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Definitions 

Accuracy: 

The measure of correctness or truth of laboratory test. 

Precision 

 The measure of variability in a laboratory test process. 

Quality Assurance: 

The coordinate process of providing the best possible service to the patient and 
physician. 

Quality Control: 

The process of monitoring the accuracy and precision of laboratory test with 
control samples. The control sample is assayed with patient samples and the results 
are analyzed using appropriate statistics. 

Random Error: 

 Errors or mistakes the occur without prediction or regularity. 

Systematic Error: 

Errors or mistakes within an analytical test caused by either incorrect calibration, a 
mal functioning component, or the failure of some part of  the test process to 
perform accurately or precisely. There are two varieties of systematic errors, 
constant error and proportional error. 

Constant Systematic Error: 

Error In a test system in which the amount of error remains constant throughout the 
range of the test process. 

Proportional systematic Error: 

Error in the test system in which the amount of error increases as the concentration 
of the substance being measured increases. 
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The efficient operation of a clinical laboratory and the effective delivery of medical 
laboratory services to clinicians and their patients require a complex interdigitation of 
expertise in medical, scientific and technical areas. 

Although the medical, scientific, and technical expertise are essential pre requisites for 
the provision of medical laboratory service, success in applying these techniques to 
benefit patient care is vitally dependent on the management and communication skills of  
laboratory directors, supervisors and technologists.  

 Laboratory management task is to integrate and coordinate organizational 
resources e.g  personnel, equipment, money, time and space so that quality laboratory 
services can be provided as effectively and efficiently as possible. 

 The successful administration of  today’s clinical laboratory, like any other 
organization or institution, requires a vast array of skills founded on sound principles of 
management science. 

 Administration of  the clinical laboratory is generally viewed as an all-inclusive 
concept covering the managerial skills necessary for personnel from the laboratory 
director to the bench supervisor. 

Management involves the coordination and integration of  resources to 
accomplish specific results. 

Management is a social process comprising a series of  actions that lead to the 
accomplishment of objectives. 

Management is defined as “Getting from where we are to where we want to be 
with the least expenditure of time, money and effort”. 

Management is the universal process of efficiently getting activities completed 
with and through other people. 

Management is the guiding of human and physical resources into dynamic 
organization units that  attain their objectives to the satisfaction of those served and with 
a high degree of morale and sense attainment on the part of those rendering the service. 
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The definition contains four basic elements: 

1. Toward  objectives.  
2. through  people 
3. using     techniques. 
4. in an organization. 

Toward objectives-goals and purposes consistent with efficient delivery of laboratory 
services for quality health care. 

Through people – guiding "leading and directing" in such a manner that these 
professional laboratories feel a sense of responsibilities and attainment "achievement". 

Using techniques – physical resources such as laboratory equipment, computers, space 
and so forth. 

In an organization – into dynamic organizational units implying division of labor, 
specialization, protocols and procedures, and functional processing units. 

It must be pointed out that management is an activity, it is not letting each day take care 
of itself, and rather it is making things happen. Too often laboratory managers fall into 
the trap of "fighting fires" on daily basis. 

For administration to be effective, it must be in control, planning ahead the steps that will 
ensure efficient operation of the laboratory. 

Managerial Duties and Responsibilities 

A director  directs the affairs of an organization by establishing goals and priorities that 
determine the direction the organization will take. 

The director might not directly supervise or manage in a technical sense, since his role is 
primarily one of broad policy making. 

-An administrator  administers or runs an organization within the framework of the various 
directives and policies given to him. 

He is not the person who establishes the larger goals, but a technician who knows how to 
make the organization move efficiently, to achieve its purpose. 

-A manager  takes charge of the management or oversees the functioning of an activity to 
achieve a set goal or purpose his strength is in his ability to use all of these resources to get 
things done properly. 
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-A supervisor  oversees the activities of others to help them accomplish specific tasks or to 
perform scheduled activities efficiently. 

 

FIGURE 1-2    Leadership skills needed/ exercised at various managerial 
levels.(Adapted from Beam LK: Relating people and tasks: Managing your 
administrative and instructional staff. In Langerman  PD, smith  DH  (eds): Managing 
Adult and continuing Education programs and staff, p 289. Washington, National 

Association for public continuing and Adult Education, 1979  

      MANAGEMENT LEVELS              SKILLS NEEDED/EXERCISED 
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N:B   The clinical laboratory is staffed  by a wide variety of backgrounds and educational 
preparation, from units clerk through doctors – level clinical associate. The cohesion of 
this group as a health – care team is essential for effective management. The clinical 
laboratory administrator is a manager of professionals. Laboratory supervisor manages 
things but leads people. 

The Administrative Process 

Laboratory management is to integrate and coordinate resources toward accomplishment 
of a goal. The task is thus a process comprising a series of actions. 

The effective use of input resources to achieve output through administrative  functions is 
shown in Fig.1-3. 

 

Planning of activities is the key function of managers at all levels. Both long – range 
and short range plans are drawn up. 

 

Long – range planning  is concerned with growth potential e.g. the director may wish to 
bring in house a battery of analyses previously sent to a reference laboratory . His 
planning steps would  include identifying sufficient equipment, space and personnel, a 
series of written protocols and procedures, cost – per test analysis, and so forth. 

short – range planning includes setting specific objectives to aid in reaching long – range 
goals. 

All levels of laboratory management should  be  involved in various phases of both long 
and short – range planning. 

Most management failure is due to failure in communication. 

 

The organizing function involves developing structure to facilitate the coordination of 
resources to achieve completion long and short – range planes. Division of labor is to be 
created. Working relationships must be 
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delineated to include lines of authority and work flow for the optimal functioning of the 
interrelated units. 

The directing function is the managerial leadership. Managers in the clinical laboratory 
are concerned with the human element. Successful managerial leadership creates a 
climate in which both the needs of the individual and the goals of the organization can be 
met. 

The warp – up function in the administrative process is controlling which ensures that the 
end – product of organized and directed events conforms to plans. Good quality control, 
defining standards and criteria for acceptable performance, developing reporting system, 
and taking corrective action  when and where needed. 

Decision – Making 

Decision – making is an activity that is inherent in all other administrative process 
activities. This is the part of the process that ties everything together. 

Decisions must be made as part of planning , organizing, directing and controlling. 

The process includes problem analysis, development and analysis of alternative course of 
action and decision implementation and control. 

Cost – effective management of clinical laboratories must be considered. 

Laboratory managers are called upon to accurately forecast cost/benefit ratios to analyze 
new opportunities and market new entities. 

Managers must modify the structure for efficiency and redesign jobs, perhaps creating 
career ladders for technical staff. To increase productivity under the directing function, 
managers need to create a work environment characterized by responsibility and 
participative Management. Laboratory managers must implement cost- containment  
measures through reduction in overuse of testing, inventory control and financial ratio 
analysis.  
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Educating Laboratory Administrators 

Many laboratory supervisors and managers have been promoted into their positions on 
the strength of their technical abilities. Others received their training on the job. 

Training Versus Education 

- Training is the process of learning a sequence of programmed behaviors. 

- Training is the application of knowledge; it gives people an awareness of 

the rules and procedures to guide their behavior.  

- In contrast, education is the understanding and interpretation of knowledge. 

- Education does not provide definitive answers, but rather develops a 
logical and rational mind that can determine relationships among pertinent 
variables and thereby understand phenomena.  

Facilitating the development of technical managers requires and understanding of what 
technical managers need to learn and sense of when they are most ready to learn. 

New supervisors were polled to determine their feelings of need as they began new 
careers, the following results were obtained. 

89% wanted more knowledge on  human relations. 59% needed better communication 
techniques. 40% felt deficient in personnel procedures and record - keeping. 39% 
needed help in operation planning. 27% wanted better methods and staff development. 
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Laboratory planning, organization and control 

Strategic Management and Planning 

Strategic management is defined as the development and implementation of the 
laboratory's overall strategy, in relation to its current and future demands for service. 

There are six related major tasks in the strategic management process Figure 2-1: 

1. goal formulation 

2. environment analysis 

3. strategy formulation 

4. strategy evaluation 

5. strategy implementation 

6. strategic control 

Clinical laboratories need to analyze the external environment, opportunities for growth 
and development in new service markets, as part of a strategic planning process. 

Functional strategic planning process appropriate for use in a health care facility: 
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I.      Strategic Planning 

A. Review existing mission and goals using articles of incorporation, 
minutes of board meeting, etc. 

 B. Develop base line data 

1. Asses market demand using population trends, demographic 
trends, hospital fee trends, regulatory trends. 

2. Estimate market share using utilization trends, medical staffing trends, 
competition trends, and projected market share trends. 

