
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STMULATION OF THE CIRCULATORY SYSTEM BY HYBRID MEANS

D.,H, Bekkering, M,D¢, Direotor, Medisch-Fysisch Institut, Utrecht,
Holland.

et me introduce myself as the head of a laboratory with a total staff
f 14 qualified scientiets, 11 having degrees in physics or engineering
1d 3 medioal doctors,

s laboratory has no program of its own, but was set up to dsal with
blems from others, that iz to say from medical institutes, hospitals,

Figure 8
Vhese problems may rénge from telemetering electroencephalograms %o
oting foetal heart beate with signal to noise ratios as bad as one
hree hundred and problems such as the development of eléctromyographi+
y: ocontrolled hand prostheses.

nTt go through the whole field again after the excellent -epeeches of
oy now and lest Thursday at the conferenos, but I will start with
gonsral remarks, then I will give you an idea of the work going on
ur-laboratory with what ie becoming a hybrid computer, and then I

Kere will be some further discussion about the place and possibili~
‘of hybrid computere in the medical field,

of all, let us be clear about hybrid computation and hybrid com-
5, It is possible to do hybrid computation without using a hybrid
er, Prof, Howe from Applied Dynamics onoe defined hybrid computa~
§ the simultaneous use of analog and digital computing elements,

you have aooess to a digital ocomputer and to an analog computer,

ay ~ by infsrconnsoting these two machines - do hybrid computations,.
: you have aocess to a large enough digital computer - as Prof,

aid last Thursday ~ then it 1s even possible to get rid of hybrld
ntation altogether, But in that case, don't talk about ocosts any more

Figure 9
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10 oné shot multivibrators

20 comparators

25 flip-flops (bistable multivibrators)

INTENSIVE CARE OF ACUTE MYOCARDIAL INFARCTION: THE DESIGN OF A SEMIAUTO-
MATIC SYSTEM FOR ANALOG DATA ACQUISITION AND PROCESSING, AND SOME COM-~
UENTS OF THE POSSIBILITIES OF DIGITAL DATA PROCESSING

100 gates

This was an example of the use of a hybrid computer to simulate a comp=
lex dynamic system, - Up till now, several studies have been made on the’ Erik Sandbe, M,D,, Medical Department B, University Hospital of Co~
computer on demand from outside cardiologists, for instance I remember . penhagen, Denmark,
studies concerning the right atrial pressure, about ballistocardiography
about cardiac output during‘catheterization, and just before I left, I

was told that they are simulating now the childrens' circulation in introductory remarks to the discussion of intensive care concern of

close cooperation with and at the demand of the University Pediatric e patient with acutecardiovascular disease in a department of internal

Hospital of Utrecht, d%cine. I intend to focus on the problems and pessibilities of analog
ta acquesition and processing, and on the interface between patient

In conclusion I want to summarize the needs in the medical field for th d enalog sensurs and machinery.

possibility of hybrid computation, These needs can be expected first of

alls e most commoen patient with acute cardiovascular disease seen in a de-~

rtment of internal medicine, is the patient with acute myocardial in-

In research situations, when studies are done of the ?cfion and it is usually this patient who is made the object of inten~

dynamic behaviour of large, complex systems, ~ It ‘is ve care, For the many non-medical people being present I have to ex~

ain that myocardial infarction most often is the result of an occlu~

clear, I think, that in research situations you can

i exploit everything, and therefore also the hybrid come o, usually an arteriosclerotic lesion in one of the coronary arteries,

puter, €, in one of the vessels which supplies the heart with blood. The oc~

usion deprives a part of the heartmuscle from its supply of blood, and

A second possibility for the need of hybrid computation may.arise in is part of the heartmuscle dies. One may say that the occlusion of the

hospitals when, in the chain introduced by Prof, Flagle: observation =- Fsels leads to & wound ~ & sonamed.infarction - in the heart. The wound

decision - action, there is no room for time delay. ‘heal in the time of two or three weeks, and the patient may survive,
' he wound may initiate pathological pracesses leading to the death of
batient. The mortality rate of acute myocardial infarction is very
Most reports tell about a mortality rate between 30 and 40%,and

of the deaths occur in the first week of the disease (7, 12).

In this comneotion I am thinking of the work that Prof. Weil described
last week, where a digital computer was used for the management and ;f
of the critically ill, I wonder whether a hybrid computer could do th

job better.
ollowing complications contribute to the high mortality rate (11):

erious arrhytmias, i,e, irregular heartaction, being rather so slow
r so fast that the pumpfunction of the heart is abolished and the

eferences at page 341
egende to figures at page 342
igures at pages 343 - 346
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‘i "COMPUTER SYSTEM FOR CARDIOVASCULAR AND RESPIRATORY RESEARCH

Time

hesrt rate

arterisl blood-pressure
(cuff-method)

urinary flow per hour

chest

ctasis in the veins of
peck (grads 0, 1 or 2)

Treatssnt:
p-rorll pedication:

DC-deribrillstion:
vo}f-a‘o
el-pacing: rste
voltage
time at stop

By Mogens Jorgensen, M.D., Copenhagen County Hospital, Copenhagen, Den-

marks

Gentofte made a contract

Model 1800, to

In March 1965 the Copenhagen County Hospital in
with IBM about the delivery of a data processing system,

be used mainly for cardiclogican and respiratory investigations.

This system, which is to be delivered in November next, wiil be not only

‘the first data processing system for this purpose in a Danish hospital,

tut it is also the first data processing system in Denmark to be used ex-

‘clusively for medical work,

Consequently, this report can only be purely preliminary, but I hope that

it will give me a chance of hearing the views of others, especially con-

cerning the plans we have made for organizing the daily work.
Tt has an 1801, 1 B Processor Controller, a memoXry cycle time of 4 micro-
emory size of eight kilowords. Obviously, & processor

ssconds, and a m
econds oyole time would be more effective,

"ontrollsr having & 2 micros
but ag this change can be made with
ors cut on this item, Although the system

kilowords instead of 8, the latter was considered necessary, as 8 kilo-
ine-sharing

out much disturbance later, expenses

can also be delivered with 4

rds is the minimum core storage oapacity which permits t
The choice of model 1800 ingstead of model 1802 ex-

f-a tape unit, We felt that this restriction was
ched, and we feel that this provides us
1ace the ability of the tape

d monitor operation.

udes the attachment o
eptable, 4 disc gystem is atta
h ‘s unit which to some extent will rep
ts for storage of large amounts of data and programmes.

‘you will see we have prefered 8 card-read-punch system to a cheaper

eér tape system.
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will be neceseary, when the problems start presenting themselves, to reQ
fer as many off-line programs as possible to evening and night hours,
During the daytime we can, for instance, by means of an anlog iape, tem=

porarily store severalyinput signale received at the same time and then PIME SHARING A COMPUTER FOR BIOMEDICAL RESEARCHE

later treat them one by one,
‘By Homer R, Warner, M,D,, Ph,D, and T, Allen Pryor, M.S., Latter-day
I feel convinced also that & certain deta rednction may be done in many Saints Hospital and University of Utah, Salt Lake City, Utah, USA,
cages even before the signals reach the computer, Thie data reduction
might perhaps be carried out by small analog computers plaoced in the ins
dividual rooms. At the outset, when the computer time will be rather V e term time-sharing as applied to computers haes come to mean a variety
ample, there is less need for these units, and we have therefore tried t »f things, For purposes of this presentation I will define time-~sharing
obtain a digital computer as large as possible, but we are aware of the 5.a mode of computer operation in which more than one computer program
fact that an extension of this nature may become necessary, - coupies memory space in the oomputer at eny given time and control of
) : he ocentral processor and input/output devices ie switched back and

Lastly, as you know there are fairly wide pogeibilities of expanding th éith among fhese programs in such a way that the users of the prograﬁs
compuber system proper. Internal and external storage may be increased serating from remote stations appear to have immediate access o the
and the computing ability increased by reduoing the cycle time from 4 omputer for their needs.
2 microseconds, ’
) ore launoching into a discussion of the means by which time-gharing is
hieved in our laboratory and eome examples of programs operated in

s mode, let us first consider some of the reasong why time«sharing of

T have tried to convey an impresgion of our futute data processing 8ys
and the way in which I imagine It will be operated, v
omputer might be a useful thing for biomedical research,
Of course, the size of the computer system that we could obtain was de
cided by political and economic regards, : hough expsriments are carefully planned and more often than not the

ervations which are made are largely those that were anticipated, im~

I am pleased that we sucoeeded in obtaining a oomputer system with a tant edvenoes occur. when observations are made which were not antici~

flexibility and with a possibility of using high-level programming lahg
uages, On the other hand, I should have been rather uneasy if we were

ed, If these observations become apparent only after the experi~
4 is oomplete, it may be necessary to repeat the experiment in order
start with a much larger system, as this would bave made the distance ‘find the cause of an unexpected findings. If, however, the results of
7 data snalysis are made available while the experiments is still in

ygress, it may be possible to determine the oause of the unexpected

tween the investigator and the computer system correspondingly greatér
T hope that a system of this very size ig going to supply us with the’

beet conditione for learning to utilize electronio data prooesaing for indings by either repeating the obgervation or by observing other cir-

medical researoh, tances present in the environment at the time, Thus, in the time~sha-
ing mode, it beobmes possible to feed back to the observer almost im-
ﬁiltely the reswlts of caloulations made to derive indirectly infor-
tion about the system he is studying whioh oamnot be obtained through

rvation of variables which can be recorded directly. One example of

Figures ot pages 360 - 361
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thie kind of immediate feedback used to control an experiment which ine

