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Computer analysis of routine pathology work
schedules using a simulation programme

M. E. CARRUTHERS
From the Courtauld Institute of Biochemistry, Middlesex Hospital Medical School, London

SYNOPSIS A simulation progiamme is described which compares the efficiency of laboratory
work schedules. The number of days' delay on a sample of request forms submitted to a routine
biochemistry laboratory has been calculated for each of three schedules. Analysis of the
results indicated that this method of comparing existing and potential work routines is likely
to lead to a significant acceleration in the return of pathology results to the clinician.

The primary aim of routine pathology lab-
oratories is to return accurate results to the
clinician as rapidly as possible. In biochemistry
and haematology, accuracy and reproducibility
have been considerably improved, both by
automation and, more recently, by the applica-
tion of computers to quality control (Whitby,
Mitchell, and Moss, 1967; College of Path-

ologists, 1969; Whitehead, Becker, and Peters,
1968). Faced by practically static financial
resources and a geometrically expanding work
load, most laboratories are experiencing in-
creasing difficulty in maintaining a sufficiently
rapid turnover of work. If the return of reports
is delayed, the time required for diagnosis
Received for publication 21 August 1969.

Schedule Electrolytes Bone Bilirubin Enzymes Protein Circulation Trace
and Glucose (CA, PO,, and (TP, A, G, (Chol, UA, (FE, IBC, PBI)
(CO,NA, K, AL) (PT, OT, LDH) Strip) Creat)
GL, U)

1 Mon 11 00 9 00 10-30 9 00 9 00 - -
(Existing) Tues 11 00 - 10-30 9-00 - - -

Wed 11 00 9 00 10-30 9-00 9 00 - -

Thur 11 00 - 10-30 9 00 - 9 00 900
Fri 11 00 9 00 10-30 9 00 9 00 - -

Sat 10-30 - - - - -
Sun - - - - -

2 Mon 2-00 1100 11-00 2-00 10-45 - 1100
(Alternative) Tues 2-00 11 00 11-00 2-00 10-45 9 00 -

Wed 2-00 1100 1100 2-00 10-45 - 11-00
Thur 2-00 11 00 11-00 2 00 10-45 9 00 -

Fri 2-00 1100 11-00 2-00 10-45 - 11 00
Sat 10-30 10-30 - - - -

Sun

3 Mon 4-00 400 2-00 2-00 1100 1100 1100
(Alternative) Tues 4-00 4 00 3 00 2-00 11 00 - -

Wed 4 00 4-00 2-00 2-00 11 00 11 00 11 00
Thur 4-00 4-00 2-00 2-00 11 00 - -

Fri 400 400 2-00 2-00 1100 1100 1100
Sat 10-45 10-45 - - - - -

Sun - - - - - - -

Table Work schedules showing time ofarrival of latest specimens analysed
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Starting or stopping
point C

Operation not involving
a decision 7
Operation involving a
decision

Indication of direction of
flow. 0

Fig. 1 The programme for applying the
laboratory routine which is to be simulated.

and treatment is increased, and the expense of
having the patient in hospital and off work rises
correspondingly.

Little attention has been paid to methods by
which computers can assist pathologists in the
organization of laboratory work schedules so
as to achieve optimal work flow. The effective-
ness of any proposed sequence of performing
laboratory tests can be studied by applying
a work simulation programme to a sample
of request forms. Such a programme has been
designed, allowing a wide variety of potential
routines to be rapidly evaluated on a quantitative
basis. It was used to compare the efficiency of
the present laboratory timetable with two
theoretical alternatives (Table). The number of
days' delay for each request form was deter-
mined for each of these three schedules. The
third schedule, though obviously superior to
the other two, required considerable expenditure
on equipment, while the second did not. The
question was whether such expenditure was
justified.

Sampling

A random sample of completed request forms
for biochemical investigations on blood samples
was taken on each working day over a period
of three months. The laboratory numbers on
the forms to be copied each day were selected
in advance, and typed out on a weekly sheet
by a random number programme. Provided with
these sheets, the office clerical staff were able
to copy from three to five selected request
forms in less than 10 minutes. All items of
information on the forms, including the results
and comments, were copied. Where possible,
the original forms were retained and the copies
returned to the clinicians.

