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Data processing in clinical pathology
INTRODUCTION

DEFINITION OF DATA PROCESSING

'Data processing' has been defined in the U.S.
Bureau of the Budget glossary of automatic data
processing terms as:

'The preparation of source media which contain
data or basic elements of information, and the
handling of such data according to precise rules of
procedure to accomplish such operations as classify-
ing, sorting, calculating, summarizing, and record-
ing.'

CONTEXT AND SCOPE OF LABORATORY DATA PROCESSING

Data processing as far as pathology is concerned
embraces the handling of information between
the ordering of the test by the clinician and his con-
sideration of the final report. Many more steps are
involved than are generally appreciated and some or
all of the following may be included:

1 Completing the request form.
2 Transmitting the request form to the labora-

tory.
3 Labelling the specimen.
4 Linking the specimen with the request form.
5 Preparing the laboratory work lists.
6 Recording the raw test-result data.
7 Calculating the results.
8 Checking the quality of each batch of results.
9 Linking the results with the request form.
10 Linking the latest result with past results.
11 Editing the report.
12 Transmitting the report to the appropriate

address.
13 Linking the report to the patient's notes.
14 Storing a copy of the report in the laboratory

file.
In terms of efficient care of the patient an important

matter is the interval between making the request
and the consideration of the final report, so none of
these processes can be considered completely in iso-
lation. Identification of the patient and specimen
beyond any possible doubt is a vital requirement of
all pathological investigations, and a first-class
delivery service for specimens, providing an uninter-
rupted flow of work, is essential for maximum
efficiency and smooth operation. First-rate test
performance and foolproof manipulation of the
observational data are required to ensure that the

correct answer appears on the patient's report.
Finally, the results must be transmitted to the
appropriate address rapidly and reliably.

REASONS FOR REVIEWING DATA PROCESSING SYSTEMS
IN PATHOLOGY

There are three main reasons for suggesting that
existing manual data processing procedures should
be reviewed, namely, (1) the growth of the work
load; (2) the shortcomings of existing manual pro-
cedures; and (3) the possibility of increased efficiency
with automatic methods.
With the greater application of scientific method to

medicine, the care of patients increasingly relies on
laboratory investigations. This change of outlook
on the part of clinicians, combined with the shorter
stay of patients in hospital beds, has led to a
tremendous increase in the demand for pathological
tests of all kinds. Of the many new problems
created the one that is becoming particularly
pressing is the difficulty of handling all the data
involved. In highly mechanized biochemical
laboratories it has been estimated that technicians
may spend about 30% of their time on clerical work
-a serious waste of professional skill.
The increased speed of testing obtainable when

work is simplified or bench procedures are mechan-
ized has highlighted the importance of efficient data
processing in the pathology laboratory. Often tests
can now be performed in less time than it takes to
prepare the report, and, unless something is done to
speed this part of the overall process, much of the
advantage of automating analytical procedures will
be lost. Data processing is rapidly becoming the
bottleneck of the biochemical laboratory, while in
the other disciplines preliminary work on the design
of equipment for increasing the rate of bench pro-
cedures has already begun. It is only a matter of
time, therefore, before the same problems will have
to be faced in all branches of pathology.
Apart from being slow and wasteful of the time of

skilled personnel, existing methods of processing
laboratory data are too prone to error. Methods of
identifying patients are often unreliable or inade-
quate, and inevitably occasional human errors occur
during calculations and transcriptions. The occur-
rence of errors necessitates elaborate checking
procedures, but these become less reliable as the
tempo of work quickens. The records of results
stored in the laboratory and in the patients' notes
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Data processing in clinical pathology

often leave much to be desired; not only are they
bulky and prone to be misfiled, but the information
they contain tends to be badly presented for rapid
evaluation and may be partly indecipherable. The
net result is that valuable information for administra-
tive or research purposes, or even for care of the
patient, is difficult or impossible to retrieve.
Some experience of mechanical and electronic

systems for handling pathology data already exists
and there seems little doubt that the introduction of
these techniques could improve the quality and
reliability and possibly also the speed of laboratory
reporting.

FUTURE OBJECTIVES

The four main objectives ofimproved data processing
systems for pathology should be: (1) more accurate
reporting; (2) faster reporting; (3) ease of analysis
of past results for (a) reviewing the findings on a
patient, (b) quality control, (c) administration,
(d) research purposes; (4) reduction of clerical work.
With appropriate equipment it should be possible

to automate nearly all the steps comprising labora-
tory data processing, thereby lessening clerical work,
avoiding a large proportion of errors, and effecting
more rapid and informative reporting. Much more
comprehensive quality control and more extensive
checking procedures would become practical and
this should lead to a raising of the standard of work.
Improved management should be another important
by-product of introducing a system which will permit
the production of really up-to-date analyses of
laboratory usage.

THE WORK LOAD IN PATHOLOGY
LABORATORIES

of a laboratory in any half day. This figure has the
advantage that it is easily defined and fairly simple
to record.

Assessment of data processing needs based on the
request count has the following disadvantages.
(1) The number of tests per request varies according
to the local practice of clinicians. (2) The number
and complexity of tests performed in response to a
request for a single test is variable.
To overcome some of the disadvantages, a

weighting factor based on the complexity of the
work involved in each request for the different divi-
sions of the laboratory was introduced by the
Ministry of Health in 1965. At the same time a
test/request ratio was introduced, giving the average
number of tests for each request in each division of
the laboratory each year. When these figures are
available for a number of years they will give a more
accurate picture ofwork loads. Also in 1965, serology
was separated from bacteriology and cytology from
histology. As there are not yet sufficient figures for
serology and cytology they are included in the main
disciplines in this survey.

THE REQUEST LOAD

MINISTRY OF HEALTH FIGURES FOR PATHOLOGY IN
ENGLAND AND WALES Table I gives the work load
for all pathology laboratories in England and Wales
expressed as requests, and also shows the work done
for general practitioners. The percentage increases
over the 1958 load are shown in Figures 1 and 2. The
average of the annual increases for the period 1958
to 1965 are:

Work from Work from General
All Sources Practitioners
(%) (%)

To plan for data processing requirements in the
future the extent of the increased demand for patho-
logical services must be determined. The work load
in chemical pathology has been studied in a number
of surveys but there is less information about that
in haematology, bacteriology, and histology. The
present survey is based on figures obtained from
Ministry of Health sources, two regional boards, and
members of the working party.

Laboratory work can be expressed as numbers of
requests, specimens or tests for each division of the
laboratory, and can be further subdivided according
to the source of the specimen, e.g. inpatient, out-
patient, or general practitioner. Much the commonest
method is to give the number of requests, as used in
the official Ministry of Health returns since 1958, a
request being defined as the demand for pathological
work in respect of one patient received by a division

All divisions
Bacteriology
Chemical pathology
Haematology
Histology (including cytology)

8-7
6-4

11-1
9.1
11-8

163
16-5
20-3
1S-5
470

Figures 1 and 2 show that the request load for all
departments has risen markedly. In 1965 there was
a slight fall in the rate of increase but it is not
possible to say whether this will continue until further
figures are available. The enormous increase in
histology is due to the inclusion of cytology. The
figures also show that the volume of work carried
out for general practitioners is increasing both
absolutely and as a proportion of the total work load.
Here also the big increase in histology is due to
cytological investigations.

MINISTRY OF HEALTH FIGURES FOR GROUP PATHOLOGY
LABORATORIES A representative sample of 12 group
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Data processing in clinical pathology

TABLE I
PATHOLOGY WORK-LOAD STATISTICS FOR ENGLAND AND WALES 1958-19651

1958 1959 1960 1961 1962 1963 1964 1965

Total 15,954-4 17,278-9 18,988-4 20,603-2 22,578-8 24,929-7 27,634-4 28,561-8
All divisions

General practitioners 887-0 1,006-1 1,184-7 1,349-2 1,546-4 1,796-2 2,232-9 2,532-0

Total 4,861-5 5,138-5 5,373 3 5,581-7 5,971-7 6,5872 7,121-9 7,467-5
Bacteriology

General practitioners 227-2 260-8 295-6 308-9 341-5 416-3 522-4 649-7

Total 3,236-8 3,635-9 4,125-0 4,604-4 5,221-4 5,892-5 6,757 5 6,774-5
Biochemistry

General practitioners 94-6 108-6 137-2 151-9 173-7 211-1 277-5 339 9

Total 6,874-0 7,670-9 8,604-5 9,461-3 10,351-3 11,250-1 12,363-3 12,642-2
Haematology

General practitioners 536-7 629-1 740 7 879-4 1,020-9 1,152-5 1,393-6 1,468-8

Total 771-7 833-6 885-6 955-8 1,034-4 1,199 9 1,391-8 1,677-6
Histology

General practitioners 7-6 7-6 11-2 9-0 10-4 16-4 39 4 73-6
"Numbers of requests in thousands
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FIG. 2.

FIG. 1. Graph showing the increase of requestsfor patho-
logical investigations in England and Wales since 1958.

FIG. 2. Graph showing the increase of requests for
pathological investigations by general practitioners in
England and Wales since 1958.

Year
FIG. 1.
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Data processing in clinical pathology

laboratories was selected from the Annual Hospital
Costing Return (Section M), published by the
Ministry of Health, and the average annual increase
of total requests for each laboratory over the years
1958 to 1965 was calculated. The overall annual
increase for the laboratories chosen was 12-5 %,
which is higher than the figure for the whole country
and suggests that the larger laboratories may be
carrying an increasing proportion of the work load.
The variations within this group of laboratories
were considerable, however, from 6% to 22 5 %.
Figures for the request loads of individual divisions
of the laboratories are not available.

REGIONAL BOARD FIGURES Returns from the seven
main laboratories of the Oxford Regional Hospital
Board for 1959 to 1965, and 33 laboratories of the
N.W. Metropolitan Regional Hospital Board for
1961 to 65 were analysed. The average yearly percent-
age increase of the numbers of requests dealt with by
all the laboratories was as follows:

Oxford N. W. Metropolitan
R2gion Region
(%) (%)

Bacteriology
Chemical pathology
Haematology
Histology (including cytology)

9.5
120
11-5
43 0

90
12-0
70
16-0

Undoubtedly the large difference in the rate of
growth of histology can be attributed to uneven
development of cytology services but these figures
suggest that the pattern of growth at a particular
time can differ markedly in different regions.

THE TEST LOAD

No national statistics to assess the growth of test
loads are yet available. However, a large-scale
investigation of the growth of test loads in chemical
pathology in England, Scotland, and Wales was
conducted recently by the Association of Clinical
Biochemists (Lathe and Mitchell, 1966). This showed
that over the years 1958 to 1963 the average yearly
increase in the number of tests performed was 17-7 %.
The longest series of figures available are those from
the Department of Clinical Chemistry at the Edin-
burgh Royal Infirmary (Whitby, 1967); these show
that, apart from a standstill period during World
War II, the test load has followed an exponential
growth curve from 1921 to 1966, the number of tests
doubling every five years. The present test/request
ratio for this laboratory is 3-5. At University College
Hospital, London, the test/request ratio in chemical
pathology has risen steadily from 1-83 in 1958 to 2-86
in 1966, and comparison of the annual rate of growth
of test loads reported in the Association of Clinical

Biochemists' survey with the national statistics for
the rate of growth of requests suggests that this
must be occurring generally. Figures produced by
members of the working party from their own
laboratories suggest that the test/request ratio is
probably increasing in all divisions of pathology.

CAUSES OF INCREASE IN WORK LOAD

The increased number of investigations being
performed can be attributed to:-

(1) The larger number of patients being investi-
gated due to (a) the growth of the population; (b) the
more rapid turnover of inpatients, a result of
the great pressure on hospital beds and the more
rapid mobilization after operations and deliveries.
Forsyth (1966) states that the average duration of
stay in hospital has fallen ever since the introduction
of the National Health Service by one day per
annum, and that since 1949 there has been an
increase of about 25% in the number of inpatients;
(c) the increased use by general practitioners of open
laboratory services.

(2) The greater number of investigations being
carried out on each patient, due to (a) an increasing
awareness on the part of clinicians of the value of
laboratory investigations in diagnosis; (b) an in-
creasing use of laboratory tests to control treatment;
(c) new clinical appointments, for when more
clinical staff are appointed the number of requests
increases; (d) the increasing range of investigations
being undertaken by laboratories; (e) the ability of
a laboratory to accept increased numbers of a
particular test due to the introduction of automated
techniques.

PREDICTION OF FUTURE WORK LOADS

The factors listed above have led to a marked
increase of laboratory investigation, with no sign of
the rate of increase declining. Using a technique of
short-time forecasting, described in the I.C.I. Mono-
graph No. 2, it is possible to make reasonably
accurate predictions based on past trends. This has
been done for a number of laboratories, and
examples of predictions of request loads and test
loads for two laboratories are shown in Figs. 3 and 4
respectively.
The introduction of screening tests into all

branches of clinical pathology may greatly upset
future predictions, as happened in histology with the
arrival of cytological screening for cervical car-
cinoma. A type of multiple screening now being
assessed is that of haematological and biochemical
'profiles'; in this a standard batch of investigations
is routinely performed on selected groups of patients,
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Data processing in clinical pathology

200 Predictions , e.g., all hospital admissions. The effect this will have
on pathology work loads is not predictable.

100- . CONCLUSION

In planning the pathology services of the future, full
n 50F . .@ ..consideration must be given to the consequences of

c, ....@ ~ ..............the continuing increase in work load which is
C ..... @@5 . ooccurring in all divisions of pathology. This will

affect laboratory design, staffing and equipment, and
._,,, the capacity of any data processing system which is

OD
sz .,-t introduced must be sufficient to meet the expected

demand and be capable of further expansion.
8.

SYSTEMS ANALYSIS APPLIED TO GENERAL
LABORATORY DATA PROCESSING

0r0)4 -
-_.__.-Bacteriology FLOW CHART METHOD OF ANALYSIS

Biochemistry
2 - Haematology Virtually all jobs are performed as a series of tasks,

l -- Histology (incl. each consisting of a number of steps carried out in
cytology) an ordered sequence, and a convenient method of

1960 '64 '68 '72 '74 analysing procedure is to construct a flow chart.
Year This presents the steps in a visual rather than anarrative form and enables their inter-relationships

FIG. 3. Graph showing predictions of the future request to be readily grasped. It forms a valuable tool of
load of the South Warwickshire Group Laboratory. The analysis because it allows of a rapid and critical and
scale on the ordinate is logarithmic. objective assessment of procedure. In constructing a

flow chart one inevitably finds oneself not only ask-
400 ing 'what' exactly goes on but 'why', and it is the

~,-.:.": necessity for clear thinking that makes the construc-
200 , -.te.' tion of a flow chart so valuable a discipline. The200-..employment of this technique, therefore, forms an

essential first step in planning for the introduction of
100 .. to automatic data processing. Flow charts of differing

0..*"-*degrees of complexity are usually constructed, the
initial one indicating the main procedural steps of the

r_ 50 : woverall job organization, and later ones presenting
,. the outline and then the details of the constituent
o".,*-- tasks. A set of standard symbols has been proposed

-: . ,@'for constructing flow charts (see reference no. 10
20 ,. in bibliography) but their use is only essential in the
X,@ more detailed diagrams.

n. 8 '*'BASIC ORGANIZATION OF LABORATORY DATA

en1,e'PROCESSING SYSTEMS

4 -
Data processing systems in use or proposed for

Predictions - pathology laboratories are of four grades of com-
plexity, as indicated in very basic form in Figs. 5-8

2- (Wootton, 1965).
The simplest possible system, scheme A, is shown

in Figure 5. The request form contains information
which identifies the specimen with a particular1958 '62 '66 70 '73 patient and indicates what investigation is required.

r.. When the request form and specimen reach theRTA rl h YS+ hotfavYDtD#FIG. 4. ujrapn snowing preaLctLons ou ine juiure rest Woaa
of the United Cambridge Hospitals. The scale on the
ordinate is logarithmic.
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Data processing in clinical pathology

laboratory from the ward or clinic they are separated
and the sample is investigated at the point in the chart
marked 'test'. The result of the test is linked to the
data provided on the request form in order to make
a report. The latter is prepared in duplicate so that
the result can be stored in case the copy in the
patient's notes is not available.
Scheme B (Fig. 6) depicts a commoner system.

An additional editing stage is included after the
report has been prepared. The result is scrutinized
at this point and either passed or referred for repeat
analysis, according to rules established from previous
general experience as to what constitutes improbable
or inconsistent results. The considerations in deciding
whether the result is acceptable or not are general
ones and are not specific to the individual patient.

REQUEST .
SPECENL

FIG. 5. Diagram representing the basic outline of
pathology dataprocessing according to scheme A. Activities
between the two horizontal dotted lines take place within
the laboratory.

FIG. 7. Diagram representing the basic outline of
pathology data processing according to scheme C.

FIG. 6. Diagram representing the basic outline of
pathology data processing according to scheme B.

Scheme C (Fig. 7) represents a somewhat more
complex system. There is an additional editing stage
which involves the use of a store of previous results.
After the report has been edited for general con-
sistency the store is searched for the results of
previous tests done on the same patient. The latest
result is then assessed in terms of feasibility in
relation to earlier findings.
Scheme D (Fig. 8) differs only slightly from that

portrayed in Figure 7. In this system instead of a
retrieval of the total of past results for the purpose
of the second editing procedure, a selective recall is
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Data processing in clinical pathology

EDI=

EDIT..$zDZ~~~~~~~~1

I REPORT --

FIG. 8. Diagram representing the basic outline of
pathology data processing according to scheme D.

made based on a knowledge of what current tests are
to be reviewed. In this scheme therefore only those
past results pertinent to the interpretation of the
latest report are extracted from the file for the
attention of the editor.

THE CHOICE OF BASIC SYSTEM

In practice the choice of scheme adopted by a
laboratory will depend on the equipment and
personnel available but the chief advantages and
disadvantages of each of the above schemes merit
discussion.
Scheme A offers one advantage over all the other

schemes: it is possible to get the results of a test
to the clinician with minimal delay. The lack of any
check on results might mean, however, that quite
impossible results could be reported, and it cannot
be recommended unless used in conjunction with an
adequate system of quality control. Even then its use
should, whenever possible, be restricted to requests
for the simpler tests.
Scheme B offers as an advantage over scheme A

the possibility of eliminating the more bizarre errors
before the report is issued. However, it still relies
heavily on laboratory accuracy because no quality
control system will guarantee the correctness of an
individual result. Inevitably some delay is incurred
during the checking procedure.

Scheme C offers as one advantage over scheme B
the opportunity of eliminating, in those patients who
have had previous investigations of similar or related
type, errors of much less magnitude. In practice it
has been found to provide a valuable means of
detecting such mistakes as transposition of results,
i.e. 'X's' results on 'Y's' report and vice versa. The
system also offers the possibility of introducing
cumulative reporting, which provides the clinician
with a summary of all the patient's results and lessens
the bulk of reports filed in the patient's notes. In
operation scheme C is demanding of clerical time
and effort, and the amount of information presented
to the editor may be considerable, but those with
experience of the system consider that the advantages
justify the extra work involved, especially when a
cumulative report is issued (Flynn and Vernon,
1965; Whitby and Owen, 1965).
Scheme D offers as the main advantage over

scheme C the possibility of improving the efficiency
of the second editing procedure by focusing attention
on previous results of relevance to the current report.
It also reduces the volume of data that has to be
produced for the editing process. It is compatible
with a form of cumulative reporting in which results
of related tests would appear on a given summary
sheet but the filing and retrieval of laboratory records
become more complicated. Difficulties may be
encountered in deciding the grouping of tests for
retrieval because some are relevant to very different
clinical situations.
The Working Party consider that schemes C and

D offer worthwhile advantages over the other
systems but feel that they would not be practical for
many laboratories under existing conditions. They
suggest, however, that they should be used whenever
possible. Direct access to computing facilities should
make such schemes more practicable in the future,
but the magnitude of the storage, retrieval, and
printing operations will probably require the use of
substantial installations. Even with computers avail-
able, some limit will have to be placed on the length
of time that records can be held in the active file for
rapid recall. This time limit will probably be variable
depending on the type of investigation. Recall of
results of previous investigations in other branches
of pathology will not be required for routine editing
of reports, but on rare occasions it would be valuable
to be able to review the results of all investigations
carried out on an individual patient.

DIAGRAMMATIC REPRESENTATION OF THE FLOW
OF INFORMATION IN PATHOLOGY LABORATORIES

Members of the Working Party constructed flow
charts depicting the data processing procedures
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Data processing in clinical pathology

currently operating in their own laboratories and
these were found to differ according to the discipline
represented, the size of the work load, and the
staffing position. The large amount of common
ground, however, made it possible to construct a
composite diagram which reflected the main flow of
information in all the laboratories. This is shown in
Fig. 9, and we believe that most pathologists will be
able to recognize within it the procedures that go on
in their own laboratories. Some of the steps and
some of the documents are marked with an asterisk
to indicate that they will not be required by all.

In some cases extra steps will have to be shown:
this is necessary, for instance, in the case of blood
transfusion laboratories whose special needs are
shown superimposed on the basic flow chart in
Figure 10.

Systems analysts planning a program to carry
out laboratory data processing automatically will
eventually require a lot more detail than is conveyed
in Figures 9 and 10. They will start by constructing
such a flow chart but as their approach emphasizes
the logical sequence of events their diagram may
appear superficially very different, and this approach
is shown in Fig. 11, in which the numbers on the
chart should serve to relate the various steps to their
corresponding representation in Figure 9.

DESCRIPTION OF DATA PROCESSING PROCEDURES IN
PATHOLOGY

A detailed analysis of the various processes which
constitute the procedural steps depicted in Fig. 9 is
given in Table II, which describes what happens at
each stage and indicates what function is served. In
some cases comments have been added to indicate
problems which exist and to add extra points of
detail. The 31 processes listed cover all those that go
on in the data processing system operating in the
chemical pathology laboratory at University College
Hospital, London; this system is based on a type C
scheme, and a cumulative report is produced.
Discrepancies on points of detail are certain to be
found by some pathologists between what is
described in Table II and what takes place in their
own laboratories, but it is included here to serve as
a possible model for their own detailed analysis.

COMMUNICATIONS IN THE HANDLING OF
LABORATORY DATA

The efficiency of a laboratory may be judged by
clinicians in terms of the time elapsing between
making a request for an investigation and receiving
the report, and the introduction of mechanized tests
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Data processing in clinical pathology

TABLE II
ANALYSIS OF DATA PROCESSING IN PATHOLOGY

Data Involved Function

A Generation of the
request

1 Reproduce patient
identification data
on request form
(doctor)

Hospital number
Surname
First name
Middle initials
Date of birth
Sex
Marital status

Uniquely identifies
patient
Provides data which
may be important to
pathologist interpreting
result (age and sex)

Must be correct and never varied
Some patients may not have
hospital number, e.g. urgent
admission at night, newborn
infant, private patient
Ideally maiden or previous
surnames should be included
Inclusion of marital status or
title desirable because of
surname discrepancies
Order of birth of newborn twins
or triplets required until first
names allocated
Date of birth preferable to age
because never alters
Some patients may have no
identification data, e.g. uncon-
scious patient without relative
or friend.

2 Answer specific
questions on request
form regarding
investigation and
destination of report
(doctor)

3 Give relevant clinical
data on request form
(doctor)

Type of specimen
Investigation(s) required
If test urgent
Date and time of
specimen collection
Destination of report
Doctor to whom report
is to be sent
Special instructions,
e.g. phone result

Clinical data, e.g.
clinical diagnosis,
therapy, operation,
pregnancy, etc.

Provides essential
information

Approximate date of last
investigation would speed the
location of vast results.

Provides data which may
be important to
pathologist in inter-
preting result.

4 Label specimen with Same as in 1
patient identification
data (doctor or
technician)

Provides essential
evidence of origin of
specimen

Request form may initially be
delivered to laboratory without
a specimen.
Data must be the same as given in I

Labelling must be done at time
of collection

C Reception of
specimen and
request form in
laboratory

5 Enter surname of
patient opposite next
vacant number on
laboratory accession
list (technician or
clerk)

6 Label tube containing
a portion of specimen
to be used (e.g.
separated plasma)
with laboratory
number just allocated
and also patient's
surname (technician)

7 Enter laboratory
number(s) of
specimen(s) on
accompanying request
form (technician or

clerk)

D Selection of
laboratory tests

Surname

Laboratory number
Surname

Laboratory number

8 Enter appropriate test Test description
on request form
(pathologist)

Provides evidence of
reception of specimen
by laboratory
Provides dictionary
relating patient's name
and laboratory number

Uniquely but simply
identifies specimen in
terms of patient
concerned
Indicates specimen
sequence when more
than one specimen
collected from patient
in course of few hours

Uniquely relates speci-
men to request form

Provides essential
information for
technicians

Not universally required
Special number may be re-used
at intervals of few days or weeks.
If two or more specimens
received with one request form,
allocate a separate laboratory
number to each

Name as well as number on
specimen provides check on
accessioning procedure
Number on specimen can also
be used to indicate its location
in specimen file.

Replicated gummed labels can
be used for this purpose

Not universally required

240
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Data processing in clinical pathology

TABLE II-continued
Data Involved Function

E Preparation of 9 Enter laboratory Laboratory number
laboratory work number of specimen(s)
lists requiring a particular

test(s) on appro-
priately headed work
lists (technician or
clerk)

F Preparation of 10 Enter report format
report forms for on request form
entry of results (clerk)

11 Search main file of
laboratory records
for patient's previous
results; if none,
create new patient
record by entering
patient's identification
data on cumulative
record card (clerk)

12 File request/report
forms and currently
required previous
records in appro-
priate working files
(clerk)

Test description

Same as in 1

Same as in 1

Provides work lists for
technicians

Provides descriptive part
of report and converts
request form to report
form

Provides cumulative
record card for entering
result

Ensures report forms
quickly found when
current results available

Urgent specimens suitably
flagged on list
Check desirable to ensure no
number is omitted

Speeded by use of rubber stamp
or Addressograph plate
Number of requests and tests
counted at this stage for
compiling statistics for Ministry
of Health

Not universally required
Must be certain that patient
has not already got a cumulative
record card before making a
new one

Request/report forms sub-
divided into test types and filed
by laboratory number
Filing system for previous
records currently alphabetical,
based on patient's surname, but
could be based on hospital
numbers if these were
universally available.

13 Transcribe current
lists of laboratory
numbers on a
particular work list
into relevant work
book (technician)

Laboratory number Allows technician to
arrange specimens for
test procedure in order
of priority

Not universally required
Urgent specimen tests first
Additional working numbers
may be added, e.g. Auto-
Analyzer cup number

14 Enter patient's
surname opposite
laboratory number
in work book
(technician)

Surname Provides check on acces- Information obtained from
sion list at later stage specimen labels
(20)

15 Enter raw result data Reading(s) on instrument Provides record of
opposite laboratory or result of qualitative original observations
number on work tests
book; also record
results obtained on
standards and control
specimens (technician)

Additional data may be
recorded on individual specimens,
e.g. a dilution factor, volume of
urine

16 Calculate results and
enter final derived
data opposite
laboratory numbers
in work books
(technician)

Same as in (15)
Specific factors, e.g.
dilution, concentration of
standard, volume of
urine

Provides final results Not applicable to some tests.
Check desirable

H General assessment
of results

17 Inspect batch of
results and where
appropriate check
results on control
specimens and cal-
culate mean of all
patient values falling
within certain limits
(senior members of
laboratory staff)

Final test results Provides check on
quality of test procedure
Identifies highly
abnormal results
requiring urgent
reporting

Results may be rejected at this
stage and repeat scheduled or
further tests may be selected
Control results entered on
quality control chart

Procedure Process
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Data processing in clinical pathology

TABLE II-continued
Data Involved Function

I Issuing of urgent
report

18 Notify clinician of
results requiring
urgent action
(pathologist)

Same as in 1 and 2
Final test results

Provides clinician with
critical information as
soon as possible

Result may be transmitted
verbally, e.g. by telephone, or
in written form

J Preparation of 19 Search file of request/
current report report forms for

original request form
corresponding to
specimen (technician)

Test description
Laboratory number

Provides request/report
form for entering result

20 Check that surname Surname
in work book and on

request form agree
(technician)

21 Transcribe result
from work book on
to request/report
form (technician)

Final test results

Provides check on
earlier accessioning
procedures (5 and 7)

Links test result with
clinical data

Investigation of identification of
specimens is indicated if
discrepancy found

Check required.
Completed request forms
returned to secretary for
preparation of cumulative
report

K Preparation of
patient's cumulative
report

22 Search main file of
previous reports for
cumulative record
card corresponding to
completed current
report (secretary)

23 Transcribe result on
request/report form
to cumulative record
card together with
date of specimen
(secretary)

Same as in 1

Final test results
Date and time of
collection of specimen

Provides cumulative
record card for entering
current result

Links new test result
with previous result

L Review of reports

24 Check that entry of
destination of report
does not need
amending (secretary)

25 Check that patient
identification data
and results data on
request/report form
match those on
cumulative record
card (pathologist)

26 Review latest result
in the light of:
(a) clinical data

provided on
request form,

(b) results of previous
similar investiga-
tions,

(c) results of other
tests (pathologist)

27 Add comment on
cumulative record
card where appro-
priate (pathologist)

Same as in 1

Final test results

Doctor's initials
Ward or clinic or
doctor's address

Clinical data
Previous test results

Pathologist's opinion

Ensures destination of
report correct

Entry made in pencil only
so that can be easily updated

Ensures results entered
on correct cumulative
record card and no
transcription error

Ensures that result
feasible and indicates if
further tests required or
if consultation with
clinician desirable

Interprets unusual
results for clinician or

suggest action
required

Result may be rejected at this
stage and repeat scheduled
Good layout of results facilitates
editing procedure.

