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Hospital laboratory directors have to decide whether to add an
in-house histology laboratory to the clinical facilities or whether
to subscribe the services of a nearby reference laboratory.

Selection is not an easy task. Many factors affect the choice:
for example the present laboratory system, administration,
pathology, engineering, medical records, medical staff etc. The
choice becomes more difficult for small hospitals. The crux of the
problem is that choices have to be made under conditions of
uncertainty, and these uncertainties must first be methodically
eliminated.

The Bayesian decision theory provides a strategy for making
the best choice [1]. This theory is a tool that decision-makers
can rely on in circumstances where several choices of action are
available, but no exact information is available about the
determinants of the outcome of those choices. In decision theory,
choice is described as the interaction of groups or related
constructs.

Modern decision theory is especially useful in situations
where the results of the decision may depend upon the outcome
of others. Most decision-making deals with more than one
choice. Evidence of wide applicability of modern decision theory
is apparent in such areas as business and economics [1-5]
patient management [6 and 7], meteorology [8, 9 and 10],
health care [11, 12 and 13] and laboratory tests [14 and 15].

Applying a systematic approach based on modern decision
theory involves the following major steps:

(1) List all possible actions.

(2) List all possible outcomes.

(3) Assess the probability of each outcome from each action.

(4) Choose the best action based on likelihood and utility of
the outcome.

Basically there are three choices available for providing
histology services: (a) the complete services related to histology
testing can be subscribed from a reference laboratory; (b) the
services to be bought can be limited to processing and gross
examination after which the hospital’s pathologist will read the
mounted slides; (c) an in-house histology department may be
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added to the clinical facilities with a full-time pathologist and a
histo-technologist.

For the problem of choosing between these possibilities,
decision theory can be an efficient and beneficial tool for
laboratory directors. When the quantity of specimens to be
tested is large and the cost of performing the analysis is
reasonably low, an in-house histology department can seriously
be considered. However, if the volume is rather small and the
testing methods are numerous, the costs for an in-house facility
and its staff may outweigh the possible advantages. Any choice
under this circumstance, especially when a large initial capital
investment is required, would be justified only after a careful
feasibility study. All the variables pertinent to the alternatives
must be incorporated into an integrated model in order to reach
an optimum decision.

The objective of this research is to investigate how this
common decision problem can be solved effectively. This
approach can be used in other areas where similar decision
environments exist. A theoretical model-building process is
presented in the first half of this paper. The model is then applied
to an actual case. Finally, the findings of the investigation are
summarized in the conclusion.

Model building process

In the most general form and under deterministic assumptions,
the cost function can be expressed as:

Y=f(q) ¢Y)
which can be further expanded as:
Y,=a+pq @

where Y=total cost of testing histology specimens; a = fixed cost
(for example instruments, salary and wages of pathologist/
histo-technologist); §=variable cost (for example stain, slides);
g =expected number of histology specimens to be analysed; t =i
and o, where i=histology specimens to be analysed at the in-
house laboratory, and o =to be analysed by a reference labora-
tory. At the break-even quantity of histology specimens, the
laboratory director will be indifferent as to the selection of the
method because the total cost for establishing an in-house
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histology laboratory (Y;) is equal to that of subscribing to a
reference laboratory (Y,), or

=1 ©)
Solving equation (3) for the break-even quantity (q,),

oy +pg=a,+Bq

al_ao=ﬂo q_ﬁlq (4)
=0,
= p,—8,

where o, >a,and §, > f; and no economies of scale are assumed.
[14].

Equation (4) indicates that if §>gq,, then Y, <Y, (the
in-house histology laboratory is preferred). On the other hand, if
g <qy,then Y, > Y, (the use of a reference laboratory is preferred).

Case

In 1981, a small, general, acute care hospital (about 95 beds) in
the St. Louis Metropolitan Area decided to investigate the
feasibility of adding a histology laboratory to its facilities. The
hospital relied on a reference laboratory to test an average of 100
samples per month (i.e. 1200 surgical specimens annually).

To investigate and determine the feasibility, the Laboratory
Director was asked to provide cost data for an in-house
histology laboratory and for other possible alternatives. The
Laboratory Director identified three possible choices and their
related costs.

(1) The hospital would maintain the status quo, i.e. it would
continue to send out all its histology specimens to a local
reference laboratory at a cost of $13 per specimen. The services
include gross-examination, processing, embedding and section-
ing, mounting, staining and micro-examination.