11 pertinent material relating to the model he is studying and, more
volves the display of an amplitude histogram of nerve action potentials mportant, & guiet atmosphere conducive to concentration and creative
hinking, It is obvious, I thimk, that the usual burried, neisy environ-

ent surrounding a oompufer is not the ideal situation for oreative in-

which form the basis for judging whether the recordings are being made

from a single fiber or multiple fibers of the nerve,

ellectual activity. As was once stated by R.W., Hamming, "The purpese

The second advantage offered the medical researcher by time-sharing a £ computers is insight not numbers,” In a similar way it might be said

computer is that he is able to minimize computer idle time., Because it hat the main purpose for using a computer in a time-sharing mode is to

is usually not necessary to sample events taking place in the real worl@ ptimize the chanoe that the ueer will gain insight into the system he

at the maximum rate the computer is capable of, the computer would be tudying and maximize the number of users that oan be provided this

spending most of its time waiting for time %o elapse so it could take : rvice for a given investment in computer equipment
M »

the next sample if only one expériment were being processed at a given

time, Furthermore, the time required to get the required data on the ALT LAKE CITY HOSPITAL DP SYSTEMS

line is often much longer than the time occupied by the sampling proce

once it is begun. époqmplish this in our own medical community, we have designed and

lemented a time~sharing monitor program called MEDLAB which is now

Another very important source of computer idle time ocours during the vieing 16 remote stations in three hospitals in Salt Lake City and

solution of a problem when the investigator is making a decision regaxy been duplioated to service 12 laboratories at the Mayo Clinic in

ing the next set of parameter values te usé in the manipulation of a hester, Minnesota,

model, During this time he is examining graphical representations of ﬁ

previous solution and comparing these to still earlier solutions or to THE HARDWARE CONFIGURATION

experimental data, It is important that he be allowed to do this in a

leisurely fashion without the pressures that would result if he were “central processor is a Contrel Data 3200, This machine has a 24-bit

completely occupying the services of a powerful computer, In the time ord and a basic cycle time of 1,25usecs If has three 15-bit index re-

sharing mode his program is being swapped in and out of memory at -his iers and 64 24~bit high-speed registers, One of these registers is a

Tequest and the pressure to occupy what might otherwise be idle comput 0KG clock and another is a clock interrupt mask, The MEDLAB monitor

time does not push him to make hasty decisions, The computer is there g this cleck to control analog~to~digital and digital-to-analog con-

ready to give him a solution when he asks for it whether this be in the ersion rates for the user programs, The machine has floating point

next five seconds or next week, dware, The core memory size is 32,768 words, There are five input/out-

.~-channels, Channel O.commects to a card reader which can read punched

Not only is it important to provide access to the compufer for the in § at the rate of 1200 cards per minute, Chamnel 1 is connected to

vestigator when he needs it but also where he needs it, Multiple 1npy¢ ontrollers; the tape controller controls three tape drives, each
le of reading or writing 120,000 characters per second; the other
roller is connected to two IBM 1311 disc drives, The read interface

isting of the A-to~D converter and direct digital read of 12-bits is

output stations ere essential if the computer is to be used by more t
one investigator at a given time, Locating these input/output statio
remote from the computer provides the user with another important ad

tage, the oppo:tunity to work in his own environment, Depending on ¢ ected to ohannel 2, The analog-to-digital converter will convert a

nature of the job, this environment might be a laboratory specially sge between -1,5 volte and +1,5 volts to a number between 0 and 255

equipped for certain types of experiments on humans or experimental voo timee per ‘second, The‘input voltage to the analog-to~digital cone

‘mals, & patient room, intensive care ward or operating room in the ho  is multiplexed thiough 32 chamnels, The multiplexer and the

pital, or in the investigator'e own office where he has available t ng rate are eontrolled by the program, Likewise, the direot
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digital input may multiplexed under program rol 4 ode which allows the MEDLAB monitor to identify the station. Bach such
control and is used b

. se ¥y the tation has three analog channels assigned to it, but may use additional

monitor to read four digit octal switches on each of the remote stations ha 1 T ilabl
nnels when available,

Channel 3 is connected to the write interface which consists of both a

digital-to~analog converter and a 12-bit direct digital output which is' From zpother rempte statiqn»model,whlch bas been develqped for usevin

used to control b . remote hospitals which do not have direct lines to the computer but com=
ontro anks of relays and solid state switches. The D=to~A

‘municate over telephone lines, analeg data is trensmitted using fre-~

_quency modulation over special 15KC telephone lines, Three analog sig-

nals are fed to three voltage controlled oscillators and the resulting

converter also operates up to 100,000 conversions per second and is mul-

tiplexed through ten channels at the present time, Two chammels of the

D-to~A converter are used to write alphanumeric characters on the face : N i i i i i

of memory oscilloscopes at the remote stations and for plotting graphs /cérfler ?requencTes %re N Over'a e on ot o
digital information is transmitted by using a very narvow band tonme to

represent each bit, Two telephone lines are required, one for imput and

for output since these must take place simultaneously, The permis-

on the scopes, The other analog channels may be fed to other analog re~

cording devices or used to furnish input voltages to an analog computer
one

for hybrid computation,
sible bandwidth of the signals being fed in over the three analog chan~-
nels is from O to 200 cycles per second which is high enough to transmit

Channel 4 is connected to i i i i
= & printer which prints 1000 lines per second, most physiological data except neurophysiological data such as nerve

Information to be printed is stored by each program on disc until that
. acti tential Ev here, however, the system is useful if a cer-
program has run to completion., At this point the monitor waits until ction potentiatss " ! TEVEEs 7 ’
i i i 1t of al reprocessi is done at the local laboratory.
the printer is not busy and then prints the entire output from that pTo taln AmOURT o EnAIE PTEP essing i
i s h thi t tati the four tal numbers are entered using a
gram. This arrangement avoids having the output from one program inter- Wlt this memote Sons ? oe i e
i h
spersed with the output from another, The disc-to-print operation is pushbutton telephone type switch and are accumulated in a register where
h -
completely buffered and proceeds in parallel with input/output on othe ‘hey are digplayed to the op?rafor allowing him to check the n?mber be
chennels and computing by the central processor. ore he interrupts to transmit it to the computer. The subroutine called
SCOPE which writes messages at the remote station, is controlled by ‘the
; ck to write at a slower speed on these stations which rely on tele~
One type of remote station: The basic unit is a Tektronix oscilloscope P 7
equi d with . - ne lines, Thus, the slower write-out speed is the only difference in
quipped ‘with a memory or long persistence tube, Information is writte :
de of operation which is noticeable to the operator between the two

on the tube in the form of alphanumeric cheractérs and grephs by conte
es of statioms.

ling the X and Y axis of the scope through the D-to-A converter and

blanking and unblanking the beams to limit the write~out fo just that MORY ALLOCATION IN THE COMPUTER

station for which it is intended, Once a message is writtem, it will'w
main on the face of the tube for several hours or until er : )
[ . . * ased by clos: roximately 5000 words in the top of memory are occupied by the MEDLAB
ing a relay in the oscilloscope under computer control, ; )
: cnitor itself, Many of the routines which constitute the monitor are
: ; N : silable for use by the individual user programs. These are written
We have built into the oscilloscope some additional equipment., First 7 oS . .
th i c : : - ) i ng re-entrant coding so that all intermediate information computed
ere is a set of eight lights which indicate at the remote station the ‘ .
£ . n the subroutine is stored in a buffered area in the user programs, In
status of the computer and the status of the program being run from thi R X
tati i s [ 8 way one user may interrupt another who is in the midst of using
station, Second, there is a four digit octal switch which is used by t] . .
t % . - e of these subroutines without causing difficulty when the original
operator to call programs, to specify program options and to enter dis; ‘ ) 0 . 4 ted
i erd ; i : ; hat point in the subroufine where he was interrupted.
rectly digital information. Finally, there is an interrupt button whic e weturns to that pols °
‘ thermore, the use of re~entrant coding permits this part of memory to

when depressed, interrupts the computer and sends a unique interrupt
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optione appears on the memory ecope at the user's station. By dialing i

pumber frem O to 7 in the low ordex digit of hie switch and pressing the
se optiaons, Two of these will Dbe illust~

€ protec ed der hardware 1 es8 1n a read o
b t t ok ¢ contro since it operat y
P r d onl.

