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REVIEW OF THE LITERATURE 

laboratory management has been influenced considerably 

of Dr. James Bennington, M.D., Germain B. Boer, Ph.D., 

P.A., Gorden E. Louvan, and George E. Westlake, M.D., in their 

ok, Management and Control Techniques for the Clinical Laboratory. 

their text, many aspects of laboratory management are explored. 

to find that very little has been written in other 

ext books concerning laboratory managers. 

er the past five years or more, I have subscribed to two pro­

journals - Laboratory Management and Medical Laboratory 

These journals have proven to be invaluable tools not 

in my present position as a laboratory supervisor, but also 

helped to develop my thoughts in relation to this project. 

Every issue of these journals help keep me up to date on the most 

modern and sophisticated instrumentation, and its costs for budget 

and its reliability for quality control. For example, in 

1973, an automation instrument was introduced for the 

urinalysis laboratory. Laboratory Management carried this 

introduction and explained how the instrument functions. 

~dical Laboratory Observer is a monthly journal that is geared 

more to the supervisor and laboratory technologists. Ten to twelve 

good articles are written by professionals all over the United 

States in each issue. In the January 1978 issue, a technologist 
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ote an article , "Avoiding Problems in Phleb ot omy." Five principle s 

Mere listed t o make the procedure as safe and trouble-free as possible. 

article, the steps outlined seem to b e very 

elementary, but at this point is where the quality control of the 

entire system can break down . Such points as patient identification, 

labeling, avoi ding liability suits , and condi t ion of the 

are considered. If a problem exists at this step, t h e 

fina l laborator y report could be worthles s . 

rom Personnel Management by Herber t J . Chruden and Arthur W. 

gained cons iderable knowledge about personnel 

recrui tment and the selection process. Areas of concentrat i on 

were recruitment, sources of qualified pers onnel, matching 

j obs, the selection process, and t he employment 

aeri a l Accountin by Ronald M. Copeland and Paul E. Daschen 

me some i n sights i nto budgeting. The Master Budget : 

short-run alternatives, short-term budget ing in an 

certain environment ; Spe cial Analysis Budgeting: Cost-volume 

p lanni ng; Capital Budget ing : Search f or long-run alterna-



THE HIERARCHY OF LABORATORY MANAGEMENT 

Management teams are the road signs of business. Management 

determines the speed and direction of operations, determines 

when to yield to the pressures of new technology , when to stop 

non-productive or counter-productive practices , and provides 

the white line of parameters within which their servi ces are 

to be performed. 

In a medical facility, the laboratory is one of the most important 

sections, for it is the laboratory that is expected to make a 

profi t day-in and day-out to make up for some of the other 

sections t hat are perenially run in the red on t he balance sheet. 

Therefore, the laboratory management team has to be of t he h i ghest 

caliber and be able to f unction efficiently with designated 

responsibilities at each level. 

The management concept presented is des igned to provide an effi­

cient approach to not only the long-range goals of the department 

but also the short term, day - t o-day running of the lab oratory . 

The management team responsible for the process or activities of 

management i s usually divided into three categories: top manage­

ment, middle management, and supervisory management (Figure 2). 

These divisions, used t hroughout the business world , are also 

appl icable to the management team in the laboratory, and other 

hosp ital-based professional departments . In the laboratory, 
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t hese correspond to the pathologist , the laboratory manager, and 

l aboratory supervisors. 

management consists of the chief of the department and 

sually his senior associates. The role of this group is to 

establish the goals, long-range objectives, and policies of the 

In other words, top management is responsible for 

the organization's strategic planning , that is, se t ting the 

~our se for the operations of the department both for the present 

Decisions at this l evel tend to be based on infor­

mat ion deri ved from the external environment and are generally 

in scope. For examp l e, the laboratory director of 

may decide that, in t he absence of a consolidated 

service in the community, the laboratory of hospital 

X should offer a diagnostic service of electronmicroscopy and 

flour escence microscopy of renal biopsies, which will have the 

long r ange effect of helping to induce nephrologists in the 

communi t y to use hospital X as their diagnostic and treatment 

center for patients with renal disease . 

who function at the t op management level require a br oad, 

view of the current practices in medicine and its future 

direction, an understanding of the resources of the hospital and 

the community, an awareness of the unmet medical needs of 

Pat ients in the region, and extensive knowledge of the state-of­

the- art of instrument ation and labora tory metho dologies as well 

as diagnostic and managerial skill. 