(2) The specimens could be sent to the reference laboratory
for the gross-examination and processing only for a fee of $3-25
per specimen. The hospital could then perform the microscopic
examinations of the mounted slides using a part-time patholo-
gist for an $18 000 annual salary.

(3) Add an in-house laboratory to the current facilities. Table
1 shows the costs of major capital equipment, salaries and
reference laboratory costs. The capital equipment would cost the
hospital $12500; amortized over a period of five years, the
annual cost of capital equipment would be approximately $2500
a year.

The wages and salaries of the pathologist and the histo-
technologist were another major cost factor presented. Until the
increased volume warranted a full-time staff, the existing volume
could easily be handled by a part-time pathologist for an annual
salary of $18 000.

In addition, a part-time histologist with an estimated annual
wage of $7000 would be needed to process the tissue specimens
on a day-to-day basis. Thus annual expenditures for wages/
salaries would be approximately $25000, making the annual
total fixed cost of $27 500.

From table 1, the following coefficients for each parameter
can be determined:

o, = $2500 + $25 000
=$2700 per year

o, =0
By=81-00
B,=3$13-00.
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Table 1. Cost information on an in-house histology
department: a complete reference laboratory and a partial
reference laboratory.

Capital equipment $2500 per year

Automatic tissue

processor $4280-00
Tissue embedding
center 2241-00
Microtome/cryostat 2236-00
Stainer 2448-00
Water-bath 306-00
File cabinet 154-00
Blade 210-00
Paraffin dispenser 625-00
Total cost of capital
equipment $12500-00
Salary of part-time pathologist $18000 per year
Wages of part-time histo-
technician $17000 per year

Cost for using a reference lab.
for complete analysis

Cost for using reference lab.
for processing only

Cost of slides and stains and
other misc.

$13 per specimen
325 per specimen

$1-00 per specimen

Accordingly, the cost functions become:

Y, =27500+ g for complete in-house approach, and
Y,=13 g for the complete send-out approach.

By equation (4), the break-even quantity (q,) of surgical speci-
mens required is:

Ay =0, 27500—0
B,—By  13—1

As the average number of specimens tested during the period of
1 April 1980-31 March 1981 (1200) is below the break-even
quantity (2292), the present send-out approach is more cost-
efficient.

To evaluate the second choice (processing and gross-
examination by the reference laboratory, but other examin-
ations by a part-time in-house staff), the following coefficients
for each parameter can be determined:

o, = $18 000
o, =50
B,=$13.

Accordingly, the cost functions become:

=2292.

9=

Y, =18 000+ 3-254 for the partial in-house test approach;
Y,=13g for the complete send-out approach.

By equation (4), the break-even quantity of surgical specimens to
be analysed is:
ay—o, 18000—0

= =1846
B,—B, 13-325

9=

As the quantity of samples required to justify this approach
(1846) exceeds the average volume (i.e. 1200 per year), use of a
part-time pathologist is not justified and consideration of this
alternative should be eliminated.
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Limitation

Although it is evident that an in-house histology laboratory
represents higher costs than the other possible choices, there are
some advantages that cannot be based on monetary value.

Some of these advantages are: usefulness, especially in an
emergency, when test results must be delivered to the physicians
soon enough to be able to make a timely diagnosis and give the
subsequent treatment. An in-house laboratory would increase
speed, thus enhancing the service’s usefulness.

An in-house laboratory would also increase the availability
of slides for review by physicians. Furthermore, an in-house
laboratory is consistent with the hospital’s objectives of es-
tablishing complete clinical facilities.

Finally, an in-house laboratory can help to promote the
prestige of hospitals, which in turn, may help to attract and keep
dedicated professionals such as physicians, registered nurses etc.

Conclusions

Decision theory can be employed efficiently and beneficially by
hospital laboratory directors when they face a conflicting choice
under the conditions of uncertainty.

Decision theory analysis was employed in this study to
investigate the problem solution. Using only the monetary
criteria, this analysis revealed that an addition of a histology
department to the existing laboratory facilities is not cost
effective. This study further revealed that a partial use of a
reference laboratory is also not cost-justifiable. Accordingly, this
research concluded that a use of the reference laboratory is the
best course of action until such time that the volume of
specimens exceeds the break-even volume (2292/year).

The Laboratory Director of the hospital recommended to
the Administration not to change the current practice and to
make continuous use of the reference laboratory. The adminis-
tration accepted her recommendation for the time being.
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