3. Project resource utilization using data on admissions, outpatient visits, 
and average stay. 

4. Identify strategic issues including geographic, 

competitive, resource, medical staff, and patient mix. 

C. evaluate alternative courses of action and identify strategic directions for 
various market segments. 
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II.    Developmental planning 

A. Do market segment analysis 

B. determine geographic alternatives 

C. configure programs 

D. Determine financial feasibility 

E. Design construction, etc.. 

F. obtain certificate of need 

III.   Operational planning 

A. Identify management style, goals, etc.. 

 B. Establish operating budget. 

 C. Establish capital budget. 

IV. Implement the plans 

V. Monitor performance 

VI. Recycle annually or when significant new data are obtained. 

Planning at the Departmental Level 

The laboratory manager must determine both laboratory goals and objectives, as well 
as the means for achieving them, before he can organize, direct or control the results. 

Planning is divided into four phases: 

1. Establishing the goals and objectives for the laboratory. 

2. Formulating policies to carry out objectives. 

3. Developing intermediate and short - range plans to implement policies. 

4. stating detailed procedures for implementing each plan. 

It is difficult to separate planning from organizing and controlling functions. Figure 2-
2 shows the relationship of organizational hierarchy to general planning and control 
mechanisms. The pyramid structure is typical when describing a hierarchy. The 
inverted pyramid reflects the degree of detail in each of the mechanisms listed in the 
planning and control structure. 
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The laboratory director 

Deals with objectives and goals e.g. introduction of new tests.  

The administrative technologist 

Deals with operational policies e.g. rules for action that will contribute to the 
successful achievement of goals and objectives. He might establish policy regarding 
cost test ratio. 

The supervisory technologist 

Responsible for implementing procedures, to achieve short - range plans e.g. applying 
special procedures governing the staffing and instrumentation required. 

The technical clerical staff 

Deals with the rules that govern everyday testing. 

Establishing Policies and Procedures 

Planning is referred to as preparation for where the organization is going. Establishing 
policies and procedures addresses the question of how the organization is going to 
achieve specific goals. As shown in figure 2-2 planning mechanisms go from the 
abstract (general purpose objectives, strategies, goals) to the specific (rules). In 
between are the purposes, principles and rules of action known as policies and 
procedures, which guide an organization. Their purpose is to designate the aims and 
ends of an organization and the approximate means to be used in their 
accomplishment. 

Variations 

Within the clinical laboratory, individual policies and procedures will vary according 
to purpose and application. Policies will vary in specificity; some policies should be 
stated in general terms to allow flexibility e.g. policy dealing with time off for 
continuing education may be written in general terms, by contrast a procedure written 
to protect against hepatitis will usually be quite detailed. 

Origin 

-   From the organization it self 

-   From government institutions 

-  From agreements with other agencies   
-  From  precedent  
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Characteristics 

-   Policy must be reasonable, flexible and comprehensive 

-   Preparation of manual for the adapted policies and procedures 

-   Manual should begin with broad objective narrowing the focus to details for its 
accomplishment in the form of policies, procedures, methods and rules as shown in 
the following example: 

Objective: 

to provide  optimum service in the laboratory department for both inpatients and 
outpatients. 

Policy: 

It is the policy of the laboratory to maintain 24 hours service 7 days a week for 
inpatient testing and 8 hour service 5 days a week for all outpatient procedures, unless 
special arrangements are made. 

Procedure: 

1. maintain sufficient laboratory staffing around the clock for all inpatient services. 

2. provide outpatient services between the hours of 8 AM and 4:30 PM Monday 
through Friday, and 8 AM to noon on Saturday. 

3. schedule appointments for all outpatients. 

 

Method: 

1. laboratory staff will be assigned to the following shifts: 7am to 3:30 pm; 3pm to 
11pm; 11pm to 7am. 

2. obtain approval from medical director or administrative director to schedule 
outpatient procedures outside the regular assigned hours. 

3. daily work schedules and job assignments will be posted 2 weekdays in advance. 
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Rule: 

1. All employees will report for duty at time assigned. Deviations from these hours 
without prior approval will be considered cause for possible disciplinary action. 

2. Three reported incidents of unexcused tardiness of more that 10 minutes will result 
in a written and verbal warning. 

3. Five reported incidents of unexcused tardiness of more than 10 minutes will result 
in 1 -day suspension without pay. 

4. Additional reported incidents of unexcused tardiness will result in termination. 

Controlling Operations in the Laboratory 

Laboratory administrator must be sure that plans are carried through the 
organizational and operational phases so that goals are met. The control process is 
closely linked to both planning and organizational structure (Fig 2-2). 

The control process involves three steps: 

1. Establishing standards 

2. Measuring performance against these standards 

3. Correcting deviations from standards and plans 

Controlling involves locating operational weaknesses and taking the appropriate 
action to ensure desired results. 

Standards may be suggested or mandated by an accrediting body or governmental 
agency, self-evaluation is necessary before accreditation inspection thus corrective 
actions may be taken 

Control is also applicable in the management of human resources for the clinical 
laboratory. Personal policies and procedures are the established standards against 
which performance is measured. 
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Step 1. Definition of the Problem 

The manager must look beyond the symptoms of the problem and focus on the real 
issue. Often it is a symptom, such as absenteeism, which calls attention to the fact that 
a problem exists. 

Symptoms: adverse events or things which are present in an 

operation but have not yet developed to the point of emerging as 

 basic _deviations. 

Basic deviations: they are problems that are reflected to as glaring mistakes. 

Effect problem: surface  problem  

Causal problems: root  problems. 

Some problems will be inherited 

Some problems resulting from decisions made elsewhere in the 

organizational hierarchy. 

Some problems resulting from one's doing regardless the origin of the 

problem, the solution must still be made within the framework of the 

situation. 

Step 2. Fact - gathering 

-   The manager should begin to gather information needed for developing alternative 
solutions. 

-   Seeking out the facts surrounding the decision situations, as are constraints and 
assumptions. 

-   Constraints are factors that limit the scope of alternatives. 

-   Assumptions are applied to factors in an effort to simplify the problem and its 
solution. 

-   Fact gathering requires a search for pertinent information from persons directly 
involved in the problem, from books, other people and from experts. 
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Step 3. Development of alternative solutions 

-   The generation of possible solutions calls for creative thinking. 

-., Past experience, similarities, differences. 

-  Past experience acts as a guide. 

-   Seeking information from others who solved a similar problem. 

Step 4. Weighing of alternative solutions. 

-   Stating the advantages and disadvantages of each alternative. 

-   How each alternative will effectively accomplish the objectives and requirements 
of a satisfactory solution. 

-   Consideration should be given to the question of where a chosen alternative will 
eliminate reoccurrence of the problem or generate another in its place. 

Step 5. Selection of solutions 

-   In choosing solution consider quality, acceptance, speed, value or cost. 

-   When the decision is made, it is often wise to discuss it with someone who has 
considerable problem - solving skills. 

Step 6. Implementation of the solution 

-  A critical step. 

-  The most time consuming 

-   If not properly implemented, it is useless. 

-  Involve those who are directly affected by the problem. 

-   Inspect the details of the decision and develop necessary procedures. 

-  Participation by all levels - management and employees alike. 

 

Step 7. Measurement of consequences 

-  Not all decisions will have the effect that was planned. 
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-   Consequences should be evaluated. 

-  Problem - solving as a management skill is probably best developed through 
repeated exposure with guidance in the laboratory setting. 

Quality Assurance in the clinical laboratory 

Definition 

Quality assurance is the coordinate process of providing the best possible service to 
the patient and physician. Quality assurance includes monitoring and controlling the 
competence of personnel, quality of materials, methods, reagents and instruments, and 
the reliable reporting of test results. 

A good quality assurance program has three major aspects. 

I.   Preventive activities 

- Prevent errors 

- Improve accuracy and precision 

- Method selection 

- Careful laboratory design 

- Hiring of competent personnel 

- Development of comprehensive procedure manuals 

- Effective preventive maintenance programs. 

II. Assessment  Procedures 

-   Monitor the analytical process 

• Determine the type of error 

• Determine the amount of error 

• Determine the change in accuracy and precision. 

- These activities include 

• The testing of quality control material 

• Performing instrument function checks 
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• Participating in proficiency testing programs (e.g. survey programs of accrediting 
agencies). 

 

III. Corrective  actions 

- correct errors after discovery 

- Communication with the users of laboratory's services 

- Review of work 

- Trouble shooting of instrument problems. 

 

Quality Assurance versus Quality Control 

Quality control involves the use of control samples to monitor the precision and 
accuracy of a test procedure. Control sample is processed along with the patient 
samples and the results are compared. 