 interrupt, he chooses cne of the

Approx:.mabely 11 v a ) al- e e u
’OOO words are available for re t t 5 the Tead storage optl ’
1 lme user pIrogramsS, rated, OP on s

the contents of any storage address in memery as well as four addresses

Th :
ese programs are loaded into memory from diso when requested by a user
wing the specified address, The addresses dise-

from a remote station, The 1
oader relocates them in men
ory in whatever
preceding and four follo

P y 1 1 ime hese real-time rograms e arent addresses as J P
art o this memory is available at the % e
o T P play d ar appar

‘gram at the time it was compiled or assembled, In fact, the progran
ig relpcated in memory at run time, but the user need not concern him-
t the real address, This option is particularly useful in pro-

usuall,
y are not large and are usually concerned primarily with control=’

ling input and output from a remote etation,

gelf abou
grams doing pattern recogniticn where the contents of memory can be

Each $ v
ch Fortran program is assigned a priority one, two or three, Priority
checked agaeinst the decieions made by the program at any stage of pro-

one programs are programs which communicate through the A-to-D converte

through a link wi =%1 W ion
& 1 with a real-time IO gTram, but a priority one is s apped'k +i
. gram execu o

+ :
cut on to the disc at any time during its operation that ite clock is

If, on the other hand, the operator chooses option 1, he is then asked

:to indicate the beginning address and the breakpogpt addreegs he desires,
gram at the address specified

not running to input data through the A-to~D converter or that computa.
t- » . 3 =
ion is net actually taking place in the Fortran itself or in the resls

‘In this way he may begin running his pro
he breakp01nt address, program

t1 : s : :
ime proegram with which it links, It is then swapped back into memory
and when the program counter reaches t
execution will stop and the contents of the registers will be dlSplayed
ntents of the two arithemetic registers, A

when the next interrupt cccurs from that station,

?riorit two a i r . ‘
Yy o and prierity three Fertran programs do not communicate wit] “t6 hi At the t
Y - 0 e e Top are the co

ounter, the next instruction to be executed

real=ti i y
ime programs and differ from one another only in terms of their daQ, th
AR s e program address ¢

he three index regieters, If the breakp01nt address,

running times, Programs which require more than three minutes to run
pres51ng the next interrupt will

“and the contents of t

in his octal switch is not changed,

assigned priority three, The operation of assembling and compiling pro
p of his program to be executed and the new contents

ams i s s e
gr is considered pricrity two, In the system as now running, one prio th t st
cause the next ste

rity three pro i
program, cne priority two program and up to four pricrity cne of the registers to be displayed

Fortran prograus may be active at one time,
In this way program execution can be carried out one step at a time or

a breakpoint cen be moved further down in the program and all the inter=
oint is

DEBUGGING A PROGRAM FROM A REMOTE STATION

vening instruotions will be executed before the next breakp
At any time the operator may dial all zeros which takes him

I would new like tc describe ¢
wo usger programs which operate undexr the
- reached,

MEDLAR syst
ystem and themselves are very general and in no way criented to= " back to a display of the coptions once again

wards any one research problem, The first of these is a program which

It should be emphasized that this debugging operation can be carried out

from a remote station without interfering with exeoution of other pro-
tran or assembly language

grams which are taking place under MEDLAB, For
ons Another useful feature of

permits the user to debug another program which has not been checked out
by running in a controlled fashion and examining the contents of iegist#

ers and memory locations without stopping the computer. He dces this

programs can be menipulated in this fashi
breakpoint, the cleck interrupt

inputting of data will not

from his own office or laberatory,
the DEBUG program is that on reaching a
from that station is turned off so that
continue after the program has been stopped.

After calllng the DEBUG program from the remote sba.tlon, the operator
specifies which program 18 to run under it, A meZ8age containlng eighb ‘
Othe Opt cns perm.
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into storage to change the program or to alter data in the program and parameters in his parameter array, enter new values for any of these

options which permit reading of the high~speed resgisters and control of arsmeters or oall for a solution with the values then in the array, Ini-
special relays. tial estimates for parameter values may be read in from punched cards
following compilation of the program and some values in the parameter

MANTPULATING A MATHEMATICAL MODEL FROM A REMOTE STATTON array may have been oalculated as a result of previous solutioms. To

look at parametsr 31 the operator enters this number and presses the

Until recently the analog éomputer has had certain definite advantage interrupt. When he is ready to solve the equation he dials a 4 in digit

: over the digital computer in terms of the ease with which parameters of one and pressee the interrupt, When the solution is complete the message

a mathematical model could be modified and the speed and convenience shown in Fig. 2 appears. The operator may ask for a plet of any or all

with which graphs of solutions could be manipulated and displayed. A ihe numbers in any given variable array. To start with the first variable

getieral subroutine called MODEL has been written for operation under fe diale 1 and interrupts to get a message asking for the display code,

MEDLAB to facilitate these operations in a digital computer in a time- 'he first two diglts in the ewitch indicate which variable is to be plot-
ed and the last digit causes the variable to be plotted unscaled, scal~

d to the lower half of the scope, the upper half of the scope or scaled

sharing mode, The use of the digital computer, given facility in perform

ing these operations, has advantages over the analog in terms of accuras

oy, use of a stored program and remote access, Fig, 1 shows the MODEL the full scope range, On pressing the interrupt the graphs will appear

subroutine as it appears to the programmer who will write his mathematis g shown in Fig. 3.

cal model in Fortran and use this routine to enter parameters and displa

solutions as graphs on the memory ose¢illoscope, his plot is a graph of aortic pressure generated by a theoretical model

£ the circulation., This involves the solution of 18 simultaneous diffe-

Ay number of equal length arrays may be set up by the programmer for ential equations, The plot may be held on the lower half of the scopey

later displey on an oscilloscope using the MODEL subroutine, Variable ev parameters entered and the new solution superimposed on the old for

P number one, in this case PRES, is equated to X, variable two, FLOW, is oﬁparison. Likewisge, the experimental data which has been stored on

equated to X(501) since, in this case, each variable to be displayed is igc or magnetic tape may be read in by the program and plotted over the

dimensioned at 500 and X is dimensioned equal to the sum of all these heoretical solution representing the same variable, Examples of the use

variables, The call list for the MODEL subroutine includes the follow~ of this program in our laboratory are many, ranging from the representa-
ing: X, which may be equal to 1, 2 or 3, depending upon whioh option is ion of the relationship between pressure in the carotid sinus and the
desired, When X is equal to 1 or 2, parameters may be read out on to time~course of frequency of firing of a single fiber on the carotid si-

an ogscilloscope or entered in via an octal switch to the parameter arrs s nerve to the similation of kinetios of granulocyte turmover in blood

With K = 1, parameters are read initislly from cards, PARA is an arra) nd bone marrow and comparison of solutions obtained against the time-~

of model parametere dimensioned at 100, NVAR iz the number of differe: uree of specifiec activity of labeled cells in those two organs.

variables in the data array X, NPTS is the number of data points in s
variable array and INC is the inerément between points to be used On‘
the printer plot-outs when thias option is called for, At the end of %
program the MODEL gubroutine is called again with X equal to 3, This

ﬁ subroutine givea to the user the same close interaction with his

‘gram solutionz and experimental data that he has with an analog com~
ter as well as all the flexibility for scaling, parameier and program
initiates a sequence of inquiries and Tesponses at the remote statio orage, and aoceuracy of the digital computer under conditions conducive
specify the options for the plotting of model solutions and experine ‘concentration and interaction with real data,

data on the memory scopee

At this point the operator may examine the ocurrent values of any of:
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MODEL PROGRAM AS SEEN BY PROGRAMMER

Equivalerce (X, PRES), (X (50]) , FLOW), etc----
CALL MODEL (K, X, PARA, NVAR, NPTS, INC)

where
K is option 1,2, or 3
X is data array

PARA is array of parameters ; S ’_ S 2 .
NVAR is number of variables in data array ‘ : DIAL DI SPLRT CODE“ |
NPTS is number of data points for each variable - % 9 '

INC is increment between points on printer plotout

Figure 1




Me| ;qﬁuz(dog 3 N Ag pe;oe;md 3g Aew pue Aded pay e Ag auipsyy 40 AJRIgIT |BUOHEN 841 10 UORO8|100 By} Wl padao sem ebed sl uo [rusje: sy

_—

362

gingle spaces between lines represent mutually exclusive sets and only
~one of such & set may be entered, The patient's age is classified as
" less than one year, between one and 20 years or over 20 years, Cyanosis

SOME TECHNIQUES FOR COMPUTER ASSISTED DI
AGNOSIS OF HEART DISEA
SE ig classified into one of four categories, if present, Mild,severe,

. “which means with clubbi intermittent or differential, that is, cyanos~
By Homer R, Warner, M.D,, Ph,D, and William M, Stauffer, M¥.D., Latter~ ~i e e 1 rors fni; i . ' y oY
day Saints Hospital and University of Utah, Salt Leke City, Utah, 8 e e ‘tower ha ° e body only,