Coding

At the end of the three-month collection period,
all information on the forms was coded and then
transferred to IBM punch cards, with one card
for each form.
As the request forms and specimens had been

given daily consecutive numbers on reception,
the laboratory number was representative of
its time of arrival. It was therefore possible
to simulate the laboratory work schedule for
a week by putting on master cards, for each
day and test, the highest laboratory number
that a specimen could have and still have a
particular test performed the same day, eg,
electrolyte estimations on samples whose lab-
oratory number was up to 70, corresponding
to the last sample collected by a porter at 11
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Fig. 2 The result of applying three different
laboratory schedules.

o'clock, would be performed the same day.
Tests requiring that the sample arrive the
previous night, to be done on an early morning
run, were represented by the number 2. Tests
not being performed that day were coded as 0.

The Simulation Programme

The programme for applying the laboratory
routine which is to be simulated is set out in
block diagram form in Figure 1. This programme,
together with specialized 'card read' and 'print'
procedures, were put in algol onto paper tape
using a teleprinter. The tape, the 14 master
cards, and the request form cards were then
processed on the University of London Atlas
computer. This gave in its output the number
of sample reports that would theoretically be
sent back the same day or be delayed from one to
seven days.

Results

The result of applying three different laboratory
schedules to this representative sample of the
work load is set out in Fig. 2, which shows the
daily total of unreturned forms. The continuous
line represents the existing routine, and the
other two, routines whose effectiveness it was

wished to assess.

Discussion

The figures provided by these simulation pro-
grammes made it possible to compare quantitat-
ively projected laboratory routines with the
present one. It is theoretically possible to design
a programme to hunt automatically for an
optimal routine. However, there is usually a
limited number of possible alternatives, owing to
limitation of staff and apparatus. The complexity
of such a programme, and the number of con-
straints that would have to be included, make it
unlikely that the exercise would be worth while.
The simulation programme has the advantages
that it is simple, flexible, cheap, and easy to
apply. Any proposed laboratory routine can
quickly be set out and transferred to master
cards. For most laboratories, the results could
be available within 24 hours. This would appear
to be preferable to existing trial and error
methods, which can result in serious disruption
of work flow, especially if several successive
modifications have to be made in the light of
slowly accumulating evidence of a scheme's
success or failure.
The benefit which should result from the newer

types of multichannel automatic analysers, in
terms of more rapid turnover of work, can be
predicted more accurately and expressed in
terms of cost effectiveness. For example, by
changing from routine 1 to routine 2, a total of
90 days' delay could be saved on the sample
request forms alone. As there were 260 request
forms in the sample, and 8,673 actual request
forms were received during the three months of
the study, each sample form represents an average
of about 33 requests. Multiplication of the total
delay of the sample forms by the number each
one represented indicates a possible gain of
around 3,000 days over the three-month period.
Even if only in 10% of these cases was a patient's
discharge delayed, allowing that each day's stay
in hospital costs a minimum of £10, this would
be equivalent to a saving to the hospital of £1,000
per month. By a similar calculation, routine
3 could save £1,600 per month, which would soon
pay off the cost of the new equipment needed to
implement it.

Similar operational research techniques, but
applied manually, were used by Weir, Fowler,
and Dingwall-Fordyce (1968) for the simulation
of surgical admissions. Their study was also
directed towards increasing the efficiency of bed
utilization by replacing an arbitrary admission
system with one based on predictions from
accurate data. They conclude that the importance
of this type of approach must not be under-
estimated. It is a way in which innovations can
be adequately tested before their introduction.
The information coded on the punch cards

is also available for other forms of analysis.
These can include the assessment of the relative
effectiveness of selective biochemical analyses
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compared with screening procedures. Based on
a properly chosen sample, it also gives a detailed
picture of the overall pattern of the work load
without any need to wait for full annual figures
before consequent decisions can be made.
Though in this case the facility which the

simulation programme provides for the improve-
ment of the organization of a laboratory time-
table has been used in a biochemical context,
it should also be applicable to other pathology
departments, especially haematology. It is one
very positive way in which a pathology depart-
ment can better the care of both inpatients and
outpatients.

I should like to thank Mr Brian Newman, Lecturer
in Statistics at the Middlesex Hospital, for an immense

amount of help at all stages in this project. My thanks
are also due to Professor R. H. S. Thompson, Dr A. L
Miller, and Mr C. Rose, for their valuable advice.

Requests for reprints or copies of the programme should be
sent to Dr M. E. Carruthers, Institute of Ophthalmology, Judd
Street, London, WCI H 9QS.
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