Quality control is an important part of quality assurance program. 

 

Accuracy and Precision 

Accuracy is the measure of "truth" of a result accurate results reflect the "true" or 
correct measure of an analyte or identification of a substance. 

Precision is the expression of the variability of analysis, or an indication of the 
amount of random error. Precision is completely independent of accuracy or truth. A 
procedure can be precise, as determined by repeat analysis, but the result can be 
inaccurate. 

Errors occur when there is a loss of accuracy and precision. A primary goal of quality 
assurance is to reduce and detect errors or to obtain the best possible accuracy and 
precision. Figure 1-1 illustrates this concept. 

Types of errors 

Mistakes jeopardize patient care and must be detected and avoided at all times. 

A. random errors b. systematic errors 
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A. Random errors occur without prediction or regularity. Random errors occur as 
the result of: 

- Carelessness, 

- Inattention, 

- when taking short cuts in procedures, 

-Mislabeling specimens, 

-Incorrect filing of reports, 

-Reporting of wrong result of the wrong patient. 

b. systematic errors: Figure 1-2 

-   Errors within the test system of methodology e.g. 

•  Incorrect instrument calibration 

• Unprecise or malfunctioning dilutors and pipettes 

• Reagents that lost their activity 

a. proportional systematic error or bias 

It grows larger as the concentration of analyte grows. 

b. constant systematic error "constant bias" 

A constant amount over the entire range of the analysis process. 
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Benefits of an Effective quality Assurance Program 

-   Correct and timely presentation of data to the physician 

-   Improvement of precision and accuracy 

-  Early detection of mistakes 

-   More efficient and cost effective use of materials and personnel 

-  Meeting the requirements of inspection and accreditation agencies 

-  Development of accurate and concise procedures and manuals 

-  Measure of productivity of personnel and instrumentation. 

 
Personnel, staff Development, and Quality Assurance 

The most expensive and complex resource in any organization is its' employees. 
Choosing the appropriate individuals for the job and managing them effectively is 
one of the most difficult and powerful means available to prevent errors in the 
laboratory. 

 

 

 

 



  26

 



  27

 

Sample Integrity 

A test result is no better than the quality of the specimen received in the laboratory. A 
poor quality specimen will probably produce an inaccurate and potentially dangerous 
result. Blood and other body fluids removed from the body start to change immediately. 
Precautions must be taken to minimize these changes and to ensure that the test result 
will accurately reflect the physiologic and pathologic state of the patient.  

SPECIMEN COLLECTION MANUAL  

The Specimen Collection Manual is important in that it provides written in structions for 
the proper and adequate collection of specimens capable of giving timely and medically 
important data. Many times the collection of specimens may be beyond the laboratory's 
control as nurses, medical students, and physicians will be responsible for the acquisition 
of the specimen A complete and up-to-date collection procedure manual, covering every 
test that the laboratory offers, should be distributed to all collection and nurses stations. 
The manual should contain the following information for each test 

1  Test name: The name of each test with alternate names and commonly used 
abbreviations are listed in alphabetical or some other logical order. Some tests are 
referred to by more than one name or by their initials. An example would be SGPT, 
GPT, serum glutamic pyruvic transaminase, ALT, or alanine aminotransferase—all 
referring to the same enzyme. 

2 Patient preparation: How the patient should be prepared prior to collection of the 
sample should be detailed here. For example, should the patient be fasting or two 
hours prandial; be sitting or recumbent 

3 Nature of specimen: The type of material to be collected should be clearlyc-
indicated. Blood, urine, some other body fluid, or tissue sample should be clearly 
stated as the preferred specimen. 

4 Special timing for collection: Should the sample be a random one or timed to coincide 
with the administration of a drug or with some pathologic event? This is especially 
important when looking for specific responses to treatment, such as a glucose 
tolerance test, antibiotic, anti-convulsant, or antiarrhythmic drugs. 
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5 Preservative or anticoagulant: To maintain the specimen in an acceptable state, it 
may be necessary to use an anticoagulant, preservative, or even to store the 
specimen on melting ice or ice water. 

6 Transportation requirements: Special handling between the collection time and 
delivery to the laboratory may be required. Chemicals can be altered, 
microorganisms die, and the specimen altered if improperly handled during 
transportation. Transportation considerations include: Time: The sample should be 
removed to the laboratory in as short a time period as possible. If it cannot be 
processed within a reasonable time period (this will vary from sample to sample), 
steps must be taken to prevent undesirable changes. 

Temperature: Whole blood specimens for cell counting and many chemical 
determinations as well as most specimens for microbiology should be kept at room 
temperature. Either chilling or heating may adversely affect the outcome of the 
analysis. Overheating of the sample may destroy enzymes, may lyse cells, kill 
some microorganism, and accelerate the growth of others. Other samples need to 
be placed on iced water (2-8°C) during transportation to the laboratory to maintain 
their integrity. The tightly stoppered collection tube should be placed upright in the 
container and completely immersed in the crushed ice or iced water. Crushed ice or 
iced water is used to establish good contact between the ice and the sample so that 
there is complete chilling. Examples of samples that require chilling are blood 
alcohol, pH/blood gases, lactic acid, ammonia, and renin determinations. 

Exposure to light: Exposure to light will result in the degradation of certain plasma 
analytes, especially bilirubin. Samples from newborns should be especially 
protected when monitoring bilirubin levels. Wrap samples in aluminum foil or 
provide light-tight containers. 

Excessive vibration and rough handling: Vigorous handling of specimen may result in 
hemolysis of red cells, spillage of the specimen, or the breakage of collection tubes 
or specimen containers. Hemolysis should be avoided for samples requiring a 
CBC, potassium, magnesium, LH, and AST determinations. Every sample should 
be treated as potentially infectious. Leakage resulting from spillage and breakage 
of the specimen container increases the possibility of accidental infection. The 
collection container or tube should remain in an upright position and should be 
protected against any rough handling. 

7 Labeling procedures: Specific requirements for labeling the sample should he clearly 
defined. A minimum of patient name, identification number, collector's initials, and 
the date and time of collection should be labeled on the sample. Some specimens will 
require more information. Microbiological specimens need to have site of the sample 



  29

included. A blood sample collected for crossmatching needs to be exactly and cor-
rectly labeled for acceptance. 

8 Required requisition: Specific requisitions with test names and reference ranges will 
help in processing the result. 

9 Criteria for unacceptable specimens: A description of unacceptable 

specimens may prevent the improper collection. 

 A specimen  should be rejected for any of the following reasons: 

Inadequate or improper labeling: Sample tubes or collection containers with no label 
or the wrong name should not be accepted. 

Inadequate sample volume for amount of additive used: If less than the required 
volume of blood is collected, there will be an excessive amount of additive that 
may affect the accuracy of the test result. For example, too much liquid 
anticoagulant relative to the blood volume will result in a dilution error for 
prothrombin.time in any sample collected in a citrated tube. 

Improper collection tube or container: Certain tests require specific anticoagulants or 
preservatives to maintain the integrity of the specimen. The wrong additive can 
have a detrimental effect on the specimen, resulting in an inaccurate result. 

Improper transportation: Specimens received in the laboratory that have been 
improperly transported should be rejected. Examples include . 

samples that should be chilled during transport but that are received at room 
temperature or specimens for anaerobic culture that are received after being 
exposed to air. 

Hemolysis: Cell counts and certain chemistry analyses (e.g., potassium or LD) will 
be adversely affected by the lysis of red cells. Hemolysis may result from a 
difficult venipuncture or from too vigorous handling. A new sample should be 
requested. 

10 Performing laboratory: Each test should be listed with the phone number 
and hours of operation of the performing laboratory. If the physicians 
and nursing staff who will collect the samples know where the samples 
should go and the hours of operation of the performing laboratory, then 
improperly timed specimens may be avoided.  

This information is summarized in Table 3-1.  
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ADDITIONAL INFORMATION 

In addition to the collection manual, the laboratory should provide for the nursing and 
medical staffs information on laboratory operations. This information will facilitate 
smooth test ordering, result reporting, and communication between the laboratory and 
users of its services. This information can be 

included as an introduction to the collection manual. 

1 Discuss the method by which to order tests from the laboratory, including directions 
for ordering, both by manual and by electronic methods. 

2 Include a list of tests offered by the laboratory. 

3 Provide information on how to request test results. Include telephone numbers to 
call and hours of operation for each department of the laboratory. 

4- Pesent a list of the tests that are routine or stat. 

5-Include a list of reference intervals. 

6-Laboratory phone # and the name of persons in charge. 

7-Describe the proper disposal procedures of needles and syringes. 

8-list the proper collection procedure for infectious patients. 