Fig, 3 shows the second page of symptoms. Murmurs(i.e. abnormal heart

Two programs have been devéloped +6 aid in the 4 gounds)are clasgified according to their point of maximum intensity(e.g,
id in the dia i
) gnosis of congenital spioal) and the time~course of intensity during the heart cycle, (The

and acquired heart di i
sease, The first aocepts information collected from umber of murmurs shown to yield significant information of dlagnostic

slue ip small compared to the number originally included in the pro~
am.) A physician may choose to classify a murmur as mid~systolic, or
f he cannot be certain, he may use the classifica~

the history, physical examination, electrocardiographic and X-ray data
and fed into the computer as answers to multiple choice questtons pre~
sented $o the physician on an oscilloscope at a station remote from th T tolic but i
b olo~systollic bu
fon systolic which does not have the same diagnostic power as the other

ver, it is better to use this than to make a mistake and mis-

computer, The second is a program whioh accepts directly via an anaiog

to~-digital converter the output signals from preesure transducers, oxi H
wo, Howe

met i N
ers and electrocardlographic leads durlng heart catheterization. ur. The phonocard.lograph has proven to be very useful
ai fy the murmur.,

1a8
s an objective means for determining murmur characteristios and we rely

A DIAGNOSIS PROGRAM FOR CONGENITAL HEART DISEASES

Imost completely on this at the present time,

ted,

Figs 1 is a photograph of i i
‘ e graph of the face of the oscilloecope on which has bee? % thie way the physical examination is continued, When it is comple

displayed the i i i i
: D y' instructions to the user for inputting symptoms into the hree pages are presented asking for information derived from EKG and
iagnosis program. As the symptoms are presented on the oscilloecope g . ‘
) -
with the number opposite each symptom, the user dials the number repr e
senting the symptom if it is i i i
present in the patient i i
hs) n question. This f# dialing a zero after display of the last page of symptoms, the oompu~

or calculates the probability that the patient represented by the symp-
ories of 33 congenital heart diseas-

will cause an asterisk to appear opposite this symptom as confirmation

that it has been entered, If the symptom is not present, he does not s just tered has any one of & s
om us ente

that number, If for some reason he does
not kno
now whether the symptom 5 and displays the results on the oscilloscope at the remote statlion

is present or not <
D not, perhape because thé X-rays or ECG were not available e well as printing them on the printer =t the central facility. This is

he then dials that symptom number in the last digit and a one in the h in Fi
- . . a

first digit of the switch which will cause the symptom to be omitted v om. in Tig. 4,
At the top are written the code numbers for the symptoms entered, provid-
heck on the data used for the caleulation. Symptoms omitted appear

Tn this case the computer calculated the probability

from coneide;ation when the subsequent diagnostic probability calcula<.
tion is made, If an error is made in entering a symptom, the physician. )

ing a ¢
after the slash.
hat the patient had a ventricular septal defect with infundibular pul-

with valvular pulmonary stenosis .27 and 3, 2

may dial a eix in the first digit which will cause this page of symptom
to be presented again and the error corrected.

monary stenosis at .63,

Fig, 2 i i :
8o & shows the first page of symptoms., Symptoms which are listed with d one peroent for three other defeotss

HB Flguree at pages 0 -
[ 37 374 . 5 shows the equations by which these calculations were made. This
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equation of conditional probability is a modified form of Bayes' rule. lus on & continuous scale, Consider here, for example, that X repres~

1% states that the probability that a patient has disease one given the ts the volume of packed red blood cells or hematocrit and each of these

ee curves is the distribution of hematocrit values in patients with

es different diagnoses. One is normal, two is polycythemia vera and

e, chronic myelocytic leukemia, The problem is to convert a numerical :

fact that he has the set of symptoms indicated by a1 Bog 0 v a_ whers
n €

8y

patient, is equal to the apriori probability of disease one in the popus

agsumes 1 or O depending upon presence or absence of symptom 5. in th
i

lation under consideration times the product of the following terms ovsr lue for hematocrit to & number between O and 1 which represents the

bability that a hematocrit valus in the range represented by this
ur in a patient with each of these three diag-

the éauation which states that the probabili-

all symptoms. The term PS given Dl is the probability of the jth symptom

occuring in the disease oﬂe, ig used in the calculation, since the other rticular value would oco

es, This is expressed in
of a hematoerit value between D and E in & normal patient is given by B

term (1 minus this probability) is raised to the zero power and is, thus

equal to one, On the other hand, if this symptom is absent, a. equals O

and the complement of the probability will be uged in the calculation. egrating the distribution curve, number one, .OVer these limits. Using i

approach, it is necessary to store only the parameters of the distris

The program includes provisions for appropriate handling of mutually ex: ton function for eaoh symptom in each disease and not the explicit

clusive symptoms. Of course, the doctor is not always able to assess th ability of each symptom category in each disease as these can be
presence or absence of a sympton with the certainty implied by a binarxy culated from the mean and the standard deviation of the distribution
tion, The parameters of these functions are calculated by sending

decision, that is, one or zero. For this reason a modified form of the’
ibution ocurve to the collected data on

equation, shown in Fig, 6 was developed. rmal or logemed normsl distr

ny patients.

In this form of the equation, the "a" values, instead of assuming only :
REART CATHETERIZATIONS

one or zero, may assume any value from 0 to 1 and represent the estimate

by the physician of the probability that the symptom is present. Notice
that in the case where aj squals one or zero the equation assumes & for: e second disgnbdstic program ig designed to accept the imput of patient
jdentiocal to the equation just presented., Also, 1f an "a" value equals .directly from transducers at the time of heart catheterization, to
it the physician to edit this data, to test the data against stan-

.5, indicating equal probability that the symptom ig present or .absenty
this symptom will have no influence on the disgnosis since the probabil ds of normality and to print & complete report, jncluding & list of
ty of that symptom and its complement are weighted equally. An additional bnormal findings, This progren runs under the MEDLAB time~sharing
k or and can process data from at least four heart catheterization

dividend is achieved by this new form of the equation in that it is ng

poesible to imput any data that can be represented on a probability sc dures simultaneously (Fig. 8).

from O to 1. For example, 2 program is being used in our laboratory W
, types of data transdncers are qonnected to the patient. One ECG

caloulates the probability that a'given electrocardiogram belongs to ¢
of ten electrocardiographic patterns. Using the equation shown here, . chosen for its prominent R wave is used as a reference source for
ing pressure waves, A strain gage pressure'transduoer and a Wood

output of this ECG program can be used as input to the diagnosis progr
e oximeter are used to measure pressure, oxygen saturation and dye

tration. The output of the red cel
dependently through operational amp
ariables are scaled in the ‘amplifiers

Once the gain and bias on these amplifiers has been set
ext but calibration signals

making it poesible to integrate computer generated probability data ¢
; 1 and infrared photocells are

cerning the electrocardiograms with physician generated probabilities
1ifiers into the A~to-D converters

concerning symptoms derived from history, physioal examination and X- .
v to cover a range of —1.5 to

voltse
are not touched from one day to the n
gsily put through the whole system each morning to test its

Fig. 7 shows still another approach to the quantitation of data for ina
put to the diagnosis program. This approach was developed for diagnosis
of hematological disorders from laboratory data which may assume any
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ventricle and right atrium and the resulting curves are displayed fol~

lowing each injection and in the end, superimposed., In this way the lo-

performance, The total set-up time should not oocupy more than five
minutes and is relatively free from human error since the oomputer in-
UTICHs the opezstor in he perfermance of each atep. Teansission of sation of a right to left shunt can be determined
the data from the amplifiers to the A~t0-D converter multiplexer may be ¢ ’
over

dizect wires from an adjaeent leboratory or over telephone linee Fige 9 shows an indioator dilution curve displayed back on the oscillo~
scope with the extrapolation msde by the computer program displayed
‘along with it to provide the physician with some basis for evaluating
the accuracy of the extrapolation process, The program finds that part
¢f the descending limb which best fits an exponential and extrapolates
using the slope of the exponential as measured from this part of the
curve, This curve was obtained to make this slide from a dog being used
for another experiment and, thus, the calibration values were not cor~
rect causing the cardiac output to appear very low, The other numbers

on .the slide represent an index of mitral insufficiency measured from

from another hospital,

Results of calculations made on the dats are fed by the computer through
a digital-to~analog converter to control the X and Y axis of & memory
oacilloscope and present as -alphanumeric characters and graphs. A mesBag
once written, is retained on the oscilloscope until erased under come

puter controil,

The physician, during the catheterization, controls the sampling of dat

the shape of the curve, the appearance time, the build~up time, the mean
Calculation

and all other computer operations with a plsstic wand which is sterile
circulation time and the calculated central blood volume,
for determination of cardiac output by the indicator dilution method is
done by pulling undyed blood through the cuvette, mixing this with a

kﬁown conoentration of dye and pushing the dyed blood back through the

on one end sc that he can handle it without contamingting himself whil
he is menipulating the catheter. He uses this device to change the read
ings on the octal switch and press the interrupt button, Each patient,
is assigned a unique area on the magnetio disc where dats scoumulated
during the prosedure on that patient is stored, At any time the physic cuvette
an may call for & listing on the oscilloscope of the dsts accumulated )
on 118 patient for review. He may delete or modify this dste if corree is possible for the physician during the catheterization to review

e data he has collected up: to any point in the procedure, This data
read baok from the diso énd displayed in the format shown here, The
fthand digit is the atate of the patient, in this case & zero meaning
the patieni is at rest breathing room air, The three digit code following
‘kis indicates the location of the oatheter tip followed by the pressure
r oxygen saturation values obtained, He may bring up additional dats

tions are neceseary, At the end of the procedure he may obtain any
ber of copies of a printed report,