Current request/report form
may be discarded at this stage
or placed in a temporary file.

M Issuing of cumula-
tive reports

28 Copy patient's
cumulative record
card by Xerography
(secretary)

Same as in 1
All test results
All comments
Destination of report
Date of copying
Pathologist's signature

Provides cumulative
report

Date of issuing report and
pathologist's signature may be
simply added by affixing these
on template of copier.
More than one report may be
copied at a time if template
used.
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Data processing in clinical pathology

TABLE II-continued
Procedure Process Data Involved

29 Refile cumulative Same as in 27
record card (secretary)

30 Transmit reports to Same as in 27
destination (porter)

N Insertion of report 31 Remove and discard Same as in 27
in patient's notes last report and

replace by new one

has served to emphasize the high proportion of this
time which may be spent along the lines of com-

munication between laboratory and user. When
investigations are referred from peripheral hospitals
to highly automated group laboratories there is a

risk that the saving in analytical time may be more
than offset by extra time spent on transporting
specimens and returning results. A new problem
which will become of increasing importance in the
near future is that of the communication of labora-
tory data to and from a computer.

In considering methods of transmitting specimens
to the laboratory and of communicating information
between user, laboratory, and computer centre, no
reference will be made to the conventional methods
of transmission, by hand, postal services, motor
transport, and telephone, as there is nothing new to
be said. Instead attention will be concentrated on
some of the more sophisticated methods of specimen
and data transmission. The subject of transmitting
specimens is included because of its intimate re-

lationship with that of the transmission of request
forms to the laboratory.

PNEUMATIC TUBE TRANSPORT SYSTEMS

The principle of this method consists of moving
cylindrical carriers through tubes by positive or
negative pressure. Most systems comprise one or
more circuits with a number of stations, at each one
of which carriers can be despatched and received.
Carriers are directed to the appropriate destination
by mechanical, electromagnetic, or electronic-cum-
acoustic controls, which are manually or auto-
matically operated. Such systems have been in
operation for some years in a number of hospitals
in the United Kingdom and elsewhere and the subject
is dealt with fully in the Ministry of Health Hospital
Technical Memorandum No. 9.

DISADVANTAGES Opinion regarding the value of
pneumatic tube systems for transporting laboratory

Function Commnents

Previous results reproduced up
to capacity of a single cumula-
tive record card. When no more
entries possible on card the
copy can be overprinted 'File
permanently in patient's notes'.

Ensures cumulative Filing must be very accurate
record can be readily Filing must be carried out
located when next promptly
required
Ensures clinician receives Preliminary sorting of reports
written report into destination areas required
Brings record of patient's Date of copying readily
laboratory investigations idetntifies latest report
up to date

specimens is conflicting. The advantages are self-
evident but the following disadvantages have been
noted:

1 Damage to specimens Elevation of the plasma
potassium and haemoglobin-haptoglobin complex
and even frank haemolysis have been known to
occur in blood specimens and are believed to be due
to frothing caused by repeated sudden accelerations
and decelerations. The extent of the problem varies
from circuit to circuit and factors such as the
number of junctions are probably important.

2 Centrifugation of specimens This occasionally
occurs for reasons which are not obvious.

3 Dissemination of infection This is undoubtedly
a real hazard, but one which to some extent applies
generally to the transportation of specimens. The
danger can be minimized by employing systems
which do not displace air outwards at the delivery
points, and by using unbreakable plastic containers
with leak-proof lids within the carriers.
4 Limited traffic capacity Congestion of the

systems at peak hours is liable to produce delays.
5 Loading and unloading time The time taken

to prepare and despatch each carrier, including
setting a destination coding device, is about 60 to
80 seconds. The time taken to unload and prepare a
carrier for return to the original station is about
20 seconds.

6 Limitations on the size of articles As bulky
specimens, e.g. 24-hour urines, cannot be trans-
ported by the systems, the need for porters still
exists.

7 Cost ofsystems The systems are often costly to
instal and operate.

In general it would seem that if the problems of
haemolysis and dissemination of infection are over-
come by careful design, simple pneumatic tube
circuits between selected points, e.g. a main labora-
tory and an outpatient department, could be used
to transmit specimens and reports.
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Data processing in clinical pathology

COSTS The cost of installation varies enormously
according to the type and complexity of the system
and whether it is included in the construction of a
hospital or added to an existing building. A simple
two-station system might cost as little as £2,000
whereas elaborate systems run into five figures.
Some idea of the installation and operating costs

(based on 1963 prices) may be obtained from the
following sets of figures derived from a work study
carried out at University College Hospital, London.
The limited system envisaged for the tube delivery
of specimens comprised receive-and-send stations on
each of the five floors of the main hospital, and a
single receive-and-send station in a new laboratory
located in a separate building. The greatest distance
involved, that between the laboratory and the fifth
floor of the hospital, would be approximately 300 ft.
Quotations were received for four types ofpneumatic
tube system as set out below.

writing edge, the other a rotating helix; together
these create a moving point of contact across the
electrosensitive paper. Marking on the paper is
made electrolytically, the density of the mark varying
with the voltage applied. By this means a line-by-line
reconstruction of the original document is ac-
complished. A similar system has been in use for
many years for the transmission of press photographs
by wire, but equipment for document transmission
has only become available in the past eight years.
The equipment at present in general use (Mufax

D900) has a scanning density of 90 lines per inch and
will accept documents measuring up to 81 in. x
14 in. The standard rate of transmission is 1 inch
every 27 seconds, equivalent to 6 minutes 18 seconds
for a foolscap sheet. For transmission over short
distances, e.g. within a hospital, or between hospitals
up to 10 miles apart where a private line can be
used, an instrument (Mufax Courier 500) is now

COST (£) OF PNEUMATIC TUBE SYSTEM

Three Inches

20 Carriers
(no controlled
deceleration)

Five Inches

20 Aluminium 20 Fibreglass
Carriers Carriers

20 Aluminium
Carriers

Capital cost (excluding building work) 2,965 4,495 6,015 6,150
Amortization of capital over 20 years 148 224 300 307
Interest at 5i% on 50% of capital 77 121 165 167
Fuel 1801 (135) 1801 (135) 1801 (135) 1801 (135)
Servicing 48' 501 501 501
Maintenance 331 (24) 431 (33) 591 (45) 721 (54)
Total annual cost £486 (432) £618 (563) £754 (695) £776 (713)
'These figures were prepared assuming that the system would be in operation for 12 hours per day. Figures in brackets are those for running
the system for nine hours per day.

The cost of manning the receiving station in the
laboratory also has to be considered. Based on
figures obtained during a 25-day period, the annual
cost of this part of the process would be approxi-
mately £60. The cost of despatching carriers has also
to be included in the cost of running a pneumatic
tube system. Several specimens would be sent in each
but the time taken for this operation would be
approximately 120 minutes per day, the annual cost
working out at £180.

FACSIMILE TELEGRAPHY WITH MUFAX EQUIPMENT

In this system of communication the document to be
transmitted is scanned by photosensitive equipment,
and variations in the amount of light reflected pro-
duce voltage changes which are used to modulate the
amplitude of a carrier sine wave. The modulated sine
wave is transmitted over a normal telephone line to
a distant receiver. Here the varying A/C voltage is
amplified, demodulated, and passed to marking con-
tacts, one of which is a stationary stainless steel

available which will transmit at higher speed, i.e
1 inch per 11 seconds.
Both transmitter and receiver, which are separate

instruments, are connected by special switches to a
normal G.P.O. telephone circuit. Contact is estab-
lished by dialling with the ordinary receiver and, at
an agreed moment, the switches are thrown at both
ends, connecting the equipment. The document to
be transmitted is placed on a rotating drum and the
starting button pressed. Transmission then com-
mences and, when completed, the call is terminated
by once more operating the switches and replacing
the receiver. The approximate dimensions of the
transmitter are 24 in. x 18 in. x 9 in., and of the
receiver 16 in. x 10 in. x 12 in.
The principal advantages of this system are. (1) It

is effectively free of errors. (2) Any kind of informa-
tion which can be put on paper can be transmitted,
i.e. it can be used for transmission of graphic data.
(3) It requires no specialized skill for its operation.
(4) Information is received in the exact format in
which it is sent, a facility particularly useful with
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Data processing in clinical pathology

laboratory reports. (5) An automatii
device can be fitted to the receiver so ti
may be transmitted in the absence of ar
the receiving end.
When considering the question c

transmission of data, the critical factor i
of information which can be conveye4
area of the document. The correct des
ments is thus of importance, and the sy
efficient when transmitting a strip typ
Reports 1 in. in depth can be transmi
40 seconds, and after guillotining are a
form suitable for immediate incorpc
patient's records. It should be noted, h
gummed paper cannot be used.

Facsimile transmission could be us
transmission of small numbers of x

distances of several miles, especially wh
problems with ordinary telephone comn
a result of switchboard interruptions, a
and understanding difficulties. This met]
mission is in routine use in the South V
Hospital Group, for the transmissioi
results between the central laboratory ax
hospitals up to 10 miles away. It has prn
ful both in saving time and in increasing
of reports.

COSTS Costs of the Mufax system are si

Mufax D-901 transmitter
Mufax D-900 receiver
Mufax recording paper (200 ft roll x 6)
Maintenance by agreement, but a representative
price for a system incorporating a transmitter and
three receivers

'Quotations in February 1966.

The cost of using G.P.O. lines for the
same as for normal telephone calls. A
rents at between £11 and £25 per mile
depending on distance, and is on the v
nomic unless it is in continuous use
several hours a day, the break-even tin
upon the total cost of making the sam
calls over public transmission circuits.

FACSIMILE TELEGRAPHY WITH THE ELE(

This is a system of transmitting
information. Transmission is effected t
drawing with a pen connected on the
principle to two electric motors. These
waves of varying frequencies pror
the vertical and horizontal displacen
pen. The frequencies are used to modu
wave which can then be transmitted

,c answering
hat messages
a operator at

f speed of
s the amount
d in a given
'ign of docu-
rstem is most
)e of report.
itted in 35 to
Lvailable in a
)ration in a
iowever, that

;eful for the
reports over
iere there are
nunication as
Lnd language
hod of trans-

telephone lines. A reversal of the process in the
receiver results in a reproduction of what has
been written, the resemblance to the original being
very close. Separate transmitters and receivers are
available or both functions may be combined into
one instrument. The approximate maximum dimen-
sions of all three are 9j in. x 141 in. x 6i in.

COSTS
Price
(£)

Transmitter
Receiver
Transceiver

430
535
800

Annual Rental'
(£)

86
107
160

'Rental prices include maintenance.

The cost of using and renting G.P.O. lines for the
system is the same as for facsimile transmission with
Mufax equipment.

LINE TRANSMISSION OF DIGITAL INFORMATION

Warwickshire Although many of the fundamental problems and
n of urgent techniques of line transmission are as old as the
id peripheral electric telegraph, the advent of data processing has
)ved success- stimulated new interest in the subject. The need for
the accuracy the transmission of information in digital form at

high speed, over long distances, and with great
accuracy between a wide variety of terminal equip-

et out below. ment including computers, has generated a whole
Price' (£) series of new problems which are still in process of

solution.
898 The input or output information for any computer

8 5s or data processor is normally in the form of a binary
code. The signal carrying the information will be in

150 per annum the form of a rectangular waveform having only two
voltage levels. One level will represent '1' and the
other '0' and the information needs to be coded in

system is the terms of 'ls' and 'Os'. Unless the circuit is short and
private line the speed of signalling very slow, the pulses will be
per annum, so attenuated and distorted as to be useless. The

vhole uneco- problem is overcome by modulating a sine wave
for at least carrier. The carrier sine wave may be made to carry

ne depending information by varying its amplitude, frequency, or
e number of phase in accordance with the modulating waveform,

so that the information present is transferred to one
of these variable quantities. The choice of modula-

-iTROWRITER tion system is a complex technical matter determined
by the band width available, the transmission speed

handwritten required, and the kinds of disturbance likely to
by writing or appear on the circuit, as well as by economic
pantograph considerations.

generate sine Where information is conveyed in the form of
portional to word messages, as with the ordinary telegraph, the
nents of the messages themselves usually have sufficient re-
ilate a carrier dundancy in the transmitted information to make
over normal any errors introduced of little importance, i.e. mis-
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Data processing in clinical pathology

spellings are corrected, often subconsciously by the
recipient. When the information transmitted is in
digital form, however, a much higher degree of
accuracy is demanded, calling for the introduction
of sophisticated systems of error detection. Detection
is generally achieved by introducing some redund-
ancy into the coding before transmission. This allows
errors to be detected at the receiver, which may
merely indicate that an error has occurred, may
correct the error, or may request a repetition of the
information.
The speed of data transmission in any given

system depends on the requirements of the terminal
equipment and its users, and on the types of line
available. Costs are directly related to speed. The
speed range available on telegraph and normal tele-
phone circuits is 50-1,200 bits1 per second; speeds up
to 2,400 bits per second may be achieved on special
private telephone circuits. Much higher speeds are
attainable using wideband circuits or microwave
transmission-methods beyond the scope of this
Report.

In the United Kingdom, data transmission services
are provided by the G.P.O. A number of different
systems are available operating at different speeds
and they are referred to collectively as Datel services.
Basically they comprise the transmission lines with
modulating/demodulating equipment (modems) at
the terminals. The modems have standardized
connexions to enable a wide variety of terminal
equipment to be connected to them. Such terminal
equipment may either be acquired by the user from
the various private data processing companies or,
in the case of the Datel 100 service, from the General
Post Office, London (G.P.O.), itself.
To summarize, a data transmission system of the

form under discussion consists of the following
elements:

(1) A telegraph or telephone line, public or
private; (2) in the case of telephone circuits,
modulation/demodulation equipment at each
terminal; (3) error detection equipment; (4) terminal
equipment, which may comprise teleprinters, card
readers, tape readers (paper or magnetic), card or
tape punches, or even a computer.

COSTS The costs are set out below.
1 Telex Datel 100 service A Telex installation

fitted for transmission and reception of any five-bit
coded data in punched paper tape form, at about
10 characters per second, rents at £300 per annum.
Such an installation can also be used for sending
messages manually from the keyboard. There is no

'Bits: An abbreviation of binary digit. A single character in a binary
number, or a single pulse in a group of pulses, or a unit of information
capacity of a storage device.

installation charge, all maintenance is included, and
the contract is for one year.

Inland Telex calls are charged in 2d units as
follows:

In the same charging area
Up to 35 miles apart
35-50 miles
50-75 miles
Over 75 miles

60 seconds
60 seconds
30 seconds
20 seconds
15 seconds

The annual rental of the error detection unit,
which reduces undetected errors to between 1 in 105
and 2 in 106 characters, is £120. A switching unit
(UTX 7) is required on the distant Telex installation
and the annual rental for this is £10. The annual
rental of a single Telex terminal, complete with
facilities for reading and punching paper tape, and
fitted with error detection equipment, is therefore
£420 per annum. The error detection unit is only
required at the tape transmitter, so one-way com-
munication between two terminals may be obtained
for £420 + 310 = £730. For error detection facilities
in each direction, rental will be £430 per annum at
each terminal. A basic teleprinter Telex station
without paper tape facilities rents at £160 per annum.

2 Datel 200 service This was introduced in
December 1966 to take advantage of relatively
cheaper terminal equipment, expected to be intro-
duced by transmission-equipment manufacturers
for use at speeds up to 20 characters per second when
producing error-free tapes. The cost of paper tape
equipment may well be less than half the charges
quoted in 3b below. Duplex working is possible,
i.e. data can be transmitted and received simul-
taneously. This service is also suitable for use with
Teletype machines over the public telephone
network.

3 Other types of peripheral equipment for trans-
mission of digital data Owing to the wide variety
of equipment available, it is practical only to
give two examples. The actual cost of a complete
installation varies so much with the details of its
configuration that the prices quoted below should
only be regarded as an indication of the order of
magnitude of the expense involved. The first example
is taken from a quotation made in connexion with a
specific scheme for the transmission of laboratory
data; however, it should be noted that the IBM 1050
system is capable of being put to other uses, including
transmission of data between a remote terminal and a
computer.

(a) IBM 1050 system This system, adapted for
one-way transmission of information, from punched
cards at a master station to a printer at a remote
terminal, requires a central master station comprising
keyboard, printer, card reader, card punch, and
'home-loop' facility: annual rental = £1,560. The
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Data processing in clinical pathology

home-loop facility makes it possible to
reader to print locally as well as at a d
together with the card punch, prov
contained data processing system in a
means of data transmission.
Remote terminal, comprising ke!

printer: annual rental = £720. The
includes an electric typewriter which r

independently.
This system, which incorporates err

equipment, can only be used on pri
G.P.O. lines.

(b) ICT 7000 system This system i
error-free transmission of information
paper tape at speeds up to 100 ch
second, the rate achieved depending oI
of the transmission lines available: si
can be achieved on most standard (
No printed copy is produced while the
on the tape is being transmitted.

Price
(£)

7001 Transmitter
7002 Receiver
7003 Transceiver

2,550
2,700
4,000

This system can be used on the publ
network and on privately rented (
(Datel 600 Service).

use the card attempts are made to link information obtained on a
listance; this, patient while under the care of his general practi-
(ides a self- tioner or a casualty department with that obtained
iddition to a when he is admitted into a hospital bed.

Discrepancies and omissions in the basic identifica-
yboard and tion particulars recorded about the same patient at
equipment different times constitute the major problem in

mnay be used linking records, and in this connexion it should be
noted that consistency is more important than

'or detection absolute accuracy. Much additional information
vately-rented has to be included in the identification data so that

in the event of only partial agreement being obtained
is capable of at the primary matching procedure, when case
punched on number and surname are compared, a secondary
iaracters per match can be carried out, based on a knowledge of
n the quality the probabilities of coincidence in the other data.
uch a speed Much of the additional data that may be used for
i.P.O. lines. this purpose will be required by the laboratory
information in any case, so its automatic inclusion alongside

basic identification data is highly desirable. The
patient's sex and date of birth may be of value, for

Annual Rental instance, in the interpretation of the result of a
(£) laboratory test, and the patient's location and the
840 name of his doctor will be required for directing
1320 the report to the correct destination.

1,320 To save time and effort, and to eliminate trans-
lic telephone cription errors, it is desirable to gather all the relevant
J.P.O. lines identification data on a patient at the time of

registration and to transfer this information in a
block to any documents which are subsequently
needed. Methods of doing this are discussed later.

PATIENT AND SPECIMEN IDENTIFICATION

Reliable patient identification is a fundamental
prerequisite of any laboratory data processing
system, and, as laboratory practice relates patients to
specimens, the problem of identifying specimens
must also be considered.
To link information about a patient from different

sources and retrieve the accumulated facts with
certainty and minimum effort, it is necessary to
have a foolproof and efficient method of patient
identification. Acheson (1967) has studied this subject
extensively and considers that the information used
for this purpose should ideally be (1) unique for
the person concerned, (2) permanent, (3) universally
existent in the population being considered, (4) easily
available, and (5) brief.
The means currently available for identifying

patients within the National Health Service does
not satisfy all these criteria and consequently each
centre where medical records are kept has tended
to evolve its own system. The problem created by
the lack of a common practical system of patient
identification is mainly felt by laboratories when

BASIC DATA REQUIRED FOR PATIENT IDENTIFICATION

The power of an item of information to discriminate
between one patient and all others is inversely
proportional to its frequency in the population being
considered. An allocated personal number provides,
therefore, the most economical way of uniquely
identifying an individual; it offers more discrimina-
tion per character than any other method, especially
if it includes alphabetical characters in its structure.
Being unique, compact, and compatible with simple
filing systems as well as machine handling, a
number method of identification has tremendous
advantages, especially for automatic data processing,
and must be regarded as essential for the future.
The manual reproduction of apparently non-
meaningful identification symbols by clinician, nurse,
or clerk inevitably carries an appreciable error rate,
however, so it is not wise to depend exclusively
on a number for record linkage. As the laboratory
requires the patient's style and name for the purpose
of ordinary communication, it is suggested that the
allocated number should always be supplemented

12
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Data processing in clinical pathology

by the patient's name for the purpose of establishing
primary identity.

AN IDENTITY NUMBER Patient identity numbers may
be allocated on a national scale or issued by
individual hospitals.
A national identification number A nationally

allocated personal number exists in the form of
the National Health Service number, allocated at
birth to all liveborn infants, but unfortunately
there are several serious drawbacks to utilizing this
number for patient identification. First, it is
not uniform in composition, consisting of different-
sized groups of letters and figures which vary in
the order in which they occur. Secondly, various
non-alphanumeric characters are included such as
dots and strokes; these make the whole combination
cumbersome and difficult to reproduce accurately.
Finally, and most important, the number is not
freely available at present, appearing only on the
patient's National Health Service card which is
rarely used; less than one in ten individuals are
aware of its existence, and it would be exceptional
for anyone to be able to reproduce it correctly on
demand.
A national identification number need not have

all these disadvantages, however. A grouping of
four letters and two figures, for instance, gives
over 45 million combinations, but additional charac-
ters would be necessary to allow for future extension
and for the inclusion of self-checking devices
within its structure. The problem of availability
could be lessened if the personal number were used
widely and appeared on such documents as birth
and marriage certificates and the form used for
claiming sickness benefit under the National
Insurance Act.
A hospital registration number At present this is

preferable to the existing National Health Service
number, and is essential where the records of a
large number of patients are handled. Several choices
of numbering system are available, the most obvious
being one of serial allocation. For this it is necessary
to predict and use the maximum numbei of digits
likely to be required for a number of years, e.g.
six digits for a hospital with a registration of 10,000
patients per annum, giving 99 years of use before
all the numbers are exhausted. Such numbers would
be recorded as 000001, 000002, and so on.
An alternative to the serial number is to turn the

date of birth into a number, e.g. a person born on
21 August 1901 would be given the number 210801
or 2108901. Duplicates are bound to occur in a large
community, however, and multiple births cause
difficulties. The addition of further characters
to represent other patient information in coded

form makes the number cumbersome and less
likely to be reliably reproduced.

THE PATIENT S NAME The patient's name must be
retained on hospital documents for the purpose
of ordinary personal communication, but as the sole
form of identification names are far from satisfactory
because there is a strong possibility of coincidence,
especially with common names such as William
Smith. Further drawbacks arise from the alternative
ways of spelling many names and from the changing
of forenames into shortened forms. Difficulties may
arise in communicating names, especially in the
case of immigrants, and reversal of the order of
names and misspellings can result. A woman's
change of name at marriage probably constitutes
the most serious problem arising from the use of
names for primary identification, and the inclusion
of the maiden name as well as the current surname
seems essential to overcome the resulting difficulties.
The relatively large amount of space occupied

by names in identification data creates another
problem for automatic data processing systems
and often, especially when 80-column punched
cards are employed, a limit has to be placed on the
number of characters allowed. Experience has
shown, however, that the first 10 letters of a surname
plus the initials of the first two forenames provide
adequate means of checking identification based on a
hospital registration number.

DATA WHICH MAY ASSIST PATIENT IDENTIFICATION
WHEN THE BASIC DATA ARE DEFICIENT

DATE OF BIRTH This is a useful item of information
medically and provided it is reproduced consistently,
has good discriminative value for aiding identifica-
tion. If the year of birth is available the discriminative
value is 1 in 50, and with the day and month of
birth added it is 1 in 18,250. Unfortunately not all
patients are able to supply this information, while
others will obligingly produce an answer on demand
which varies on subsequent occasions. The month
of birth is usually the most reliable part of the data.

SEX This information may be important for
interpreting the results of tests where the findings
in the sexes normally differ appreciably. Occasionally
it aids identification if the forename is foreign or is
one which can belong to either sex. In automatic
data processing systems using punched cards it is
not wasteful of space as it can be coded together
with the marital state.

PLACE OF BIRTH This is rarely used as a means of
identification in hospital records, but has been
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Data processing in clinical pathology

shown to have good discriminative power, especially
when used in association with the date of birth
(Acheson, 1967).

NAME OF PATIENT S DOCTOR AND DESTINATION OF
REPORT The name of the consultant or general
practitioner has only limited value for assisting
patient identification, as has the ward or clinic, etc.,
to which a report should be sent, but both these
items are valuable to the laboratory, the former
indicating whom to contact in an emergency and
the latter providing an address to which the report
may be sent.

HOSPITAL PATIENTS LACKING STANDARD IDENTIFICA-
TION DATA

There are two groups of patients who enter hospital
in such a way that they miss the existing routine
registration formalities: acutely ill patients who are
admitted as emergency cases and children born to
mothers in hospital.

It is customary for accident and casualty units
to issue special accident service identification
numbers. These serve to identify the patients either
during their treatment period, if this is limited to a
simple injury, or until the full registration has
taken place. To include these patients in a compre-
hensive data processing system it is essential to
have facilities for marrying information obtained
and stored during the accident service period with
that obtained subsequently when the patient is fully
registered.

It is common for babies born in hospital not to
be registered but for the information relating to
them to be recorded in the mothers' case notes.
The storage of the results of pathological investiga-
tions on an infant under the mother's identification
occasionally leads to confusion and must be regarded
as potentially dangerous. Facilities for identifying
an infant apart from its mother must be provided,
therefore, and it is suggested that an additional
character in association with the mother's hospital
registration number might be the simplest way of
doing this until such time as a definitive identifying
number is allocated. An additional digit on the
mother's hospital number would allow the recording
of up to 10 infants for any one woman.

IMPROVING RELIABILITY OF IDENTIFICATION DATA

In any record system there is a hazard that either a
new patient record may be created when one already
exists or, more important, that information relating
to one patient may be filed in the records of another.
Such errors are usually due to the identification

data being incomplete or incorrect, and methods
of reducing such errors and of detecting their
presence are therefore most important.
To minimize error, identification data should be

kept as simple as possible, and the number of times
they have to be reproduced manually should be cut
to a minimum. Whenever possible information
should be transcribed to other documents by auto-
matic means to avoid human error and illegibility,
and, if automatic data processing is envisaged,
ideally such information should be provided at
source in both visible and machine-readable form.
The introduction of computers should make the

use of self-checking devices possible. When numbers
are being used as the primary means of identification,
it is possible to add check digits, the simplest type
of which would be derived by summing the digits in
the number. Such a simple method does not detect
errors of transposition but more complex systems
have been designed which will detect a high
proportion of all possible errors.

METHODS OF REPRODUCING PATIENT IDENTIFICATION
DATA ON DOCUMENTS

All the identification data can be manually trans-
cribed to other documents, but the process is time-
consuming and subject to errors of commission
and omission. Even if correct the information may
not be legible and cannot be read by machine.
Modern systems of mechanically reproducing

patient identification data overcome many of these
difficulties. In these, a metal or plastic plate em-
bossed with the data is used either to print a set of
identification labels, which are stored in the case
notes until required, or to print the information
directly on a form with the aid of a hand imprinter.
The provision of this information in both human

and machine-readable form is more difficult, but
it would be possible with the use of magnetic ink
or printers equipped to produce characters of special
fount. The expense of the magnetic and optical
character readers required, however, makes this
approach quite impractical at the present time.
Special embossing equipment is available which can
produce a plastic plate embossed in the conventional
way as well as with a bar coding of the numerical
data; such a plate can be used in a hand imprinter
to produce dually readable documents but again
the cost of the equipment required is high, e.g.
£1,700 for an electric keyboard embosser, £33 for
each imprinter, and £8,000 for an optical reader
producing punched paper tape (Addressograph
Multigraph Corporation).
For the present, the only practical way of getting

identification data transmitted to the laboratory
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Data processing in clinical pathology

in both human and machine-readable form is to
use punched cards. The data would ideally be entered
on a master card at registration using a printing-
punch, and reproduced from this on to other
cards which would be stored in the case notes until
needed. They would be used as request forms
by entering the test request data in writing, by mark
sensing, or by hand punching. The limitations
imposed by the 80 columns on the amount of data
that may be entered are such that this method
necessitates compromise, and it could not be
applied to patients without an identification number.
Following detailed consideration, the allocation of
columns recommended by the United Birmingham
Hospitals for any punched card containing patient
identification is as follows:

Cols 1-2

Cols 3-8
Cols 9-18
Cols 19-20
Col 21
Cols 22-23
Col 24
Cols 25-27

Code identifications of card type
(numeral) and of department (letter)
Hospital registration number
First 10 letters of surname
First two letters of first forename
Second initial
Year of birth
Sex
Ward or institutional identification

In the future it is possible that requests for
pathological investigations will be initiated in the
ward or clinic by some form of data link. This
assumes access to an on-line computer and the
computer being able to marry the basic information
fed in from the ward or clinic with the full patient
data on its master file, culminating in a print-out
of work lists in the laboratory on which full patient
identification data would be present.