9-Include color key for vacuum tubes , describe the additive used for each test. 
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Table 3-1 

THE SPECIMEN COLLECTION MANUAL 

1 Test name with alternate names and commonly used 
abbreviations 

2 Patient preparation 

3 Required specimen type 

4 Specimen timing for collection 

5 Preservative or anticoagulant 

6 Special handling between collection time and delivery to 
the laboratory 

7 Labeling requirements 

8 Required requisition 

9 Criteria for unacceptable specimens 

10 Performing laboratory's phone number and hours of 
operation 

INTERACTION  WITH  PATIENTS AND OTHER 
HOSPITAL  PERSONNEL 

Many times the only contact the public has with laboratory personnel is the 
phlebotomist at the time of sample collection. It is important that the collector present a 
professional appearance and have a courteous manner when approaching a patient. With 
needle in hand, it is easier to approach a cooperative patient than a reluctant or 
combative patient. The collector must clearly communicate to the patient who he is, 
why he is there, and what is required of the patient. A relaxed and cooperative patient 
will more likely provide an adequate specimen and correct information.  

The phlebotomist must "realize that he is an integral-part of the health-care team. An 
attitude of cooperation with the doctors, nurses, and other health-care professionals is 
necessary to provide high-quality health care. Unclear instructions, duplicate orders, or 
conflicting orders should be clarified or questioned before processing. Unusual 
circumstances and significant events or happenings should be reported to the nursing 
staff so as not to jeopardize the patient's health. 
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THE COLLECTION PROCESS 

The first step in the collection process, be it venipuncture, urine collection, or throat 
swab, is the proper identification of the patient. Outpatients should be asked for their 
name, not "Are you Mrs. Smith?" An inpatient's identification bracelet should be 
matched with the Specimen Request Form for name and hospital ID number. 
Misidentification of the name of the patient from which the specimen is received may 
result in the improper treatment to the wrong patient. 

Proper selection of the collection site is important in obtaining a valid 
sample. Certain blood chemistries have different concentrations in the arterial 
as compared to the venous blood. Sites of infection need ,to be properly 
sampled when collecting culture material.  

The proper collection equipment and procedures are vital for obtaining a valid sample. 
A listing of materials and their proper use should be outlined in the collection manual in 
detail and included in the procedure manual. The training checklist should include the 
use of the equipment. 

SAMPLE. LABELING 

The specimen should be labeled with the patient's name, history number, date and time 
of collection, and the initials of the person collecting the sample. This information should 
be identical to that on the test requisition. If there is a discrepancy between the name or 
history number on the sample label and that on the requisition, the sample should not be 
processed until the difference is resolved. Some samples, especially those to be used for 
crossmatches, should not be considered properly labeled unless the collector's initials and 
the date and time of collection are on the sample. 

Unlabeled samples should not be processed until someone, preferably the individual 
who drew the sample, can positively identify the sample as one belonging to the patient 
on the requisition or can identify whose sample it is. 

But there are exceptions to some rules. In cases of extreme medical emergency, 
labeling protocol may be temporarily waived. If one can be certain that the problem is a 
clerical rather than a substantive one, it would be improper to withhold results in a 
medical emergency just because the sample was not properly labeled. Hard-to-collect 
samples, such as cerebrospinal fluid, are sometimes received unlabeled. Delay in 
performing cell counts or culturing may result in the destruction of significant cells or 
microorganisms. In cases such as this, a decision must be made whether to process the 
specimen while attempting to identify it properly or to request another specimen. 



  33

Withholding the results on the specimen until positive identification of the source is one 
method of preventing incorrect reporting. 

SAMPLE ACCESSIONING SYSTEM 

Once the sample and the requisition have reached the laboratory it should be processed 
immediately. At some point the sample and the requisition will be separated. A sample 
accessioning system provides a means of keeping the specimen and the requisition 
together. As it enters the laboratory each sample is assigned a unique number. That 
number is also placed on the accompanying requisition. As the sample and requisition 
become separated during the sample preparation process, it is by this number that the 
two can be united again. In laboratories utilizing computer systems to report results, the 
accessioning number is used to log the test request into the laboratory and to report the 
results in the laboratory computer system. 

THE REPORT FORM  

In many institutions the test requisition also serves as the test report form, especially in 
hospitals that are not served by a hospital computer system. The report form (Table 3-3) 
includes much of the same information that the test request form contains.' The report 
form should have the following information: 

1 Patient name and history number 

2 Patient location 

3 Patient diagnosis 

4 Name of the ordered test 

5 Ordering physician 

6 Date and time the specimen was collected 

7 Date and time the specimen was received in the laboratory 

8 Date and time of the analysis 

9 Results of the analysis 
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Table 3-3 

TEST  REPORT  FORM 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

Hospital Name 

Patient name                                                  Test request 

Patient ID. # 

Patient location                                                        Data/time collected 

Performing laboratory 

Patient DOB                                                             Date/time performed 
Patient diagnosis                                                            Performing technician 
Ordering physician                                         Test resultــــــــــــــــــــــــــــــmg/dl 
Order number                                                  Reference ranges (ـــــــــــــــــــــــ) 
Comments _________________ 
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Procedure Manuals 

THE TECHNICAL PROCEDURE MANUAL 

The Technical Procedure Manual, contains the instructions .and specific information 
for all the laboratory's test procedures. A well-designed and executed procedure 
manual is a good training guide, especially for new employees and it also serves as 
a reference source for infrequently performed tests. The correct use of the 
procedure manual will reduce mistakes and ensure that procedural shortcuts and 
compromises are not passed on as legitimate procedures. 

PROCEDURE-MANUAL CONTENTS 
    The procedure manual should not be a collection of photocopied pages from an 

instrument manual or- manufacturer's information sheet. Each test the laboratory 
performs should have a separate procedure containing pertinent information written 
in a uniform style and organized in the same fashion. Each page of a procedure 
should include the procedure title and effective date printed at the top of the page 
and the page number printed either at the top or bottom. Each procedure should 
contain the following information: 

1  Test name: The full name of the test and any alternate names or commonly used 
abbreviations should be listed at the beginning of the procedure for easy 
identification. 

2 Test principle: This is a short, introductory summary of the principle of the test and 
its clinical applications. 

    3 Patient preparation: If special directions for patient preparation are required they 
should be outlined here. Specify if the patient should be fasting, on a special diet, 
sitting up or recumbent, or if the test should be collected after a specific time period 
following the administration of a drug or a pathological event. This should be a 
condensed version of the same information found in the Specimen Collection Manual. 
The purpose of the patient preparation should be explained, as should its relationship 
to the test result. 

4 Specimen requirements: A description of the specimen of choice is given in this 
section. Specify the type of specimen, that is, venous or arterial blood, urine, or 
sputum. Describe the site and method of collection, the required volume, collection 
materials and containers, anticoagulant or preservatives necessary to preserve the 
sample until processing, and timing considerations. Criteria for the rejection of 
unacceptable specimens should be spelled out in clear, definite terms. Sample 
handling during transportation to the laboratory and preparation for the test procedure 
(that is, centrifugation) should also be described. 
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5 Instrumentation, equipment, and materials: A complete list of instrumentation, 
equipment, and materials to perform the test procedure should be included. All 
analyzers, glassware, disposable supplies, and equipment such as dilutors, heating 
baths, and pipettes should be listed. 

6 Reagent preparation: Directions for the preparation of reagents and standards listing 
the materials and equipment needed, storage instructions, and usable shelf life for 
each reagent should be specified. 

7 Test procedure: This section includes complete instructions for performing the test 
procedure. The preparation of all calibrators and standards and a step-by-step 
calibration procedure should form the first part of this section. Next, the detailed 
procedure for performing the test is described. Do not include extraneous information 
or explanations in the procedure. Keep it simple, direct, and follow a logical order. 
Specify the settings and adjustments for any instruments and any necessary safety 
precautions. Instructions concerning procedures for reporting the result, including the 
measuring units and, when applicable, the number of decimal places or specific 
wording to use when reporting the result should be described here. 

8 Calculations: The formulas for all of the calculations required to determine the final 
results are given along with examples demonstrating the calculation. 

9 Quality control procedures: Details concerning quality control, including instructions 
on how to prepare, when to use, where to record, and how to interpret the control 
result are described in this section. The tolerance limits for each level of control are 
defined and specific instructions concerning procedures when the controls limits are 
exceeded should also be included. 