MANAGEMENT 

Pathology Department 

Head and Associates 

Laboratory Manager 

Chief Technologist 

Supervisors 

Workers 

lU 

FUNCTIONS 

Establish goals, 

missions and long 

range objectives of 

the department 

Develop objectives and 
programs consistent with 
goals, missions and long 
range objectives of top 
management 

Implement , coor dinate 
and control objectives 
and programs of middle 
management 

Organization hierarchy of the management team, 

the r elat ionship of functions. 1 • 

ddle management includes the laboratory business manager, the 

ief technologist, and possibly some junior members of the pro­

While top management is concerned with what 

be done, middle management is more concerned with how to do 

Most of the decisions at this middle management level are 

ased on internal rather than external information . The i nternal 

fo rmat ion consists of the goals, long-range object i ves, and 

Olicies developed by top management. 
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or example, to carry through on t op management's decision to 

a consolidated nephrology service and offer services of 

eJ.ectron microscopy, and fluorescence microscopy of renal 

iops i es, middle management would prepare forecast s of the 

l aboratory ' s use , determine the space n eeds, suggest configurations 

the design of the laborator y , and work with the architect, 

contractors during construction . Middle management would be 

primarily responsible for t he hiring and training of the necessary 

technologists to staff the laboratory, the development of expense 

budgets , and the establishment o f test prices in 

conjunction with top management, and the overseeing of the start­

of the operations with continuing control over the attainment 

anticipated test volume, expense, and revenue projects. 

Supervisory management is responsible fo r the control of operations 

on a relatively short-term basis . This is the firs t line of 

supervises the individual employe who perf orm s 

the t asks designed to meet the longer range objectives of the 

organization set by middle and top management . Management at 

the supervisory level is directed toward quality control, employee 

productivity, scheduling, control of ordering, elimination of 

Wastage , regulation of overtime, and so for t h . 

At t his level of management, t he supervisor should know, from the 

operat ing system, precisely what decision is required for any 
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ituation demanding action. An effective way to provide this 

derstanding is for the middle management and the supervisor 

establish a statement of functions and responsibilities for 

e supervisor. This statement would include the supervisor's 

evel of authority for each item in the description. By being 

cooperative effort of the laboratory manager, the chief 

and the supervisor, there would be no misunder­

tanding on anyone's part as to what is required and who is 

It also gives the supervisor an insight into how 

ddle management operates. 

is essential that the decision-making process in the laboratory 

so that the proper decisions are made at each level 

It is also necessary for the person making the 

cision to have sufficient information to enable him or her to 

ea rational decision. Job descriptions and procedures must 

complete enough to allow routine decisions to be made at the 

level with as little help from middle management as 

The aim of each job description should be to ensure 

manager or worker has the maximum, rather than the 

imum, responsibility and authority he or she can handle. Used 

thi s way, the job description helps to make the work at each 

Vel more interesting and tends to motiva te rather than to 

ifle i nterest and initiative. 
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business organizations, there is no complete upward 

ility in the clinical laboratories because top management is 

ariably staffed by physicians whose backgrounds not only 

the technical and theoretical aspects of laboratory 

icine , but also include an extensiv~ training in clinical 

icine . Another difference is that the chairman of the 

is usually responsible to two bosses: the board of 

hospital through the hospital administrator 

the business management of the depar tment and t he professional 

ff of the hospital for the quality of services . 1 

s management approach presented pr ovides for the delineation 

responsibilities within the ranks of the management team . 

hospitals and commercial laboratories that follow this 

will be able to perform their services with greater 

e of administration, lower cost because of less duplication of 

total operation will be more businesslike 

process of management refers to the establishment of objectives 

enterprise and the efficient direction of all 

ailable human, monetary and physical resources to attain these 

Thus management includes that group of people responsible 

r t hose actually doing the work to meet the stated goals. 

eref ore, we have a multi-layered team of management. 



THE HIERARCHY OF LABORATORY MANAGEMENT 

FOOTNOTES 

James L. Bennington, Management and Cost Control Techniques 

t he Clinical Laborator , Baltimore. London. Tokyo, 1977, 

3-10 



14 

BUDGETING 

All sections of the hospital are allocated a limited amount of 

money within which to operate . This necessitates t he formulation 

of a budget. The budget is a general outline of expenditures in 

relation to anticipated revenues. 

The budget should be followed as closely as possible ; however, 

the laboratory manager may find it is necessary to reallocate 

reserves within the budget to meet short term, unanticipated 

needs. He should have limited authority t o do this as long as 

he does not exceed overall budget objectives. 