At the beginninglof each day s oheck is made on the instrument, Thi
check is called for by dialing 00 in the oode representing the oathe
position, The previous day's saline readings are first displayed and
computer requests a new saline reading and tells the operator how to

the switches prior to preseing the interrupt, When saline is in the F,(oete an Lhem on The meport.
cuvette the operato? presses the i?terrupt, the outpute of the photoe : er‘codes.allow him to sdd or.subtract a constant from all the satura-
are pampled, The switches are then set as instructed by the computer on values or to change the looation code for a given item., For instance,
¢ may have withdrawn s blood smmple thinking it was right atrium snd

ind the saturation to be very high, indicating that the catheter was

orogss an atrial septal defect and the ssmple was aotually withdrawn

the output again sampled to give another check on the system, namel:
the black level,

A gubprogram is used for analyzing indicstor dilution ocurves, In pat rom the left atrium

. .
without shunte, this is used for messuring cardiac output in various
o other subroutines are available to him during the catheterization

physielogioal states, In patients suspected of having right to left
rooedure, The first of these permits him to dieplay the time~course of

shunts, selective injections are made into pulmonary srtery, right
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pressure during one heart cycle on both #ides of a given heart valve, 4 properties change as a function of age and have been shown to be predict-

second program permits the operator to display superimposed dye curves able in artificial segments of the aorta inserted into dogs when these

obtained following injection at three different sites, properties are measured independently,

By the time the catheterization procedure is complete the physician wil And, finally, programs have been developed which permit estimation of

usually have edited his report and be ready to print out hard copy., The . the fraction of cardiac output perfusing various segments of the circula-

first part of the report 1s a printecut of the edited data alomg with tion from determinatione of distribution of transit times through those
the time in minufes since onset of the procedure at which each data valué :segments. These distributions are the time domain representations of
was collected, The printer also plots the pressure waveforms from each’ trangfer functions which relate upstream and downstream indicator dilu~
heart chamber which was entered, followed by a plot of all the indicato tion - ourves, Although the feasibility of this approach, using theoreti~
cal data, has been clearly shown, the method is at present limited by

our inability to obtain indicator conceniration curves from sites such

dilution curves euperimposed, At the end is a summary of the abnormal
findings,

as the inferior vena cava, which are representative of the true cross-
OTHER PROGRAMS seotional concentration of .dye as a function of time, Streamlining of

. ow in the venous system is a prime obstacle, However, we are currently
There are a variety of other programs available to the physician %o us tegting & method developed by .Earl Wood of the Mayo Clinic for measuring

both during heart catheterization or for bedside monitoring or in the: ncentratlion of a radiopaque indicator from a video tape recording of

operating room. These include programs which measure stroke volume be the fluoroscopic image following injection of the dye by integrating the

by-~beat from the contour of a central aortic pressure wave, This methol

ight intensity over a window positioned at time of replay of the video
is calibrated once against the indicator dilution method and has been . image., The computer does the integration and subtracts the density ,3”
shown to correlate ,95 or better under a variety of physiologic stateg meagured from another window used to compensate for changes in light in- ‘
against beat-by-beat measurements of stroke volume made with an electro fe;sity unrelated to dye concentration,

magnetic flowmeter,
Tt ig encouraging that the itechniques developed have been so easily im~

A program is available for measuring the physical properties of aorta: plemented in other laboratories,

from a video tape recording of the fluoroscopic image of the ohest fol
lowing injection of opague dye into the left ventricle or amorta, On an
edge track of the video tape is recorded aortic pressure, The compute
meagures the time of transit for one line of the video signal from oné

edge of the aortic shadow to the other, averages 15 lines and, thug, oB

tains 60 times a second, aortic diameter and aortic pressure, 4 mathems
tical model is used to calculate the properties of the system includi
Young's Modulus of Elasticity.

Another program measures arterisl properties by determining the transf

function which relates an upstream aortic to a downstream radial of
femoral pressure wave, The transfer function takes the form of a sec
order linear differential equation and a segment of artery can be deé

ed in terms of a resonant frequency and demping coefficient, These
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DIAGNOSTIC CLASSIFICATIONS OF NORMAL AND ABNORMAL ELECTROCARDIOGRAMS BY
GITAL COMPUTER

y Hubert V, Pipberger, M.D., Georgetown University Hospital, Washington,
D.C., USA, '

ecent trends in electrocardiography are directed more and more toward
mproved quantiative methods and statements, The introduction of computer

echniquee has had already congiderable impact on this development and
romises to enhance ECG techniques in clinical use to a large degree,
ince any input information prepared for digital computation neeas to be
repared and processed in discrete numerioal form, the need for more ac=-
urate data acquisition methods, greater precision in recording techZ

iques and data analysis is felt more strongly than in the past,

he outcome of this development ghould lead to more reliable classifica-~
n of ECG records than was posgible in the pasts The problems involved
thig taek are numerous and still need considerable study. Only those

ated more directly to record classification will be dealt with here,

ides many instrumentation problems in data acquigition and analog~to~
ital conversion, the gelection of ECG léads, tobe processed and anaiyz—
‘ie of major importance. The most sophisticated claseification tech-
ues. cannot improve input data derived from ECG leads, such as the con~
tional 12-lead which vary in peffbrmanoe from one subject to anbther.
he  introduction of corrected orthogonal lead systems into electrocardio-
phy represented, theréfore, a major step toward improved record clas-~
lcation, In some instances normal ECG ranges could be cut in half by
plication of such leads (e.g., the frontal plane QRS direction range).
ore significant finding was that 1n most, although not in all cases,
he separation between normal and abnormal ECG ranges improved consider-

Figure 9

References at page 381
Legends for tables st page 381
Tebles and figures st pages 382 - 385
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1 N
) ably when more reliable leads were used (1), below the scalar lead measurements, When a differentiation between

normal and abnormal records without  further classification into spe-

The next problem in ECG record claseification consists of the se~ cific diagnostic entities was tested, time integrals of entire car~

lection of appropriate measurements, The multiplicity of different diasc cycles (spatial ventricular gradients) were found rather ef-

parameters advocated in the past for diagnostic use is ample evideni ficient, It is doubtful, however, whether such simple parameters can

ce for considerable uncertainty about optimal methods for recogni- gserve a useful purpose for specific diagnosese

tion of ECG abnormalities, The many disPidy methods developed in

2 i i
) the past all aimed at the same goal {2), Since almost all known EC Multivariate analysis on the basis of series of instantaneous vec-

megsurements, a total of more than 200, had been programmed in this
laboratory for computer analysis it was possible to compare their
diagnostic efficiency on the basis of large normal and ;bnormal res
3) cord samples (3):

tors has been used extensively in this laboratory for differential

diagnosis (3). The vector differences between an unknown patient

vector and the means of various diagnostic groups are computed, A
likelihood ratio test leads to a diagnostic classification and the
vector differences are used as an expression of the "closeness" of
the unknown vector and the various groups, which relate to. the pro~

bability of the respéctive diagnosis,

In a.first comparison different types of ECG analysis . were tested
likelihood ratio test was used for this purpose, Several intereatin
findings evolved from this study, Series of instantaﬁeous vectoré
derived from the X, Y and 7 leads discriminated best diagrostic A number of problems accompany this type of multivariate snalysis.
groups., They were obtained in one test at fixed time intervals of Tt is not known how large the record samples which form the basis
0,01 sec, and in another from time~normalized QRS and ST-T comple of the classification have to be, ‘
by dividing these complexes in 8 equal parts in time, Thus, the:
class~-separation for QRS was based on 33 and 24 points respective

For ST-T analysis 21 pointe were used. This type of procedure ex

Tt has been stated that the sample size should be of the same order
of magnitude as the number of parameters estimated, i.e., the square

ceeded all others by & wide margin and the percentage of misclas of the number of attributes, This statement has not been tested,

sification for almost all categories was less than 10 per cent fo however, As long as addition of new records leads to boundary fluoc-

QRS.

tuations of the sample, its size is not yet adequates

A substantial deterioration in classifications by approximately 30 The record samples which form the basis of the clagsification -have

to be derived from patients whose diagnoses have been confirmed by

percent occurred when conventional ECG parameters suoh as Q,R and'’§

wave measurements were used, This seemed to indicate that signifie autopsy or objective clinical evidence, leaving little room for

cant ‘diagnostic information was lost when items from scalar leads doubt. Accumulation of large record samples of this type are very

replaced spatial parameters, The recording of ECG leads one by one difficult and time~consumings Even when records are collected from

without time coherence has to be considered, therefore, as a seriou & number of hospitals as done in this laboratory, it takgs many

limitation in ECG analysis, years to accumulate adeguate numbers,

Use of sutopsy data for correlation with electrocardiograms is more

Evaluation of recognition rates was also performed for time inte;
difficult than it might appear from the ECG literature, Patients who

grals, gpatial meximal vectors and eigenvectors. A1l of these

" come to death with single myocardial infarcts are rather exceptions

meagurements represent to a large degree esummaries of ECG complexs
7 than the rule, The same is true for ventricular hypertrophies which

i.e,, a whole compiex is expressed in one term, The diagnostic per

formance of these items was very eimilar, It ranged 13«17 per ce vare only rarely limited to ome ventricle., The variety of possible
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congsider maximum utilization of these new developments not only for
‘health screening but also by the practicing physician. By their use he

saves time for patient care and increases the quality of his work.