 10 Reference intervals: The reference intervals for adult males,   adult females, 
and pediatric patients and any appropriate group or  population for the test 
procedure are listed here. List each group separately with a brief description of -
the group. For example: 

Hemoglobin Reference Intervals Duke University 
Medical Center Instrument; Ortho ELT-8 

Newborn: 14-24 g/dl  

Infants: 10.5-14.5 g/dl  

1-5 Years: 10.3-14.9 g/dl  

6-Adolescent: 11-14.9 g/dl  

Adult Males: 14.0-17.0 g/dl  
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Adult Females: 12.5-15.0 g/dl 

11 Alert or panic values: List the critical values of the analyte being measured 
that require immediate attention of the physician. 

12 Procedure limitations: The procedure limitations are described in this 
section. Limitations such as the precision and accuracy of the method, 
working linear range, interfering substances, and possible sources of errors 
should be described in detaiL 

13 Maintenance schedule: An abbreviated maintenance "schedule with ref- 4 
erences to the instrument manual should be included in this section. 
Complete maintenance procedures should be adequately covered in the 
manufacturer's instrument manual and need not be repeated in detail 
here. Often experience with an instrument will reveal additional and 
perhaps better ways to do things. These experiences should be included 
in this section to retain this knowledge in the laboratory when key people 
are not available or have left the laboratory. 

14 References: All references used in writing the procedure should be listed at 
the end of the procedure so those who need more information are aware of 
the source. 

15 Signature and date of review: Each procedure should be reviewed annually by 
the director or his designee for accuracy and relevance. The reviewer's 
signature should be included on the procedure with the date of review. A 
schedule for the review of procedures should be set up so " that the review 
process is systematic, complete, and unhurried. 

Not every procedure will necessarily contain all of the above mentioned items. 
Additional information may be included as needed. To determine what 
information should be included or excluded simply decide what a new tech-
nologist, unfamiliar with the laboratory, would need to know in order to perform 
the test. 
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PROCEDURE REVIEW 

An out-of-date procedure or one that is not read is useless. Each procedure should be 
reviewed by the laboratory director or his designee (such as the section supervisor) 
before it is put into use and annually thereafter. If there is a change in the procedure, the 
date of change should be noted on all copies. After the director has reviewed the 
procedure he should sign it and date it, to indicate it has been reviewed. 

The entire manual should be read annually by each member of the laboratory and 
initialed. This serves as a review by everyone concerning the details of each procedure. 

The procedure manual can be used as a training guide for new employees. It should 
reflect all of the information on the laboratory training checklist. Both the checklist and 
the procedures should be updated simultaneously. 

The procedure manual reflects the laboratory's attitude and approach towards quality 
assurance. A laboratory that is conscientiously updating and Improving its procedure 
manual is aware of its role in quality assurance and is probably doing equally well in 
other areas of the QA program. A laboratory with an inadequate procedure manual or 
none at all is not quality conscious. The procedure manual places important information 
on paper. Often individuals believe that they know a procedure by heart and, 
consequently, feel that there is no need to document patient preparation or test 
procedures. What happens when a key individual leaves or is unavailable to perform the 
test? Someone else may or may not be able to perform as well. What happens when the 
laboratory is confronted with those infrequent procedures that are ordered only once a 
year or are used only as a backup procedure? These procedures must be documented so 
that a competently trained technologist or technician can perform the test while following 
the procedure. 
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SUMMARY 

Each test procedure in the laboratory should contain the following  

information:  

1 Name of test                                           

Alternate abbreviations and names 

2 Short explanation of the test principle and clinical application 
Description of reactions 
Brief description of clinical applications '  ''" 

3 Patient preparation, Patient diet (when applicable) Patient 
activity and positioning (when applicable) 

4 Specimen requirements  

Type of specimen 

Collection site  
Sample Volume 

Collection materials and containers 

 Criteria for rejection of unacceptable specimen Sample 
handling and processing procedures 

5 Instrumentation, equipment, and materials 

 A list of instruments and equipment  

Necessary glassware  

Disposable supplies  

Where all of this is to be found 

6 Reagent preparation 

Name, chemical formula, and grade of each reagent  

Directions for preparation  

Storage instructions 
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Labeling instructions listing the name, method or test procedure, lot number, date 
of preparation, expiration date, storage instruction, and date in use 

7 Test procedure 

Calibrator and standard preparation  

Stepwise calibration procedure  

Stepwise test procedure  

Instrument adjustments and preparation  

Reporting instructions 

 

 

8 Calculations Formulas Examples 

9 Quality control 

List controls by name and lot number 

 Control preparation 

 Frequency of control analysis 

 Interpretation of control results  

Where to record results 

10 Reference intervals 

By sex, age, and population when available 

11 Alert or panic values 

12 Procedure limitations 

Working linear" range of method  

Accuracy and precision of method  

Interfering substance  

Possible sources of error 

i 



  41

13 Maintenance schedule 

Brief description of maintenance procedures 

Maintenance schedule 

Reference to the instrument or equipment manual 

14 References 

15 Space for yearly review by the director 
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Chapter 5________________________________ 

Choice of Methods and Instruments 

Introduction: 

A good quality assurance program has three major aspects: 

1. Preventive activities 

2. Assessment procedures 

3. Corrective actions. 

1. Preventive activities are taken to prevent errors and to improve accuracy and 
precision. 

•   Examples of preventive activities 

Method selection, careful laboratory design, hiring of competent personnel, 
development of comprehensive procedures manuals, and effective preventive 
maintenance programs. 

2. Assessment procedures monitor the analytical process to determine the kind 

and amount of error and the change in accuracy and precision in the process. 

 These activities include the testing of the quality control material, performing 
instrument function checks, and participating in proficiency testing programs. 

3. Corrective actions are taken to correct errors after discovery and include useful 
timely communication with the users of the laboratories services, review of work, 
and trouble shooting of instrument problems. 
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METHOD  SELECTION 

The goal of the selection process is to choose a test method that best suits the 
laboratory's service requirements. The primary consideration for making this 
selection should be based on the test method's usefulness in providing medically J 
relevant data. The demands on the laboratory are imposed by the users of its services 
and this information can be determined by communicating with these users. In 
making the selection among various methods, the desired characteristics should be 
carefully contemplated. 

Three classes of characteristics should be considered: 

1) A test method's application: characteristically includes such factors as 

1 -its cost per test, 2- types of specimens, 3- sample volume, 4- turnaround time, 

5- rate of analysis, 6- run size, materials, 7- personnel, 8- space and utility 
requirements, and 9- safety considerations. 

These are the characteristics of a test method that determine whether it can or cannot 
be implemented in a particular laboratory. 

2) Methodology characteristics conditions are method-specific and contribute to the 
quality of the method such as 

1 - Chemical sensitivity and specificity,  

2- manner of calibration, and  

3- optimization of the reaction. 

3) Performance characteristics are those that determine how well the method 

performs in its practical application. 

These include 1 - the method's linear range (also known as the analytical or 
working range), 2- its precision, and 3- its accuracy. 

 

 

 



  44

SOURCES OF INFORMATION 

You need to have a full information before deciding to buy a new instrument or kit 

The best sources of information are 

The laboratory technical literature (Journals), it will have evaluations 

and testimonials for different methods and instruments. Use the literature to 

find the method's application, methodology, and performance 

characteristics. 

METHOD EVALUATION 

Once an instrument or test kit has been selected as a possible candidate for use, evaluate 
it carefully before making a final commitment, the evaluation process should be 
logically structured so that a minimum of time and effort need be invested to obtain 
maximum results. The evaluation should last for no less than one week and no more 
than 60 days. Barnett2 and Westgard3 recommend a minimum of 20 days for a 
complete evaluation that includes day-to-day precision studies. Enough time should 
be allowed to perform all of the necessary evaluation experiments and to observe the 
instrument's day-to-day variation. Too short a time period may result in important data 
being missed or misrepresented. Too long an evaluation period maylast longer than the 
expiration date of reagents, calibrators, and controls, and also    incorporate long-range 
instrument variation. 

The goals of the evaluation are to determine 

1. The method's accuracy and precision; to evaluate the magnitude of the method's  -/ inherent 
random and systematic error, 

2. discover if the new method fits into the framework of the laboratory's 
organization and workload. 

. A different combination or sequence may be tried depending on the availability of materials  
and comparative methods. The following sections discuss each experiment and its application. 

Analyze the sample and compare the results to the expected values by constructing a scatter plot 
(Fig 5-2). 

Place the expected value on the ordinate (x-axis) and the obtained value on the 
abscissa (y-axis) and draw a line of agreement. If the method is linear this line should 
have a slope of 1.000 and a zero y intercept. If the method is not linear over its 
published range, stop and investigate the problem before any further experiments are 
carried out. When a method loses linearity on either end of its range the line will start 
to curve. 
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Analyze each sample in triplicate and average the results. Accept the method's linearity if the 
line of agreement has a slope of 1.000 + 0.03 and an intercept of zero plus or minus the within-
run precision of the method.(If the within-run precision of the method is not known, it will be 
determined in the next series of experiments; consequently this part of the evaluation may not be 
completed until the replication experiments are completed). Investigate pipetting errors as the 
probable cause of a nonlinear line by repeating the experiment with a freshly diluted series of 
samples. 