Budgeting is the process of allocating monies for capital 

expenditures (buildings and equipment), personnel, and s upplies 

that are necessary to reach the objectives of each department. 

Before laboratory managers can function with authority, they should 

first understand the language that the administration uses. They 

should be able to discuss fiscal matters with our hospital administra­

tors and finance officers. But before they can understand these 

concepts, they need to learn a fiscal vocabulary, as it applies 

to a medical facility. 
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This vocabulary should prove helpful as i t will ass ist managers 

to communicate with the hospital administration. 

Here are some of the basic terms the manager must be familiar with. 

CONTRIBUTION is one of the most important terms in relati on to a 

hospital department and is really just another word for profit. 

It ' s calculated by subtracting all direct and indirect costs of 

running the laboratory from its gross revenue. 

DIRECT COSTS--These are expenses incurred by a department for 

items that can be directly attributed to that department. In 

the laboratory, they i nclude such things as glassware , reagents, 

equipment, and salaries. 

All these items come under the control of the l aboratory manager. 

When administrators come to him and tell him he needs to cut 

department expenses, they're talking about direct costs. By more 

efficient ordering or better inventory control, the cost per 

test can be cut considerably. The laboratory manager can reduce 

the cost per test considerably through more e ffi cient utilization 

of resources and equipment and through the implementation of 

better inventory control and quantity purchasing . 

INDIRECT COSTS are not as easily controlled as direct costs, but 

they can be influenced by laboratory managers . Indirect costs 
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items as heat, electricity, water, and ren t . These 

allocated to each depar tment according to such 

erminations as patient days, types of procedures accompl ished, 

month . The manager can control these cos ts by 

ing a thorough study of t he laboratory's needs and then 

t he most f avorable allocation he can for his depart -

T CONTAINMENT has been uppermost in the minds of most laboratory 

administrators for the past few years . 

this concern are t he energy shortage, 

f lation, and the malpractice insurance crisis for hospitals. 

t containment is any system established to lower operating 

ts without impairing the quality of the services or care pro ­

There are a number of ways to do t his . 

haps the most common method, as well as the easiest, is to 

to reduce the cost of supplies. If t hi s fa ils to pro duce 

desir e d results, some institutions resort to more drastic 

such as laying off employees or instituting four-day, 8 

day weeks - with corresponding cuts in s alaries. The 

result of this, however, is that there are fewer people on 

theoretically doing more work per person . 
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TERIAL MANAGEMENT is another concept institutions use in their cost­

ntainment efforts . In this approach, one manager is responsible 

supplies used i n the ho spital , including their 

storage, handling, distribution, and control. The 

that consolidat ing all these functions in one department 

mo re efficient and economical t han havin g each depar tment 

Among the ways material management 

economies is by taking greater advantage of quanti ty 

decreasing the overall number of supplies and transac­

eliminating supply duplication among departments. 1 

NTORY CONTROL is as important for hospitals and laboratories 

it is f or indus try . It means, simply , keeping the proper 

unt o f supplies on hand (neither too much nor too little). 

correctly calculat ing when and how much to order, a department 

11 always have enough supplies to handle its procedures for a 

time, and not an excessive amount which can 

ult in s poi lage . 

means that money is tied up in idle supplies and 

t expensive s t orage space is bein g wasted. Too l ittle stock 

may run out of an item, causing a delay in patient 

ices and necessitating a costly emergency order. Good 

control, on the o t her hand, s hows the administration 

depar tment is functioning at peak efficiency without 

tly excesses or deficiencies. 
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THE ECONOMIC ORDER QUANTITY (EOQ) is the quantity of an item that 

to minimize costs of ordering it and maintaining 
' 

i t in inventory. Economists have devised a mathematical formula 

calculating economic order quantities . It is 

factors in the formula are: annual usage of an item, as 

past experience (A); the cost of a single order (S); 

the unit cost of the item (C); and the cost of carrying the item 

in inventory (i), expressed as a percentage of total inventory 

The EOQ should be computed for every item that is carried 

in your inventory. i 

THE REORDER POINT defines when to order an item. It, too, can be 

in a formula and should be calculated for all inventory 

The reorder-po int formula is: R = A (L+S). In this f ormula, the 

factors are the average weekly usage (A); the time it takes to get 

(L) for lead time; and the amount of safety stock you 

in case of delivery delays. 3 

point is a significant factor in purchasing 

supplies and can be used effectively with economic order quantities 

in an inventory control system. Such a system prevents loss of 

tempers because technologists won't suddenly run out of some 

it places t he responsibility of keeping a proper 



~ock of each item within the department. The system also avoids 

e of the emergency purchase order. 