LINKING RECORDS WHEN DISCREPANCIES AND OMIS-
SIONS OF IDENTIFICATION DATA OCCUR

With the introduction of modern techniques, such
as the mechanical reproduction of data, patient
identification can become highly reliable. However,
until manual copying is eliminated, the problem of
linking records in the presence of errors or omissions
is likely to remain.
The introduction of computers will make the

matching of records bearing discrepant identification
data not only possible but reliable (Acheson, 1967).
By filing records in a sequence based on a phonetic
coding of the patient's surname, using the Russell-
Soundex code, it becomes possible to bring together
in a block those names which are most likely to be
confused with each other. By coding a new record
for filing in the same way, it will be possible to
achieve a match with a record already on the file
even though the name has been misspelt. The

match will be made by comparing other parameters
of identification, such as sex, initials, date of birth,
etc. Matches could be suggested even when further
discrepancies occurred, and could be given probabili-
ties as to their correctness based on a knowledge of
the frequency of coincidence of particular items
of identification in the population concerned and
a knowledge of the rates of error when they are
quoted.

SPECIMEN IDENTIFICATION

The essential requirement for specimen identification
is a method of unequivocally linking a specimen
to a particular request, and this is most simply
achieved by allocating to the specimen a number
which also appears on the request form. Unless,
or until, this is allocated, however, much more
data must appear on the specimen container to relate
it to a particular request form, namely, the patient's
name and identification number, date and time of
specimen collection, and the nature of the specimen.
The inclusion of a name as well as a number provides
a means of checking the identity when the data
have been reproduced manually, and information
regarding date and time of collection must be
included in case there are several specimens from
the same patient under investigation in the laboratory
at the same time. Inclusion of information on the
nature of the specimen may be very important when
several specimens are collected at one and the same
time for different investigations on a patient.
When the specimen can be physically related to a
request form which contains full information, data
regarding the nature and time of collection of the
specimen may not be essential.
When mechanical documentation systems are in

use, patient identification data can be reliably
transferred to specimens by affixing labels pro-
duced from the embossed plates. Where hand-
imprinters are used, labels can be produced in the
same operation as that in which the request form
is imprinted with the identification data.
The simplest method of identifying specimens is

by allocating specimen numbers. This is usually
done when the specimen arrives in the laboratory
by giving it a serial accession number but, as
already indicated, considerable advantages accrue
if it is done at the time of collection. One way of
achieving this is to use request forms bearing
identical printed serial numbers on the form itself
and on attached labels. The latter can be detached
from the form and attached not only to the original
specimen collected from the patient but also to the
actual specimen which will be examined in the
laboratory, e.g. a tube containing the separated
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Data processing in clinical pathology

serum. One drawback to such a system arises
from the impossibility of then using this number
to locate the specimen in the specimen file. When
on-line requesting to a central computer installation
becomes practical, local printing of a specimen
label bearing an allocated number might be
organized by the computer after it has been given
all the necessary request and specimen information.
A new approach to specimen identification has

come with the introduction of the IBM 1080
system which provides for this to be directly machine-
readable. In this system punched cards bearing an
allocated identifying number for the specimen are
used as request cards and the pre-allocated specimen
number appears on the main request card and on
attached labels in both printed and punched form.
Special plastic ties allow the punched labels to be
physically attached to as many as four specimen
tubes and, when these tubes are placed in a
Technicon Sampler 40 for analysis in an Auto-
Analyzer, the specimen identification number on the
label is read by a special card reader at the same
time as the specimen is aspirated into the analytical
system. The 1080 data acquisition system also has
facilities for automatically linking specimen
identification number with test result data produced
by other instruments operated manually; by
manually feeding the requisition card bearing the
same number as the specimen label into a special
card reader, the system can be caused to read and
punch the instrument reading alongside specimen
identification on a single punched card. The 1080
system is designed to form an automatic data
acquisition unit for a laboratory which has access
to an off-line computer. Its cost is considerable, a
quotation given to one laboratory being in the
region of £16,000.

SUMMARY OF IDENTIFICATION DATA REQUIRED BY THE
LABORATORY

The minimum requirement for specimen identifica-
tion is a specimen number which also appears on
the request form. Where it is manually entered, it
should be accompanied by the patient's name to
provide a means of carrying out a check.
The minimum requirement for identifying a

patient at laboratory level, i.e. on a request form, is
by a unique personal number together with the style,
surname, and initials. The latter items are required
for the purpose of ordinary communication with
the patient and his attendants. When the data are
manually entered, they should be accompanied
whenever possible by additional data which will
provide means of carrying out a check in the event
of discrepancies, i.e. full forenames, date of birth,

sex and marital status, maiden name, requesting
doctor's initials, and location. When mechanical
reproduction of these data is possible, these addi-
tional items become superfluous to patient identifica-
tion but can profitably be quoted for the purpose of
assisting in the interpretation of tests, addressing the
reports, and amending the file if the name has
changed.

CODING LABORATORY DATA

The concept of coding implies the systematic
transformation of one set of descriptive symbols
into another. As far as data processing in the
laboratory is concerned, coding of information is
necessary at some point in order to make it more
flexible to handle. In particular it is of value in two
different aspects of the process: first, in the clerical
handling of the request, the bench work, and the
result, and secondly, in the processing for statistical
purposes of large masses of data.
When coding is performed by man rather than

machine it must be remembered that although it is
fairly easy to acquire proficiency in the use of one
code, it is extremely difficult to achieve accuracy
and speed in more than one. It is imperative that
any coding system should be easy to perform and
learn. Separate operatives may be required to handle
each separate subcode. The greater the compression
of the code, the more information can be packed
into the space available, but at the same time the
difficulties of encoding increase and accuracy
declines. The range of codes used must therefore be
a compromise between compression, which limits
the number of subcodes required, and simplification,
which is necessary for accurate coding.
Coding inevitably requires standardized systems

of nomenclature in reporting. It is important,
however, that this should not lead to a restriction in
the information stored. Before preparing a code it is
essential that all possible variates should have been
placed in the appropriate category and that synonyms
been allowed for, and that the possibility is
taken into account of adding further variates at a
later time. Simplification in coding may result: e.g.,
'normal flora' (throat swab) = 'no pathogens
isolated' (faeces) = 'skin saprophytes' (wound swab),
in relation to the particular site from which the
specimen was taken. On the other hand, a culture
examined specifically for N. gonorrhoeae and found
to be negative would not necessarily be reported in
the same category.

If information is to be handled by machine it
has to be in digital form, and in some situations it
may be difficult or impracticable to reconcile the
conflicting needs of man and machine in one code.
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Data processing in clinical pathology

The analogy with problem-orientated and machine-
orientated programming language is obvious and
suggests one way of solving the problem, namely,
the use of the computer itself to effect a translation.
The section on coding of biochemical information
(see page 254) is a good example.
At the present stage of development of data

processing of clinical laboratory information, it
is clearly impracticable to lay down a definitive
system of coding. The advantages of uniformity,
however, are equally clear, and the following general
comments on coding, together with three specimen
systems, are offered in the hope that they will prove
a stimulus to a more detailed and comprehensive
study of the problem. The difficulties in achieving
a uniform system of coding laboratory data should
not be minimized; the variations in different useis'
requirements and data processing equipment are
indeed formidable. There seems no reason, however,
why it should not be possible to lay down a broad
framework within which considerable individual
variation is possible while general compatibility is
retained.

GENERAL COMMENTS ON CODING

Classifying codes may themselves be put into
categories in several ways. Those most pertinent to
the present problem are divisible into unidimensional
or multidimensional, and linear or branching codes.
A unidimensional code entails a one-to-one

relationship between a code unit, alphabetical or
numerical, and a single element of the classification.
A multidimensional code employs an individual
code unit to stand for a combination of elements.

Unidimensional

1 = Na
2 = K
3 = Cl
4 = Urea

Multidimensional

1 = Male - married
2 = Male - single
3 = Female - married
4 = Female - single

Both the above examples are linear codes, i.e.
they consist of a sequence of numbers which is
prolonged indefinitely until the classification is
exhausted. In a branching code the first digit or
letter stands for one part of the primary level of the
classification, succeeding digits or letters standing for
progressively finer subdivisions. For example:

1

11 12

111 112 121 122

Where, as in the example, the number of branchings
at any point in the code is 10 or less, the notation

may be in the form of integers: where this number
is exceeded, the difficulty may sometimes be over-
come by the use of decimal points or letters of the
alphabet.

Multidimensional codes may be constructed
systematically in various ways. One method is to
allot a numerical value to each of the elements in
the following way:

Blue-eyed 0 Married 0 Male 0
Brown-eyed 1 Single 2 Female 4

The code is then made up by addition, i.e.
0 + 0 + 0 = 0 Blue-eyed married males
1 + 0 + 0 = 1 Brown-eyed married males
0 + 2 + 0 = 2 Blue-eyed single males
1 + 2 + 0 = 3 Brown-eyed single males, etc.

This code is capable of indefinite expansion, the
nth pair of items being allotted the values 0 and 2n-1
respectively. An example of a second method of
constructing a multidimensional code, using binary'
notation, is given later in the suggested coding of
the blood count.
A final point should be made regarding the use of

codes for large-scale data processing, namely, that it
is preferable to avoid alphabetical coding where
possible, particularly when a card sorter is involved.
In the standard punching codes, letters of the
alphabet are represented by two holes in one
column: to sort completely on that column, it is
necessary to pass the cards through the sorter
twice, sorting once on the lower holes in the column
and once on the upper holes. A digit from 0 to 9,
on the other hand, is represented by one punched
hole and a single passage of the cards suffices for
complete sorting. In addition, not all problem-
orientated programming languages have the facility
for sorting alphabetical information, Fortran
being a notable example. It is fair to add, however,
that this deficiency may be overcome by the com-
puter manufacturers providing special subroutines
devised for the purpose.

CODING OF HAEMATOLOGICAL DATA

To cover the whole field of data processing in
relation to haematology, three different coding
systems are needed: (1) a code for the whole range
of tests currently employed, including combinations
of certain tests; (2) a code for the compact expression
of the results of tests; (3) a code of diagnoses. Any
attempt to design codes for these purposes must
take into account the need for expansion to meet
future requirements and also the desirability of
providing codes which, though comprehensive in

'Binary: A characteristic, property, or condition in which there are
but two possible alternatives, e.g. the binary number system using 2
as its base and using only the digits zero (0) and one (1).

252

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.21.2.231 on 1 M
arch 1968. D

ow
nloaded from

 

http://jcp.bmj.com/


Data processing in clinical pathology

their scope, can be adapted to particular local
needs either by selection or simplification.

CODING OF HAEMATOLOGICAL TESTS For the purpose
of coding, haematological tests have been divided
into four categories: (1) the elements of the blood
count and their derivatives (the ESR is included
here as a matter of practical convenience);
(2) immunohaematology; (3) blood coagulation;
and (4) miscellaneous.

1 The blood count To deal with the large number
of possible combinations in which the various
components may need to be considered, it is con-
venient to use a multidimensional code based on a
binary notation. The code is formed by making a
matrix in which the columns refer to particular
determinations and the rows to the various combina-
tions of these tests. The rows are then numbered
according to the decimal number formed from
the binary number arrived at by labelling the
presence of a test in that row '1' and its absence '0'.
By placing the commoner tests towards the right of
the matrix, correspondingly smaller code numbers
can be allotted to them. The code is capable of
indefinite expansion by addition to the left side of
the matrix.
One possible arrangement follows:

Code No. RBC Ratios Platelets ESR WBC Hb

1
1

1 0

01

0

0

etc.

0
1

01
0
1

It will be appreciated that for every n parameters,
there are 2n-1 different combinations, thus up to
six can be accommodated in a two-digit code and
up to nine in a three-digit code.

In order to avoid too unwieldy a code, two or
even more matrices may be used, and a compound
number formed using a decimal point. This could
be a convenient method of handling, for example,
the 'absolute values', e.g.:

WBC RBC Hb MCV MCHC PCV

0

1
0 [i

[1

1 1

[1 0]p 2
1 1 3
0 0]' 4
0 1 5
1 0]' 6
1 1 7

'Brackets indicate that this test combination is not possible.

Thus a test group comprising Hb, RBC, PCV,
MCHC, and MCV would be coded as 3.7. This type

of code lends itself to modification in practice
according to differing needs. For instance, if it is
thought desirable to perform an Hb estimation on
every specimen received, then the code could be
simplified in the following way:

Code No. Platelets ESR WBC Hb

0
1
2
3
4 1

0 1
1 1

1 0 1
1 1 1
0 0 1

the code now being based on the binary numbers
formed to the left of the dividing line, with a
consequent halving of the code and incidentally the
omission of many infrequently occurring combina-
tions.
A somewhat similar code could of course be

constructed using decimal integers throughout (see
General Comments on Coding). The proposed
system seems, however, to have the advantage of
greater simplicity and ease of formation once the
sequence of tests is agreed.

2 Immunohaematology Test requests in this
discipline are mainly of two kinds: for specific
standard investigations, e.g. blood grouping and
direct antiglobulin test, and for more general
studies, e.g. platelet function tests. Except in the
case of blood grouping and compatibility testing,
most tests in this category are requested singly, or at
least are more properly treated as separate tests.
The needs should therefore best be met by a simple
linear code of the following type:

1 Blood group.
2 = Compatibility test.
3 = Blood group and compatibility test.
4 = Genotype.
5 = Direct antiglobulin test.
6 = Red cell antibody investigation.
7 = White cell antibody investigation.
8 Platelet antibody investigation.
9 = Platelet function tests.
10 = Investigation of transfusion reaction.

Items can of course be added or omitted at discretion
and if necessary the grouping could be subdivided
and a decimal type of code employed, as suggested
for the succeeding sections.

3 Blood coagulation The position here is
complicated by the wide variety of different tests
and their modifications and increasing proliferation.
A code that is to have any general validity should
probably be constructed as suggested for immuno-
haematology, i.e., as a compilation of standard and
specific tests together with more general types of
request.

Specific coagulation factor assays could be handled
by a decimal code subdividing one of the primary
groups, the second component of the code being
the number of the particular factor. The other

2
3
4
5
6
7
8

63

1
2
3
4
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Data processing in clinical pathology

types of test could also be dealt with by a decimal
code, although here the second component would be
an arbitrary number.
A possible code, incomplete in detail, is as follows:

1.00 = Investigation of blood coagulation
1.01-1.13 (and onwards) = Specific coagulation factor assay
2.01 - Coagulation time (Lee and White)
2.02 - Coagulation time (Dale and Laidlaw)
2.03 = Recalcification time
2.04 = Thromboplastin generation test
2.05 Screening T.G.T. (Hicks-Pitney)
2.06 Partial thromboplastin time
2.07 Prothrombin consumption test
2.08 One-stage prothrombin time (Quick)
2.09 Prothrombin time (P & P)
2.10 Thrombin generation test
3.01 Bleeding time (Ivy)
3.02 Bleeding time (Duke)
3.03 = Hess's test
3.04 = Clot retraction
3.05 = Platelet function test
3.06 = Capillary microscopy
4.01 = Control of anticoagulant therapy (single test)
4.02 = Control of anticoagulant therapy (repeated tests)
5.01 Investigation for circulating anticoagulant
5.02 Investigation for excessive fibrinolysis

4 Miscellaneous tests This is of course a very
large group with several major subdivisions, some
of which, it may be thought, merit independent
status. Body fluid and tissue assays of substances
concerned in blood formation and destruction,
together with studies of their absorption, turnover,
and excretion, may perhaps be regarded as lying
in the province of biochemistry and omitted from
the coding. The whole question as to what should
properly be included in a coding for haematology
is a matter for agreement (e.g. abnormal haemo-
globins, haptoglobins, methaemalbuminaemia);
however, a linear decimal code should meet all
foreseeable requirements.
Some suggestions for the principal categories of

request are made below:
Blood volume and tracer studies
6.01 Whole blood volume (Evans Blue)
6.02 Plasma volume (Evans Blue)
6.03 Red cell mass (32P)
6.04 Red cell mass (s5Cr)
6.05 Red cell survival (5iCr)
6.06 Red cell survival (Ashby)
6.07 Red cell loss (s5Cr)
6.08 Surface counting (5'Cr)
6.09 Surface counting (59Fe)
Investigation of haemolytic anaemia
7.01 Erythrocyte fragility
7.02 Autohaemolysis
7.03 Acid serum haemolysis
7.04 Donath-Landsteiner reaction
7.05 Cold agglutinin titre
7.06 Complement titration
Bone marrow examination
8.01 = Bone marrow aspiration
8.02 = Bone marrow trephine
Cytology and cytochemistry of blood and marrow
9.01 Leucocyte alkaline phosphatase
9.02 Leucocyte PAS
9.03 Detection of siderocytes
9.04 Detection of Heinz bodies
9.05 Detection of stainable iron in bone marrow
9.06 Examination for LE cells

CODING OF HAEMATOLOGICAL RESULTS As the results
of most haematological tests are normally expressed
numerically, coding of results does not present the
problem which it does, for example, in bacteriology
or histology. The principal difficulty lies in the
coding of descriptive information, notably in the
field of cytology, and it does not seem profitable at
this point to do more than suggest a type of approach
which has been used by Gross (1963) and by
Smith and Melton (1964). The principle used is that
of seeking to establish a code whereby an agreed
range of synonyms is coded identically, e.g.:

Present= positive
Slight= occasional =rare 1-+
Moderate = some = few = 2+
Many = numerous = number of= 3 +
Great many = packed = 4-+

0
1
2
3
4

In the present example this code is then used to
qualify the appropriate code number, or letter,
for the type of cell in question.
The main advantage of this method is that it does

not seek to enforce too rigid a system of description,
and caters for a wide range of personal choice in
terminology. The benefit is even greater if, as in the
Western Reserve experiment, the actual encoding
is carried out by computer (Smith and Melton, 1964
and 1965).

CODING OF HAEMATOLOGICAL DIAGNOSES A suitable
framework for the coding of haematological
diagnoses would seem to be provided by the Systema-
tized Nomenclature of Pathology prepared by the
American College of Pathologists. The relevant
sections are:
Topography (T) 0500-0670 = R.E. system and marrow

OX00-OX50 = Blood
Morphology (N) 6000-6973 Fine structures and cytological

alterations
7690-7798 = Dysplasias and haematopoietic

tissue disorders
9800-9933 Leucoses

Function (F) 2500-2548 = Haemoglobin disorders
5000-5303 = Coagulation disorders
6000-6912 = Immune responses and hyper-

sensitivity reactions
9101-9118 = Miscellaneous haematological

functional disorders
Aetiology (E) Passim

CODING OF CHEMICAL PATHOLOGY DATA

Because nearly all the results of investigations in
chemical pathology are expressed in numerical terms,
descriptive reports being very much the exception,
codes for the expression of results are not required.
But as yet codings of biochemical diagnoses are
not required. Also what is needed is a coding
system for the whole range of tests currently
employed, including combinations of certain tests.

Individual tests or combinations of determina-
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Data processing in clinical pathology

tions could be codified in an identical fashion to
that suggested for the coding of haematological
tests. The system described here, however, is very
different and much simpler. It is based on a coding
system in use at the Royal Postgraduate Medical
School, London, where a medium-sized computer
installation is being used for the storage and
retrieval of biochemical test results, with paper tape
as input medium. Elaborate codes depending on
binary combinations do not have to be used because
the computer has been programmed to generate the
necessary digital codes after the data have been
entered in readily understandable letter codes. The
symbolic codes used in the laboratory have been
designed to be easily remembered by the laboratory
staff, and are in fact based on those mnemonics
previously used in technicians' notebooks when
only a manual data processing system operated,
e.g. NA for sodium, AG for albumin and globulin
determinations.
The basic code for a chemical test consists of a

sequence of up to four upper-case characters, the
limit of four being determined by technical factors
related to the word-length' organization of the
computer and the fact that up to four characters
(including decimal point) may be required for
expression of the results. Groups of commonly
associated analyses are coded in a similar form by
up to four upper-case letters, making a mnemonic
which is virtually self-explanatory. To preserve the
simplicity of the system, a hierarchy of groups
nested one inside another is not allowed, the system
permitting only two levels of code, i.e. for single
tests or defined groups.
A code to identify the type of specimen consists

of a single additional capital letter prefixing the
chemical test code. Because analyses on blood
greatly outnumber those on other specimens, such
a code is only added when the original specimen
collected from the patient is other than blood.
Again the letter used has some familiar context, e.g.
U for urine specimens.
The suggested coding system incorporates

provision for special tests, e.g. calculus analysis,
and for expansion to cover all possible tests in the
future. By using the prefix 'S' implying a special
test, a facility in the computer program is called up
which enables a full description of a test to be
entered between quotes.
With a very easy and acceptable coding system

such as this, mistakes and delays occasioned by
having to calculate and look up codes are eliminated;
moreover, the codes are usable by virtually all
members of the laboratory staff. It must be
'The number ofcharacters in a machine word. In a given computer the
number may be constant or variable.

emphasized, however, that such a scheme is only
practical for a computer-orientated data processing
system.

CODING FOR SINGLE TESTS ON BLOOD, PLASMA, OR
SERUM The following codes, which could be
extended or modified to suit local requirements, are
suggested:

Code Chemical Determination

NA
K
CL
C02
U
UA
CHOL
LDHT
LDHS
TP
ALB
GLOB
CA
p
MAG
ALPS
5N
BILI
CBIL
ICD
BSP
GLU
AMY
ACPT
TLPS
FE
IBC
SAL
PBI
CR
CORT

Sodium
Potassium
Chloride
Bicarbonate
Urea
Uric acid
Cholesterol
Total lactate dehydrogenase
Heat-stable lactate dehydrogenase
Total protein
Albumin
Globulin
Calcium
Phosphorus
Magnesium
Alkaline phosphatase
5'-Nucleotidase
Total bilirubin
Conjugated bilirubin
Isocitrate dehydrogenase
Bromsulphthalein retention
Glucose
Amylase
Total acid phosphatase
Tartrate-labile acid phosphatase
Iron
Total iron-binding capacity
Salicylate
Protein-bound iodine
Creatinine
Cortisol

CODING FOR SINGLE TESTS ON URINE All the codes in
this section would be prefixed with a 'U' when
entered into the computer; this indicates that the
chemical test applies to a urine specimen.

Code Chemical Determination

VOL
NAC
NAT
KC
KT
CAC
CAT
PC
PT
UAC
UAT
PRC
PRT
UC
UT
GLUC
GLUT
AA
CYS
VMA
5HA
URO
BILI
POR

Volume
Sodium concentration
Total sodium
Potassium concentration
Total potassium
Calcium concentration
Total calcium
Phosphate concentration
Total phosphate
Uric acid concentration
Total uric acid
Protein concentration
Total protein
Urea concentration
Total urea
Glucose concentration
Total glucose
Aminoacids
Cystine
Vanillylmandelic acid
5-Hydroxyindole acetic acid
Urobilinogen
Bilirubin
Porphyrin
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Data processing in clinical pathology

Code Chemical Determination

XY Xylose
CRC Creatinine concentration
CRT Creatinine total
OS 17-Oxosteroids
OGS 17-Oxogenic steroids
PD Pregnanediol
PT Pregnanetriol
OE1 Oestrone
OE2 Oestradiol
OE3 Oestriol
GON Gonadotrophins

CODING FOR SINGLE TESTS ON OTHER SPECIMENS The
codes in this section would be prefixed with a letter
'F' when the test was applicable to a faecal specimen
or a 'C' when applicable to cerebrospinal fluid.

Code Chemical Determination

OB Occult blood
TRY Tryptic activity
GLU Glucose concentration
PRO Protein concentration
LAN Lange

CODING FOR GROUPS OF TESTS. The following
mnemonic codes are suggested for commonly
grouped tests.

1 BLOOD SPECIMENS

Code Chemical Determinations

rSodium
Potassium

ELU Chloride
Bicarbonate
Urea

Total bilirubin
Alkaline phosphatase

LFT Total protein
Albumin
Globulin

ENZ {Isocitric dehydrogenase

rCalcium

BONE JPhosphorus~Alkaline phosphatase
LTotal protein

Uric acid
CIRC JCholesterolTotal lactate dehydrogenase

LHeat-stable lactate dehydrogenase

rTotal protein
AG Albumin

LGlobulin

LDH fTotal lactate dehydrogenaselHeat-stable lactate dehydrogenase

ACPS fITotal acid phosphataseXTartrate-labile acid phosphatase

The test codes for urine specimens would all be
prefixed by the letter 'U' to indicate that they
applied to a urine specimen.

2 URINE SPECIMENS

Code Chemical Determinations

NA {Sodium concentration
N Total sodium

K fPotassium concentration
K Total potassium

fACalcium concentrationCA \Total calcium

p Phosphate concentration
tTotal phosphate

fAUric acid concentrationUA QTotal uric acid

PR {Protein concentrationtTotal protein

U f Urea concentration
U Total urea

fUGlucose concentrationGLU Total glucose

CODING OF MICROBIOLOGICAL DATA

Encoding of microbiological investigations is
difficult because it can be done in a variety of
ways, depending on the precision required and
on the processing equipment available. The final
information appearing on a report may be alpha-
betical (name of organism), numerical (cell count or
agglutinating titre), or binary (sensitive or resistant).
Coding systems must allow all of these types of
information to appear on a single report, and must
also permit any permutation of these. In addition
a series of reports on a single specimen may be
issued over a period of time as more information is
accumulated, so that cumulative acquisition and
reporting systems are required. The system described
here is based on the experience of the routine
coding of all bacteriological reports issued by the
bacteriological laboratory at the Manchester Royal
Infirmary since August 1964. For this, 80-column
punched cards have been used. They have been
produced on a simple hand punch at the rate of
about 30,000 cards a year, and have been processed
on an IBM 101 statistical machine and an Atlas
computer. Each card contains the data present on
the final report, including patient identification.
Type identification of bacteria is introduced through
a separate card. The codes have proved sufficiently
simple for semiskilled clerical staff to learn quickly.
The notation has been specifically designed for
computer input, and while it can be used on
mechanical card sorters, it is not compatible with
mechanical card-reading systems. Translation of the
coded data into report format requires a computer.
The coding system was written for use with the
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Data processing in clinical pathology

compiler of Adelstein et al. (1965) in Atlas Autocode.
This compiler was originally devised for analysis
of social surveys, but has proved very suitablefor
the storage, retrieval, and analysis of laboratory data.
Within this compiler, it is possible to create files
on magnetic tape to which fresh data may be added
and obsolete data deleted. When coding for punched
cards, three alternative conventions are used.
These are: (1) a single position to define the
presence or absence of a particular variate; (2) the
part or whole of a column, or a series of adjacent
columns, which can be used to give numerical values
to variates; (3) two or more adjacent positions,
vertically or horizontally.

All of these conventions have been used in the
single card. In addition, the value of a variate may
be altered by overpunching -1 or -2 (see page 263).
Thus if age were specified in two columns, giving
values 1 to 99, the use of overpunching could
indicate whether this value was in hours, days,
months, or years.
The basic unit is the specimen and each specimen

is encoded on one card. Since separate specimens
are usually submitted for bacteriological, virological,
and imniunological investigations, separate codes
have been devised for each of them.
For the bacteriology report code, data are arranged

on the card as follows:
Column No. Data

2-22
23-24

25
26-32

33
34-58
59-61
64-69
70-72

Patient identification
Nature of specimen
Check bit
Microscopic findings
Culture result
Organisms isolated and drug sensitivity
M. tuberculosis drug sensitivity
Dilution sensitivity test or drug assay
Plate or cell count

NATURE OF SPECIMEN The great majority of
clinical specimens can be placed in one of about
30 categories. For these a simple numerical
code from 10 to 99 is used, with anatomically
related specimens grouped in tens, the commonest
specimen of each group being in multiples of 11 for
ease of punching (Table III). For public health
laboratory work, the category of 'synthetic'
specimens would require expansion for milk, food,
water, sewage, etc. No code for these has yet been
attempted, but they could be included by over-
punching the same columns to give new values to
this variate.