REPLICATION EXPERIMENT 

This evaluation experiment is used to demonstrate a test method's precision and 
random error. Three different replication studies are performed: within-run, within- 
day, and day-to-day.  
Choose three samples that have the same matrix or physical qualities as the patient 
samples that the method will be analyzing. The three should represent the low, 
normal, and high physiological concentrations of the analyte in question. The within- 
run replication experiment measures precision or the lack of it caused by random error 
within an analytical run. Each sample is analyzed a minimum of 20 times within a 
single analytical run, the within-day replication experiment measures the amount of 
random error between runs that occurs within a single day. Each of the three samples 
is analyzed a minimum of 20 times throughout the day in several analytical runs. The 
day-to-day replication experiment measures the amount of random error inherent in 
the method from day-to-day. Analyze each sample daily for a minimum of 20 
consecutive days. For most chemical constituents, lyophilized control serum or some similar 
stable material should be used for the day-to-day replication experiments. 
Though there are some differences between prepared controls and patient specimens, 
the control material will remain stable over the 20-day period and chances of 
obtaining it in the desired concentrations and quantities are greater than using only 
patient samples. Commercially prepared controls used in hematology are fixed and 
stabilized cells. This material is usually stable for 60 to 90 days - long enough to 
determine the day-to-day precision over 20 days. 

For each of the replication experiments, calculate a mean , mode, standard deviation (s), and 
coefficient of variation (CV) for each sample. The greater the imprecision of the method, the 
larger the standard deviation will be. It will be a greater percentage of the mean or will have a 
greater CV. If the distribution of the values is due to random chance, then it should have a 
normal or Gaussian distribution . 
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Reference Interval 

Part I: Glossary 

Reference individual - A person selected for testing on the basis of well-defined selection. 

and/or exclusion and partition criteria. Exclusion criteria may include recent illness or 
surgery, alcohol consumption, tobacco use, drug abuse, prescription drug use, genetic 
factors, obesity, lactation, occupation, etc. Partition criteria may include sex, age, race or 
ethnic background, geographic location, diet, blood group, stage of pregnancy, etc. 

Reference population - A hypothetical group consisting of all the reference individuals. 

Reference sample group - An adequate number of persons selected to represent the 
reference population.. The ideal number of reference subjects is 120 per partition, but often 
less are used. 

Reference value - A value (i.e., test result) obtained by the observation or measurement of a 
particular type of quantity on a reference individual. Reference values are obtained from 
assays performed on samples from the reference sample group. 

Reference distribution - The distribution of the reference values. The parametric method 
assumes that the observed values follow a known distribution curve, for example, a 
Gaussian (i.e., "normal" or "bell") probability curve. The nonparametric method of 
estimation makes no specific assumption about the shape of the probability distribution. The 
method employed depends on the analyte. 

Reference limit - A value derived from the reference distribution and used for descriptive 
purposes. For most analytes, the lower and upper reference limits are assumed to demarcate 
at the 2.5   and 97.5   percentiles of the reference values. Thus 5% of the values are 
classified as outside the limit, (2.5% at each the upper and lower end), and the reference 
limit assumes to enclose 95% of the values for the population. 

Reference interval - The interval between, and including, the lower reference limit 
and the upper reference limit. In some cases, only the upper reference limit (x) is 
important, and the corresponding reference interval would be 0 to x. 

Gaussian distribution This is when the data is normally distributed, i.e. distributed 
symmetrically around the mean as illustrated to the right. The reference range is calculated 
as the mean ± 2 S, which encompasses 95% of the observations in healthy individuala. The 
top 2.5% and bottom 2.5% results from healthy individuala will fall outside an established 
range. 

Non-Gaussian distribution: For data that is non-gaussian (i.e. skewed): 
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1- the data can be mathematically transformed, e.g. to logarithms. If this yields a 
normal or Gaussian distribution, the geometric mean ± 2 SD can be used for 
reference 
range determination (geometric means are based on the log-transformed data). 

2- percentiles are used to create reference ranges from non-Gaussian data. The top 
97.5 and bottom 2.5 percentiles are used as the limits of the reference range. 
Sufficient 

 

numbers of individuala are required before percentiles are used (minimum of 50). 
As most biochemical data is not normally distributed, this is the optimal technique 
for reference range determination. 

Reference range: The entire data set of values obtained from the reference population from 
whom the reference interval is calculated 

Part II : How is a reference interval determined? 

To ascertain the reference data, the following are determined for a given analyte: 

• It is the laboratory resposibility to provide accurate reference interval based on 
disease state,test methodology,and patient population served. 

• Each laboratory should define its own reference intervals for: 

One-        Instrumentation it uses. 

Two-        Patient population it serves. 

This is because subtle differences exist between methods and groups of patients. 
Therefore reference intervals puplished by the manufacturers of reagents and instruments 
should not be used without confirmatioin. 

Factor affecting the determination of reference intervals: 

1- Composition of the reference population. 

2- Sample collection and processing procedures. 

3- Method of analysis. 

4- Statistical treatment of the data after it has been gathered. 

• Samples should not be treated as (special),but should be collected and processed the 
same as the routine laboratory workload. 

• Unacceptable samples such as hemolysed , contaminated or imprper collection should 
not be used even it is healthy persons. 
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• The method of analysis should be carefully monitored precision , accuracy , quality 
control and using good hands. 

• When method of analysis is changed or altered ,new reference intervals should be 
determined, and this new interval should be presented to the medical staff. 

• The number of individuals required for reference interval will depend on the method 
of calculating the reference inerval. 

 

• The distribution of values within the group will play an important role in: 

1- Determining the required samples population size. 

2- Which method is used to calculate the reference interval. 

1-        Calculation of reference intervals using Percentile Ranking. 

• This method involves: 

1- Rearranging values in ascending order and selecting the middle 95% as the 
reference interval. 

2- Find 2.5 percentile rank (n+l)X 2.5 = 3 

3- Remove up to first lower 3 values and up to last large three values. 

 

 

 

 

 

 

 

 

 

 



  50

 

 



  51

 

 

 

 

 



  52

 

Internal Quality Control 

Internal quality control involves the analysis of control samples with patient specimens, 
then evaluating the results statistically to determine the acceptability of the analytical run. 

Internal quality control monitors a test method's precision and analytical bias. 

The preparation of the control samples and their interpretation are handled within the laboratory. 

External quality control involves the estimation of a test method's accurac) by the analysis of 
unknown samples sent to the laboratory from outside sources. The samples are sent to the 
laboratory where they are analyzed and the results returned to the agency that supplied the 
control. Controls and calibrators or standards differ; calibrators and standards are used to adjust 
instrumentation or to define a "standard curve" for analysis. 

Qualitative "bipolar" and semi-quantitative procedures 

Control levels should consist of a minimum of a negative and weak positive control. A strong 
positive control is useful in monitoring the method in the upper range of its sensitivity but is not 
always necessary. 

An example is the pregnancy test used in a laboratory serving an emergency room. 

The detection of pregnancy is important in patients requiring x- rays or surgery who have a 
missed or late menstrual period. The controls of this test should be a negative control, a weak 
positive at the lowest concentration that the method is capable of measuring, and possibly a 
positive control. 

Semi quantitative tests should have control concentrations at each of the graded levels, that is, 
trace, 1 +, 2+, and so on. As with the qualitative 
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CHARACTERISTICS OF A GOOD CONTROL 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

1 The composition of the control material should be as similar to the patient sample as 
possible, reacting in the same manner. 

2 The analyte concentration should be at medically significant levels. 

3 The constituents should be stable under storage for a long period of time prior to 
preparation. 

4 Material should have low vial-to-vial variability. 

5 The material should be ready to use or require a minimum of preparation and be readily 
available for emergency use. 

6 After a vial has been opened and the material prepared, it should remain stable for. the 
period of use. 

7 The material should be available in large quantities. 

8 The material should be reasonably priced 

methods, each control level can be used as a comparison for grading the test results. 

Quantitative procedures 

In quantitative procedures, commercially prepared quality control sera, and patient samples 
are used to detect systematic analytical errors and monitor precision. 

- prepare and test the material daily for a minimum of 20 consecutive working 
days, paying careful attention to instrument function. 

- At the end of 20- day period all of the data is collected to calculate a mean, standard 
deviation, and coefficient of variation exclude data known to be the result of mistakes and 
explained errors. 