EMERGENCY PURCHASE ORDER is a wasteful procedure. I t costs 

edless dollars, including t he cost of the f orms and making out 

e order , the cost of receiving and transporting the item to the 

cost of processing payment for the item. 

fo r one item because , obviously , a numb er of 

ordered with the same amount of paperwork and at 

STANDING ORDER is prob ably the most economical way to order 

as reagents and disposable items. After determining 

much of each item you need per month , you set up the order on 

basis. Then , the supplies are automatically delivered 

month . One purchase order takes care of a whole 

r' s supply , and you generally get a bulk discount from the 

t ha t we have had a review of some of the common terminology 

administration uses , we should know how the adminis t ration 

Don't try to play games with administration when it comes 

time. The budget game is one of the biggest games being 

hospitals today. 

game might go like this: The hospital administration team 

rts by trying to cut the laboratory team's budget to ribb ons . 

are under mounting pressure from third- party payer s and 
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various government agencies, who demand that we cut costs," they 

say . "We must increase productivity." They claim t here is no 

money for the expansion of laboratory servi ces. "This is the year 

when a lid must be put on expenses," the administration team insists. 

The laboratory team responds by complaining about how bad things 

are gett i ng . " Spiraling salary demands . " they say. They cite 

increased test procedures ordered by staff physicians. " The only 

way to meet these rising test demands is to purchase the latest, 

modern piece of equipment," the laboratory team repl ies . 

The game concludes after both teams f inally agree to a budget mid­

way between t he labor atory's minimum requirements and t he hospital's 

maximum allocation. Then the players depart , only to return the 

following year and play the same game all over again . 

This type of budget game has one unusual feature: Nobody ever wins. 

The laboratory team loses because it continually requests addi­

tional equipment and more s taff. The hospital administrat ion team 

also chalks up a loss when cost reduc tions become truly n e cessary, 

and it's difficult to get t he laboratory's cooperat i on. The 

budget game destroys the credibi lity of both teams. 

Much of the problems could be avoided if there was a clear under ­

standing between the administrat i on and the laboratory. Problems 

such as padding the budget to get what you would like to have 

rather than what you real ly need, could be avoided if both teams 



to an understanding before the budget process ever began. 

ratory managers should be prepared to justify each request. 

y should up their requests for extra staff members by using 

management tools as time-and-motion studies and the CAP 

load recording method. Laboratory managers should be sure 

include percentage increases in test volume, along with the 

test requests and also include physician requests to 

the laboratory's service hours. 

hospital purchasing department usually has a feel for the 

a laboratory can legitimately attribute 

inflation. Once a dollar figure is assigned to inflation, 

should be prepared to back it up. He should examine 

invoices for large volume items such as test tubes, 

equipment reagents and compare these figures 

th last year's invoices for identical products. He should ask 

les representatives if they anticipate price increases in the 

The laboratory manager should not hesitate to seek 

possible. 

e laboratory manager should anticipate questions to justify 

budget and be prepared with an accurate response. He must 

budget before presenting it to the hospital administra­

try to pick out items that a non-laboratorian might 

For instance, if the laboratory has switched to the new 

erum separator tubes, there will be an increase in the test tube 

Portion of the budget, and a decrease in the need for disposable 
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pipet tes, plas tic tubes, and rubber bulbs. The laboratory manager 

mus t be able to explain t his cost- sav i n g concept when he makes his 

budget proposal . 

The laboratory manager mus t always be prepared to compromise . He 

must always walk into a budge t mee ting with an open mind . The 

laboratory may have to drop its request for an expensive instrument . 

Technologis ts may not be able to get t he big salary increase they 

may deserve . The laboratory manag er must be prepared to yield on 

his requests . He must never commit himself to a major purchase 

or a salary increase pr ior to final budget approval. Above all 

else, the laboratory manager must not put himself in the position of 

laying down an inflexib le list of demands . 

After approval of the budget, the manager should monitor the budget 

mont hly . The hardest part of the budgeting process start s after 

the budget has been approved. The hospital's budget office will 

us ually send the manager a monthly breakdown of laboratory costs 

incurred during the previous month. These costs are frequently 

broken down into supply, salary , and miscellaneous areas. He 

should then break these costs down even further to pinpoint where 

all costs lie. The same thing should be done wi t h the various 

sources of revenue. Section supervisors should be responsible for 

justifying monthly costs. They will be made cost-conscious by 

being told how much it actually costs to run their sections. 