CHECK BIT This column acts as an alignment check
and also determines which of the various codes is
used on the remainder of the card. Values given are:

1 = Bacteriology
2 = Virology

3 :
4 :
5 :

Code N

10-19

20-29

30-39

40-49

50-59

60.69

70-79

80-89

90.99

= Immunology
= Skin test
= C.S.F. (for merging bacteriological and

biochemical results).
TABLE III

CATEGORIES OF SPECIMENS FOR MICROBIOLOGY
To. Specimen

Blood, etc.
11 Blood or serum
14 Bone marrow

Central nervous system
22 Cerebrospinal fluid
25 Brain abscess

Upper respiratory tract
32 Mouth, tongue, or saliva
33 Throat swab
34 Tooth or tooth socket
35 Nose swab
36 Paranasal sinuses
39 Laryngeal swab

Lower respi-atory tract
43 Gastric lavage
44 Sputum
45 Tracheostomy aspirate

Wound and superficial infection
52 Eye and lachrymal apparatus
53 Ear
55 Wound or pus
56 Skin and nails (fungus only)
57 Varicose or decubitus ulcer
58 Biopsy (general)
59 Hair

Genito-urinary
63 Urethral biopsy
64 Prostatic secretion
65 Urethra
66 Urine
69 Vagina

Gastrointestinal
75 Bile
77 Faeces

Cavity fluids
85 Synovial (and biopsy)
86 Hydrocoele
87 Pleural
88 Ascitic
89 Pericardial

Synthetic specimens
95 Peritoneal dialysis fluid
96 Theatre sterile water
98 Air
99 Pharmaceutical sterility tests

MICROSCOPIC FINDINGS This region of the card is
confined to morphological microscopic findings.
Information currently coded is shown in Table IV
but can easily be modified for local practice.

Culture result This variate is punched on all
bacteriology cards.

1 = culture not done
2 = culture done: organism isolated
3 = culture done: no growth
4 = culture done: no pathogens isolated
5 = culture done: contaminated
6 - culture done: 'mixed growth'.
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Data processing in clinical pathology

TABLE IV
CODING OF MICROSCOPIC FINDINGS IN MICROBIOLOGY

Columnn No. Position in column

26 = Pus cells I 1 = <1 per h.p.f. in urine
27 = Red cells f 2 = 1-5 per h.p.f. in urine

-1 .f __ L _ r _ .:_ _

28 = Gram film 1
2
3
4
5
6
7
8
9

29 = ZN Stain 1
2
3
4

30- Parasites
2
3
4
5
6
7
8
9

2
3
4

31 = Various

3 = 6-10 pern
4 = 1 1-20 per
5 = >20 per 1
6 = +
7= +
8= +++
9 ++++

h.p.f. in urine
h.p.f. in urine

h.p.f. in urine

= Gram-positive cocci
Gram-negative cocci
Gram-positive bacilli

= Gram-negative bacilli

=Spirochaetes
= Yeasts
Fungal hyphae

='Vincent's organisms'

No AAFB seen in 100 fields'
1-10 AAFB seen in 100 fields'
11-100 AAFB seen in 100 fields'
> 100 AAFB seen in 100 fields'

Trichomonas
= Giardia
= Entamoeba coli
Entamoeba histolytica

=Schistosoma
Ancylostoma

=Ascaris
=Enterobius
Trichuris

Taenia
=Urinary casts
Spermatozoa

=Strongyloides

x 450 magnification

ORGANISMS ISOLATED It is difficult to standardize
bacterial nomenclature in routine reports. The
names themselves are a shorthand for the aggregate
of information derived from identification tests,
and the name may vary according to the tests used.
Thus 'coliform', meaning a red colony on MacConkey
agar, might be identical to Escherichia coli serotype
0111, on which 20 to 30 tests had been used. It
would, therefore, be attractive to encode the results
of the identification tests themselves, and to use the
computer to make the identification or to suggest
further tests. This could be extremely valuable but
is not yet generally possible. Meanwhile, specific
nomenclature has been used which allows for
synonyms at generic or specific level.

Space is provided on the card for the identification
of up to four organisms in any one specimen, and
for the sensitivity of these to a maximum of 24
antibiotics.
Most bacteria are coded 01 to 99 in alphabetical

order. Each isolate is encoded in cols 34, 35, or
40, 41, or 46, 47, or 52, 53, 54. Fungi, the more

esoteric bacteria, and certain serotypes are codified
in the final three columns, allowing these additional
organisms to be coded 100 to 999. Only a small
number of organisms have so far been assigned
three-figure codes, and the problem of specifying
subspecies and types has yet to be solved. Some of
these, such as the shigellae, could easily be accom-
modated within the three-figure code. Others, such
as the salmonella serotypes, or the phage types of
Staph. aureus, could not, because they are capable
of almost infinite expansion and require the use of
open-ended codes. Because such information is used
for epidemiological surveys, which is distinct from
the diagnostic value of the other data, it is best
entered in separate files.

In some genera the codification of species may be
valueless if diagnostic and taxonomic criteria are
not established, as in the classification of Klebsiella/
Enterobacter. Other taxa, such as Aeromonas or
Spirillum, are rarely met in clinical material, and
specific ranking is probably not worth codification.
The precision of identity required depends very
much on the particular needs and enthusiasms of
people in individual laboratories.

In the investigation of tuberculosis, gonorrhoea,
and certain other infections, cultures may be
prepared and examined specifically for the causal
organisms. It is necessary in these instances to
report cultures negative for these organisms only.
This is specified by overpunching.
The coding list currently being used is shown in

Table V.

TABLE V
CODING OF IDENTITY OF MICROORGANISMS

Code Organism

01 Achromobacter
02 Achromobacter

03 Actinomyces
04 Actinomyces

361 Aerobacter

291 Alcalescens-Dispar

05 Alcaligenes

651 Arizona

06 Bacillus
07 Bacillus

08

09
10
11

Bacteroides

Bordetella
Bordetella
Bordetella

12 Borrelia

1 3 Brucella
14 Brucella

'Secondary synonym

anitratus
Unspecified or other

israelii or bovis
Unspecified or other

aerogenes or other

faecalis or other

anthracis
subtilis or other or unspecified

Any

bronchiseptica
pertussis
Unspecified or other

Any

abortus
melitensis
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Data processing in clinical pathology

TABLE V-continued
CODING OF IDENTITY OF MICROORGANISMS

Code Organism

TABLE V-continued
CODING OF IDENTITY OF MICROORGANISMS

Code Organism

15 Citrobacter

16 Clostridium
17 Clostridium
18 Clostridium

19 Corynebacterium
20 Corynebacterium
21 Corynebacterium
22 Corynebacterium
92 Corynebacterium
23 Corynebacterium

23 Diphtheroid

24 Enterobacter
25 Enterobacter

811 Enterococcus

391 Erysipelothrix
26 Erysipelothrix

27 Escherichia
28 Escherichia
29 Escherichia
15' Escherichia

30 Flavobacterium

31 Haemophilus
32 Haemophilus
33 Haemophilus
34 Haemophilus

35 Hafnia
36 Klebsiella
37 Klebsiella
38 Klebsiella

93 Lactobacillus

94 Leptospira

39 Listeria

40 Loefflerella

41 Mima

42 Moraxella
43 Moraxella
44 Moraxella
45 Moraxella
46 Moraxella

47 Mycobacterium
48 Mycobacterium
49 Mycobacterium
50 Mycobacterium
51 Mycobacterium

52 Neisseria
53 Neisseria
54 Neisseria

55 Nocardia

56 Paracolon

57 Pasteurella
58 Pasteurella
59 Pasteurella
571 Pasteurella
60 Pasteurella
Secondary synonym.

freundii or unspecified

welchii
tetani
Unspecified or other

diphtheriae
haemolyticum
pyogenes
ulcerans
acnes or anaerobic
Unspecified or other

aerogenes
cloacae

monocytogenes
rhusiopathiae or other

coli
enteropathogenic
coli other ('coliform')
freundii

meningosepticum or other

influenzae
parainfluenzae
vaginalis
Unspecified or other

alvei or unspecified or other
aerogenes or unspecified
pneumoniae
ozaenae or rhinoscleromatis

Any

Any

monocytogenes or unspecified

Any

polymorpha or unspecified

duplex
lacunata
liquefaciens
Iwoffi
Unspecified or other

tuberculosis
kansasii
scrofulaceum
Atypical or other
Unspecified

gonorrhoeae
meningitidis
Unspecified or other

asteroides or other

Unspecified

haemolytica
pseudotuberculosis
septica
ureae
Unspecified or other

88'

61,
62
63
611
64
65
66

61

67
68

69
70

71

72
73
74

75

76
77
78

79
80
81
82
83
84
85
86
87
88
89

90

95

91

96
97

201

240

111

122

133

144
145

150

155
156

166
167
165

177

Pneumococcus

Proteus
Proteus
Proteus
Proteus
Proteus
Proteus
Proteus

Providence

Pseudomonas
Pseudomonas

Salmonella
Salmonella

Serratia

Shigella
Shigella
Shigella

Spirillum

Staphylococcus
Staphylococcus
Staphylococcus

Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus

Treponema

Trichomonas

Veillon2lla

Vibrio
Vibrio

Aeromonas

Mycoplasma

Microsporon

Trichophyton

Epidermophyton

Candida
Candida

Torulopsis

Cryptococcus
Cryptococcus

Aspergillus
Aspergillus
Aspergillus

Histoplasma

inconstans
mirabilis
morganii
providenciae
rettgeri
vulgaris
Unspecified or other

pyocyanea or aeruginosa
Unspecified or other

typhi or paratyphi
Unspecified or other

marcescens or other or unspecified

sonnei
flexneri
Unspecified or other

Any

aureus or pyogenes
saprophyticus or albus
Unspecified or other

Group A or pyogenes
Group B or agalactiae
Group C
Group G
Other haemolytic
Non-haemolytic
viridans, mitis or salivarius
Group D or faecalis
anaerobic
pneumoniae
Unspecified or other

Any

vaginalis or unspecified

Any

cholerae or eltor
Unspecified or other

Any

Any

Any

Any

Any

albicans
Unspecified or other
glabrata or other

neoformans
Unspecified or other

fumigatus
niger
Unspecified or other

Any
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Data processing in clinical pathology

DRUG SENSITIVITY The results of diffusion sensiti-
vity tests are coded in the four columns following
each organism isolated. They are reported as either
sensitive or resistant. Each pair of columns specifies a
set of drugs coded 1 to 9. In each pair, a hole in the
left-hand column indicates sensitive, and in the
right hand, resistant. The drugs at present coded
are:

In First Pair of Columns

1 = Penicillin
2 = Ampicillin
3 = Streptomycin
4 = Chloramphenicol
5 = Tetracycline
6 = Erythromycin
7 = Neomycin/kanamycin
8 = Polymyxins
9 = Sulphonamide

In Second Pair of Columns

1 = Methicillin
2 = Novobiocin
3 = Vancomycin
4 = Ristocetin
5 = Fucidic acid
6 = Bacitracin
7 = Cephaloridine
8 = Nalidixic acid
9 = Gentamycin

Space still remains for a further six drugs by
using positions 0, -1, -2 in each columrn. Further
space for additional drugs can be created by the
deletion of old ones; ristocetin has been withdrawn
from sale.
The results of dilution sensitivity tests are recorded

separately.

46,000 is punched 463. For drug concentration in
,ug/ml, the exponent is coded from 104(1) to 104(9),
so that concentrations from 100 picograms/ml to
99 mg/ml can be recorded. This code allows any
two of the following values to be contained on the
general bacteriology card: (a) minimum inhibitory
concentration (,ug/ml); the drug and organism
being specified; (b) drug concentration in body
fluids (jig/ml): (c) viable particles per ml or cu. ft.;
(d) cell count per ml; (e) cell excretion rate per hour.

OTHER INFORMATION NOT CODED The general prin-
ciple in evolving codes has been to provide the
simplest means of recording most of the data.
Unestablished or research techniques, or rarely
encountered variates, have usually been omitted.
Coding systems must, however, allow for the
differing requirements of laboratories, and for the
introduction of new methods into diagnostic routine.
Although the following are not at present coded,
their inclusion would not be difficult: (a) primary
fluorescent antibody identification of bacteria;
(b) animal inoculation; (c) combined sensitivity
tests; (d) urinary crystalline sediments.

EXAMINATION FOR TUBERCLE BACILLI The necessity
for sequential reporting on tuberculous material
must be remembered. The following system of
coding has proved satisfactory.

Microscopy As indicated in Table IV, micro-
scopic findings of acid-fast bacilli are graded semi-
quantitatively with provision for negative results.

Culture pools A series of specimens may
sometimes be received from a patient which are
examined individually by microscopy but pooled
for culture. In these circumstances it has been
found convenient to record the result on a single
card. Where ZN findings differ in separate specimens,
the one showing the greatest density is recorded.
The number of specimens pooled for culture is
indicated in part of column 33 (7-9).

Culture result A culture may be positive for
mycobacteria, in which case the appropriate species
is coded in columns 34, 35. If the specimen has
also been examined by routine culture methods, a
separate card is prepared. Negative results are
indicated by overpunching, and contamination by
punching bit 33 (5).
Drug sensitivity tests The resistance ratio to the

three major drugs is given in columns 59-61;
subsidiary drugs are coded only in binary notation
(sensitive/resistant).

NUMERICAL CODING Numbers are coded in three
columns. Two columns give the first two significant
figures, the third supplies the power of 10. Thus

TYPE AND STRAIN IDENTIFICATION A final scheme has
not been evolved, but it is probable that a separate
card would be required and a subfile created. This
would be complicated by the range of typing methods
available by which bacteria may be simultaneously
typed by two different systems. Thus certain
salmonella serotypes are themselves subdivided into
phage types, and Ps. aeruginosa is simultaneously
typed by bacteriocin and phage systems.

VIRUS ISOLATION The problems are essentially the
same as those encountered in coding bacteriological
reports. The following variates require categories:

Nature of specimen See Table III.
Isolation systems used Few laboratories employ

more than a dozen systems, which can be coded on
two columns using bit notation, e.g.:

Column 1

1 Egg, yolk sac
2 Egg, amnion
3 Egg, chorio-allantois
4 Mouse, suckling
5 Mouse, other
6 Guinea-pig
7 Rabbit
8 Other

Column 2

1 HeLa
2 HEp 2
3 RMK
4 GMK
5 Human amnion
6 Human thyroid
7 Primary human embryo
8 Human diploid (semicontinuous)
9 Other

Further information, such as the route of animal
inoculation, does not need specifying since this is
implicit in the nature of the specimen or of the virus
isolated.

Culture result As in bacteriology coding, a
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Data processing in clinical pathology

variate is required to indicate whether isolation
was successful, or the reason for negative results, thus:

1 = Culture not done
2 = Culture done: virus isolated
3 Culture done: virus not isolated
4 = Culture done: cultures contaminated
5 = Culture done: toxic material

Name ofvirus isolated It is unnecessary to provide
for more than two virus isolations from a single
specimen. There is, however, a large and increasing
variety of viruses whose identification must be more
specific than is usually required in routine bacterial
identification. Most virologists would also liketo
record the isolation system(s) which gave a positive
result. These could be indicated by using the code
described above, with only the successful systems
punched.

Identification can be economically specified by
using a decimal system in four columns. The first
pair of columns gives the category of virus, and the
second pair the type. Many viral serotypes are al-
ready categorized numerically. All likely human
virus isolations can be contained within the list
given in Table VI in which there are 18 primary
groupings, whose exact specification can be obtained
in less than 99 subdivisions.

It must be remembered that the drug sensitivity
of virus isolations may soon be required, and
provision made accordingly.

Other findings Other variates may require cate-
gorization in bit notation. Examples of these are
the finding of inclusion bodies, electron-microscopic
appearances, or the presence of antigen in smallpox
crusts. The variety of these tests is small, and they
are usually performed only in reference laboratories.

SEROLOGICAL TESTS The following points have been
considered in formulating an acceptable code:

(a) Although there is a large and increasing
variety of tests, it is unusual for more than six or

TABLE VI

Group
VIRUSES REQUIRING CODING

Approximate No. of Types

Poliovirus
Coxsackie A
Coxsackie B
Echovirus
Rhinovirus
Rheovirus
Arbovirus, group A
Arbovirus, group B
Arbovirus, group C
Arbovirus, miscellaneous
Myxovirus, group 1
Myxovirus, group 2
Adenovirus group
Herpes virus group
Poxvirus group
Psittacosis-L.G.V. group
Rickettsiae
Miscellaneous viruses

3
27+
6
32
62+?
33
15
33
9

45 +
3

10
31+
3
6
6
12±
4+

eight of them to be performed on any one specimen
and these would normally be contained within a
particular diagnostic group.

(b) Results are expressed in a numerical series
whose intervals usually lie on a regular logarithmic
or arithmetic scale. The possible variate range can
usually be contained within a scale of 10 fixed points.

(c) Antibody against a single viral antigen may
be measured by more than one test system with
different results. Complement-fixation tests are
preferred, but haemagglutination, haemagglutina-
tion-inhibition, or virus neutralization tests may be
performed.

Various methods have been considered to take
account of these factors. One is to allocate a fixed
field to each test system but has been rejected because
the large range of tests already in use restricts
expansion. This system would only be possible
by making a fixed-field code for each diagnostic
grouping of tests, such as those for thyroid or
venereal diseases, for milk intolerance, bacterial
agglutinins, etc. This proliferation of codes has also
been rejected because card-punching would become
liable to be inaccurate and programming would be
made more difficult.
A more satisfactory method is to use a four-figure

code for antigens followed by a single column
encoding the observed value. The test system can,
if necessary, be indicated by overpunching. Similarly
it may be necessary to indicate that a negative
reaction occurred because of anticomplementary
activity or some other reason.

Virus antigens can usually be designated by the
same four-figure decimal code used for virus
isolation results. Since this has 80% redundancy
it can also include the code for antigens. It must
also allow for differentiation of antigens in a single
virus, such as mumps S and V.

If 25 to 30 columns of the standard 80-column
card are used for patient and specimen identification,
the remainder of the card gives space for the results
of up to 10 serological tests. Table VII gives
examples of currently used serological tests, their
variate range, intervals, and number of variates.

CODING OF DATA IN PATHOLOGICAL ANATOMY,
HISTOLOGY, AND CYTOLOGY

A comprehensive system of coding, suitable for use
with automatic data processing systems, exists in
the form of the Systematized Nomenclature of
Pathology, published by the College of American
Pathologists in 1965. An alternative approach, in
which encoding of plain English statements is
carried out by computer, has been devised by
Smith and Melton (1964 and 1965).
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Data processing in clinical pathology

TABLE VII
SEROLOGICAL TESTS REQUIRING CODING

Antigen Range' Interval Variate

Bacterial agglutinating
S. typhi 0
S. paratyphi A 0

S. paratyphi B 0

S. typhi H
S.paratyphi A H
S. paratyphi B H
S. typhimurium nsp H
Br. abortus
Br. melitensis
Proteus OX 19
Proteus OX 2
Proteus OX K

Thyroid antigens
Thyroid autoprecipitin
Tanned cell agglutinating antithyroid
Thyroid complement-fixation test
Anti-CA 2

Milk antibodies
Lactalbumin
Lactoglobulin
Bovine gamma-globulin
Bovine serum-albumin
Caseinogen

Viral antigens
Polio 1

Polio 2
Polio 3
Herpes simplex
Vaccinia
Influenza A
Influenza B
Influenza C
Parainfluenza 1

Parainfluenza 2
Parainfluenza 3
Adenovirus
Respiratory syncitial
Psittacosis-L.G.V.
Q fever
Mumps S
Mumps V
L.C.M.

20-5,120 log,l 10

neg-pos
10-10'
5-5,000

neg-pos

Miscellaneous tests
Brucella antiglob. consumption
Antistreptolysin 0 (T.U.)
Anti-staph. alpha lysin
Antinuclear factor
Anti-insulin
Hydatid complement fixation test
Toxoplasma dye test
Paul Bunnell

Tests for syphilis
Wassermann reaction (qualitative)
Wasserman reaction (quantitative)
PPR
RPCFT
TPI

Range is expressed as reciprocal of dilutions.

METHODS OF INPUT OF DATA INTO
AUTOMATIC DATA PROCESSING

SYSTEMS

The conversion of laboratory data quickly and
accurately into a form suitable for computer input

CFT
HA
HAI J

L Neutralizing

neg-pos

2-512

4-2,048

5-5,000
50-800
2-8

10-10,000
5-80
4-1,024
10-5,120

neg-pos
5-160

5-160
neg-pos

1 2
log 1ol 8
log,01 5
1 2

1 2

log21 10

10g21 1 1

log, o1

log,51
I

log,1
log,1

log,1

log,lI021ogIg

8

8
4
5

6
10
11

2
7
4
7
2

is a much more difficult problem than the production
of a suitable output. In practice the choice of an
input document is limited to punched cards and
punched paper tape, and most of the discussion which
follows is concerned with the advantages and
disadvantages of these two alternatives. Magnetic

262

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.21.2.231 on 1 M
arch 1968. D

ow
nloaded from

 

http://jcp.bmj.com/


Data processing in clinical pathology

tape and other forms of input are briefly mentioned.
Ideally, the input document should be prepared
automatically, as an end-product of the automatic
data acquisition system; only certain data can be
acquired in this way, however. On-line entry of
data into computer systems, from keyboard terminals
or automatic data acquisition equipment wired
directly to the computer, is possible and will
undoubtedly become more important in the future;
with this approach the intermediate step of pro-
ducing machine-readable documents is eliminated.

PUNCHED CARDS

The punched cards in general use measure 3- in. x
73 in. and a stack of about 160 is 1 in. thick. They
are usually divided into 80 vertical columns, each
having 12 positions where rectangular holes can
be punched. The columns are usually divided into
a lower section which has 10 positions, catering for
the numbers 0-9, and an upper section known as
the 'over-punch' or 'control' section which has
two positions known as -1 and -2, or as X and Y
(Fig. 12).
Numbers are encoded on to punched cards by

punching single holes in the 0-9 positions while
letters are encoded by using a combination of holes,
one in the 0-9 section and one in the over-punch
position or in the 0 position (Fig. 13).

Information on cards is grouped into 'fields' of
one or more columns, each field relating to one
item of information, e.g. identification number,
date of birth, etc. Each column usually represents
a single character, which may be numerical, alpha-
betical or special, e.g. plus and minus. Information
can be entered very economically by using codes
for all the variables but a compromise has to be
made between economy and simplicity. Space can
be saved with figures always quoted in hundreds or
thousands, etc., by using one column to give the
power of 10 to which the initial two or three figures
must be raised, e.g. 12,000 is encoded as 123. Decimal
points need not be included if they always occur in a
fixed place.

Cards can be printed to any specification and cost
11-15 shillings per thousand. The initial charge for
making the special printing plate is £15. IBM and
ICT are the two principal companies producing
card-punching equipment and their cards are
identical in size. Figure 14 shows the card used in
the Department of Biochemistry at the Queen
Elizabeth Hospital, Birmingham.

METHODS OF PUTTING INFORMATION ON TO PUNCHED
CARDS There are several methods which will be
discussed.

Punching by a keyboard operator Information
is usually transferred to punched cards by a key-
board operator using either a card punch, which
simply punches holes, or a printing punch, which
also prints a written character at the top of each
column to correspond with each code punched.
Hand punches and electrically-operated or 'auto-
matic' punches are available. In the hand type the
operator cuts the holes as a direct result of depressing
the keys, and two keys must be depressed simul-
taneously for alphabetical characters. In automatic
machines the operator presses a single key which
fires off a power-operated punch, thereby reducing
both mental and physical fatigue. Other facilities
are also available on the more sophisticated type of
punch, e.g. space and skip keys which permit
more rapid lining-up of the card, automatic ejection
of cards, and 'gang-punching', i.e. the copying of a
completed card. Punches are very reliable pieces of
equipment.
The form in which data is given to the keyboard

operator affects speed and accuracy. If it is clearly
legible, fully coded, and organized in numbered
boxes or other definite fields to correspond with the
numbered columns, the punching operation requires
less mental concentration. Figure 15 shows a
document specially designed for the collection of
data which are to be subsequently punched on to
cards.

The capital cost of punching equipment varies
from about £30 for a simple hand punch to about
£1,400 for a sophisticated automatic one. Most
punching equipment can be hired, at a price of
approximately 1/50th of the purchase price per
month.

Marked-sensed cards These are the same size as
conventional punched cards, but the number of
columns is limited, e.g. 27 on IBM cards and 40
on those of De la Rue Bull. Data are entered
manually by marking outlined areas with special
pencil (Fig. 16), and the cards are then scanned by
a machine which punches holes to correspond with
each pencil mark. The method may save having to
employ a skilled keyboard operator but the card
reading equipment is more costly, e.g. the IBM
519 unit costs £2,820 to purchase or £51 16s. Od. per
month to hire. It is possible to combine conventional
and mark-sensed punched cards and to have mark-
sensed information transferred in the sensing
machine to other columns on the card (Fig. 17).
Electrolyte solutions split on the card will cause
erroneous punching of holes as also will careless
marking.

Port-a-punch cards These cards (Fig. 18) have
pre-scored areas which can be perforated with a
pointed instrument, preferably on a special board.

13
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FIG. 13. A standard 80-column punched card in which 10 numerals and the letters of the alphabet have been entered
into columns 1-36 with a printing punch.
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FIG. 14. Example ofan 80-column punched card specially designedfor use in a hospital laboratory.
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FIG. 12. A standard 80-column punched card.
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Data processing in clinical pathology

Post Mortem Analysis Check Sheet

GENERAL NOTESNAME

P.M. No. Day Mth. Yr. Elapsed Days Nationality Soc. Status Mode of Death Age Height (Cms.)

ICEI II' I I
FAT THICKNESS
1

DONE THICKNESS
I1.

2 3

3-

WEIGHTS
Muscle. Heart

I
MYOCARDIUM
Anterior Leral

4

4

CORONARY INDIX

AW

Total

Posterior

MISCELLANEOUS DATA
Thrombus Body Hair Head Hair Gall Stone Renal Arteries Cholesterol

';~~~~~~~~~~~~~~~ 71 i

FIG. 15. Example of a document specially designed for the collection
punched card.
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of data to be entered subsequently on a
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FIG. 16. Example of a mark-sensing punched card.
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Data processing in clinical pathology

They provide the cheapest way of entering informa-
tion into an automatic data processing system, and
four cards only cost one penny. The number of
columns is restricted to 40 and the method is not
suitable for large scale processing as it is relatively
slow and requires a delicate technique.

Automatic data acquisition systems It is possible
with suitable data acquisition equipment auto-
matically to prepare punched cards bearing readings
or results produced by laboratory instruments. The
I.B.M. 1080 system for doing this has been described
by Rappoport et al. (1967) and indications of its
cost are given on page 251.

IsIea" c

c

I

VERIFICATION For laboratory data a visual check
of the card may be adequate, particularly if a

printing punch has been used, but verification
equipment is available. Data are re-punched on

the verifier and each of the verifying key depressions
should produce the same code as that on the
original punched card. Disagreements cause the
machine to lock or produce a signal and the
operator has to decide whether or not to reject the
card.

EVALUATION OF PUNCHED CARDS AS AN INPUT

MEDIUM Punched cards are convenient for holding

ti-
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.9999
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ACCJSO_

FIG. 18. A standard 'Port-a-punch' card.
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FIG. 17. Example of a punched card using some fields for entry of data by mark-sensing.
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Data processing in clinical pathology

isolated blocks of data, such a single investigations
or groups of investigations performed on a certain
date. They can be stored compactly in any con-
venient order, and are readily available for reference,
substitution, or amendment. They can be read
and verified visually to some extent. Data can be
encoded into fixed fields, thereby reducing the
amount of punching necessary. A wide range of
operations is possible with machines other than
computers, the two most useful being (1) separation
of cards into groups, depending on some item of
information; (2) merging of two or more sets of
cards into a specified order to form one larger set.
Punched cards can be read into a computer

at high speed. The usual speed of reading is about
600 card sper minute and with 60 to 80 characters
per card this is equivalent to 600-800 characters per
second, which is similar to paper tape speeds.
Cards need careful storage to prevent bowing and

buffing, both of which can jam the card reader.
Standard conditions of temperature and humidity
are recommended.
Data transmission of information on punched

cards is relatively slow, e.g. seven characters per
second for a telegraph line and 150 per second for
a public telephone line.