ATUTOMATIC ANALYSIS OF THE ELECTROCARDIOGRAM AS A SERVICE T0 THE COMMUNITY
AND THE PRACTISING PHYSICIAN

THE AUTOMATED HEART STATION

Let's consider as an example an automated hearf station. Machine-made

By Cesar A, Caceres, M.D., Public Health Service, Washington, D.C., USA.
electrocardiographic diagnoses comparable to those made by physicians

heve been routinely available at an experimental autometed heart station

now operational for over a year. Twenty~-five thousand 12 Jlead electrocar~

One of the most significant contributions of a medical‘computer system
‘diograms were processed last year uging only one third ofvthe system's

¥#ill be the aid it can provide to a community health service, Such a
. & it
system can offer low cost accurate medical signal interpretation, which cepactiyy

should improve the capability of a health department, clinic or hospital
’ Electrocardiograms are recorded in the conventional manner, Each of the

in mass screening and early disease detection. Easy recall and statisti-
twelve standard electrocardiographic leads is the on~line input to the

cal analysis of the measurements is a further advantage.
oomputer or the off-line input from frequency: modulated analog magnetic
tape, The electrocardiogram is recorded on tape on 2 specilal data acquisi~

To demonstrate feasibility of such systems, one group has worked with
tion device whichcomtains a tape recorder, an electrocardiograph and a

local community health departments. This has included teking 2000 electro-
patient ceding circuit, We could bypasse magnetic tape and go directly

cardiograms of patients in their homes a week as & mass Bcreening ef
g effort, . from patient and electrocardiograph to computer but this is not currently

and is currently taking tracings in & health department clinic on a daily i
economical because the computer would have to wait between patients, SO

ongoing basis. In Hartford, Comnecticut tracings are being recorded daily tic t . a £ ai
magnetic tape 1s used as a s orage medium.

and transmitted to Washington for analysis,

(Codes are important if we are to have really automated systems. Codes

Current work in this field includes evaluation of what leads and what
. are easy ways to neommunicate" with the computer. The computer can re-

other tests are of most value in health care.
spond to the code but not easily to a voice. Further, much information

. . ) ~that might otherwise take a minute by volce can be given in & seoond or
Our group, the Instrumentation Field Station of the Heart Disease Control

Program of the Public Health Service has had a role in this field by

éo.) The first items Tecorded on tepe are & patient code number or other

jdentifying data for the function being recorded. A calibration curve is

developing an automated s stem to process physiologicel si . :
Y P phy g gnals used in ~the second group of important data recorded. It ie thus possible to cor-

clinical diagnostic tests, Di {tal computer programs have b t :
‘ g P prog een written “rect, within the computer, for any posgible loss of signal linearity

to recognize; analyze and clagsify the waveform patt 8
; y ru patterns of the electro over the range of the recording or for technical error.

cardiogram, phonocardiogram, respirogram, and electroencephalogram.

Other diagnostic signals are under curr nt et . V v
e ° etudy Transmission of the electrocardiograms from the data aocquisition device

The tochnd sable £ 1 may be by messenger delivery of the tapes or by telephone tranemission of

e techniques are acceptable ifor ¢ nical use it i ; i
P 80 is now essential to the signal in real time or tape recorded playback. At the processing

gystem the analog signal is converted to digitgl samples at the rate of

500 per second and stored in the digital computer's core memory for i-

NB geferences at pages 393 - 395
Tegends for figures at page 396

Figures at pages 397 - 403 entifioation, recognition and me asurement,
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ootor. At preeent, all the phenomena are not yet“suitable for oémputer
onsideration, So one of the first necessities for the dootor ies to

eleot the phenomena, the physioal entitiss, which are at the moment
INTRODUCTTION TO THE PROBLEMS OF PHYSTOLOGICAL DATA ACQUISITION AND

ADAPTION

est suited for the introduction in the oomputer. The sscond problem af~
;ﬁer this selection is to use or to adapt the censors whioh apprehsnd

hsse phenomens, They can of coureé be of many different kinds: some are

By Antoine Rémond, M,D., Université de Paris, La Salp@tridre, Paris, ‘mechanioal, some are bilomediocal, some are eleotrioal, Of course, most

Frances of them try to ohange the quality of the phenomenon inte an electricsal

‘glgdsl,

The most important questions when dealing with & computer is how to feed Once the selection of the bemt censors for the apprehension or the de-

it with information., The information in the present case originates from ‘tection of the phenomenon is made, we have the problem of traneduction,

the patients in & hospital; the interface between them and the computer ‘thet is %o eay of a first asdaptation of what has been scquired by the

is, as In other cases, most often called the acquisition of data, The censor gerving to put 1t in & form or to bring it to a level which will

problems encountered in collecting data in medicine are among the most make it fit for measurement, The traneductlion has to be done in the most

complicated and delicate, For the benefit of the follwing discussion, my ° efficlent way., This can of course be summarized in a unique eentence: one

plan 18 t0 enumerate and claesify some of the problems which I think are has to maintain or to increase the signal-to-noise ratio, To do this, one .

crucigl, and then to elucidaﬁe those problems. I would like to take some a5 to deal with different aspects. The firet one may be to protect the

examples in the field of electrophysiology and electroencephalography. ;ignals or the source of signale from external interference, The gecond

e 1g to try to avoid reactions from the source of signals (the patient)

The relations between the physician and the patient may be of four cate= hen the measurement is being done, One must not change the behaviour of

gories: 1) they may be administrative, 2) they may be anamnestic, 3) they ource of signals when one tiies to measure it, This is in fact s very im-

mey be biochemical, 4) they may be biophysicals To this fourth category tant agpect whioch until to-day has probably not been dealt with correctly

belonge & large part of the phyeical examination of the patients and pars many efforts are made for instance to keep the patient. away from

ticularly the various measurements and electrophysiological recordings, ; e8. Everybody knows that when a ﬁatient ig in the middle of a forest
I would not like to minimize the importance of the three first categories,
but I would like to limit myeelf to the fourth, the acquisition of bio~

physical data from the patients,

vires conducting various waves, the number of artefaots that- appear is
‘moreover, the patienf becomes restless, and after a short while the

uality of the data aoquisition decreases, Telemetry has been used in

¢ Tecent years to deal with this type of reaotion problems and will

The temperature of the patient, the hue of his skin, the pressure of a robably be used more and more,
cuff necessary to equilibrate the systolic pressure of the heart beat,
the gounds made by the breath or by the beat of the heart - it is by the- ‘we are going to treat three different zspects: The gpatial resolution
man-made evaluation and the systematic consideration of theee phenomena e data gequisition, the temporal rssolution of same, and the pre-

ion with which they are obtained, Let us first speak of the spatial

ssolution. Here I would first Ilike $o say that one has always to think
ere to place the eensor, This is by no means indifferent when one

stens to the heart; if one is not immediately at the point of higheet

tensity of these gsounds, one can of course have difficulty in finding

that the symptoms of disease are recorded and that the diagnesis ig pre
cisely established by the physician. So the problem of to-day is more
or less to imitate this fundamental behaviour by means of tools or in~
gtruments which extend, amplify or simplify the immediate human approach
The computer must be called for to take Into consideration the much big-

ger maeses of data which are obtained when electronic slaves replace thef ‘§ esgentlal differences between those noises, This is of course quite
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APPENDIX

4
MATHEMATICAL AND STATISTICAL PROCEDURES USED IN COMPUTER~ATDED DIAGNOSIS

pi

BAYES! THEOREM AND CONDITIONAL PROBABILITY

A

B.