The laboratory manager must allocate properly. He can't administer 

his budget properly if he merely divides it into 12 equal parts, 

with each part representing one month of the year. 

He must consider factors that include seasonal variations, past 

history, patient days per month, and hol idays, and try to find 

s ome correlations among available indicators, and then divide 

his budget accordingly. From my own experience, the peek workload 

comes in fall and spring, with a decline of tests in the winter 

months. 

Budgeting is not an exact science, so the laboratory manager should 

expect the unexpected. At best, he will be able to make an educated 

guess as to what expenses the laboratory can anticipate in the coming 

year. Outside f orces, including new governmental controls, infla­

tion, even natural disasters, can play havoc with your budget . He 

should be prepared to sit down with the hospital administrat ion at 

any time and make budget adjustments . 



BUDGETING 

FOOTNOTES 

Dean S. Ammer. Materials Mahag·emeht . Homewood, Ill. : Richard 

D. Irwin, Inc . , 1974, pp. 1-10. 

Norbert Lloyd Enrizk. Inventory Management. San Francisco, 

California: Chandler Publishing Co., 1968 . pp. 21-15. 

James L. Bennington, Management an:d Cost Control Techniques for 

the Clinical Lab oratory. Baltimore. London. Tokyo, 1977, pp. 

319-320 . 
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INVENTORY CONTROL 

Two interrelated concepts are involved in inventory management; 

how much to order and when to order. The economic order quantity 

(EOQ) is used here as the measure of how much inventory to order . 

When the inventory on hand plus that on order gets down to or below 

a quantity equal to the reorder point (ROP), it is time to reorder. 

The reorder point can be t hought of as the minimum amount of stock 

of a given corrrrnodity which should be on hand, and the maximum 

amount of stock ever on hand is the reorder point plus the economic 

order quantity; that is, the maximum stock on hand equals the 

quantity ordered plus the quantity on hand when the order is placed. 1 

What is (EOQ)? When deciding on how much inventory to order, the 

manager must weigh the cost of placing an order against the cost of 

having inventory on hand. These two costs are called reordering 

costs and carrying costs. The reordering costs include the dollar 

amount that cost will increase because an additional order is 

placed . A hospital may incur numerous costs in its ordering 

activities, but only those costs that increase because an order is 

placed are considered to be reordering costs . In other words, 

the fixed costs of operating a purchasing activity are not affected 

by the decision to place an additional order for inventory. On the 

other hand, the expenses that do vary with the number of orders 

placed are influenced by the decision to place an additional order 

for inventory. These costs that vary with the number of orders 



ced increase each time a decision is made to pla ce an order; 

sequently , t he decision to place an order causes hospi t al cost to 

reas e by the amount of t he ordering costs . 

cos t of placing an order includes all costs that will increase 

is made to replenish inventory. Not only the costs 

purchasing activity but also the cos t increas es 

t occur in t he receiving department are considered a part of t he 

That is , r egardless of where in the hospital the cost 

occurs, if the decis ion to place an order for additional 

caused the cos t to increase, the cost increase is considered 

costs for i nventory management purposes. 

ther group of costs that the laboratory manager must consider 

i nventory are the carrying costs, spec ifically the dollar 

hospital costs will fluctuate as the leve l of inventory 

One of the most common elements of carrying costs for in-

in a hospital is the cost of money that is borrowed by 

As t he inventory level in the hospital var i es, the 

t of money the hospital must borrow also vari es. Consequently, 

cos t of funds makes up a signi fi cant portion of t he costs of 

ng inventory on hand in t he hospital. Another cost that makes 

carrying costs is the insurance coverage the 

ital carries t o pro tect this i nventory. If t he level of .thi s 

expense varies with the level of inventory in t he 

the cost of insurance is a part of the carrying costs for 

management decisions . However, if the hospital pays the same 
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premium regardless of the level of inventory on hand, the 

is not considered a par t of the carrying costs of 

This is the k ey factor in deciding whether or not the 

of the carrying costs for inventory management 

is another cost that is frequently incurred because 

is on hand. Usually the greater the inventory level of the 

the greater the risk that some of the inventory will 

Behavior (How much to purchase) _____ _,,_ ____ _ 
laboratory manager can make an intelligent decision about 

inventory to order, he must have some basic knowledge of 

Assume that a laboratory uses 40,000 test tubes 

assume, further, that the laboratory can have a 

of test tubes delivered just as the supply on hand reaches 

If the laboratory decides to order test tubes once every four 

the laboratory will receive 40 , 000 test tubes just as the supply 

exhausted. If , on the other hand, the manager chooses to 

once each week , he will order 10,000 test tubes, which will 

be received just as the supply on hand reaches zero. 