PUNCHED PAPER TAPE

Punched paper tape is made in different widths,

varying from about W inch to 1 in and inch reels of
1,000 feet. Data are recorded by punching holes
in rows across the width of the tape, the pattern of
holes representing one character in code. The
number of available holes in a row, known as
'channels', 'tracks', or 'bits', varies from five to
eight, and 10 rows of holes are punched per inch
(Figs. 19 and 20). Some tape punching equipment
can be used to produce edge-punched cards (Fig. 21),
which provide a convenient means of handling
what would otherwise be short lengths of paper
tape.

Various codes are in use with the different
widths of tape; when the number of possible
combinations of holes is not sufficient to represent
all the required characters special codes, known as
'figure shift' and 'letter shift', change the meaning
of the hole combination from one set of characters to
the other.
The arrangement of variables of information is

easier on tape than on cards as there is no limit to
the available space. As paper tape is a continuous
medium it is especially suitable for recording data
which are being produced automatically and in large
amounts.
Many codes are constructed so that either an

even or an odd number of holes is always punched
in one row. This is achieved by setting aside one
of the channels as a 'parity check', a hole being

0@ 0 0 0 @0 @0 000 0 00000
* 0 000 @0 SO @00 S 0 0

* 0 *0 0 @00000 0 0 000

30 ............. . .....*eO@O@I
00 0 00 @0 0 0 000 000 0 000

000 05 @00 000 @0 0 0 0 @00

*0 @0 00 @0 00 50 00 0*
0000 0000 0000 0000

.0000 000 9009e0000000000900000000..... S 0 090 00 00 0000 0 00*0 00 00 0 0 e
00 00000000 000

000 00 00000000000

FIG. 19. Examples of five-channel punched paper tape. Both have the numerals 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, followed
by the alphabet punched from right to left. The upper example is punched in International alphabetic code no. 2
(as used with Datel 100 service); the lower example is in Elliott 803 code. Figure-shift and letter-shift codes have
been omitted.

FIG. 20. Example of eight-channel punched paper tape. The same characters as those shown in Fig. 19 have been
punched in ISO code.

00* 0 00 0 0 00 00 0 00 0 00

S**00000*00
00000000000 0000000000
005 00000000 00

0000 5000 00009 0000
0 00 0 0 0 0 0 0 0 0 0 0 00 0 0

000000000000000000- -

i
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Data processing in clinical pathology

FIG. 21. Example of an edge-punched card. The same data appearing on the label have been punched into the
card in ISO code. Additional characters have been addedfrom a program tape.

punched in this channel only if necessary to make
up to the correct number of holes. If an odd number
of holes is read from the tape when eachrow should
be even, the error in punching is noted as an illegal
character and not accepted.

METHODS OF GETTING INFORMATION ON TO PAPER
TAPE Punched paper tape can be produced by
keyboard machines, which are electric typewriters
equipped with punches; these usually print a copy of
the data as it is punched on to the tape. According
to complexity, these machines cost between £500
and £2,500. Typists can use tape-producing equip-
ment with little additional training.
Punched paper tape can also be produced by

automatic data acquisition systems, and the Elliott
ALA system for automatically collecting data
from AutoAnalyzers and preparing it for direct
computer entry has been described by Flynn,
Piper, and Roberts (1966). This equipment can
punch on a single paper tape data collected from
eight AutoAnalyzer channels operating simul-
taneously but independently. The cost of the Creed
punch is £245, but the cost of the total equipment,
including the cost of modifying the standard
recorders, approximates £1,500 for the first channel
and £1,000 for each subsequent channel up to the
eighth.

VERIFICATION Verification is carried out in a similar
way to that of punched cards but the operation is
more important with this medium as the data on
paper tape are not easy to read visually. Errors in
the prime tape may be corrected by copying the

tape up to the point where the errors occur, re-

punching the incorrect characters, and then du-
plicating the remainder of the tape.

EVALUATION OF PUNCHED PAPER TAPE AS AN INPUT
MEDIUM Paper tape holds information in a very
compact form, an 8 in. roll being equivalent to 1,500
cards, and the conditions for storage are not as
critical as for punched cards. Tape is well suited to
data which do not have a fixed number of fields or a
fixed length of field; it can be produced by a wide
range of machines and most computers can be
equipped with paper tape readers. The existence of
different paper tape codes, however, may cause
compatibility problems between the equipment of
different manufacturers. Paper tape is cheaper than
punched cards and the equipment for punching
and reading it is also generally cheaper. Parity
checks are possible and in verification procedures
only incorrect characters have to be altered.
The chief drawback to paper tape is that data are

held in sequence along its length and therefore
individual items are not readily available. Also the
data cannot be read visually with ease, though new
equipment is now becoming available which prints
each character alongside the pattern of holes.
With tape readers, the tape may be read by metal

feelers as with cards, but in computers the method
of reading is by transmitting light through the
holes on to photoelectric cells, giving reading speeds
up to 500-1,000 characters per second, comparable
with that of card readers.
Data transmission is faster and easier with

punched tape as a five-bit tape is an established
medium for transmission.

-~ BEo43o
-JANE

* rriueIl 8.11.4 F

Q U A L I T Y TESTED

filELN LIMITED, LomNON PUNTED 1 0t

000 *- * 0-00 *0-* * *-0 * * **@@*0 S

**@@* @0 - 0- - *** 0** . 0 @000* *@0*@- S...-@ *
.*. *0-* * * . *@ * 0 * *0 *@@@ @.@@@@.

*0 0 0 * *- 0 0 * * 0 *@-@O@0@*- * *@ * * @ * *0 @0 @000 0000 00000 0
@0 @00 0 0 0 0 @0 @0 0 @0 0 00 0 0000
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Data processing in clinical pathology

COMPARISON OF PUNCHED CARDS AND PAPER TAPE

Cards

Separate documents of defined
length

Fairly compact and tidy to file
Needs careful conditions of

storage
Single cards may get lost
Information available for refer-

ence, duplication or amend-
ment, sometimes manually
or with simple machines

Good for data in fixed fields

Visual checks possible
More expensive than tape
Card-readers more costly
Can be produced very cheaply,

in the form of Port-a-punch
cards

Can be prepared for automatic
punching by mark-sensing

Data transmission relatively
slow

Tape

One document of indefinite
length

Very compact but not so tidy
Storage not difficult

Data not easily lost
Single items of information not

readily available

Good for data with variable
fields

Parity checks possible
Relatively cheap
Tape readers much less costly
Can be produced by wide range
of equipment

Mark-sensing not possible

Data transmission faster than
for cards

OTHER METHODS OF INPUT

MAGNETIC TAPE The representation of information
on magnetic tape is in a form similar to that used
on paper tape, the punched holes being replaced by
magnetized areas. Magnetic tape is rarely used as a
data source in automatic data processing systems
though it is useful as a storage medium(see page 277).
In certain circumstances information may be
transferred from punched cards or paper tape on
to magnetic tape by a small computer in order that
the data can be read in faster to a larger computer.

results be stored, and (d) in what form should
results be stored? The examples of storage and
retrieval systems which are given have been selected
as suitable for use with the main types of reporting
systems in present use (see pages 281 to 289) but no
system has yet emerged which can be regarded as
the ideal solution.

WHY SHOULD LABORATORY DATA BE STORED?

Ready access to laboratory data is required by
laboratory staff (1) to deal with enquiries and assist
in consultations; (2) to provide replacement reports
when required; (3) to compare results on a patient
with previous investigations of a similar type or
with the whole range of previous results; (4) for
administrative purposes, e.g. the compilation of
quality control statistics and annual reports; (5) for
epidemiological studies; (6) for research.

Clinicians wish to store laboratory data to
provide objective information about the patient's
condition at the time of the investigation, and/or
for research.
The value of stored laboratory data is often

dependent upon the ease with which it can be
retrieved, and on the accuracy of other components
of the medical record. Efficient data storage and
retrieval requires an infallible patient identification
system and, to ensure a satisfactory linkage between
clinical and laboratory findings, close attention to
the problem of disease coding is necessary.

MAGNETIC CHARACTER READING Reading of the
type used on bank cheques is of specialized applica-
tion and very expensive.

OPTICAL CHARACTER READING This is a photostatic
reading of the characters themselves. It is again
very expensive and of limited application.

OPTICAL MARK READING This is coming into wider
use and an example is shown in Figure 22. The
principle is the same as for mark-sensed cards but
sheets of paper are used instead of cards and these
are easier to handle and do not require special
marking material. The reading equipment is
expensive at present.

STORAGE AND RETRIEVAL OF
LABORATORY DATA

The main questions that arise when considering
the subjects of storage and retrieval of laboratory
data are (a) why should results be stored, (b) how
long should results be stored, (c) where should

FOR HOW LONG SHOULD LABORATORY DATA BE
STORED?

This difficult question is influenced by legal con-
siderations. In the United Kingdom there is no
absolute requirement for medical documents to be
preserved at all, but defence in the event of litigation
would be seriously hampered in their absence.
Therefore results of laboratory investigations
should always be preserved somewhere for a
minimum period of six years.
From the point of view of the pathologist and

clinician it is certainly questionable whether all
laboratory data merit long-term storage. The
results of a series of plasma urea and electrolyte
determinations in a rapidly changing clinical
situation may lose their relevance to a patient's
medical management in a matter of hours. On
the other hand, results of certain investigations such
as blood group typing, histology of a lymph gland,
an isolation of Salmonella typhi, or a positive
Wassermann reaction, may have lasting significance
for the individual concerned or for those carrying out
retrospective surveys of disease behaviour.
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ANY TOWN HOSPITAL MEDICAL RECORDS

-- C :::~~~~~~~~~~~~--R----
O____I__t__3__ 4 E 5 6 To 2 3 4 A 509

NE
---~~~~~~~~~~~~No t 3 4 T.S. 6 a 7 3 S

0
- ~ ~ ~ ~~---- ~~~~~~~~POST OP. DEATH

ADDRESSC
S. .B P.C PLA OTHER P P G.P UIRE 0 t3 N a 7 -.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A M ~~~~~~~~~~SERVICECLASSIFICATION

0 2 3 4 5 6 7 6 9
M :::-: :D -

gATHA--~~~~~~~~~~~~
---T.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T Y

D- :: ::: M ------ES ---NI

------ - . - - - S -~ ~ ~ ~ ~ ~~~~---------____-----____-----__ ______-----__

::::- ::::::::y~ ~~~~~~:::_ I::
~~~~~

----N-A----7
A -------

-::-:5------- D

AGE S
D-:::::
A
Ay 8OI 2 3 -~~~~~~~S-------

O 2 3 ~~ ~~~~~4R 5 6 7 9 PH t!!PAN DOCTOR NURSE::- ANESTHETIST -----

MARITAL STATUS ::: ::: ::: :: :-:-

5509SEP NONE 0 2 3 ~~~~~~~~~~~~~~~~~~~~~~~ lO~IT * * 9 -

RELIGION
PACQT HEBREW CATHOLIC oTr6R

NO. OFADMISSIONS---
I0OR -I- -2- 3- -4 5 6 N- 9 -- OP.

iPAYMENT RESIDENT
BL SELF COMP OS1C OAA SERV V.A:. COIP WL. 0

RESULTS :: - A

O -I- -2- 3 4 5 6 7 a 3 4~ N I 0

E. R. ADMIT MIO0.
ACCIDENT OTHER SURB. CORONER-