Congenital Heart Disease

. 7. TAKABASHT, K. Logic of dilagnosis and its processing by compu--

1, WARNER, H.R., TORONTO, 4.F, and VEASY, L.G. & nathematical ap-
proach to medical diagnosise Application to congenital heart
disease. Jeh,Mohs 177:177~183, 1961

2, WARNER, H.R., TORONTO, A.F, and VESAY, L.G. Experience with
Bayes' Theorem for computer diagnosis of congenital heart
disease, Ann, N.Y. AcadoSci. 1152558567, 1964

3, AMOSOV, N.M., and SHKABARA, Ye, A. Experience in formulating a

diagnosis by means of diagnostic machine, (In Russ,) Eksp.Khir,
Anest. 4:15-22, 1961. (Engl.transl.available JPRS: 11815, 3 Jan

1962)

4. BYKHOVSKIY, M.L., VISHNEVSKIY, A.4., and KHARNAS, S.S5hre Prob~
lems in the development of a diagnostic process by means of
mathematical machines, (In Russ.) Eksp.KhirsAnest. 4:3-15, 1961
(Engl, transl,avaiable JPRS: 11814, 4 Jan 1962)

5, GUSTAFSON, J.E,. The computer - for use in private practice.
Proc, Hth IBM Medical Symp, 99-112, 1963

6, GUSTAFSON, J.E, and THROCKMORTON, T.D. The compuber as a consul.
tant, Med, Times, 93:115~120, 1965

ter ~ with respect to congenital heart diseases and brain tu~

mors, To be published in Proc.International Conference on Auto=
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mated Data Processing in Hogpitals, Elsinore, Denmark, April
1966

Acquired Heart Disease

1. BRUCE, R,A. and GOX, AJR. Medical diagnosis by computer,
Northwest Med., 60:1075-1082, 1961

2, BRUCE, R,A. Computer diagnosis of heart. disease, PTOC, 5th IBM

Medical Symp, 77-98, 1963
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Cs Electrocardiography

1, KUMURA, E,, MIBUKURA, Y, and MIURA, S. Statistical diagnosis
of electrocardiogram by Theorem of Bayes. JapeHeart J. 4:469~
488, 1963

D, Cushing!s Syndrome

1, NUGENT, C.A., WARNER, H.,R,, DUNN, J.T. end TYLER, F.H. Proba-
pility theory in diagnosis of Cushing!s Syndrome. J,Clin.Endocn
22:621~627, 1964

B, Thyroid Function

1. OVERALL, J.B, and WILLIAMS, Cl.M. Conditional probability pro-
gram for diagnosis of thyroid function. JgholMehs 18%:307-313,
1963

2, SILINK, K, A new mathematical approach to endocrinological

diagnosis, In Progress in Biocybermetics. Volele Edited by N.
Weiner and J.P. Schade, New York:Elsevier, 1964, pp.20-35

7, Gastrointestinal Tract

1, RINALDO, Jehs, SCHEINAK, P., and RUPE, C+E, Symptom diagnosis.\
A mathematical analysis of epigastric pain. Ann.,Intern.Mede 59:
145~154, 1963

2, WILSON, W,J., TEMPLETON, A,W,, TURNER, A.H., LODWICK, G.S5. The

computer analysis and diegnosis of gastric ulcers, Radiology 85:
1064~10T3, 1965

¢, Bone Tumors

1, LODWICK, G.S., HAUN, C.L., SMITH, ¥.E,, KELLER, R,F., and ROBERT
S0W, E,R. Computer diagnosis of primary bone tumors. Radiology
80:273~275, 1963

2, LODWICK, GsBe Computer analysis of tumor roentgenograms, Proc,
5¢h IBM Med,Symp, 213-224, 1963

3, LODWICK, G.Bey TURNER, Al.H., LUSTED, LB., and TEMPLETON, A,W.
Computer-aided analysis of radiogiaphic images. J.Chron,Dis,.
19(4): 485, April 1966
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it e

H. Neuropathology and Psychiatry

1, BIRNBAUM, A. and MAXWELL, A.E. Classifioation procedures based

on Bayes! Formula, Applied Statis, 9:152-169, 1961

2. MISYUK, N.S., LEPESHINSKIY, N.A,, LISKOVETS, 4,0,, and MASTYKIN
A,S. Diagnosis of brain tumors with the help of the Universal
wTpal~l" Computer, (In Russ,) ZhuryNevr,i Psikh, (im Korsakava}
64:453-458, 1964 (Engl.transl.available JPRS: 24759, 26 May
1964

%, OVERALL, J.E, and GORHAM, J.E., A pattern probability model for
the classification of psychiatric patients. Behav,Sci. 8:108-~
116, 1963

4. TAKAHASHT, X, Logic of diasgnosis and its processing by computer
- with respect to congenital heart disease and brain tumors,

To be published in Proc,International Conference on Automated

Data Processing in Hospitals, Elsinore, Denmark, April 1966

A, Hematology

1s LIPKIN, M, The likelihood concept and data processing in the

diagnostic process. In The Diagnostioc Process, Proc.of a Con-~

ference Held at the University of Michigan, May 9-11, 1963.
Edited by John A. Jacquez, Ann Arbor: Malloy Lithographing,
Inc., 1964. Pp.255-273

2, LIPKIN, M. The likelihood concept in differential diagnosis.
Perspec, Biol,Med. 7:485-497, 1964

B, Soreeniny and Disgnoaisz

1., COLLEN, M.F., RUBIN, L,, NEYMAN, J., DANTZIG, G.B., BAER,.R.M.
snd SIEGELAUB, A.B. Automated screening and diagnosis. Amered.
Public Health 54:741-750, 1964

2, BAER, R.M. A note on computer disgnosis. IEEE Trans.Biomed.
Engin,ME~11:8-12, 1964
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B. Psychiatry
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IIT. DISCRIMINANT FUNCTION

A, Diabetes
1. BOGDANEK, T. The application of mathematical discrimination
in the differential diagnosis of two types of diabetes. In
progress in Biocyberneticg. Vol.le Edited by N, Weiner and J.

P, Schade, New York: Elsevier, 1964, ppe 45-54

B, Thyroid Function

1, OVERALL, J.E. and WILLIAMS, C.M. Models for medical diagnosis.
part One: Theoretical. Med,Dok. 2:51-56, 1961l. Part two: Ex-
perimental. Med,Dok. 5:78 80, 1961

FACTOR ANALYSIS

A. Thyroid Function

1. OVERALL, J.E., and WILLIAMS, C.M. Comparison; of alternative
computer models for thyroid diagnosis. PIOCe San Diego Symp.

Biomed.Eng. 1963. 3:141~145, 1963

1, OVERALL, J.E. A configural analysis of psychiatriq diagnostic
gtereotypese Behav.Scis §;211—2l9, 1963

C. Use of Cormell Medical Index

1. VAN WOERKAM, A.J. &nd BRODMAN, Ko Statistics for a diagnostic
model, Biometrics ll:229-3l8, 1961

De. Urology
1., ZINSSER, H.H. patient derived avtodefinition of a disease:
Pyelonephritis. Tn The Diegnostic Processe proceof a Conferen—
ce Held at the University of Michigan, May 9-11, 1963. Edited

by John A. Jacquez, Ann ArboT: Mailoy Lithographing, Inc.,
1964, ppe 103-128
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MATCHING PROCEDURES

A. Dermatology 1.

1, NORINS, 4,L, Computers in dermatology.
511, 1964

Arch,Dermatol, 90:506—

B, Hematology . 2.

1, LIPKIN, M., ENGLE, R., DAVIS, B.J., ZWORYKIN, V.K., EBALD, f.
and SENDROW, M. Digital computer as an aid o differential

diagnosis. Arch.Int.Med, 108:56-72, 1961 3.

Ce Neurology
1, SHTABTSOV, V.I. and OSTROUMOV, Yu.A. Bxperience with the
diagnostics of nervous diseases using an electronic dlgltal
"Jral-2" (ETSVM) Computer. (In Russ,) Zhur,Nevr.i Psikh, 64:
515-519, 1964

Ae

D, Pe:sonality Assessment

1, ROME, H.P. Automation techniques in personality assessment.
JJAM A, 182:1069-1072, 1962

2. PEARSON, J.S,, SWENSON, W.lM., ROME, H.P., MATAYA, P,, BRANNICK 5,

7,L., Purther experience with the automated Minnesota Multi-
phasic Personality Inventory., Proc.Mayo Clin, 22:823-829,1964

B, Surgery i
'6.
"1, PETERSON, O.L, and BARSAMIAN, E. Diagnosticbperformance. In
The Diagnostic Process. Proc. of a Confererice Held at the Uni
versity of Michigan, May 9-11, 1963, Edited by John A. Jacquez
Ann Arbor: Malloy Lithographing, Inc., 1964. Pp.e34T=3620

Te

8.