inventory order and usage patterns are illustrated in 

In each instance , inventory rises abruptly from the zero 

Vel whenever an order is received and then gradually drops as the 

me passes and the boxes are used. 
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both cases, 40,000 test tubes are used every four weeks, even 

number of separate orders and the average inventory are 

Obviously, if the manager orders weekly, he will place 

as many orders as h e would if he ordered only once every 

I n addi tion, assuming that the usage rate of the 

average inventory will be quite different 

reach of t he two ordering patterns . If 40,000 test tubes are 

four week intervals, the average invent ory will be 20, 000 

( the average of the beginning and ending i nven t ories). 

f 10 ,000 test tubes are ordered weekly , the average inventory is 

10, 000 

5, 000 

0 

tubes (the average of 10,000 test tubes and zero test 

\ . Ave. Inv . 
\ 20,000 

\ 

1 2 3 

\ 
\ 

\ 
\ 

'\ 
1., 

-~·---•··'1,-•• ~--··---···--

A ve. Inv . • '\ 
5,000 \ 

',. 1-< ·., -• \\< 
1-·~---l -~~- . , 
·--·-•"'""-

4 5 6 7 

Time in Weeks 

Figure 1 . Inventory behaviorl 
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Opposing Cost Pressure 

This discussion of inventory behavior brings the manager face to 

face with the basic difficulty of deciding on the quantity of 

inventory to be ordered when an order is placed with a supplier: 

the problem of two opposing cost pressures, illustrated in Figure 2. 

Total ordering costs decrease as the number of orders decreases. 

This cost behavior is illustrated by the ordering cost curve, which 

begins at a high level near the left side of the graph and then 

slopes sharply downward to the right . The horizontal axis of the 

graph measures the quantity ordered, not the number of orders placed, 

because, as the number of orders for a given item decreases, the 

quantity of unity ordered must increase in order to provide an ade­

quate supply. The number of orders (and therefore, ordering cost) 

thus declines as the quantity per order increases. 

Total relevant cost 

Cost Carrying cost 

-~ : ., ' 

• EOQ Quantfty · 

Ordering cost 

Figure 2. Example of the problem of two opposing cost pressures. 

Obviously, to m"nimize ordering costs the manager must place fewer 

orders. If he places fewer orders, however, each order must be for 

a large quantity, increasing average inventory and thus increasing 

carrying costs. 
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cost is represented by the straight line t hat begins at 

he origin and rises as the order quantity increases . Such a 

elat i onship exists because, as the quantity of units ordered 

ncreases, so does the average amount of inventory on hand; the 

ncreased average inventory leads to increased inventory carrying 

To minimize carrying costs , the laboratory manager must 

eep inventory as low as possible, which in turn involved placing 

orders - and increasing ordering costs . 

the laboratory manager must find a balance between 

pressures for large inventories and the carrying 

pressures for small inventories. The best balance, of course, 

be the one resulting in lowest total of order cost and carry- · 

shown in Figure 2; the total relevant cost 

curve is the sum of the other two curves. Notice that the low point 

on the total cost curve is directly over the point at which the 

inventory carrying cost is equal to the ordering cost . The 

co rresponding order quantity is called the economic order quantity. 

Formula 

laboratory manager would find it extremely cumbersome and 

expensive if he had to work with a graph such as in Figure 2 each 

time he wanted to determine the economic order quantity for some item. 

I nstead we use a formula, which is the algebretic equation of the 

to tal cost curve. 



The EOQ Formula is: 

he EOQ = -r--

c 

A = annual usage in units 

s = restocking cost in dollars per order 

i = annual carrying cost as a percentage of inventory cost 

C = cost per unit 

The economic order quantity for the situation illustrated in Figure 

2 is shown in Figure 3. The economic order quantity in this example 

is 22 units. This means that, if the l aboratory orders 22 units each 

t ime it places an order with its supplier, it will minimize its total 

carrying costs and ordering costs. Although annual usage and annual 

carrying costs are used in this EOQ formula , any time period may be 

used in computing the order quantity as long as the period is the 

same for both usage and carrying costs.2 

The laboratory manager should not blindly accept the result of the 

EOQ computation. He should always check if the computations appear 

to be reasonable ones. 