- The distribution of data set should be a bell - shaped Gaussian curve. If the data 
distribution is skewed, some sort of large systematic shift has occurred during the test period 
and the data should not be used to calculate the control's acceptable limits. Investigate 
possible problems and restart data collection. 
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- Control sample placement should be random within the analytical run to estimate more 
accurately the amount of imprecision. Sometimes controls are analyzed at fixed intervals 
e.g. every 20 samples. 

- Interpretation of the control result can take on of several forms: 

-   Graphical interpretation using level - Jennings or shewhart charts. 

-   Statistical and graphical interpretation by multi - rules, cumulative summaries and 
trend analysis. 

Shewhart or Level - Jennings control charts 

The level - Jennings control chart is derived from the Gaussian distribution 
indicating the mean and the one, two, and three standard deviation ranges on both sides 
of the mean. 

The chart is constructed as in Figure 7-1 and illustrates the relationship between the level - 
Jennings control chart and the Gaussian distribution from which it is derived. This figure also 
shows the expected percentage of results that should fall within each of the standard deviation 
ranges. 

On the control chart used to evaluate the result of the control runs, the dates or number of 
analyses are listed along the X- axis and the values of the control along the Y- axis. The mean 
and the 1,2 and 3 standard deviation (s) limits of the control analysis to date are marked. As data 
is obtained it is plotted one point at a time along the chart. 

- In a random distribution, approximately 65% of the values will be between the + Is ranges and 
will be evenly distributed on either side of the mean. 

- Ninety - five percent of the values should fall between the + 2s ranges and 99% between 
the + 3s limits in a correctly operating test system. 

- More than one outside of the 3s limits signifies that some form of error has occurred and 
should be investigated. 

- The + 2s limits are considered as warning limits. 

- A value between the 2s and 3s limit indicates the analysis should be repeated. 
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-The + 3s limits are rejection limits. 

- When a value falls outside of these limits the analysis should stop, patient results held, and the 
test system investigated. 

An example of normal distribution is demonstrated in (Figure 7-2 A) and a shift in (Figure 7-2 
B). 

(Figure 7-2 C) illustrates a trend. A trend can start on one side of the mean and move 
across it or it can occur entirely on one side of the mean. Trends can be caused by the 
deterioration of reagents, pump tubing, or light source in instrumentation. Shifts and trends 
can occur together or independently. 

- The control chart can also demonstrate a loss of precision by an increase in the dispersion of 
the points on the control chart. Values can be within the + 2s and + 3s ranges but can unevenly 
distributed outside of the + Is limits as Figure (7-2 D) illustrates. 

Use of  Patient  Samples 

- Using of patient samples for quality control is justified because: 

1. The physical and chemical differences between control material and patient samples are 
absent. 

2. The data being generated by the analysis of the patient samples require no extra effort to 
obtain for use as quality control data. 

3. Inexpensive method of quality control. 

Absurd  values 

Values that are beyond reference intervals or are not consistent with the survival of life. 
Results should be checked by repeat analysis on a fresh aliquot of the same sample or by 
an alternate method. The values are usually the result of a random error or mistake such as 
short sampling, clot formation. 

Comparison of absurd values to the clinical picture of the patient provides validity of the 
result. 
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Westgard Multirule Quality Control  
Procedure(Rejection Rules): 
 
 
 
 
13s refers to a control rule that is commonly used with a Levey-Jennings chart when the control limits are set 
as the mean plus 3s and the mean minus 3s. A run is rejected when a single control measurement exceeds 
the mean plus 3s or the mean minus 3s control limit. 

12s refers to the control rule that is commonly used with a Levey-Jennings chart when the control limits are 
set as the mean plus/minus 2s. In the original Westgard multirule QC procedure, this rule is used as a 
warning rule to trigger careful inspection of the control data by the following rejection rules.  
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22s - reject when 2 consecutive control measurements exceed the same mean plus 2s or the same mean 
minus 2s control limit. 

R4s - reject when 1 control measurement in a group exceeds the mean plus 2s and another exceeds the 
mean minus 2s. 
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41s - reject when 4 consecutive control measurements exceed the same mean plus 1s or the same mean 
minus 1s control limit. 

10x - reject when 10 consecutive control measurements fall on one side of the mean. 
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Quality Assurance and Instrument Maintenance 

Reliable instrument and equipment performance is one of the objectives of a 
comprehensive well structured quality assurance program. 

Instrument and equipment quality assurance program include: 

1. Performance verification 

2. Function verification 

3. Preventive maintenance 

1. Performance verification 

-   Involves periodic and systematic checking of an instrument with reference materials 
or standard solutions e.g : 

-   checking wavelength calibration of spectrophotometers using narrow band pass 
filters at specific wavelengths. 

-   Verification of thermometer accuracy with an NBS -referenced 
thermometer 

-   Verification the accuracy of measurements of an analytical balance using NBS 
class S weights 

-   The use of standard solutions to check linearity and precision of multi parameter 
analyzers . 

2. Function verification 

-   This involves checking and adjusting an instrument for proper operation. These 
activities include: 

1. The recording of temperatures, voltage readings, optical densities, and 
background counts. 

2. Instrument calibration, baseline or zero adjustment, and linearity 
adjustment. 
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3. Routine quality control analysis to monitor analysis. 

These procedures are performed on a daily basis or frequently to detect changes in 
instrument function and to make the necessary corrections. 

3. Preventive Maintenance 

This involves: 

-   Cleaning 

-   Adjustment 

-   Schedules replacement of parts 

-   Shift, daily, weekly and monthly maintenance procedures performed by 
technologist or manufacturer representative. 

-   e.g.: changing of pumping tubing at regular intervals. 

-   Changing of membranes on electrodes of blood gas analyzers. 

Responsibilities and Implementation 

A. The director 

-   Responsible for seeing that an effective verification and maintenance program 
is initiated. 

-   Periodic evaluation of program effectiveness. 

-   Ensuring that remedial action is taken 

-   Documentation availability for accrediting agencies. 

B. The supervisor 

-  Assists in the development of the verification and maintenance program and 
oversees its implementation 

-   He sees that each technologist understands his responsibilities 
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-   Keep the director aware of any deficiencies or problems and oversees their 
correction 

C. The technologist 

-   Responsible for the performance of verification and maintenance 
procedures 

-   Detection of problems and errors and initiate the necessary corrective action 

-   Keep the supervisor informed of any problem 

D. The manufacturer 

-  Providing an instrument operators manual and suggested maintenance 
schedule 

-   Provide basic training for laboratory technicians 

Implementation of a verification and maintenance program: 

1. Gather information concerning operation and performance parameters of all 
instrumentation and equipment: 

                                  -   Tools required for verification and maintenance procedure 

                   -   Reagents, standards, materials to be purchased and  stocked. 

                    -   Expected hazards 

2. Outline the necessary schedules for each procedure and designate responsible individuals 

3. Assignment of daily responsibilities, training of personnel 

4. Review and update instrument profile. Lab. director verifies and documents the maintenance 
profile annually to evaluate its effectiveness. 
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Table 9- summarizes the basic outline of an instrument verification 
and maintenance profile. 

I. Demographic information 

A. Instrument make/model and serial number .   
B. Service information including 

1. Manufacturer's address 

2. Service and technical representative's address and telephone number 

3. Type of service contract and the contract reference or purchase order 

number -   : 
C. Warranty information listing      - 

1. Effective dates of the warranty 

2. What the warranty covers 

3. Conditions that may invalidate warranty 

4. How to get help with warranty problems  

D. Laboratory personnel training and skill levels required for 

1. Operation 

2. Routine maintenance 

3. Repair and nonroutine service 

E. Requirements for the installation and proper operation of the instrument including 

1. Environmental conditions (temperature and lighting) 

2. Electrical and water utilities requirements 

II. Brief discussion of the principles of operation 

III. Parts and equipment necessary for performance and function verification and 
preventive maintenance listing the necessary tools, reagents, and standards. 

IV. Schedule of verification and maintenance procedures listing the following: 

1. Instructions on how to perform each procedure 

2. Schedule and checklist for performance of each procedure 

3. Reference to instrument manual 
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V. Precautions listed 

1. Personnel safety precautions 

2. Protection of the instrument 

3. Procedures that should not be attempted by the user  

VI. References 

1. Instrument manual 

2. Other important references 

 

Service Contracts 

Service contracts are provided by many manufacturers of instruments or by independent 
service vendors to perform routine preventive and emergency maintenance on the larger and more 
complex instruments. 

Full service or partial service contracts may be needed . In choosing the level of 
maintenance consider the following: 

1. The complexity of the instrument 

-   Some instruments do not need experts for maintenance e.g. microhematocrit 
centrifuge. 