~~~~~~~~~~~~~~~~~~N

COMPLI CATION 3--4-- E 6- 7--
YES N INFECTION N-

--- - ~~~~~E-- ::~ :::: NO. OF CHEST X-RAYS
~~~~~~~~~~~~~5 6 --9

-- E -----:-: ::

-T----T- DATA PROCESSING CONTROL

E --.-------: 2

O 2 3 ~~ ~~ ~ ~~ ~E
---

e -P a 5

ROUTINE URINE -YU A:: -

FIG. 22. An example of a document which is used for optical mark reading. Data are entered in the appropriate
areas by making marks between the pairs of dotted lines.
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Data processing in clinical pathology

At the present time only a small proportion of
results are looked at after a month and very few
after a year. However, existing practice is to some
extent conditioned by present-day difficulties of
retrieval and, if the potential value of statistical
assessment of laboratory data is realized, the
frequency with which long-term records will require
to be consulted could be greatly increased.
The Working Party suggest that reasonably

easy access to all results issued, whether 'normal'
or otherwise, should be provided somewhere for at
least 20 years after a patient's last attendance,
and that immediate access should be possible to all
results issued within a certain minimum period.
The latter would usually be between three months
and one year, but would vary with the nature of the
investigations concerned and could be influenced
by the storage and retrieval facilities available.

WHERE SHOULD LABORATORY DATA BE STORED?

Laboratory data may be stored in the laboratory,
in the patient's case notes, in a central records
file, or in more than one of these situations.

STORAGE IN THE PATIENT S CASE NOTES Results
relevant to a present illness must be stored in the
patient's case notes folder, or must be rapidly
available on demand to the clinician in charge of
the case.
Long-term storage of laboratory data in the

patient's case-notes creates problems, however,
and general recommendations cannot be supported
in every instance. The Tunbridge Report' regarded
diagnostic reports as good examples of secondary
and transitory records, and stated (para. 27) that
'. . . discarding secondary and transitory documents
either on discharge or after six years from the date
of discharge would do much to reduce the bulk
of documents and make records more manageable'.
Also (para. 23), the Report says that 'diagnostic
reports . . . all assist in the assessment of the
patient's illness but may show no significant varia-
tion from the normal and are therefore only
negatively of diagnostic value. Whatever their
significance, however, the abnormal features of a
diagnostic report should always be recorded on
the history sheet'. These comments and recom-
mendations of the Tunbridge Report are open to
criticism. In the first place, 'normal' results for a
particular investigation may be of great significance
when considered in relation to a subsequent period
in a patient's medical history. Secondly, the fact
that there is a 'normal' range for many quantitative
determinations for each population does not mean
"See reference no. 52 in bibliography.

that, for an individual, changes in results only
become of interest when they start to fall outside
this range. Furthermore, any system of permanent
storage of pathology data which depends on
accurate transcription from reports to case record
sheets has obvious shortcomings.
Acceptance of the Tunbridge Committee's recom-

mendations may mean that the case record folder
can no longer be relied upon to fulfil the function of
preserving a record of results of laboratory investi-
gations for a minimum period of six years. From
the laboratory viewpoint, the use of patient's notes
as the sole repository for long-term pathology records
cannot in any case be regarded as ideal because of
the difficulties of retrieval.

STORAGE IN THE LABORATORY There is no con-
tractual obligation for a laboratory to keep any
records, since its legal requirements have been
fulfilled when a report has been issued in response
to a request for an investigation. The importance of
laboratory data for the welfare of a patient is such,
however, that most laboratories will feel obliged
to store results, at least on a short-term basis.
Long-term storage of results in the laboratory is a
matter for decision by individual pathologists,
bearing in mind the legal position and the potential
value of the data for reporting, administration, and
research.
Data may be stored in the laboratory at several

points. (1) The record kept in the technician's work
book or work sheet is important for checking cal-
culations, and is of value for providing information
rapidly about recently performed investigations but
is not suitable as the sole long-term store of
laboratory data because retrieval is so difficult; (2) in
files of copies of current reports, where all the results
on one patient can be filed together if desired; (3) in
files of patient cumulative records, in which all or
many of the results on one patient can be rapidly
retrieved and reviewed.

STORAGE IN A CENTRAL RECORDS FILE Storage and
retrieval of information are costly operations and
clearly the process should not be duplicated in the
patient's notes and in the laboratory except for a
very good reason. It was agreed that there would
be no necessity for laboratories to keep separate
files of patients' results if and when centralized
medical record departments were able to provide
them with a highly efficient storage and retrieval
service. Such a service would have to be capable of
providing recent results within a few minutes at
any time throughout the 24 hours. The introduction
of large computing facilities in the National Health
Service may make such a desirable feature possible.
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Data processing in clinical pathology

HOW SHOULD LABORATORY DATA BE STORED?

As the volume of laboratory results increases,
storage and retrieval operations become slower and
it becomes more difficult to make efficient use of
the information contained in reports. Often the
value that can be extracted from results is related
to the ease of retrieval, and it is mainly for this
reason that the newer techniques of storage and
retrieval are of such interest.

CHOICE OF STORAGE METHOD Many factors affect
the choice of method for data storage and the
main ones which need to be considered can be
grouped as follows:

1 The storage process (a) The amount of time
and effort required to prepare the record for storage
and to insert it into the storage file; (b) the accuracy
of the filing procedure (c) the capability of the system
for dealing with new tests and increases in the test
load; (d) the amount of information that can be
carried on a single unit of the storage medium, i.e.
whether or not it is possible to have most or all of a
patient's results in a single storage unit.

2 The retrieval process (a) The capability of the
system to provide for class as well as specific
retrieval: to retrieve records on individual patients
it is necessary to be able to recall results by patient
identification data, but for administrative and
research purposes it may be necessary to recall
particular data from a selected group of patients.
(b) The speed of retrieval: when considering records
for individual patients, information about the
average search times required for retrieval of single
and cumulative records is relevant, assuming that
identification data and filing are correct. (c) The
possibility of retrieving data when patient identifica-
tion is incomplete or not entirely accurate.

3 Staff and equipment (a) Whether fewer,
additional, or specially-trained staff will be required
to operate the system. The difficulties of recruiting
grades of staff known to be much in demand, and
the problems likely to arise from channelling every-
thing through key personnel also need to be con-
sidered. (b) Whether existing staff will be able to
keep the equipment in good order and cope with
complete breakdowns. Specially-trained main-
tenance staff or a servicing contract, possibly
including on-call facilities, must be taken into account
when assessing running costs. (c) The space
required and any special requirements for noise
control or air conditioning. (d) The purchase price
or rental charge for the equipment. If equipment is
purchased, depreciation of capital investment should
be included in the costing. (e) Running costs

expressed in terms of the expense of each entry and
each retrieval.

4 Other factors A laboratory which performs a
large proportion of its work for general practitioners
may well adopt a different method of data storage
and retrieval from a laboratory which deals mainly
with hospital patients. This is because many patients
attending general practitioners have only a single
set of investigations performed, and methods of
patient identification applicable to hospital patients
may not be practical in general practice. However,
some patients attending general practitioners may
undergo repetitive investigation, e.g. in anaemia, and
retrieval of past records may be necessary.

INTERDISCIPLINARY STORAGE ARRANGEMENTS It is
desirable that the data processing for all the branches
of pathology in a laboratory should be dealt with
by one office on account of the expense of the
equipment required. To a certain extent, however,
the office arrangements are dependent on the siting
and size of the laboratories and the type of
organization involved.

If the results of tests from all the branches of
pathology are merged together the whole of a
patient's laboratory record can be retrieved at a
single search; files must be large, however, and the
average retrieval time is prolonged. Total retrieval
is seldom required and it is suggested, therefore, that
separate files be kept for each discipline at a central
office.

COMPARING STORAGE AND RETRIEVAL SYSTEMS

Many systems are available but it is difficult to
compare them because their scope and potential
for future development are so different.

In the limited number of examples considered be-
low, in which it has been assumed that the systems are
based in the laboratory and operated by laboratory
staff, an attempt has been made to assess their
advantages and disadvantages and to estimate the
likely capital and running expenses involved. The
costing figures, which have been related to an
annual work load of 30,000 requests for 100,000
chemical pathology tests, must be regarded as very
approximate and they will certainly be influenced
by local factors. Difficulties arise in estimating the
costs attributable to storage and retrieval as such
because of the intimate relationship of these
processes with the preparation of reports, and in
some cases disentanglement was not possible.
Where experience is available, comments are made
about the operation of the systems in the face of
larger work loads.
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Data processing in clinical pathology

A STORAGE AND RETRIEVAL SYSTEM BASED ON THE USE

OF A DUPLICATE REQUEST/REPORT FORM

In this system NCR (no carbon required) forms
are used as combined request and report forms and
the NCR duplicate, which is an exact copy of the
report, is filed as the laboratory record.

THE STORAGE DOCUMENT The NCR forms can be of
size A5 or A6, according to requirements. Too small
a size means that two or more forms may have to
be used for reporting and recording a single batch
of results: A6 size is assumed for the subsequent
discussion. Pre-printed forms can be designed to
suit particular needs and reduce the amount of
clerical work to a minimum.

METHOD OF STORAGE Assuming that the reports
from 100,000 determinations derive from approxi-
mately 30,000 request forms, space will be required
in the laboratory filing system for 30,000 duplicate
forms per year. The thickness of the NCR duplicate
is approximately 200 per inch but they cannot be
filed so closely without making the insertion of new
entries and retrieval of previous records very
difficult. Using metal filing cabinets, and allowing
for alphabetical spacers, the approximate density
works out nearer 150 per inch, which means a total
length of cabinet of about 20 feet, i.e. 16 cabinets
of dimensions 65 in. width, 51 in. height, and 15 in.
overall depth (equivalent to 13 in. of usable internal
length). These cabinets can be stacked conveniently
to a height of four drawers one above the other.

EXPANSION CAPABILITY The introduction of new
tests or increase in the total work load offer no
particular problems. The number of cabinets can
be increased and records for previous years can be
stored in boxes.

RETRIEVAL The records are filed and retrieved
manually and the efficiency of the whole system
depends on a reliable patient identification method
and accurate filing, both of which are difficult to
ensure in practice, as has been discussed in the
section on patient identification. If records are
filed in alphabetical order, year by year, and mul-
tiple records for one patient in any one year are filed
in date order, search time for an individual record in
the appropriate file is about 20 seconds.

STAFF AND EQUIPMENT No special grades of staff
or special equipment are required to operate the
system.

COST In assessing the running costs for stationery,
the relevant figure is the difference in cost between

NCR forms and similar single-thickness forms
without backing or carbon paper. This difference,
i.e. the cost attributable to the record system itself,
is approximately 1.ld. per record.

Capital cost
A6 size filing cabinets (16 at £2 7s. Od.)+ spacers, approximately £38
Running costs
(a) Stationery (nett), approximately £150 p.a.
(b) Staff salaries attributable to storage and retrieval operations,

approximately £150 p.a.

ADVANTAGES OF THE NCR SYSTEM (1) Simplicity.
(2) No extra clerical work is required in the prepara-
tion of the laboratory record and not much time and
effort are required for filing the 100 or so forms per
day. (3) No special staff are required. (4) No special
equipment or servicing is required. (5) New tests
and increased work loads offer no special problems.

DISADVANTAGES OF THE NCR SYSTEM (1) Storage
space is considerable and increases in parallel with
the work load. (2) Retrieval is fairly easy in the
current year but becomes difficult and time-
consuming for past results. (3) It is not practicable to
review previous results on an individual patient
when assessing the latest batch of results. (4) It is
not practicable to use past records for statistical or
research purposes.

A STORAGE AND RETRIEVAL SYSTEM BASED ON A
CUMULATIVE RECORD CARD

In this system the results of all investigations on a
particular patient are transcribed on to a cumulative
record which is kept filed in the laboratory. Various
modifications of the basic scheme are possible,
ranging fiom a simple method where results are
copied manually on to the cumulative record to a
complex one where new data are added automatically
and the updated record is photocopied and issued as
a cumulative report.

THE STORAGE DOCUMENT Great variety is possible
in the design of the cumulative record cards, space
being allocated on the basis of the laboratories'
pattern of work. They can be in the form of blank
columns which are filled in, in response to the
requests received (Mason, 1962), or be pre-printed
with headed columns for numerical results, lined
areas for descriptive results, and spaces for graphs,
etc., to be affixed (Flynn and Vernon, 1965; Whitby
and Owen, 1965). A single card printed on each
side may suffice for one branch of pathology, as is
used at University College Hospital, London. At
the Royal Infirmary, Edinburgh, which has a greater
work load, it has been found necessary to use three
cards, designed in such a way as to group tests likely
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Data processing in clinical pathology

to be performed on the same patient, and at the
Royal Postgraduate Medical School five different
cards are used for the results of analyses on blood
urine, faeces, etc.
The size of the record card is influenced by the

laboratory work pattern and also, where cumulative
reports are issued, by the limitations imposed by
the photocopying equipment. It may be more
economical to use a non-standard size, but sizes
A6-A4 have been used in some laboratories. To
allow for frequent handling, the cards must be fairly
robust, i.e. a thickness between 125 and 80 per inch.

METHOD OF STORAGE Results are entered on to
the appropriate card each time an investigation, or
group of investigations, is carried out. The entry may
be hand written by a technician, typed by a secretary
from work sheets or individual reports, or made
automatically by an electric typewriter directed by a
suitable source document such as punched cards or
tape. A further alternative is to mount automatically-
produced pay-slip type reports directly on to the
record cards. It is vital that new results are not
entered on to the wrong patient's card, and when
cumulative reporting is practised it is important
that a new card is not made out in error. Reliable
identification and accurate filing of the cards are
therefore of the utmost importance in operating the
system. New cumulative record cards can be started
each year or kept in use for a number of years, e.g.
for six; in the latter case cards from earlier years are
transferred to the current file if and when they are
required.

Filing cabinets should be of metal. With a work
load of 100,000 determinations per year standard
cabinets are adequate, but with a much larger load,
storage in a multi-access cabinet, such as the Rotadex,
speeds filing operations. The space required for
records of 100,000 determinations depends on the
number of patients who have repetitive tests, the
number of types of card in use, and on the size
and thickness of the cards. When a large proportion
of the laboratory's work derives from general
practitioners, the number of record cards bearing
the results of only a single set of investigations may
rise disproportionately. About 15,000 cards might be
needed when only one type of card is utilized, but
more will be required for a multiple card system.
Making allowance for alphabetical spacers and
ease of access, this gives a length of run of about
12 feet for 120 per inch cards, and of 17 feet for
80 per inch cards. For cards of A5 size and 120
per inch thickness, 11 or 12 cabinets of dimensions
85 in. width, 61 in. height, and 15 in. depth, would be
adequate and could be stacked to a height of
three drawers over a table-top area of approximately

35 in. x 15 in. Larger cards, such as A4 size, are
more conveniently housed in a free-standing filing
cabinet with drawers of greater length.

EXPANSION CAPABILITY This records system has a
somewhat limited capacity to accept a wider range
of tests, though cards can be re-designed to fulfil
additional requirements. An increase in the number
of tests per patient does not necessitate a corres-
ponding increase in filing space, as the record cards
first become more completely filled.

RETRIEVAL Records are retrieved manually, the
search being based on patient identification data.
The average search time for an individual record
in the current year is approximately 20 seconds,
but search time for earlier records depends on
their accessibility. By the nature of the system, it
takes no longer to extract the complete sequence of
results on a patient than it does to retrieve a single
one. It should be noted, however, that considerable
time is spent on searching the file as, for each
request which reaches the laboratory, a careful
check has to be made to see whether a record card
already exists for that patient or whether a new
one has to be made out. Search of the records for
statistical purposes, e.g. in respect of diagnostic
categories or particular patterns of test results, can-
not readily be achieved.

STAFF AND EQUIPMENT No special grades of staff
are required to run this cumulative record system
and, with a workload of 100,000 determinations per
annum, the actual storage-retrieval operation can be
managed by one part-time clerk/typist. The system
is closely integrated, however, with the method of
laboratory reporting, in particular, the way in
which records are updated and whether or not
they are photocopied to produce a cumulative report.
The efficiency of the system is greatest when only
one person is responsible for preparing and main-
taining the record file.

COST

Capital cost of metal filing cabinets
Either 12 x (8j in. x 6i in. x 15 in.) at£2 15s.

(for use with A5 cards) approximately £38
or 2 x 4-drawer Roneo flushline cabinets

(for use with A4 cards) approximately £30
Running costs
Stationery, according to thickness, size,
number of different cards needed, and the
amount of printing £25-70 p.a.

Staff salaries, attributable to records system
alone £300-400 p.a.
N.B. The cost attributable to copying the cumulative records to

give reports is not strictly part of the records system itself although
intimately related. There is a wide range of office-copying equipment
available and some guide to costs has been published by Flynn
and Vernon (1965) and by Whitby and Owen (1965).
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Data processing in clinical pathology

ADVANTAGES OF THE CUMULATIVE SYSTEM (1) All the
data pertaining to one patient are recorded com-
pactly and in date sequence, being readily available if
required. (2) New results can be reviewed in relation
to previous ones, both by the pathologist and by
the clinician if cumulative reporting is practised.
(3) Retrieval is relatively easy. (4) No special staff
are required. (5) No special equipment or servicing
costs arise, the only outlay being on cabinets and
specially printed record cards. (6) The system is
compatible with automatic entry of data.

DISADVANTAGES OF THE CUMULATIVE SYSTEM (1) For
each request a search of the files has to be made to
ascertain whether or not a previous record card
exists. (2) Preparation of the record cards entails
extra work, although there may be a simultaneous
saving of some time and clerical work if a cumulative
reporting system is operated. (3) The system is
dependent on reliable patient identification and
accurate filing. (4) Records of single investigations
are unnecessarily large. (5) Records are not suitable
for class retrieval of data.

A STORAGE AND RETRIEVAL SYSTEM BASED ON THE
USE OF PUNCHED CARDS

In this system the punched cards which have been
used for recording results and preparing reports are
themselves filed as the laboratory record.

THE STORAGE DOCUMENT The basic document is an
80-column punched card, carrying patient identi-
fication data and the results of a limited number of
laboratory investigations. The drawback of only
being able to record a limited number of results on
one card is overcome by using two or more cards
per patient if necessary, the cards being brought
together finally by manual or mechanical sorting.
If a printing punch is used to enter the data, the
cards provide both a visual and a machine-readable
record of results. Cards supplied by IBM and made
to user specification cost 13s. 4d. per 1,000; their
thickness is approximately 160 per inch.

METHOD OF STORAGE A work load of 100,000
determinations necessitates the use of about 30,000
punched cards, and, if the cards are kept closely
packed in filing trays, they occupy a total length
of about 16 feet. In the Department of Biochemistry,
Queen Elizabeth Hospital, Birmingham, where an
IBM 870 system is installed, cards are stored in
trays, each holding about 2,300 cards (9s. per tray),
and 52 such trays can be held in a cabinet of
dimensions 65 in. height, 36 in. width and 18 in. depth
(cost £20). Such a cabinet would hold about four

years' production of cards, at a total cost of approxi-
mately £43.

EXPANSION CAPABILITY If the work load increases,
the number of cards to be stored will rise roughly
in parallel. If new determinations are introduced
they may be absorbed into unallocated columns
on existing punched cards, or additional cards can
be drawn up.

RETRIEVAL Retrieval of individual cards is usually
manual, and the time taken depends partly on the
efficiency of the patient identification system. A
card-sorter is used more profitably for conducting
larger searches and it narrows down the area of
search rapidly and progressively, for, even though
it only sorts cards on the basis of entries in one
column at a time, it may be capable of sorting them
at a speed of up to 1,000 per minute. Retrieval
on the basis of information other than patient
identification is possible; it can be achieved for
defined categories of laboratory results, e.g. all
serum calcium determinations over 12-5 mg/100 ml,
but not for specific diagnoses unless special arrange-
ments have been made to incorporate these data
into the records. In conducting searches, the sorting
equipment has been found to be absolutely accurate
in operation and any deficiencies have usually been
due to punching errors. Punched cards have the
advantage, in this connexion, of being verifiable
both visually and by machine, and errors can be
corrected by removal of unsatisfactory cards
followed by the punching of new cards. Replacement
cards can also be made out if certain ones have
become buffed in use.

Experience with the punched card system for
processing biochemical and haematological data
at the Group Pathology Laboratory, Warwick,
has shown that the card-sorter is effective in
retrieving data either for statistical purposes or
from individual patients, but a practical means of
making it fulfil both needs simultaneously has not
yet been found. This is best illustrated by the
following facts. To bring 2,000 cards into alpha-
betical order on the first two letters, which is
sufficient for the rapid visual searching of a box
of 2,000 cards, four passes through the sorter are
required. With a card-sorter operating at 400 per
minute, the whole procedure thus requires
20 minutes. Each operation which results in a
disturbance of the sequence, e.g. the extraction
of cards for a statistical calculation, calls for a
similar period of resorting, and this has proved
impracticably long in routine use. If a sequenced
file is to be maintained for frequent reference
there seems no alternative to duplicating the cards,
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Data processing in clinical pathology

but the reproducing facilities of conventional card
punches are too slow for this purpose and a
specialized card reproducer would be necessary.
This is an expensive item of equipment, the cost
of which confines its use to very large organizations
or data processing bureaux, whose charges for the
necessarily frequent service would be corres-
pondingly high.
The preparation of an updated cumulative report

of laboratory investigations is possible for selected
patients. Even if a sequenced file is not kept it is
possible to segregate the relevant cards with a card
sorter and then extract the required information.

STAFF AND EQUIPMENT For an IBM based system the
least sophisticated equipment consists of a 029 card
punch and a 082 card-sorter; some users like to
install a 059 verifier in addition.
The space requirements for the IBM 082 card-

sorter are 46 in. height, 61 in. width and 16 in. depth,
and those for the 029 card punch and for the 059
verifier are 39 in. height, 29 in. width, and 32 in.
depth. Additional space is required for service
clearance.
For efficient operation the system requires a

keyboard operator, and the amount of time devoted
by this person to the records system will depend
on the type of system adopted and the number of
card-sorting procedures which have to be carried
out; the job could represent a full-time occupation.

COSTS It is impossible to estimate what pro-
portion of the cost of running a punched card data
processing system is attributable to the records
system itself. Also, the object of introducing the
system is to improve the quality and speed of
reporting, as well as to reduce the amount of
clerical work, and it is impossible to measure these
items and offset them against the total costs. For
these reasons the cost of running the overall system
is estimated below and no allowance is made for
time saving by clerical and technical staff, in such
jobs as preparing work sheets, results and reports.

The capital cost of modifying office accommoda-
tion is variable.
Equipment may be hired or purchased; in either

case IBM may be prepared to offer substantial
academic discounts but the conditions which have
to be met in order to qualify for these discounts
would not apply in a routine National Health
Service laboratory installation. If equipment is
purchased a maintenance contract is strongly
advocated, but if equipment is hired there is no
charge for maintenance. Non-academic scales of
charges for IBM equipment are as follows:

Capital Maintenance Hire Cost
Cost Charge per per Month

Month

IBM 029 card punch
IBM 059 verifier
IBM 082 card-sorter

£1,445 £6 14s. £25 18s.
£1,295 £6 £24 15s.
£930 £10 13s. £19 13s.

A more sophisticated system, capable of producing
individual work lists for technicians and assisting
in other management activities, uses an IBM 870
in place of the IBM 029 card punch. The configura-
tion and cost of the 870 system varies from one
installation to another, but the non-academic charges
for an 870 configuration similar to the one in the
Department of Biochemistry at the Queen Elizabeth
Hospital, Birmingham, are as follows:

Capital Maintenance Hire Cost
Cost Charge per per Month

Month

IBM 836 model 1 control
unit

IBM 866 model 5 type-
writer

£2,435 £9 8s. £48 4s.

£415 £5 £13 15s.

Charges for an alternative system using ICT equip-
ment similar to that quoted to the Group Patho-
logical Laboratory, Warwick, are as follows:

Capital Maintenance Hire Cost
Cost Charge per per Month

Quarter

ICT T67 card punch £1,450
ICT T1000 card reader £1,125
ICT 302/4 card-sorter/counter £1,185

£29 5s. £31 7s.
£24 18s. £28 15s.
£10 16s. £24 15s.

Salary of keyboard operator say £700 p.a.
Cost of ICT cards approximately £20 p.a.
It should be noted that if the cards are used only

temporarily as the storage medium for laboratory
data and their contents are subsequently transferred
to a magnetic tape file, computer operating costs
for storage and retrieval must be added.

ADVANTAGES OF THE PUNCHED CARD SYSTEM (1) No
extra work is required to produce the storage
document. (2) The record cards are suitable for
handling manually, as well as by mechanical card-
sorters and by computer. (3) Cards can be used for
class retrieval of data. (4) Expansion of the system
offers no particular problems. (5) The system is
readily compatible with punched card request and
patient identification systems.

DISADVANTAGES OF THE PUNCHED CARD SYSTEM
(1) The equipment is expensive to install, although
it gives benefits other than those relating to the
records system. (2) A relatively skilled keyboard
operator is required. (3) It is only practicable to
review the results of new tests in the light of previous
ones on the same patient if the system is not used
extensively for class retrieval.
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Data processing in clinical pathology

A STORAGE AND RETRIEVAL SYSTEM BASED ON A

MAGNETIC FILE ORGANIZED BY A COMPUTER

The basis of this system is that all the laboratory
results are entered into a magnetic store by a

computer, the results for each patient being grouped
together in date sequence. The data may be entered
via punched tape or cards, and storage may be on

magnetic tape, discs, or cards.
There is insufficient information available as

yet to give definite recommendations on the choice
of equipment or on the best way of running this
computer-dependent system. Some of the factors
which influence the design and operation, as well
as the capital and running costs, are (1) whether
the laboratory is to be provided with its own

computer for records storage, or is to have access

to a central computer; (2) whether input to the
computer is to be in the form of punched tape or

cards; (3) whether random access to the store will
be required; (4) whether a teleprinter or line-printer
is to be used for output, and whether the output is
to be produced in the laboratory or in the wards.
Much of the discussion below, particularly that

dealing with cost, is based on an experimental
system being developed at the Royal Postgraduate
Medical School, London, for the processing of
biochemical data. This comprises an Elliott 4100
series computer with on-line teleprinter, and has a

paper tape input and two 12KC magnetic tape
units (capital cost £52,000). Alternative types of
magnetic store are briefly mentioned, however, as

they have potential advantages over magnetic
tape.

THE STORAGE MEDIUM (1) Magnetic tape Magnetic
tape consists of a thin ribbon of plastic material
coated on one side with a varnish containing oxides
of iron. Information is stored on the tape in a form
similar to that used on paper tape, the punched holes
being replaced by magnetized areas. As the tape is
wound from one reel to another, under the control
of the central processor, data are transferred between
the computer and the tape by means of electro-
magnets in a recording/writing head. The tape is
usually about i in. wide and information is entered
along six to eight channels.
As a storage medium it has the following advan-

tages: (1) Compactness: one reel of approximately
10 in. Qiameter can hold about the same amount of
information as 250,000 punched cards. (2) Informa-
tion can be transferred to and from the computer
very rapidly. Transfer rates ofabout 50,000 to 1 50,000
characters per second are possible, which is about
100 times faster than can be achieved with punched
cards. (3) An item of information can, if necessary,
be readily altered by overwriting. (4) It is easy to

add new items of information to that already in the
store.
Some disadvantages also exist, namely, (1) special

conditions of temperature and humidity are required
for storage, and dust must be excluded. (2) Compared
with other forms of magnetic filing, access to
information is relatively slow. Because the records
are held in serial manner along the length of the tape,
all the preceding records have to be read to find a
wanted record. The time taken to retrieve a single
result depends on the position of the tape at the
moment; if several records chosen at random are
required, the tape has to wind backwards and
forwards to reach the right areas, and this may
take minutes rather than seconds.

2 Other forms of magnetic store In contrast with
the purely serial manner of organi7ing information
in a magnetic tape store, it is possible to store data
in short parallel sections on magnetic drums, discs,
and cards. If the advantage of rapid access to all
sections of the store provided by these latter devices
was not offset at the present time by substantially
higher costs, they would be greatly preferred for
short-term filing. Probably such random access
devices will become cheaper, and this development,
together with the saving in computer time resulting
from their employment, may render them an
economical proposition in the future.

Magnetic disc stores consist of thin metal plates
of 2-3 ft diameter coated with iron oxides. Records
are arranged in concentric tracks of magnetic spots
on the flat surfaces and are written and read by a
head which can move radially across the disc to
select the required track. The disc revolves con-
tinuously at about 3,000 r.p.m., and the average
time taken to reach any record chosen at random
will be of the order of 1/5th second. The store
may consist of several of these discs revolving
together, with recording/reading heads for each
surface. Discs can be interchanged on the smaller
disc units.

Magnetic cards are comparable to short lengths
of magnetic tape, but the plastic base is wider and
thicker. The cards are stored in casettes containing
several hundred, and they can be automatically
selected and transferred to a set of recording/writing
heads. After reading or writing operations they are
returned automatically to the casettes. Large
magnetic card handlers are similar in scope and
performance to disc stores and may be cheaper.

These alternatives to magnetic tape will not be
considered further as first-hand experience of their
use is lacking.

METHOD OF STORAGE Punching of the data to be
stored can be performed with Westrex Teletype or
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Data processing in clinical pathology

equivalent equipment, if necessary with verification.
The average entry for a set of suitably coded bio-
chemical results is 75 characters in length and
includes the patient's name, number, date of birth
and sex, and the specimen's date, type, number,
and analytical results. At the Royal Postgraduate
Medical School, London, the time required to
punch this entry is approximately 45 seconds, and
when suitably batched, the time taken to enter it
into the magnetic tape file is approximately 0 25
seconds. For second and subsequent entries for a
particular patient, only the name and number are
necessary for identification. Accuracy of patient
information is essential, otherwise retrieval may be
impossible, or the same patient may be listed on the
magnetic tape file in two or more situations, each
record being treated for retrieval purposes as belong-
ing to a different individual.

Magnetic tape can be used very efficiently for the
storage of individual patient records because
provision can be made for their variable length.
Storage is then continuous, only i in. being left
blank between successive blocks of information.
When new entries are to be made in the record,
the total contents of the tape are copied in blocks
via the central processor on to another blank tape
and, when the appropriate patient's record is
recognized, that block of data is manipulated to
allow insertion of the new data before it is then
transferred to the blank tape.

EXPANSION CAPABILITIES It is estimated that a
single reel of magnetic tape will hold three years'
results, and because the storage of data is so com-
pact, future expansion is virtually unlimited. The
store can be culled periodically to remove non-
current records which can be transferred to long-
term storage tapes. It is recommended that the
latter should be copied every two years to ensure
permanence of the records, as magnetic tape stores
may deteriorate even when kept under correct
conditions. New tests can be accepted when suitably
coded, although the program for handling the
records may require amendment.

RETRIEVAL To find an individual patient's records,
the computer may need to search the whole length
of the magnetic tape file, and the average time
required for retrieval of a single record from a
file holding one year's results has been estimated
to be 75 seconds. As the file grows, the search time
will increase. Using a magnetic card handler the
search time could be reduced to a few seconds,
but the cost per retrieval would be significantly
greater because this equipment is so costly (about
£13,000). The computer can be programmed to

perform any kind of class retrieval of results and
also to carry out any required mathematical
manipulation. This system, therefore, provides great
flexibility.

EQUIPMENT AND STAFF The equipment would
comprise a Westrex Teletype punch, and the
facilities of the computer centre. A full-time
keyboard operator would probably be required for
punching the data.

COST

Capital cost of modifying accommoda-
tion, including installation of air-
conditioning, etc.

Capital cost of computer installation
Punching costs These vary according to

whether the punching is carried out in
the laboratory or bureau facilities are
used:
Either (1) capital cost of Westrex Tele-

type punch
(2) maintenance cost for punch
(3) salary of keyboard operator . .

or punching and verifying using
bureau facilities at 8s. per thousand
characters or 7d. per average re-
cord: for 30,000 reports containing
100,000 results

Variable
Variable

Approximately £500
Say £50 p.a.
Say £700 p.a.

Approximately £900
p.a.

Cost of computer time Basing costs on
commercial rates for hiring time on the
Elliott 4100 computer, which is £15 per
hour, the estimated costs of storage and
retrieval are as follows:
Cost of storing 30,000 records .. £30 p.a.
Cost of organized record retrieval during

regular thrice daily run .. 2-3d. per record
Cost of immediate retrieval of individual

records .. 6s. 3d. per record
Cost of consumables
Paper tape and stationery .. .. say £25 p.a.
Magnetic tape, four reels every three years £88

ADVANTAGES OF MAGNETIC FILE STORAGE (1) All the
data pertaining to one patient are kept together and
in date sequence, and are available for a cumulative
report if required. (2) Laboratory records are stored
extremely compactly. (3) Data can be entered and
retrieved automatically. (4) Data in the store can be
corrected easily. (5) Expansion capability is almost
infinite. (b) Data are in a form suitable for class
retrieval of results and for processing in a large
number of ways.

DISADVANTAGES OF MAGNETIC FILE STORAGE (1) The
system is costly to install and to operate. (2) A
trained keyboard operator is required to prepare
the data for computer input. (3) Computer failure will
mean that records are temporarily inaccessible.
(4) Complex computer programs are required.

DATA PROCESSING OUTPUT SYSTEMS

The final output from automatic data processing
systems may be printed as permanent hard copy or

278

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.21.2.231 on 1 M
arch 1968. D

ow
nloaded from

 

http://jcp.bmj.com/


Data processing in clinical pathology

temporarily displayed on the screen of a cathode-ray
tube. In all cases electrical signals operate the
equipment and these come direct from a computer
in the case of on-line devices; with off-line equip-
ment the signals come from a reading device which
detects the position of holes in punched cards or
paper tape.
The most commonly used output devices are

electric typewriters and line-printers, between
which there is an enormous gap in terms of price
and speed of operation. The former, which are
usually used off-line, operate relatively slowly but
have the advantage of being comparatively cheap,
e.g. £500. The latter, which are nearly always
used on-line to a computer, are fast but expensive,
e.g. between £4,910 and £30,135 in the case of IBM
equipment.
Some of the significant features of the different

output devices are given below, but usually the
choice of equipment is dictated by cost. Processing
pathology data per se could only be expected to