Ordering Frequency 

Consider the third section of Figure 3 in which the number of 

orders per year are computed . In this example the number of orders 

per year is about 10 . 91. This means that the laboratory orders 
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frequently than once each month, and t his is probably 

frequency. Suppose, on the other hand, that this 

le calculation showed that the number of orders per year should 

In this case, the laboratory manager would almost certainly 

larger quantities rather than order the same item 

times each day. If the laboratory manager is interested in 

the average number of days between orders, he can compute 

simply dividing the number of orders per year into the number 

working days in the year. This computation is shown in the 

of Figure 3 . 

EOQ Computations 3 

Basic data 
= annual usage= 240 units 

S = restocking cos t = $50 
i = annual carrying cos t= $30 
c = purchase cost per unit= $150 

order quantity computation 

2 X 240 X 

0.30 X $150 

== 22 

of orders per year 
demand EOQ = number of orders per year 

2 40 ..;.. 2 2 = 10 . 91 • 
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Average number of days between orders (300 working days per year) 

Number of working days in year 
- Annual demand EOQ 

= average number of days between orders 

300 
= 27.5 days 

240-;- 22 

Reorder Point 

In addition to buying inventory in quantities that minimize the total 

order costs and carrying costs, the laboratory manager also is 

i nterested in making sure that he does not run out of inventory and 

thus incur a stockout cos t. The problem, then, is to decide how 

low to allow the inventory level to drop before an order is placed . 

When this minimum inventory level, called the reorder point, is 

reached, it triggers an order for additional goods. It is only 

dur ing the reorder period (the time interval between p lacement of 

t he order and receipt of the goods) that the laboratory runs the 

r i sk of being out of stock . Unfortunately, the laboratory manager 

predict precisely the quantity of supplies that will be used 

the reorder period. 

laboratory manager in his reorder point decision attempts to balanc e 

t he carrying cost of inventory against the stockout costs of inventory . 

Obvious ly, for many items in the laboratory, t he stockout cost is so 

hi gh that the laboratory cannot afford to be out of stock. However, 

the laboratory may be able to reduce its stockout cost for each 
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occurrence by making arrangements with nearby 

for the sharing of supplies when an out - of-stock 

tuat ion occurs. Such an arrangement results in a lowered cost per 

ockout than if no such sharing arrangement is made. 

y inventory control systems fail because of inadequate stock­

eping pr ocedures. Each inventoried item must be stored in a 

own, predetermined area; issues from stock must be recorded and 

by personnel who recognize the importance of accuracy 

booking of withdrawals . Well defined procedures for 

ecording both receipts and issues must exist. 

Items should be counted on a periodic basis, and the counts should 

compared with the perpetual records in order to adjust quantities 

actual stock on hand> check the accuracy of the system, and help 

pinpoint the reasons for discrepancies. 



INVENTORY CONTROL MANAGEMENT 

FOOTNOTES 
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for the Clinical Laboratory, Baltimore. London . Tokyo, 1977, 

pp. 313-318. 

Norbert Lloyd Enrick, Inventory Management . San Francisco, 

California: Chandler Publishing Co., 1968, pp. 13-14. 

James L. Bennington, Management and Cost Control Techniques for the 

the Glini~!l...,Laboratory, Baltimore. London. Tokyo, lo/77, p. 316. 
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QUALITY CONTROL 

manager can have all of the latest equipment, the 

technologists, and the highest paid staff in the 

industry to perform clinical tests , but if the results of those 

tes ts are questionable, the laboratory manager is po tentially 

des troying each patient's health and method of treatment . 

results could conceivably result in a patient's 

death. 

Every analysis performed in a clinical laboratory has a certain 

degree of uncertainty in its results. The purpose of quality 

control is to reduce this uncertainty to a minimum. 

If a laboratory has an inefficient or no quality control program, 

t he degree of uncertainty can increase from one or two percent 

up to 20 percent . Some of the factors that would increase the 

degree of uncertainty are poor or the erroneous analytical technique, 

a wrong standard or reagent used in the analysis, the lack of 

a ttention on the part of the technician to the hemolysis of the 

patients serum, or a wrong entry on the patient ' s master copy 

and patient's worksheet. 

A good quality control program must b e designed to reduce the 

degree of uncertainty. Although it is difficult to prescribe one 

formula that is universally acceptable to all laboratories, a 

good program should include the elements shown in Table 1. 
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RICAL OPERATIONS--Proper clerical oper ations involve the 

llection of specimens from the right patient , proper logg ing, 

rrect transcription of results and error-free r eporting without 

y mix- up between patients or between different test results . 