10,
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Figure 1, The process of diagnostic decision-~making may be vigualized
as a tree structure which represents the gearch strategy of
a diagnostiocian., The circles represent nodes at which the

physician may give a differential diagnosis or he may elect

to proceed by agking for more informetion. The plus or minus

branches represent the presence or absence of the preceding

symptom, e.gs S5(56).
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Figure 2, A population has been divided into two groups, "ill" .and Y Y v y y 4
"not~ill" on the basi i i i i ° ® i g 20 2 30
‘ e basis of arbl‘t‘;rary criteria for "ill", PERCENT: FALSE POSITIVES
The plot is made in logarithmic probability paper, ’
Figure 3, Upper right graph: The population dietribution from Figure 2

is replotted to show that the curves are longnormal. Lower
left graph: The reciprooal falee positive~falee negative re-
|

lationship for the population 1s very near & hyperbola and is °
a good fit for the experimental data curve in Figure 4,
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(From Lustsd, L.B., Radiology 74 (1960),.pp. 178-193,)
CYBERNETICS IN MEDICINE
By Professor Aldo Masturzo, The University of Naples, Faples, Italy,
President of ths International Society of Cybermetic Medicine.
451 O YERUSHALMY AM. REV. TUBERC. VOL.6i This pasper will discuss the following topies: -
o 0 GARLAND RADIOLOGY VOL.52
40 \ A MILLER (RAOIDIOOINE) RADIOLOGY VOL.65 gsneral principles of Cybermetic Medicine
N W STRADLING & JOMNSTON LANCET JUNE i8,1956 cybernetics applisd to space biolegy
J8.L. (1954
35_,\ oL.8.L. fiesd) cybernetics applied to rheumstology
w o diagnosis with the sid of computers.
530- \
z \ Biology, like other sciences, does not tell sbout rsality in itself, but
%25‘ k provides us with models repressntative of it, which mimic natural phenome-
N b na and sre liable to previsions, deductive reasoning and‘experimental
- o
520 ° methods.
[}
51\
& 54 a
q\\ Mathematical models are by far the most effective for a systematic study
104 o of reality: which is witnessed by the achievements of physics in these
\\\\D last years.
54 \\ :
But whils in physics traditional mathematical methods proved to be satis-
by by 5 2 s 20 factory to & logical srrangement of observed dats, in bieclogy such methods
PERCENT FALSE POSITIVES were inadegquate and not sufficient.
n scientific resesrch, mathematics avails itself of systems of classic
i g Graph showing the reciprocal relationship between the peroen

Bechanics,differential squations, which were successfully employed in

tage of falss positivs and of false negative readings obtain- agtronomy and physics.

sd from studiss on the accuracy of chest film interpretation.

Miller's study on ths intsrpretation of the radiation effect ¢h systems, howsvsr, in biology do not give ths same results because

on thyroid gland and other studiss on the acouracy of diagnos tal phenomens are subject to alestory fsctors, which make it quite im-

is of Papanicolaou smsars have shown s similar reciprocal re-
lationship.

ssible to determine the history of a living organiesm at s%ery moment of
its evolution.

NB TFigures at pages 542 - 547.




‘Me| 1q6u4doo sn quemel,ojdeq,(euj pq?rl(iueq leLu e ﬁq SUIDIPSI JO AleJqrT [eUOREN SU} JO UOR0S]I00 8y} Woly paidoo sem sbied siy uo jeLsjeul 8y

566

THE INFORMATION RETRIEVAL PROBLEM IN MEDICINE

By G, Wagner, Professor, M.D., Deutches Krebsforschungszentrum, Heidel~

berg, Germany.

Within the scope of our meeting, I have the pleasure to speak about the

problem of information and information retrieval in medicine, Although

facts and data), the term "Information Retrieval” customarily is re-
stricted to the retrieval of printed information., But, as I have been

asked to use the term in its broadest sense, T will also streés some

er are so broad and complex and furthermore only partly explored, my

paper must necessarily remain very fragmentary.

Let me start with some general remarks upon the Information problem in

scisnce,

There is no doubt ﬁhat the rapid development of all sections of science
may be called one of the most outstanding characteristics of our age,
The extent of this expansion may be illustrated by the statement. of the

American science historisn de Solla Price {1963), that out of all scien-

tists that have ever crowded our planet, about 85¢% are living in our

ence on our present form of society, our standard of life, and our worlds
view, also raised problems that have never existed before or, at least,
did not become svident in acomparably aggravating fashion, 8,2, the in-

creasing difficulty of keeping oneself informed on scientific prograss.

Until some fsw decades ago, it was not too difficult for a scientist to

keep himself up to date in his speciality and also to get sufficient

NB References at pages 574 - 575
Figures at pages 576 - 579

the word "Information" applies to different kinds of systems (references;

provlems of retrieval of facts and data. However, as these fields‘togeth—

time, But ths rapid dsvebpment of science, exercising an essential influa:

e LS

567

information about the progress made in the adjoining disciplines, Now~
_adays - at least in the sector of natural solence and technology -~ there
ié hardly any gcientist able to overlook the entire literature of his
speeial working field, sfill less, to obtain a gensral survey of the
adjoining goientific pranches, Principally two factors complicate the
scientist's survey of the literature that is relevant or at least poten~
tially important to him: on one hand, the increasing number of publica-~
tions, on the other hand, the growing difficulties of communication be~

tween the different scientific specialities,

‘During the last years, the growth of literary production in the scienti-~

fic sector has often been labeled as & "publication explosion" or "lite-

rature flood", But considering the situation from an impartial view-

point, the exception must be made that these slogans have pretty often

peen abused by sensation mongering, and that things have been magnified
jeliverately (Coblans, Wagner (1955)). The purpose of those exaggerations

ig - as Shaw (1962) mocked - " to scare us into accepting radical solu-

tions to the documentation provlem, for the alternative pictured is that
of science dead of autointeoxication, from jmmersion in its own effluvia’,
However, though a certain reservation as to pombastic overstatements
sesms to be imperative until better founded data will be presented, one
thing is a matter of fact: never pefore mankind has faced such an inunda~
tion by printed paper &as it does at present. According to American esti-~
mations (Kent (1960)), every sixty seconds - Sundays and holidays ineclud~
ed - about 2000 pages of newpapers, periodicals or books are being pro-
duced, The total of selentific periodicals actually published on earth
are valued at no less than 30 0003 the estimated number of the articles
published in then anmually fluctuates from 1,5 to 6 millions,

In the field of chemistry, the number of scientific publications is said
to have nsarly doubled about every eight years during the last decades
(Pietsch 3(1962)). Wheras in 1961 some 150 000 papers appeared in this

gcientific sector, an amount of about 300 000 pubiications are expected

. to come out in 1970 (Kent (1962b) e

The determination of the growth rate in biomedical literature is much
more difficult. In all probability, the«sxpansion of medical literature

is not so sirong as the increase of publications in the chemioal field,
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COMPUTERS IN MEDICAL TEBACHING

By J.C, Pagds and F. Grémy, Professor at the School of Medicine, Univer=

sity of Paris, France,

411 countries, even developed, have to face hard problems in the educa-

tional field, Among these problems, there are the following:

1) the tremendous growth of new information and the difficulty of

every one o0 keep up with development in his own field
2)
3)

the growth of student population

the difficulty of having sufficient and competent teachers, this
resulting in the fact that education is becoming more and more

impersonal in large universities,

These educational problem can be partly overcome by the help of computer
technology, in the following field, information storage and retrieval,
computerized problem solving, end machine programmed learning, which is

our topic to day.

PROGRAMMED TNSPRUCTION

It is imppssible to speak of computers as teaching machines without keep

ing in mind the exact motion of programmed instruction.

Programmed instruction is a technique of instructing

- without the presence of a human instructor
- where the material is presented to the student in small increment
- which requires from the traineé frequent responses and informs

him immediately whether hie respounse is right or wroné. As the

questions are very easy, the anewer 1is supposed to be very often

NB References at page 559

Figures at pages 560 - 565
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This results in a very strong positive feed back be-

a right onee,
which is called

tween the programmed instrud%ion and the student,

reinforcement.

It can be a linear programmed instruction (B.F. Skinner): after the stu-

dent has compared the computer answer with his own, he goes on to the

next step, which is always the game, whatever his answer has been.

More sophisticated is the branching progremmed snstruction :here the )

next step depends on the previous answer, which determines which infor-

mation will be presented %o him next : new material, if the answer was

it was not. One -can conceive

correct, explanatory orreview material if
but of

that the next step depends not only of the just preceding answery

all the previous answers of the student, and even takes into account
his
M, Mo Po T

the pepsonality of the learner,

capabilities as revealed by some psychologic texts such as Q. I. or

1). So the teaching strategy could be very closely adapted to

What are the advantages of programmed instruction over more clagsical

ways of teaching?

.~ ag there is no group instruction, there are no absences and in-

terruptions to disturb the pupils, & student who works alone can

atart and stop whenever he wants

—~ the work reguired from the student is an active and Eersonal one @
: shy

lazy students cannot walt for the answers of other students :

gtudents are not inhibited by the presenoe of othere

- = the rates of learning are different : the faster is not held backj

the slower is not left behind; the levels of aohievements are

more uniform.

is kind of teaching to be impersonal

Very often it ie reproached to th
But it is possible

because it eeparates the learner from the instructor.

to point out that programmed instruction ie more personal in two Ways :

. second it frees time for

first, it matches the student capability :
wdent and teacher : they get rid of factual
for interesting and

v&lueble contacte between st
notion acquisition and they are able to spend time

O

(1) Minnesota Multiphasic Personality Inventory.

TERGY
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advanced work, whic¢h ne machine can do, for the time being, where

imagination, eynthesls and moral oapsbilities are at work,

Now what do we. call a Teaching Machine?

In the wide sense, it is any device whioh containe a programmed instruc-
tion and presents it to the students (elides, filmstrip, magnetic tape,
or the combinatlon of theee).

In a narrower gense, & teaching machine is a general purpose computer
'with all the relevant 