occupy a line-printer for a small part of the day.

SPECIALLY EQUIPPED ELECTRIC TYPEWRITERS

OFF-LINE TYPEWRITERS Most automated document
writing systems utilizing electric typewriters can be
provided with paper tape and/or punched card
reading devices according to preference. Data are
transmitted one character at a time from the reading
device to the typewriter, where it is automatically
typed either without modification or according to
some predetermined format. The format, i.e.
spacing within a line, and vertical and horizontal
grouping, etc., can be programmed into the docu-
ment writing system locally by means of control
panels or by a tape in an auxiliary reader. Data
contained in the input medium can be suppressed,
and additional data may be introduced manually
by means of the typewriter keyboard. Consequently
all the facilities and flexibility normally associated
with a typewriter may be made available in these
systems. In general, characters available include
the letters of the alphabet, numerals 0-9, and
12 special characters of commercial or scientific
significance. On some models alphabetical characters
may be produced in upper and lower case. Character-
istic density of type is 10 or 12 characters per inch,
with nine lines to the inch. Most systems are supplied
with 16 in. or 20 in.carriages,maximum paperwidths
accommodated being of the order of 15 in. and 19 in.,
giving a writing line of 132 in. to 171 in. respectively.
Either continuous or non-continuous stationery
may be used. The rate of output depends on the
rate at which data are read and transmitted to the
typewriter and on the complexity of the format:

the maximum speed for the IBM system is about
20 characters per second, but only half this rate is
achieved with a format of average complexity;
similarly the maximum speed for the Friden
Flexowriter and ICT machines is about 18 characters
per second, but this is reduced by half with a format
of average complexity.

ON-LINE TYPEWRITERS Electric typewriters may be
linked directly to computers to form on-line
systems. Usually in such systems the arrangement
of the format is controlled by the computer program.
Because of the slow rate of output of electric type-
writers, they find only limited application as part
of on-line systems and their use is frequently
restricted to communicating vital information to
the computer operator, e.g. the occurrence of an
error. They are finding increasing application
as remote terminals to large computer installations.
On-line typewriters are considerably cheaper than
other faster methods of computer output and their
inclusion in on-line systems may be indicated by
considerations of cost.

LINE-PRINTERS

The line-printer is a high speed printing device,
so called because it completes one line of print at
a time. It is usually connected directly to the central
processor of a computer, from which it receives
data symbolized in electronic form, and the electrical
signals cause printing elements to be actuated.
The types of printing device in common usage
include the print-wheel printer, the chain printer, and
the flying-bar printer.
The operation of the print-wheel printer is based

upon the activation of 120 rotary print wheels
each having 48 characters, including alphabetical
symbols, numerals, and special characters. Printing
a complete line takes place when the 120 character-
bearing wheels are correctly positioned. The printing
rate is about 150 lines per minute.

In the flying-bar printer, the print characters are
located on a bar which travels back and forth in a
horizontal plane. Printing is effected by spring-
loaded hammers, actuated by a magnet, which cause
the appropriate characters to be pressed against
the ribbon and paper. With a standard 52-character
set, a maximum operating speed of 240 lines per
minute may be obtained for 144 print positions.
The chain printer is an electro-mechanical device

using engraved type. The characters are assembled
in a chain containing five 48-character sets, and
as the chain travels horizontally a character is
printed when it is opposite a magnetically actuated
hammer, which presses the paper against the

14
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Data processing in clinical pathology

relevant piece of type on the moving chain. Up to
132 positions may be printed at one time at a speed
of 600 lines per minute.

Absolute speeds attained by line-printers are
governed by the mechanical limitations inherent in
a particular system. Some recently developed line-
printers operate at rates around 1,500 lines per
minute. To achieve rates in excess of this figure,
printing techniques relying less on mechanical
operations are being developed.

Operating speeds quoted above for conventional
line-printers are applicable only to the standard
character set for each type of printer. Generally a
character set is composed of the letters of the alpha-
bet in capital form, numerals 0-9, 12 special
characters, and a blank. Special characters usually
include some punctuation symbols, for example,
the comma and full stop, and other characters
depending on the principal application of the
computer. For scientific applications, special charac-
ters normally include ( ), +, , , ', and for
commercial applications, &, $, or £, *, %, @.
The number of characters making up a set may be
increased at the expense of printing rates and, for
this reason, do not normally exceed about 70
characters. An IBM 1443 model 2 printer having a
63-character set will operate at 200 lines per minute,
a decrease of 40 lines per minute when compared
with a 52-character set on the same machine.
There is a corresponding increase in printing rates
for reduced character sets. The number of special
characters within a character set may be increased
at the expense of the alphabetical symbols or
numerals, but the inclusion of lower case letters,
apart from introducing programming complications,
e.g. the necessity of telling the computer when
capital or lower case letters are required, would
require sacrifice of most of the other characters.

All line-printing devices have a paper transport
which automatically moves the paper as printing
progresses. The maximum width of continuous
stationery that can be used depends naturally on the
size of the printing bar or chain, etc. The minimum
width is effectively governed by the interference of
trackers and other devices which hold the paper
against the platen. Commercially available paper
is defined in 'unit' widths as follows:

Unit Width (in.) No. of Print
Positions Accommodated

3
5
6
7

71112H
15i-
171*

70
120
144
160

vertical spacing of print-out within the above
limits may also be programmed and simple program-
ming techniques allow for double or treble spacing
between printed lines. If no programmed instruction
is given the printer prints single spaces. Additional
flexibility of vertical spacing may be provided by
the use of a carriage-control tape on the printer.
Inter-relation of punched instructions incorporated
in the carriage-control tape and programmed
computer output instructions allow the line-printer
to jump from any given position to a new sheet,
or to a predetermined position on the paper. This
facility is of special importance where pre-printed
stationery is used. Half line-feed movements of the
carriage, as available on typewriters for sub-
scripting, etc., are not generally available on line-
printers.

Line-printers generally print 10 characters to the
inch. The horizontal format of line-printer output
within this limitation is wholly under the control
of the programmer, and data can be produced in
the form of tables or even rather coarse diagrams.
A line to be printed should be assembled in
buffered storage' in exactly the manner in which it
is to appear in the output. Printing more than once
on a line is not possible with all line-printers.
The cost of line-printers usually increases some-

what with speed of operation. However, the choice
of line-printer must be related to the predominant
nature of computer operations and the volume of
output relative to input. In scientific work in which
lengthy calculations are performed by the computer
or where the bulk of the input is in the form of a
punched card, a very fast printer is usually not
warranted. For tape input faster printers are
advantageous.

OTHER OUTPUT DEVICES

More elaborate forms of data output equipment
include so-called graph or X- Yplotters and cathode-
ray tube displays. In these devices the position of a
pen or a stream of electrons is controlled in two
dimensions by electrical signals. Graph plotters
can be either incremental plotters or point plotters.

Incremental plotters may be on-line or off-line
to a computer; off-line they are controlled by paper
tape or magnetic tape. Plotting discrete points,
continuous curves, or symbols is accomplished
usually by incremental movement of paper and/or
pen carriage. Typical increment size for both X
and Y axes is 0-005 in. and each step may be in any
of eight directions in response to appropriate

Most printing devices can be adjusted manually 'A portion of storage which is used to store information temporarilyduring data transfers between components of a data processing systemto print either six or eight lines per inch. Control of which operate at different speeds.
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Data processing in clinical pathology

combinations of X and Y axis input signals. Speed
of operation is about 300 increments per second
for both X and Y axes, that is 1 in. per second.
Chart paper up to about 15 in. wide, giving a
plotting width of approximately 132 in., is repre-
sentative.
A point plotter prints discrete points to a

resolution of about 1/10 millimetre but does not
connect them. It may also be used on-line or
off-line to a computer; in the latter case it is usually
controlled by paper tape.
The basic cost of both these types of equipment

is approximately £1,500-£2,000, but the final
cost may be increased by interface requirements
and by the cost of paper or magnetic tape accessories.
Graphic display systems include the cathode-ray

tube which is used mainly as a remote terminal
in applications where typewritten messages or
graphs of fleeting significance are to be displayed
immediately. If necessary the image may be held
on the screen. Costs of these types of systems
cover a wide range according to complexity. Being
wholly electronic they are probably more reliable
than those devices which have moving parts.

THE PRESENTATION OF LABORATORY
RESULTS

Urgent or preliminary reports on the results of
investigations are sometimes issued by telephone
or on temporary forms, but consideration here is
restricted to the various forms of final written
report destined for patients' record folders.
Reports should provide the doctor in charge of the
patient with a clear factual statement of the
laboratory's findings, accompanied in some cases
by a comment or expression of opinion on the
significance of the findings or the need for further
investigation.
The Tunbridge Report' made recommendations

about the size, paper quality, colour coding, and
method of filing pathology reports, with a view
to securing standardization. The report was mainly
concerned with manual methods of preparing
reports, however, and the Working Party agrees
with the comment (para. 88) that 'With the increasing
use of automation . . the whole pattern of reporting
pathological information may need to be re-
viewed . . .'. The discussion below draws attention
to the limitations of the traditional type of reporting
system and, in the light of recent experience,
indicates the advantages and disadvantages of
alternative methods of presenting laboratory results.
The design of laboratory reports cannot be

considered in isolation from the needs of the various
I See reference no. 52 in bibliography.

people who handle them, the method of storage
and retrieval of laboratory records, and the means
by which they are produced and their content
checked. In view of the continuing increase in
laboratory investigations, important aims for
reporting systems in the future are that they should
be labour-saving, should eliminate clerical error,
should permit rapid assessment of the laboratory
findings as a whole, and should present results
in as compact a form as possible.

REQUIREMENTS OF THE DIFFERENT USERS OF
LABORATORY REPORTS

Reports are prepared by various grades of laboratory
staff and are examined and checked by senior staff
before issue. They are subsequently consulted by
clinicians, research workers, medical records officers,
etc. The requirements of the different users are
enumerated below.

REQUIREMENTS COMMON TO ALL USERS Every entry
on the report form must be legible. Each report
must be clearly identifiable as relating unam-
biguously to a particular patient. The amount of
information to be inserted manually on each
report form should be kept to a minimum. Only
essential information should be included on routine
reports. The report, or a copy, should be preserved
somewhere for at least six years.

SPECIAL REQUIREMENTS OF LABORATORY STAFF Each
report form should be identifiable as relating to the
corresponding specimen and request form originally
submitted to the laboratory. There should be
adequate space for entry of data. Corrections or
alterations should be possible without spoiling the
appearance of the report.

SPECIAL REQUIREMENTS OF PATHOLOGISTS Means
should be available for correlating the results
data with the clinical information supplied on the
request form. The layout should facilitate rapid
comparison of current and past results. It should
be possible to insert relevant comments. Where
distant hospitals are served, the report should be
suitable for use with rapid data transmission
systems.

SPECIAL REQUIREMENTS OF CLINICAL STAFF Reports
should be easy to insert into the patient's record
folder. A quick but comprehensive assessment of
the results of the laboratory investigations should be
possible, at least for tests performed during the ill-
ness currently under treatment.
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Data processing in clinical pathology

SPECIAL REQUIREMENTS OF THE RECORDS OFFICER All
report forms should be standard in size and com-
patible with the unit system of medical record
keeping, i.e. the system of keeping all records
relevant to a patient in one folder. Report forms
should not be bulky.

GENERAL POINTS OF IMPORTANCE IN MEETING
USER REQUIREMENTS

To facilitate rapid appraisal of laboratory data, the
legibility and layout of reports needs to be con-
sidered as well as the manner in which results may
be expressed and their significance indicated.

LEGIBILITY The desirability of eliminating hand-
written information from laboratory reports is
unquestionable and it is now practicable to enter
most of the data by other means.
The following items of information are usually

included in the laboratory report: (1) patient
identification data (surname, forename(s), date of
birth, sex, identification number); (2) the destina-
tion of the report (ward, clinic, etc); (3) date (and
time) of collection of specimen(s); (4) nature of
specimen(s); (5) name of investigation(s); (6) result(s)
of investigation(s); (7) pathologist's signature; and
(8) date of issuing report.

All of these except I and 6 are likely to be
reproduced many times each day in different
combinations, so that the production of reports is
eminently suitable for the introduction of printed
stationery and mechanical or electronic data-
processing systems.

Items 1 and 2 may need to be reproduced
repeatedly by medical staff when initiating requests,
and the use of machine-readable request forms
bearing this information (e.g. punched cards
prepared at the time of registration) can eliminate
this chore and at the same time provide the
laboratory with the information in a form suitable
for automatic reproduction on report forms.
Similarly, items 3, 4, and 5 could be entered by
medical staff on to machine-readable request
forms by mark-sensing, although experience with
this technique has so far proved disappointing.
Alternatively, the manually entered information
under items 1 to 5 can be extracted from the request
form on arrival in the laboratory, and either typed
directly on to the report form or converted into a
machine-readable form for subsequent printing on
the report.
Of the remaining entries, 6 represents the main

variable item, particularly if the report is of a
descriptive nature. This item particularly deserves
legible presentation, and wherever possible the

information should be typed. The pathologist's
signature (item 7) cannot be typed, but it is worth
noting that inclusion of this item is not a legal
requirement, and that some laboratories concerned
with quantitative investigations on a large scale are
introducing the practice of only signing descriptive
reports. This leaves item 8, which can be printed on
reports in a variety of ways.

LAYOUT OF REPORTS Besides providing sufficient
space for each item of information, reports should
be designed so that the same item always appears
in the same relative position and results of related
tests are grouped. In view of the growing tendency
to conduct multiple investigations on patients, and
to repeat some of these, the method of presenting
reports in patients' notes should allow the maximum
number of related results to be viewed at the same
time. This can be achieved either by issuing reports
that are comprehensive and cumulative in them-
selves or by supplying report documents which can
be inserted in the patient's notes in such a way as to
build up a cumulative presentation.

GRAPHIC PRESENTATION OF RESULTS Test results
may sometimes be conveyed more rapidly in graphic
form than in alphanumeric characters, particularly
when patterns of results rather than individual
results have significance, as in the case of a glucose
tolerance test. Where graphically presented results
have to be converted into their digital equivalent
for interpretative purposes, however, there is a
risk of errors. Such a situation might arise from the
use of 12-channel AutoAnalyzer record charts as
reports, e.g. when the results on successive records
come to be compared.

INDICATORS OF THE SIGNIFICANCE OF RESULTS Results
which are 'normal' may be as important as those
which are not, but it could be helpful to have
abnormal results specially identified, e.g. by
printing in red, underlining, or marking with an
asterisk. Difficulties often arise in the interpretation
of 'borderline' results, however, because of the
influence of physiological factors and the spread
of the 'normal' range. The use of computers should
make it possible to indicate quantitatively the
deviation of the results from the 'normal' mean,
taking at least age and sex into account.
The inclusion on reports of an assessment of the

significance of combinations of test results should
greatly increase their value. With the aid of a
computer it should be possible to perform multi-
variant analysis routinely, not only on a set of
results obtained on a given occasion, but on succes-
sive results obtained over a period of time. It is

282

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.21.2.231 on 1 M
arch 1968. D

ow
nloaded from

 

http://jcp.bmj.com/


Data processing in clinical pathology

important to appreciate, however, that statistical
assessment of results for the early detection of
abnormal patterns can only be worth while if rigid
standards of precision are maintained in the
laboratory.

ELIMINATION OF SUPERFLUOUS DATA It is important
that non-essential data should be eliminated from
reports, and one of the benefits of the introduction
of automatic data-processing systems is the re-
appraisal of what comprises genuinely valuable
information. Elaborate descriptions of calculi,
and the reporting of results of analyses in two
types of unit, provide examples of the inclusion of
superfluous information.

THE MAIN TYPES OF REPORT FORMS IN PRESENT USE

A SIMPLE REPORT FORMS This type of report is
prepared entirely in the laboratory, without making
direct use of any part of the request form and with
little or no assistance from mechanical or electronic
data-processing equipment. Its preparation entails
the transcription of most of the information supplied
on the request form as well as the test results.
Each report bears the results of a single investigation
or set of investigations, but successive reports can
be mounted in the case notes in overlapping fashion
on the pathology mounting sheet. An example of
this types of form, in A5 size, is illustrated in the
Tunbridge Report, but it is also issued in A4 size,
e.g. for reports of necropsies, and in A6 size.
Advantages Reports are always clean. Entries

PLEASE WRITE CLEARLY IN PENCIL OR BALL PEN
SURNAME (Block Lett,n) lIrnALS AGE Si

can be made in a variety of ways, i.e. by hand,
typewriter, format stamps, hand-imprinters, adhesive
labels, etc. Space for entry of results is not limited;
there is room for descriptive reports, for indicating
abnormal results by asterisks, underlining, etc.,
and for adding comments or suggestions. Graphic
presentation of results is possible. A standard report
form, colour-coded for the different departments,
can be used by all branches of pathology. Single
reports are not bulky. The report forms are cheap.
No expensive or complicated data-processing
equipment need be involved. No special grade of
staff is required to operate the reporting system.

Disadvantages Even if advantage is taken of
Addressograph labels, report format stamps, etc.,
a lot of clerical work is involved in preparing these
reports. There is considerable risk of transcription
error. Handwritten entries may be illegible. Multiple
reports produce a bulky record in patients' notes.
Even when reports are mounted in shingled form, it
is not easy to review rapidly the results of all the
laboratory investigations on a patient, as they appear
on many separate sheets of paper and are liable to
be filed out of chronological order. The duplicate
record for retention in the laboratory has similar
disadvantages to the report and is not an ideal
storage document. Its preparation may not involve
extra work, however, if a photocopying process is
used. The information contained in the report is
not immediately suitable for entry into a computer-
dependent data storage and retrieval system.
Reports are not ideal for transmission by facsimile
telegraphy.

iEX UNIT No.

REPORT TO BE RETURNED TO

RESULTS

B#OCHEMISTS SIGNATURE

FIG. 23. Example of a very
simple combined request and
report form; a duplicate form
of the no-carbon-required type is
attached to the back and serves
as the laboratory's record of
work done.

REPORT No.

lYiE COLLECTED DATE COLLECTED
AM.

P.M.

PHYSICIAN/SURGEON

CUNICAL DIAGNOSIS AND RELEVANT DETAALS
z

-o
au ,£

J

r

05
I

I0 '-

I .Z_
C;

.

TEST(S) REQUIRED

M.O.'s SIGNATUP.E

NATURE OF SPECIMEN
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FIG. 24. Example of a mor-e
complex combined request and
report form; this form folds for
insertion in the patient's record
folder, so as to become a 6 in. x
4 in. report which can be unfolded
to read the lower portion where
the less frequently requested
tests are reported. A duplicate
form of the no-carbon-required
type is attached for laboratory
record purposes.
Figure by courtesy of
Dr. S. H. Davies,
The Royal Infirmary, Edinbur-gh.

B COMBINED REQUEST AND REPORT FORMS This
variety of form has largely replaced type A, at
least for reports of sizes A5 and A6, which include
the majority of pathology reports. Basically, the
request form is also used as the report form, and
patient data, etc., do not have to be reproduced in
the laboratory. Usually the form has a duplicate of
the 'no-carbon-required' (N.C.R.) type, and if
entries are made on the top copy with a ball-point
pen, hand-imprinter, or typewriter, a duplicate
copy is produced automatically for retention in the

laboratory. Alternatively, the form may be single
and entries made by any method, including rubber
stamp and adhesive printed labels; in this case
duplicate records are made by a photocopying
process, up to four reports being copied simul-
taneously to keep the cost down. Successive reports
can be mounted in shingled form, as described
earlier for simple report forms. Figures 23-25
show examples of combined request and report
forms and Figs. 26 and 27 show how such report
forms can be mounted in the patients' notes; the
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FIG. 26.

FIG. 25. Example of a combined request and report form pre-printed with a limited number of commonly requested
tests and laid out in such a way that a cumulative presentation of the designated range of results can be built up in the
patient's notes. Figure by couirtesy ofProfessor R. E. Thiers, Duke University, North Carolina, U.S.A.

FIG. 26. A pagefrom a patient's record folder bearing 18 separate reports of the type shown in Figure 23. Only one

report can be read at a time.

example in Fig. 27 has been specially prepared
whereas that in Fig. 26 comes from the notes of an

actual patient.
Advantages Entries can be made in a variety

of ways; N.C.R. forms will accept entries by hand,
hand-imprinter, and typewriter. Space for entry
of results is not limited. A standard report form is
possible for the different branches of pathology.
Little clerical work is required as transcription of
data from the request form is avoided. The risk of
error in the transcription of data from the request

form is eliminated. The onus of providing correct
patient identification data on the report form is
removed from the laboratory. An exact replica of
the report is available for storage in the laboratory.
Single reports are not bulky. Reports carry clinical
information which may be valuable to both
pathologist and clinician when reviewing the results.
No special requipment is needed. No special grade
of staff is required to operate the reporting system.

Disadvantages A significant proportion of the
forms becomes soiled (see Fig. 26). The reports
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FIG. 27. A record pr-epar-ed fromii five separate reports of the type shown in Fig. 25, to demonstrate how these can, be

lused to butild lip a cumutlative presentation of resuilts in the patient's notes and oIn a laboratory record card. Several reports
can be viewed at the same time. Figulre by courtesy ofProfessor R. E. Thiers.
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FIG. 28. Examples of the pay-slip type of report. Each report was typed automatically from information contained of'
a punched card.
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may not be uniformly legible. Graphical presentation
of results is possible, but there are difficulties to
overcome when using N.C.R. forms for this purpose.
Even if advantage is taken of pre-printed forms, or
report format stamps, entering test result data still
entails much repetitive work. Multiple reports
produce a bulky record in patients' notes. Unless
properly designed, the shingled presentation of
multiple reports in the record folder makes it
difficult to compare related sets of test results
(compare Figs. 26 and 27). Duplicates are not
always satisfactory as laboratory records; N.C.R.
duplicates may be unsatisfactory because the form
has been filled in with insufficient pressure, because
pressure has been exerted inadvertently when filling
in other forms, or because solutions have been spilt
on the forms; photocopies may also be unsatis-
factory if entries are made in different coloured
inks; apart from considerations of quality the
duplicates are not ideal storage documents. The
report data are not immediately suitable for entry
into a computer-dependent data storage system.
Reports are not ideal for transmission by facsimile
telegraphy. N.C.R. report forms are more expensive
than simple report forms, but this must be offset
against the saving in clerical work.

C PAY-SLIP TYPE OF REPORT FORMS This type of
report form has been introduced recently for use
with automatic data processing systems. The reports
are produced in batches of similar type on con-
tinuous stationery by an electric typewriter, actuated
wholly or partly by information stored on punched
cards or tape. The information contained on the
cards or tape can direct the whole typing operation,
including the advancement of the stationery for each
new line and the alignment of the entries under the
headings. The stationery used may have sprocket-
feed holes to ensure perfect vertical alignment,
perforations to facilitate subsequent separation of
individual strip reports, gummed ends for mounting
purposes, and printed headings for test description,
specimen data, etc. (Fig. 28). The information on
the cards or tape may be derived (a) from manually
punched entries made earlier, e.g. patient data and
date, (b) from instructions stored on master pro-
grams, e.g. format, and (c) from computer operations
on basic data, e.g. results calculated from data
collected by an automatic data acquisition system.
When the typing of the batch of reports is

complete, the continuous sheet is subdivided into
individual strip reports, which can be issued to the
wards for direct mounting on the pathology record
sheet in the case notes, or mounted on a record
card in the laboratory and subsequently photocopied

to provide an updated cumulative report for
insertion in the patient's notes.

Advantages Reports are clean. All the data on
the report are printed or typed. Much repetitive
clerical work is mechanized. The risk of transcription
error is much reduced. Duplicate copies can be
produced without extra labour. Both single and
multiple reports are compact. Reports can be
mounted serially to produce a clear cumulative
record of laboratory data. This system of reporting
can be used in association with a computer-dependent
data storage and retrieval system. The reports are
eminently suitable for transmission to outlying
hospitals by data transmission systems such as
facsimile telegraphy.

Disadvantages Entries can only be made with
special equipment and the system is disrupted if
this breaks down. No variation in the content of
reports is possible outside the rigid limits set by
the program. Graphical presentation of results is
not possible. A variety of report forms is required
but these can be of standard dimensions. If the
reports are mounted on a cumulative record card
in the laboratory, the onus of matching the strip
with the correct card falls on the laboratory; fool-
proof patient identification is essential to avoid
mounting reports wrongly or starting a new card
in error. Individual strip reports are difficult to
sort and mount. No clinical information is included
on the report form. The reporting system is relatively
expensive to run as elaborate equipment is involved.
Trained staff are required to operate the system and
it is disrupted in their absence.

D CUMULATIVE REPORT FORMS In this system of
reporting, report forms are issued which bear
earlier results as well as the latest findings (Fig. 29).
A pre-printed record card is prepared in the
laboratory for each patient, and the results of each
analysis or set of analyses are entered in the appro-
priate columns together with the date of collection
of the specimens. After each entry of results, and
any necessary checking processes, a photocopy of
the record card is made with an office copying
machine (e.g. Rank Xerox 914 or Bruning 2000)
and the copy issued as the laboratory report. Since
each report supersedes all previous ones, only the
latest need be retained in the patient's notes.

Early systems of this type (Mason, 1962) prepared
individual record cards for each patient in response
to the pattern of tests ordered in successive requests.
This resulted in lack of uniformity among reports,
and more recent systems (Flynn and Vernon,
1965; Whitby and Owen, 1965) have used pre-
printed record cards with columns specifically
allocated to the tests most frequently performed,

15
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Data processing in clinical pathology

U.C.H. _ PLASMA ELECTROLYTES SERUM P'ROTEINS PLASMA SERUM SERUM PLASMAPLAAPLASMA PLASMAU.C.N.
PLSMAPLASM ELECTROLTES SERUMPROTEINS CSoIE.. FLOECCULATION TESTS BILIRUBIN PAM LSA Akl.CHEMICAL PATHOLOGY UREA CO.' CL Na K TOTAL ALB. GLOB. oTCoIC' CC' TT' DIRECT: TOTAL Ca S.G ri01 ph.ph~t.:. COMMENTS

DATE OF TIME OF 1540 mg 24-31 99-1083 137-147 3.5-5.0 6.7-8.1 5.7-4.7 2.5-3.9 110280 a 00 14 0 0.1-0.8 9.0-10.6 1.025 2.5-4.5 '3KASPECIMEN.1 COLLECTN4. 100m1 mEq L mDEqlL REq0L .Eq tL g t1g00ml.l100m 0g 100m s'i100ml og/100 TIg/1 00ml -1.029 -810l 100.1

10.6.65 6.3 2.4 3.9 177 ++ +++ 3 58.8a
11.6.65 ++ 3.6 8.3 L021 3.9

16.6.65 19 24.0 104 138 4.0 ++ 2.2 0.4
17.6.65 6.1 2.6 3.5

19.6.65 + 1.8 = ==
17.7.65 19 24.0 106 140 3.7
19.7.65 13 25.0 105 139 4.1 +++ 4.6
31.3.66 19 24.0 105 138.3.6 5.7 + + 3 _ 1.4

MISCELLANEOUS ANALYSES (for blood sugar, test meal, etc, see separate sheet)

12.6.65 09.20 Serum:Copper oxidase within normal limits. o
19.6.65 Plasma glutamic oxaloacetic transaminase - 88 Karmen units/min/ml.

Faeces:o-tolidine test for occult blood (1) - +.(2 & 3) - ++

23.6.65 10.00 Serum Iron = 61 ug/lOOml
25.6.65 Faecal Urobilinogen - 3.5 mg/100 g moist stool.
22.7.65 12.00 Bromsulphthalein Clearance:retention at 45 mins after 5 43%
31.3.66 Serum electrophoresis:within normal limits.
2.4.66 Urine:Bilirubin - +-+,Urobilinogen - moderate excess (2 specimens) 0

PL31 'Wo.o.1Fr urine this mrens date 4. CC - capFalin cholesterol 0 - nil or nesatie DATE OfREPORT SN2.S .,JO..vvh6n collection eompleted S. ii -- thmo tubdt Fde 4 vr vat o
-2. CO,- totalCO.capacity figure denotes.Rfloculation weaskpositiv2eANk\ 3. CR - colloida1red KA - King-Armstrong ++ eodler.te positive s

AM 1966
FIGURES UNORD TfST HEADINGS OR IN BRACKETS DENOTE NORMAL RANGE IN ADULTS

RETURN REPORT TO

FIG. 29. Example of a cumulative report. This contains in a well-organized format the results of the latest investigations
on the patient as well as all previous ones of similar type. Many results can be viewed together.

and a number of areas without headings for alloca-
tion as required. Record cards need careful design
in order to make the best use of the space available
and layout is discussed under Storage and Retrieval
(page 261).

Advantages Reports are clean, unless the record
cards are circulated in the laboratory for entry of
results. Entries can be made manually if necessary,
and gummed printed labels can be affixed for
recording the results of special tests. Graphical
presentation of results is possible. The printed
layout saves a great deal of repetitive clerical work,
and patient identification data have to be reproduced
only once for each cumulative record. The laboratory
record card is a good storage document. Multiple
reports on one patient are recorded in a very
compact form, on one, two or occasionally more
sheets of paper. Reports provide a comprehensive
cumulative record of all the laboratory investigations
carried out on a patient, and the format is such
that it is particularly easy to follow serial changes.

Results normally appear in date sequence. The
system of reporting can be used in association
with a computer-dependent data storage and
retrieval system. No specially trained staff are
needed for the simplest type of cumulative reporting
system; special skills will be needed for operating
more sophisticated systems, however, such as when
results are entered on the record cards automatically,
as part of an automatic data processing system.

Disadvantages Space is limited for such purposes
as descriptive reports, indicating abnormal results,
or making comments or suggestions. A standard
type of report form for all branches of pathology is
not possible. Although clerical time is saved in the
preparation of reports, filing operations are time-
consuming. The onus of linking a result with the
correct patient's record falls on the laboratory;
reliable patient identification is thus of funda-
mental importance to the system. A report con-
taining a single result is unnecessarily large. In a
report bearing the results of several different
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Data processing in clinical pathology

investigations, it is not always easy to pick out the
latest set of results. No clinical information is
included on the report form. Written entries do
not copy uniformly if different colours are used.
The system is more expensive to operate than
examples A or B. The system is disrupted if the
copier breaks down and there are inadequate
back-up facilities. Ward staff show a curious
reluctance to discard reports made redundant by
later issues.

CONCLUSIONS AND STATEMENT OF FUTURE POLICY

For laboratories where the work load does not
yet justify electronic data processing equipment, a
system of reporting based on a combined request
and report form, designed in such a way as to give
a cumulative presentation of results (as in Fig. 25),
is advocated.
For large laboratories, until automatic file-

handling of results is successfully introduced, pay-
slip type reports will probably be used to an
increasing extent; mounting these on suitable
designed cumulative record cards in the laboratory,
with copies as reports, is believed to give the best
combination of advantages for the various systems
discussed in this section.

Information contained in laboratory reports in-
cludes a large proportion ofthe factual data presently
available on patients. The reports themselves should
display these data in a form which allows the maxi-
mum value to be extracted by clinical staff, and
the system of preparing the reports should be
compatible with the long-term storage of their
information in a readily accessible form and one
suitable for statistical methods of analysis.

COMPUTER PROGRAMMING

A 'digital' computer is a machine which handles
information represented in a discrete or numerical
form, and an 'analog' computer is one which handles
information represented in the form of continuous
variations of some physical quantity. The description
'sequential' means that a computer carries out its
operations in a serial manner, different portions of
the computation taking place one after the other,
whereas a 'simultaneous' computer carries out all
portions of the computation at the same time. A
'general purpose' computer is one which can do
many different kinds of calculations. In what
follows we are only concerned with general purpose
electronic digital computers which perform the
steps of a computation in a sequential manner.
It is often regarded as being made up of five
functional units. (1) Input devices to enable the

computer to accept information. (2) Output devices
for presenting the results of the computation.
(3) An arithmetic unit where the computing opera-
tions are performed. (4) A store or memory where
the numbers representing the data of the problem,
the program of instructions, and the intermediate
results of the calculation can be held. (5) A control
unit which directs the flow of information between
the other units, thereby causing the machine to
perform the desired operations. Units 3, 4, and 5
comprise the central processor of the computer,
while 1 and 2 are included among the so-called
peripherals.
So that a computer can carry out a wide range

of tasks, and thus be a general purpose machine,
the sequence of operations carried out is not fixed
by its construction but can be controlled from
outside. For each task the necessary sequence of
computing operations is devised and communicated
to the machine in the form of a set of instructions
known as the program. An important feature of
modern computers is that although the program is
obeyed instruction by instruction, the entire program
is taken in and held in the store of the computer
before it is obeyed.

THE NATURE OF COMPUTER INSTRUCTIONS

Before a program can be written it is necessary to
specify exactly the computing operations needed
and their sequence. This requires definition of the
problem and of the steps in its solution, and it is
often found helpful to construct a flow chart or
block diagram.
The control unit of a computer is designed to

take instructions one at a time from the store of
the machine and cause the other units to carry
out the operation specified. The total number of
different instructions that the control unit will
accept is known as the 'instruction repertoire',
'computer instruction set', or 'basic order code',
and they form the machine language of the computer.
Any calculation or computation must obviously
be reduced to a series of these basic instructions
before it can be carried out. To enable the control
unit to react to each instruction, these take a
special form. Each occupies a single storage
location, i.e. a unit of the store which can be
referred to by its address, and since the same store
can usually be used for storing either instructions
or numerical data, the basic instructions are coded
in a numerical form. Broadly, each instruction speci-
fies the type of operation to be carried out and the
location in the store of the computer of the
information on which the operation is to be
performed; in many computers the instructions
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Data processing in clinical pathology

available are such that only one storage location
can be referred to in each instruction. Each instruc-
tion can thus be considered as two parts, a function
part and an address part. The function part is a
numerically coded representation of the operation
carried out, and the address part is the numerical
address of the storage location to which the instruc-
tion refers. Thus the same operation can be carried
out on the contents of any storage location by
changing only the address part of the instruction.
In general, each model of computer has its own
machine language.
A typical series of operations controlled by

machine language instructions might be:
Copy into the accumulator the contents of

location .. .. .. .. .. 100
Add to the accumulator the contents of

location .. .. .. .. .. 101
Copy the contents of the accumulator into

location .. .. .. .. .. 102
The accumulator is a special unit of store which
can be referred to in the function part of the
instruction. If numbers B and C were held in the
locations 100 and 101 respectively, the above
operations would find the number A given by
A = B+C and place it in the storage location 102.
Each of the above operations would be controlled

by an instruction such as 51100, where 51 is the