TIENT PREPARATION--The corrnnunication between the laboratory and 

e nursing department must be well established so that patien ts 

properly prepared for the required tests . Eating before or 

glucose tolerance test or a fatty meal before a lipid 

for example , can lead to incorrect or misleading results. 

SPECIMEN PROCESSING--Specimens should be collected and processed 

t he established procedure for a particular test. 

specimen rejection should be well defined. Hemolysis, 

time lapsed in the preparation of serum or plasma, or preservation 

of t he sample before analysis may all be interfering factors for 

a particular test. 

Essentials of a quality control program1 

Proper clerical opera tions 
Proper patient preparations 
Proper spe cimen processing 
Acquisition of good quality laboratory supplies and t heir prop er 

operation and maintenance 
Mai ntenance of good accuracy and precision in all analys es 
Analysis of normal and abnormal control sera daily as a means of 

error detection 
Taking corrective action when analys es go out of control 
Us ing corrnnon sense and clinical judgement as a means of error 

detection 
Participation i n external survey programs 
Preventive maint enance on instruments and equ ipment 
Continuing educat i on and training for personnel 
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a lity control on technicians 
xecution of quality control activities 
ocurnen tation of the results and activities of the quality 

control program 

SUPPLIES --The quality of all products used in the 

should be specified. For example, the purity of water 

standard specified by the College of American 

Pathologists (CAP), chemicals must be "Analytical Reagent" (AR) 

grade certified by the American Chemical Society, and volumetric 

should meet the accuracy standards set by the National 

Standards. 

ACCURACY AND PRECISION--A laboratory should use accurate and precise 

methods for each determination. The analysis should be p erformed 

care and dedication by qualified technicians. Qualified means 

the technician performing the test knows the theoretical and 

aspect of the test , including the quality control proce -

CONTROL SERA- -Even by using good reagents, standards and equipment, 

one cannot guarantee that all the analys i s performed by all the 

technicians will be of good quality al l the time. Therefore , some 

should be used to detect errors that might creep in . One 

way of detecting such errors is to analyze a normal and an abnormal 

control sera for which the concentrations of the constituents are 

known . The control sera must have an acceptable range of analytical 

Values for each constituent. The values are either supplied by the 

manufacturer, as in the case of the assayed controls, or determined 
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within the laboratory. In either case, if the results of the 

analysis of control sera are unacceptable, one can suspect a 

similar error in the analysis of patient sera as well . The 

analysis of both the normal and the abnormal sera is desirable 

to make sure that the analytical values are acceptable in the 

full range of clinical significance. 

CORRECTIVE ACTION--Criteria should be established to assess the 

acceptability of the analytical results on the control sera. 

For this purpose, a control chart may be prepared with the mean, 

mean minus 2 standard deviations (SD) and mean plus 2 SD lines. 

Plotting the daily analytical results of control sera on these 

charts can reveal problems in the analytical system if and 

when they occur. For example, the analysis can be considered 

out of control if it falls into any of the following categories: 

1. The result is outside the mean+ 3 SD range . 

2. The result i s outside the mean+ 2 SD range in two 

consecutive determinations. 

3. The results of five consecutive measurements show a 

gradual upward or downward trend. 

When any of these problems are obs erved one should investigate 

the matter and corrective action should be taken. If the 

control value is outside mean± 3 SD, the analysis on the patient 

s era should be repeated after solving the problem. Failure to 

observe this rule will render the program ineffective. 2 



COMMON SENSE--All the test results on any one patient should be 

checked together as a battery as nearly as possible to help 

detect certain errors . For example, if the results of Blood 

urea Nitrogen (BUN) and Creatinine analysis on a patient are 

18 and 6 Mg% respectively, common sense would tell us that one 

of the results has to be wrong. 

All abnormal results should be checked with the clinical condition 

of the patient if possible. Those tests which do not agree with 

the diagnosis or clinical condition should be repeated. This is 

one of the best ways of error detection. 

SURVEY PROGRAMS--Participating in external survey programs is a 

good way to examine how the results of other laboratories compare 

with one ' s own results on a particular survey sera . This type 

of examination helps detect laboratory bias. 

PREVENTIVE MAINTENANCE--All instruments need a certain amount of 

maintenance. Usually, the manufacturers specify in their manuals 

t he various maintenance procedures to be performed on their 

i nstruments . The laboratory should assign a person to carry out 

t hese procedures and to see that everything is done on schedule. 

CONTINUING EDUCATION--Clinical laboratory technology is changing 

very rapidly and laboratory personnel must be trained on a regular 

basis on the new instrumentation, methodologies and techniques. 