function part of the instruction, representing say,
'Copy into the accumulator the contents of loca-
tion . . .' and 100 is the address of the location to
which the instruction refers. Then 51 253, for
example, would cause the operation 'Copy into the
accumulator the contents of location 253' to be
carried out.
The instructions are obeyed basically according

to the numerical order of the storage locations in
which they are held, but an important class of
instructions known as jump instructions enables the
sequence to be broken by specifying the storage
location of the next instruction to be taken. An
example of a conditional jump instruction would be
'If the contents of the accumulator are negative,
take as the next instruction the contents of loca-
tion 22; otherwise continue in sequence'. Using
instructions such as this the computer can be
programmed to make decisions, the sequence of
operations finally carried out being determined by
the results of intermediate calculations.

SOURCE LANGUAGES

There are many difficulties in producing a program
in the machine language of a computer; among them
are. (1) Numbers are referred to by their location in

the store and not by names. (2) The numerical codes
representing different operations bear little or no
resemblance to the operations carried out, being
determined by the 'logic' of the computer, i.e. the
arrangement of the electronic circuits. (3) The
individual instructions available control very simple
operations, and consequently a very large number
of basic instructions is necessary to carry out any
reasonable task.
To overcome these difficulties the program may

be written in an artificial language, a source
language, which is designed to ease one or more of
the above restrictions. A program written in such a
language is then read into a computer which has
been programmed to translate a source program
into one in machine code; the translated program
produced by the computer is known as the object
program and it is this program which will actually
be used. The object program is usually punched
out on paper tape or cards. The translating program
is usually known as the compiler.
Many source languages exist which overcome,

to a greater or lesser extent, the above difficulties;
they can be considered in two classes, machine-
orientated and problem-orientated.

MACHINE-ORIENTATED LANGUAGES The characteristic
of these languages, also known as symbolic
languages, is that each source-language instruction
corresponds to a single machine-language instruc-
tion. However, the name for each instruction in the
source language is arranged to bear some 'natural'
or mnemonic relationship to the operation that it
represents, e.g. 'rd' might be used for 'read a
number'. Variables used in the program can be
assigned names, e.g. X. The translation program
replaces each source-language instruction by the
appropriate machine-language instruction, arranges
the storage necessary for the instructions, and
assigns storage to the variables required in the
program. To each named variable is assigned a
specific store location, and references to that
variable in source-language instructions are replaced
by the correct store location in the machine-
language instructions. The translation program can
detect some kinds of error in the source program
and signal the type of error to simplify correction.

PROBLEM-ORIENTATED LANGUAGES The large number
of instructions required when writing a program in
machine code is not reduced by the use of machine-
orientated source languages. However, it is possible
to represent more complicated operations by
single source-language instructions, each of which
must then be translated into the several machine-
language instructions which will carry out this
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operation. This has been achieved in the problem-
orientated languages, 'automatic-programming
languages', in which an operation involving
dozens of machine-language instructions can often
be controlled by a single source-language instruction.
Since mnemonic names are given to these instruc-
tions, and the naming of variables is often made more
flexible, the writing and correcting of programs
written in these languages becomes much easier.
As inferred from their name, problem-orientated

languages are designed for the purpose of making
easier the writing of programs in a certain field
of application. Thus scientific and engineering
programs are usually more easily written in
certain languages, whilst insurance or business
programs would be more easily prepared in others.

Because problem-orientated languages are not
designed around the capabilities of a given computer,
it should be possible to use a program written in such
a language on any of many different makes and
models ofcomputers, each having its own compiler to
translate the problem-orientated language into its
own machine language. In practice this situation
is modified in two ways. First, it is often not
possible to allow on a small computer all the
possible features of a programming language
that could be usefully included on a larger machine.
Thus, although the basic form of the language
might be constant, fundamental differences in
scope may occur. This situation can be made less
serious by arranging the language and compilers
so that any program written for a smaller machine
may be run on a larger one without change. This
is known as upward program compatibility.
Secondly, the instructions governing input and
output operations are sometimes not specified in
the language. Thus, a program written using the
input and output instructions and conventions of
one installation might not operate successfully on
another computer. This problem can be partially
eased by arranging that all such instructions are
placed in one convenient part of the program where
they can easily be changed. This can be done
deliberately by the program writer, or may be
implicit in the structure of the program required
by the source language.

WRITING A COMPUTER PROGRAM

ANALYSIS OF THE PROBLEM TO BE SOLVED The first
stage in preparing a program to solve a particular
problem is to work out the method which is to be
used to solve the problem. The complete and precise
description of a computing procedure is known as
the algorithm. Having prepared the algorithm for
the problem it must be transferred into a series of

individual instructions appropriate to the language
being used to program the computer.
A useful aidto visualizing the form of thesequence

of operations involved in solving a problem is the
block diagram, which is made up of descriptions of
operations linked by arrows, showing the sequence
in which they are performed. The operation
descriptions are usually enclosed in boxes of different
shapes, the general type of the operation being
indicated by the shape of the box. The separate
operations do not necessarily bear a direct relation-
ship to the individual instructions which will be used
in the program but can represent any functional
components of the overall procedure. Thus the same
procedure might be represented by block diagrams
of quite different complexity, one for helping in the
next stage of writing the program and one for
presenting the general outline of the problem and its
solution to people not necessarily interested in
details of the final program.

Before preparing the program to carry out the
necessary procedures some further points should be
considered. The amount and nature of the input and
output should be be assessed, and decisions should
be made on what input medium is to be used and
how the data are to be coded. The extent of com-
puting necessary, both in time and amount of
storage capacity needed, can be examined, possibly
to determine the general size of computer which
might be used. Finally, and probably dependent
on the results of some of the above considerations,
the language to be used in writing the program
should be selected.

CHOICE OF LANGUAGE Each class of source language
has advantages and disadvantages which may be
decisive in considering which is to be used for
writing a given program. The advantages and dis-
advantages of problem-orientated languages are
enumerated below.

Advantages ofproblem-orientated languages Pro-
gramming is easier and quicker. A specialized
knowledge of the working of one particular com-
puter is not necessary. Programs are easier to correct
or amend, especially if correction has to be carried
out by a person other than the original writer.
The possibility exists of running a program on
different models of computer; however, this is not
always realized.

Disadvantages of problem-orientated languages
Computer time is taken up by compiling; if the
program is to be run several times in the same
form, however, a compiled version may be kept for
immediate use. The program is often not as efficient
as one written in a machine-orientated language;
the amount of store occupied by the final object
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program and the time required for the computation
may both be greater than when the program is
written in machine-orientated language by a human
programmer.
Many authors are of the opinion that in most

cases of scientific or engineering calculations the
advantages of problem-orientated languages out-
weigh the loss in efficiency of the final program.
However, there are some problems of such a
demanding nature that the solution on a given
computer can only be achieved by making full use
of the store available and the capabilities of the
particular processor. In these cases the program
must be written in the machine-orientated language
for that computer. It should be noted, however,
that it is often possible to incorporate into a program
written in a problem-orientated language oneormore
self-contained sections of program written in
machine-orientated language.

THE USE OF SUB-ROUTINES Sub-routines, also known
as 'procedures', are labelled sections of program
for performing some computing task. Once a sub-
routine is included in a program, it may be called
into action at any place in the program. Thus, if a
certain series of operations has to be carried out at
several different points in a program, a sub-routine
to perform the operation could be written and called
in where required.

Pre-written and tested sub-routines made available
by other workers can be very useful. They can
often be made quite self-contained so that the naming
of variables in the sub-routine may be quite different
from that used in the rest of the program. As
mentioned above, sub-routines written in a machine-
orientated language can often be included in
programs written in a problem-orientated language.

AN EXAMPLE OF PROGRAMMING

The problem is to calculate the arithmetic mean
and the sample standard deviation of a set of
measurements. An attempt will be made to analyse
the problem and arrive at a reasonable computing
procedure. A block diagram illustrating this
procedure, and three possible programs, will be
given. It should be noted that the ALGOL and
FORTRAN programs have not been tested and
should not therefore be regarded as working
programs.

ANALYSIS OF THE PROBLEM The formulae for these
calculations are already known and the only
analysis required is to arrange for the input of data,
evaluation of the given formulae, and output of the
results.

FORMULAE Let x, be the ith measurement and n
the total number of measurements then

Arithmetic mean x
i=n

E Xi
i=l

n

(A)

/i=n

Sample standard deviation - /(xi -x)2 (B)
/i=l

n- 1

INPUT OF DATA In the discussion below the data are
assumed to be presented on paper tape, but the
remarks would apply equally to data presented on
punched cards.
One possible arrangement for the input of data

for the problem being considered would be to punch
the number of measurements in a set of data as
the first number of the data. The computer would
read this number (n) and then read the next n
numbers on the tape as measurement x1, x2 . . xn.
This scheme has the disadvantage that the number
of measurements in a set must be counted before
presenting the data to the computer. An alternative
arrangement would be to terminate the set of
measurements by a special number. Suppose
negative numbers could not occur in the data, then
a negative number could be punched at the end of a
set of measurements, meaning 'end of set'. The
computer would then count the measurements as it
read them, stopping at the first negative number
read.

It would be convenient to allow the computer to
read in a number of sets of measurements and to
print out the mean and sample standard deviation of
each set. Further, it would be helpful if some identi-
fying text could be printed with the results of each
set. If such identifying text were punched on to the
data tape preceding each set of data, it could be
read in and printed on the output. The instructions
available for copying text from input to output vary
between languages, and different conventions will
apply to the arrangement of the text on the input tape.
The conventions used in the programs below will be
mentioned in the introductions to the programs. A
possible example of the printed form of the data tape
might be:
2 (number of sets of data)
Weight of men (text)
13-2 16-3 17-2 18-5 - 1 (measurements terminated
by negative number)
Weight of women (text)
17-4 22-3 16-5 17-3 19-2- 1 (measurements termin-
ated by negative number)
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CALCULATIONS The formulae (A) and (B) above
suggest the following scheme: (1) read in all measure-
ments; (2) find mean using formula (A); (3) find
standard deviation using formula (B). This scheme

1- |would be considered wasteful of computer storage
47*space since all measurements are read into the

IRad text and print out computer and stored before calculation is started.
_F A more efficient scheme is suggested by a different

.Set n=O version of the formula for sample standard deviation.

(S )=0 /i=n

(.yx2)5Sample standard deviation = /(x)2-n(x)

1-Etead a nUmbe A n-
,/n-iyes

<Is x < O? ,) Using this formula all the individual measurements
need not be held in the store, but the sum of the
measurements and the sum of their squares are

accumulated as the measurements are read. The
I mean is then calculated from the sum of the measure-

ments, and the standard deviation from the sum of
¢.Tx2)=(jx2)+x2 their squares and the mean.

OUTPUT A reasonable layout for the printed out-
Iapn!- I put of this program might be:

WEIGHT OF MEN
N= 4 MEAN= 0 I630cx 2 SAMPLE STANDARD
DEVIATION= 0`255a 1
WEIGHT OF WOMEN
N= 5 MEAN= 01854a 2 SAMPLE STANDARD
DEVIATION= 0 2322a 1
The mean and standard deviation are printed in

STD.DEV. ,((x2)-n()2)xi floating point' form (e.g. 0-1630ax 2 = 0 1630 x 102)
.n-i to allow for large variations in their values. It is

assumed that four significant figures will provide
sufficient precision. Minor variations in details of
the print-out may be expected with the different

print n, i and STD.DEV.I programming languages.

BLOCK DIAGRAM This is shown in Figure 30.

beenL considered? THE PROGRAM WRHTEN IN ALGOL The program is
actually written in the ICT Atlas hardware repre-

yen sentation of ALGOL. That is, certain characters
used in the ALGOL reference language are changed
to characters acceptable to the Atlas computer.
The input and output instructions used are those
available on Atlas and the procedures 'readch' and

- G'printch(i)' are written in a form of Atlas machine
code. The convention for reading text from the data
will be that the text will be separated from the

L Operation not involving a decision measurements by a 'newline' character, i.e. on
C< ) * Operation involving a decision the printed form of the data the text will appear on

- >. - Indicates dirction of flow. the line above the measurements. The machine code
procedures make the ALGOL program appear

FIG. 30. Block diagram of a computer program designed 'A method of calculation which automatically accounts for the
to calculate the arithmetic mean and the sample standard location of the radix point (the dot that delineates the integer digits
deviation of a set of measurements. from the fractional digits of a number).

293

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.21.2.231 on 1 M
arch 1968. D

ow
nloaded from

 

http://jcp.bmj.com/


Data processing in clinical pathology

longer than the FORTRAN or Elliott AUTOCODE
programs. These procedures are only necessary
because it happens that instructions for copying
text from input to output are not available in Atlas
ALGOL. In fact they were obtained ready written
and their inclusion in a program of any length would
present negligible difficulty.
The statements in the program starting with

'comment' are to assist the human reader; they are
ignored by the computer.
begin comment program to find means and standard
deviations;

real x, SUM, SUMSQ, MEAN, STDDEV;
integer i, n, SET, NoSETS;
integer procedure readch;
comment reads character on tape and puts
readch=Atlas internal code;
begin code
0121, 79, 127, 1;
0101, 127, 0, 2;
0124, 80, 80, 0;
1524, 0, 80, 0;
03240, 0, 0, *14000070;
0356, 0, -, readch;
end readch;
procedure printch(i); value i; integer i;
comment prints character whose internal code
representation is i;
begin code 1300, 80, -,i;
0172, 80, 0, 130;
0121, 79, 0, 0;
0226, 79, 0, *4;
0163, 80, 79, 0;
0121, 79, 127, 1;
0101, 127, 0, 04;
0121, 0, 0, 0;
end printch;
NoSETS: = read;
for SET:=1 step 1 until NoSETS do
begin newline (2);
comment prints out next line of data. NB. Atlas
internal code for newline =128, for space=1;
READI: i=readch;
if i=1 or i=128 then goto READI else
printch(i);
for i: =readch while i : 128 do printch(i);
n: =O;
SUM:=SUMSQ: =0;
comment reads data and accumulates sum and
sum of squares;
READ2: x:=read;
if x<O then goto OUT;

SUM: =SUM+x;
SUMSQ:=SUMSQ+x exp 2;
n:=n+1;
goto READ2;
comment finds mean and std. dev.;
OUT: MEAN:=SUM/n;
STDDEV:=sqrt ((SUMSQ-n*MEANexp2)/

(n-1));
comment prints results;
newline(1);
write text ((n=*);
print (n,3,0);
write text ((mean=));
print (MEAN, 0,3);
write text ({SAMPLE%STANDARD$

DEVIATION=));
print (STDDEV,0,3);

end
end

THE PROGRAM WRITTEN IN FORTRAN The program
is written in a version of FORTRAN suitable for
the ICT ATLAS computer. Text will be entered in
the data in a way similar to that used for the ALGOL
program above. Lines of the program with a 'C'
at the far left of the line are 'comment' and are
ignored by the computer.

C PROGRAM TO FIND MEANS AND
STANDARD DEVIATIONS

TEXT TITLE (10)
READ 10, NOSETS

10 FORMAT (16)
DO 2 I=1, NOSETS

C READS AND PRINTS NEXT LINE OF DATA
READ 11, TITLE
PRINT 11, TITLE

11 FORMAT (10A8)
SUM, SUMSQ = 0 0
N =O

C READS DATA AND ACCUMULATES SUM
AND SUM OF SQUARES

5 READ 12, X
12 FORMAT (F 10.0)
IF (X) 4,3,3

3 SUM = SUM + X
SUMSQ = SUMSQ + X**2
N = N+1
GOTO 5

C FINDS MEAN AND STD. DEV.
4 AN=N
AMEAN = SUM/AN
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Data processing in clinical pathology

STDDEV = SQRTF ((SUMSQ-AN*AMEAN
**2)/(AN-1))

C PRINTS RESULTS
PRINT 13,N,AMEAN,STDDEV

13 FORMAT (3H N=I6,7H MEAN=OPE114,
27H SAMPLE STANDARD

1 DEVIATION=OPE11'4//)
2 CONTINUE
CALL EXIT
END

PROGRAM WRITTEN IN ELLIOTT AUTOCODE Text is
entered in the data by punching '= <text> <newline
character>'. That part of any line of program to
the right of ': :' is 'comment'.

:: PROGRAM TO FIND MEAN AND STAND-
ARD DEVIATION OF SETS OF DATA
SETS P
SETV XYMN(1)S(1)
SETF PUNCH SQRT
SETR 4

1)PUNCH 1
READ P: :NUMBER OF SETS
2)N=O
S=O
S1=0

3)READ X: :SAMPLE VALUE
JUMP IF X%0@4
S=S+X: :ACCUMULATE SUM
X=X*X
S1=Sl+X: :ACCUMULATE SUM OF

SQUARES
N=N+1
JUMP@3

4) M=S/N: :MEAN VALUE
Y=M*M
Y=N*Y
S1=S1-Y: :SUM OF SQUARES MINUS N
TIMES SQUARE OF THE MEAN
N1=N-1
S1 =S1/Ni
S1=SQRT S1: :STANDARD DEVIATION

LINE
TITLE N=
PRINT N.4:0
TITLE MEAN=
PRINT M.4/
TITLE SAMPLE STANDARD DEVIATION=
PRINT S1.4/
LINES 2

P=P-1
JUMP UNLESS P=0@2
PUNCH 3
LINE
TITLE END
STOP
START 1

CORRECTING FAULTS IN A PROGRAM

Errors which are very likely to be found in a
program of any length can be considered in four
categories.

1 FAULTS FOUND DURING COMPILATION These faults
are cases of illegal use of the source language. They
are detected by the compiler, and messages indicating
the type and position in the program of a fault may
be printed out. On finding a fault of this kind the
compiler does not usually reject the program
immediately, but continues its analysis and reports
any other faults found.

2 FAULTS FOUND DURING EXECUTION These faults
are detected by the computer during execution of a
program. Execution of the program is stopped and
diagnostic information on the fault may be printed
out; this may include the type of fault and some
details of the state of the computation at the time
of failure. Typical faults in this category include
attempts to divide by 0, taking the square root or
logarithm of a negative number, or finding an
illegal character in the input data.

3 FAULTS WHICH DO NOT STOP EXECUTION BUT DO
NOT ALLOW THE PROGRAM TO COMPLETE ITS CAL-
CULATION These faults are usually recognized by
the computer not finishing its calculations within
the expected time. If the maximum time considered
necessary is exceeded, the execution of the program
will be stopped manually or by a supervisor program.
Diagnostic information similar to that mentioned
in the last section may be provided. The amount of
output produced and the size of store required can
also be used to detect faults of this kind. A program
producing more output than expected or using more
store than expected is assumed to be faulty.

4 FAULTS WHICH DO NOT STOP EXECUTION AND
ALLOW THE PROGRAM TO COMPLETE ITS CALCULATION
It is possible for a program to contain a fault which
still allows it to complete its calculation. The results
may be obviously incorrect, but reasonable looking
results can be produced by a faulty calculation.
It is clearly necessary to compare some of the
computed results with calculations made by hand.
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Data processing in clinical pathology

Faults in category 1 are usually quickly corrected,
especially if the compiler produced printed monitor-
ing of the program. Faults in categories 2 and 3
may be more difficult to isolate. The incorrect step
or steps in the program may be quite remote from
the place where the program was finally brought
to a stop. In these cases the full diagnostic informa-
tion provided by more advanced systems can be
most useful.

It is also often possible to arrange for certain
intermediate results in a calculation to be printed
out on initial runs of a program. When the program
is running correctly, this optional printing can be
suppressed.

OPERATING SYSTEMS

Before discussing the ways in which it is possible
to speed up the passage of information through a
computer, it is perhaps convenient to recapitulate
the operations typically necessary for the running of
a program in a source language. (1) The compiler
program is read into the computer. (2) The source
program is read into the computer; the latter then
compiles and outputs the object program. (3) The
object program is read into the computer. (4) The
data are read into the computer; the latter then
performs the required manipulations and outputs
the results.
Between each of the above operations manual

transfer of reels of paper tape or decks of punched
cards, and setting of control switches on the com-
puter may be required. This method of operation
is quite reasonable for a small slow computer, but
with a fast machine it represents a tremendous loss
of computing potential. More efficient use of a
computer can be achieved by arranging that the
input and output processes occupy less of the central
processor's time, and that a whole series of 'jobs'"
can be processed one after the other with a minimum
of manual control.
The speed of operation of slow peripheral devices,

such as card and tape readers and punches and
printers, is very much out of step with the speed of
operation of the central processor of a modem
computer. Typically about 1,000 numbers could be
added together between the reading of two characters
by a tape reader. If the central processor lies idle
during the reading or punching process, a large
amount of time is wasted, especially if the tasks
being tackled involve a large amount of input and/or
output. Broadly speaking there are two approaches
to this problem. First, all input can be presented to
the computer on magnetic tape, from which it can
be read in much faster than from other input media.
Job A program together with the data to be processed.

Since most programs and data are initially prepared
on punched cards or paper tape, a small subsidiary
computer is usually used to transfer the input to
magnetic tape. When the main computer is ready
to accept the input it reads the magnetic tape at
high speed. Output is also produced on magnetic
tape, from which it is transferred to the required
external medium by the subsidiary computer.
The second approach is to enable the computer to
work on several tasks in turn. This arrangement,
known as time sharing, can take different forms but
the aim is to alternate the processor's activity so
that it is never brought to a stop while awaiting the
operation of a slow peripheral. This means that the
computer may be dealing with several different
jobs at the same time, switching continually from
one job to another.
To reduce the manual control operations and to

enable a computer to pass from one job to the next
automatically, control programs, called executive
or supervisor programs, can be used. These pro-
grams are held in the computer and take over
many of the control functions. The sophistication
of the final operating system, i.e. computer and
control program, varies. Some of the possible
features will be mentioned.
The supervisor program controls the reading in

of a program. When the program is stored in the
memory of the computer, partial control is passed
over to the program which reads in its data and
performs its calculations. The calculation proceeds
and the results appear as output. When the job is
completed, the supervisor resumes control and
passes on to the next job. The supervisor must also
take action if the program does not complete its
computation successfully. If a fault is detected by
the processor, or if the computation exceeds the
maximum time set for the job, the supervisor
program takes over control, produces a message
containing some diagnostic information, and passes
on to the next job.
The jobs presented to a computer may consist of

source language programs which are to be compiled,
or object programs and their data which are to be
executed. By incorporating compiler programs into
the system, both of these types of job may be
accepted in any order. Further, it may be possible
to present source programs and data. If the source
program is successfully compiled, the system will
accept data and run the object program immediately.
If a fault is detected in the source program by the
compiler, a diagnostic message is produced, that
job is terminated and the next job taken. If time
sharing is in operation (see above) the supervisor
program may control the organization of the parallel
activities to give the most efficient operation. The
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Data processing in clinical pathology

order in which jobs are accepted and worked on
may be determined, and the transfer of information
between peripherals and central processor may be
controlled.

Obviously it is necessary that each job presented
to the system should have with it information so
that the features available can be controlled. Such
information might include identification of peri-
pherals on which the program and data are to be
received, the language of the source program, the
maximum running time of the program, the amount
of store required, and the peripherals to be used for
output.

CONCLUSION

In general, it may be said that if the amount of
programming to be undertaken is small and the
task is well defined, it may be easier and advisable
to leave the programming to a specialist. If, how-
ever, a great deal of programming is anticipated,
it may be preferable to learn to program oneself,
although expert advice may be necessary if the
problem is particularly demanding. Nevertheless
it must be stressed that it is necessary to have some
knowledge of programming, and of block diagrams,
in order to collaborate with the programmer and
to ensure that there is mutual understanding of the
problems involved. A pathologist could be expected
to draw up a plan of the program for the pro-
grammer, but the latter could not be expected to
learn the pathologist's work. To utilize the resources
of a small computer to the full, the best possible
programming is required.
For a program which is to be used once, or only

a few times, a problem-orientated language, which is
easier to write, would generally be preferred. If a
program is to be run again and again, a useful
saving in computing time might be made by using a
machine-orientated language.
The choice of a problem-orientated language is

influenced by many factors, including the types of
computer and compiler available, and the possibility
of utilizing parts of programs already prepared by
other workers.

GENERAL CONCLUSIONS

The increasing amount of work which is being
handled by pathology laboratories is producing many
problems, not least of which is how to deal effec-
tively with all the paper work. In England and
Wales as a whole, over the period 1958-65, the
total numbers of requests for pathology investiga-
tions rose annually by an average of nearly 9%.
The increase has been much greater in certain

branches of pathology but varies from one labora-
tory to another. There is no evidence that this rate
of growth is likely to diminish in the foreseeable
future, and if additional screening procedures are
adopted the rate of growth may become even faster.
As no comparable rate of increase can be expected
in laboratory staff or accommodation, efficiency in
the laboratory will have to be raised by making
better use of existing manpower, by simplifying
procedure, and by exploiting automation to the full.

Increased efficiency within the laboratory will
have to be matched by corresponding improvements
in communication between the laboratory and
its users, because a high proportion of the time
elapsing between the initiation of a request and
receipt of the report is liable to be spent along the
lines of communication. Provision for the rapid
transmission of specimens and requests to the
laboratory and the inclusion of facilities for trans-
mitting data to remote output terminals should be
included therefore in plans for highly automated
laboratories serving distant hospitals.

Existing manual data processing systems in
pathology have important shortcomings and they
often produce a bottleneck in laboratory operations.
There is an urgent need to establish systems taking
advantage of the increased speed and accuracy
offered by electro-mechanical and computer tech-
niques, and these should be used to provide
comprehensive data processing, embracing virtually
all manipulations of laboratory data. In addition
to lessening clerical work, eliminating a high
proportion of errors, and achieving more rapid
and informative reporting, there should be a
definite aim to improve laboratory management
and facilitate research. At present, only a small
proportion of the potential value of the results of
laboratory investigations is being extracted, and
it is important to overcome the wastage due to poor
presentation of data in reports and inadequate
facilities for retrieving and analysing stored data.
The format of laboratory reports should be designed
to permit a rapid and comprehensive assessment,
and the storage of results should allow specific and
class retrieval of data with reasonable ease. The
capital cost of introducing comprehensive auto-
matic data processing into laboratories will be
formidable but proper use of equipment such as
computers should raise the quality of work, provide
a better service, and increase productivity.

It is most important that laboratory data process-
ing systems should be tailored to laboratory needs.
The potential market for suitable equipment is
considerable and it is to be hoped therefore that
manufacturers will be prepared to cater specifically
for it; in England and Wales alone there are
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Data processing in clinical pathology

currently 66 hospital laboratories with a work
load of more than 100,000 requests per annum
and 168 with a work load exceeding 50,000 requests
per annum. Complete systems must be developed,
because the present lack of standardization results
in incompatibilities between items of equipment
produced by different manufacturers. Standardiza-
tion of laboratory systems should smooth and
hasten the introduction of modem techniques. The
financial saving should also be appreciable, as
bulk buying of equipment might be possible and
duplication of programming could be avoided.
The fact that the flow and processing of information
in laboratories can be generalized for all the
branches of pathology in the form of a common flow
chart indicates that standardization in the general
plan of operations should be possible. The difficulties
of achieving a uniform system of coding laboratory
data should not be minimized, however.

Since laboratory data processing systems must
be compatible with medical record systems of the
future, it is important that they are not planned in
isolation. Bold policy decisions should be taken
now, and the Working Party hopes that the Ministry
of Health will set up, as a matter of urgency, a
central advisory organization dealing with all
aspects of data processing in the National Health
Service. This organization could sponsor appro-
priate trials, act as a central agency for bulk
purchase of equipment, and organize the integration
of programming effort.

Reliable patient identification is a prerequisite of
laboratory data processing systems, to ensure that all
the items of information on one patient are correctly
linked. Not only is there a need for a concise and
unique way of identifying patients throughout the
country, but there is also a need for the universal
introduction of a means of transferring this
identification to a document in a way which
precludes error. Ideally, identification data should
be provided on the request form in both visible and
machine-readable form. The introduction and
universal use of a nationally allocated personal
number, of simple alphanumerical structure, would
greatly simplify identification in automatic data
processing systems. To ensure that such numbers
were widely known, they would have to be quoted
in a wide variety of contexts.
Key punching of data by trained operatives has

been found perfectly satisfactory when combined
with punch verification procedures, but it makes
the data processing system dependent on key
personnel. In designing automatic data processing
systems for laboratories, therefore, an essential
aim should be to capture final information in
machine-readable form with minimal human inter-

vention. Ideally, automatic data acquisition should
embrace the information on the request form,
specimen identification, and readings from manually
operated instruments or automatic analysis
apparatus.

Difficulties with output equipment concern their
speed of operation and their unacceptable level of
noise. Existing methods of output from automatic
data processing systems seem unlikely to fulfil
laboratory requirements and a need for equipment
operating at speeds intermediate between those of
teleprinters and line printers can be foreseen.

Because of the nature of the work carried out in
clinical pathology laboratories, malfunction or
breakdown of equipment used for data processing
could have serious consequences. The system
should therefore have built-in facilities for detecting
errors, and the equipment should be robust and
reliable. A manual system should be capable of
taking over temporarily in an emergency, and
either stand-by facilities or a rapid repair service
should be available.
While standardization of the broad framework of

laboratory data processing systems is quite possible,
differences in detail are inevitable because of the
different functions served by specialized laboratories.
Further, programs will require constant revision
to bring them up to date. A senior member of the
laboratory staff will therefore inevitably have to
acquire some knowledge of systems analysis and
programming, so that he can at least communicate
his needs to a professional programmer. This
requirement, as well as that of training laboratory
staff in the running of automatic data processing
systems, can only be met satisfactorily by the
establishment of suitable training courses. These
should be comprehensive, and those intended
for teaching programming should be whole time and
extend over several months. In the interest of
standardization, the courses should ideally be
organized without commercial bias by the pre-
viously envisaged central advisory organization.

THE RECOMMENDATIONS OF THE
WORKING PARTY

In a field in which first-hand experience is limited
and technological change is very rapid, only general
and short-term recommendations can be made.
The Working Party recommends:

1 That the Ministry of Health be asked to make
money available now for the introduction of
experimental automatic data processing systems in
pathology laboratories with large work loads, and
to make forward provision for the general intro-
duction of such systems after the experimental
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period. Adequate provision should be made for
the purchase of equipment, its proper accom-
modation and servicing, and the establishment of
appropriate staff such as programmers and punch
operators.

2 That the Ministry of Health be asked to set
up as a matter of urgency a central advisory
organization dealing not only with clinical pathology
but with all aspects of data processing in the
National Health Service. Such a body should
include laboratory personnel.

3 That the Ministry of Health be asked to make
provision for the education of laboratory workers
in this field.
4 That the Ministry of Health be advised that

means by which unique and concise patient identi-
fication can be provided on all requests for
pathology should be realized urgently, and that it
is desirable that the existing National Health Service
number should be replaced by one of more suitable
and uniform structure which would be used in a
wide variety of contexts.

5 That the attention of the Scientific Instruments
Manufacturers Association and theNational Research
Development Corporation should be directed to
the following:

(a) The rapid growth of pathology and the
importance of data processing in the efficient
operation of a laboratory service.

(b) The need for the development of complete
systems, providing comprehensive laboratory data
processing.

(c) The need for standardization, to eliminate
interface problems.

(d) A foreseeable need for output equipment
operating more quietly and at speeds intermediate
between that of teleprinters and line-printers.

(e) The view of the Working Party that progress
in the field of equipment and systems development
would best be achieved by at most two major
firms concentrating on the needs of the National
Health Service.

(f) The general requirements of laboratory data
processing systems. Systems should meet the
following requirements:

FUNCTIONAL REQUIREMENTS

i Expansion capability equivalent to a doubling of
the 'request' load in as little as four years.

ii The introduction of new tests, elimination of
obsolete tests, and substitution of different tests or
factors.

iii Maximum automatic data acquisition.
iv Verification of data entered from keyboards.

v Cancellation or correction of data at the input
and storage stages.

vi Easy deciphering of information which exists
only in coded form.

vii The issuing of emergency reports.
viii The issuing of final reports compatible with

the general medical record and of such format that
results can be rapidly and comprehensively assessed.

ix Both specific and class retrieval of data from
the store, the search being rapid and reliable.

x Production of statistical information daily for
quality control purposes, and monthly or quarterly
for administrative purposes.

xi Possible linkage studies with other hospital
data, e.g. the disease index.

OPERATIONAL REQUIREMENTS

i. Access to storage and retrieval facilities must be
available at least once each week day for bacteriology
and histology laboratories, twice daily for chemical
pathology and haematology laboratories, and
continuously and without interruption for blood
transfusion laboratories.

ii Continuous access to other facilities must be
provided.

iii Either standby facilities must be provided, or
an equipment repair service must be available
within two hours during the normal working day.

iv A manual system must be capable of taking
over temporarily in the event of equipment failure.
v Equipment must be capable of being operated

by regular hospital technical personnel with a
minimum of specialized training.

vi Manual steps in the operation of the system
must be minimal.

vii The system must have built-in facilities for
detecting errors and indicating such.

viii Operating costs must be within acceptable
limits.

EQUIPMENT REQUIREMENTS

i The capital cost must be acceptable.
ii The equipment must be robust so that break-

downs are rare.
iii It must be reliable so that malfunction is rare.
iv It must not occupy an undue amount of space.
v It must not be unduly noisy.

The Working Party wish to acknowledge with grateful
thanks the invaluable assistance received from several
firms, but especially from Elliott Medical Automation
Ltd. and IBM (United Kingdom) Ltd. They also wish
to record their thanks to Mrs. Margaret Peters for
help with the sections on input and output, Mr. W. R.
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Willcox for a great deal of help with the section on
progranming, Dr. C. A. Flynn for preparing the final
diagrams, and Miss D. Fisher, Miss Jill Vernon, and
Mrs. E. Welsh for typing the report. They wish to thank
the General Post Office for providing information on
data transmission, and the Ministry of Health for
supplying the pathology statistics applicable to the whole
of England and Wales and for granting permission to
quote these.
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