-   Other instruments need full- time service contract or part- time service or purchase 
service when needed. 

 

2. Urgency of the test 

-   If the test is a stat, contract for 24 h , 7 days service is needed, if the test is not urgent, it 
is more economical to purchase a 5- day contract. 

3. Charges for routine replacement parts. 

4. maintenance on a competitive basis "maintenance by third- party companies" 
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Non-routine Maintenance, trouble shooting the malfunctioning instrument: 

Problems requiring extra effort to overcome, the following guide lines may help solve the 
problem: 

1. Do not panic 

2. Define the problem 

3. Is there any past experience on the same problem 

4. Try the simplest approach to solve the problem 

5. Replace good parts for bad 

6. Ask for help from a supervisor or contact the manufacturer if the above solutions fail 

 

The instrument serial number, service contract, purchase order, service provider's name and 
telephone number should be posted on each instrument for easy access. 
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QUALITY ASSURANCE OF 
REAGENTS, SUPPLIES, AND 

LABORATORY WATER 

Lead Time: The time period between initiating an order for supplies and receiving      it in the 
laboratory  Factors that influence the lead time are the length of-time it takes for a purchase 
requisition to clear the purchasing department, the amount of time the supplier takes in 
filling an order, and the time it takes to        transport the supply to the receiving laboratory. 

Minimum Inventory: The amount of material necessary to supply the laboratory's needs at the 
routine workload level during the lead time. 

Order point: The stock inventory level of an item at which an order for supplies is 
generated. The order point is the sum of the minimum inventory and the safety 
stock.  

Periodic Count Method of inventory Control: A count of materials conducted periodically 
with a written\ record of the count kept. When the quantity of an item reaches the 
designated order point, an order for the item is generated. .  

Perpetual Inventory Record of Inventory Control: An individual record maintained  for 
each item in the inventory. As the item is received from the vendor or manufacturer, the 
amount received is added to the record. As the item is used, the amount removed from the 
inventory is "signed off" the record and subtracted from the total. When the order point is 
reached, an order is generated. The amount of inventory on the shelf should be accurately 
reflected by the amount of the items recorded. This is a "cloned" form of inventory control 
with one or two individuals signing supplies in and out. This is a stricter method of 
inventory control than the periodic count. 

Resistivity: A measure of resistance of a material to an electrical current. Material 
with a high degree of resistivity w, a poor conductor. Water with low resistivity 
is contaminated with conducting ians and particles, whereas water with a high 
degree of resistivity contains few of these particles. Resistivity of water is  
measured in megohms. 

Safety Stock: The amount of material held aside as a reserve to meet an 

 unexpected increase in the workload or the delay in the delivery of an order. 

Type I Laboratory Water: The grade of water defined by the CAP as suitable for tissue and 
cell culture techniques, for critical analytical chemical analysis, and for the analysis of 
standard solutions. Refer to Table 10-1 for specific requirements. 

Type II Laboratory Water: The grade of water defined by the CAP as suitable for most 
routine quantitative clinical methods. Refer to Table 10-1 for specific requirements. 
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Type III Laboratory Water: The grade of water defined by the CAP as suitable for, 
qualitative procedures, including urinalysis, parasitology, and histology, and " for 
glassware washing. Refer to Table 10-1 for specific requirements. 

 

Quality Assurance of Reagents, Supplies, And Laboratory Water 

Choice and evaluation of Reagents and supplies . 

A selection of a brand of reagent is made after searching and gathering information 
concerning the reagent sensitivity, preparation, storage, and cost. Next, an evaluation of the selected 
material is Performed in the laboratory, comparing the new reagent to the old. If the comparison is 
favorable, the new reagent is purchased. 

Before committing to purchase insists of performing a field trial of the reagent. 

Factors that should be considered in selecting and evaluating a new reagent or material 
supplies are: 

1. Sensitivity 

2. Stability and storage conditions 

3. Vendor reputation 

4. Delivery time 

5. Cost 

Laboratory Inventory Management 

Effective inventory control involves setting up a system that has the following goals: 

-   Simplify and reduce paperwork 

-   Improve communication between the laboratory and the other hospital departments 
involved in purchasing, stocking, and paying for supplies. 

-   Shortages and overstocking should be avoided 

-   Teaching laboratory employees better budgeting and materials management techniques 

Conduct a survey to list all of supplies that the laboratory uses, the list should include: 

-   The name of the item 
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-   A brief description 

-   Approximate usage per month 

-   Current vendor 

-   Order unit amount 

-   Current unit packing, that is per box, carton, or bag. 

-   Order or catalogue number 

-   Priority of need 

A written record system of inventory levels and checks should be devised Three types of 
record systems are suggested: 

1. The periodic count 

2. The perpetual inventory record 

3. The specialized inventory record 

Reagents manufactured in the laboratory 

-   Use class A volumetric glassware properly calibrated 

-   Directions of preparation should be included in the laboratory manual 

-   Preparation should be limited to one or two individuals to eliminate variation. 

-   Label each reagent, standard, and control with the following: 

- The name of the material 

- The procedure for which the material is to be used 

- Date of preparation 

- Date of expiration 

- Initials of the person who prepared it 
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Laboratory Water 

Reagent - grade water must be properly purified and periodically inspected for: 

-   Electrical resistivity 

-   Soluble silica concentration 

-   Desired pH 

-   Bacterial contamination 

Resistivity of water is the measurement of electrical resistance and is the inverse of electrical 
conductivity. 

R and C are directly related to the number of inorganic ions and conduction particles in the 
water. The greater the ionic concentration, the greater the electrical conductivity and the less 
the electrical resistance. Measurements are made using a resistivity or conductivity meter. 

Soluble silica (3102) is measured by a chemical reaction between silicate and molybdate ions to form 
a blue complex. 

The microbiological content of the water is defined as the number of colony - forming units per 
milliliter of water. Pour plate, membrane filtration or calibrated loop for sampling then pour plating 
are the three methods of choice. 

The pH is measured with pH meter. 

Soluble organic materials are removed using charcoal filter. 

Purification of water 

- Distillation 

- Deionization 

- Reverse osmosis 

additional purity is obtained with charcoal filtration. 
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Water grades according to purity 

 Type I water: 

The highest level of purity, used for tissue and cell culture methods, special and critical 
analytical chemical analysis, and in preparation of standard solutions 

Type II water: 

Used for most routine quantitative clinical laboratory methods. It should be stored for short 
periods of time before use, to prevent change in resisitivity and bacterial growth. 

Type III water: 

-   The least pure 

-   Suitable for most qualitative procedures including Urine analysis, parsitology and 
histology. 

-   Suitable for glassware washing 

-   Stored in containers that protect it form contamination 

Table 10-1 describes the three types of water. 
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Laboratory Safety 

Laboratory safety is not usually thought of as a quality assurance activity, but the quality of the 
working environment has both direct and indirect influences on the quality of work produced. A safe 
working environment provides a sense of security to the employee who does not need to spend his 
time worrying about possible accidents or hazards. An unsafe working environment, old and faulty 
equipment, and unprotected chemical and biological hazards can affect detrimentally the 
concentration and attitude of the employees exposed to these conditions. These factors can also 
create circumstances in which serious injury, damage, and significant error can occur. Such 
conditions are the reflection of ignorance and/or an uncaring attitude by the laboratory management, 
neither of which is an attitude that promotes high quality performance. 

What could possibly happen? This question should be asked to prevent accidents, not as an 
excuse for neglecting the extra effort to prevent the occurrence of an accident. This question should 
also be asked in every part of the laboratory, in each section, and for each employee. Here is only a 
partial list of some of the things that can happen if conditions permit: 

Explosions and fire Acute, accidental ingestion of poisonous and toxic substances, requiring 
immediate medical attention Chronic exposure to toxic substances, resulting in the slow 
accumulation of poisons in the body, or causing cancer Exposure to infectious biological 
material, either through the formation of aerosols, by ingestion, through open wounds, or 
penetration of the skin resulting in bacterial, viral, and parasitic infections or cancer. 
Accidental cuts and injuries resulting in soft tissue damage or broken bones. Other 
injury; resulting in disablement and/or death 

Why do accidents occur and unsafe conditions exist? There are a variety of  reasons. 
Ignorance, excessive haste and carelessness exercise of poor judgment, apathy, and 
maliciousness are some of the reasons that accidents occur. Statistics show that young males 
are more likely to be involved in accidents than other groups of individuals. Some persons 
are simply accident prone. To combat these causes, an active and responsive laboratory 
safety program should be initiated with the required participation by all laboratory employees. 
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RESPONSIBILITIES IN THE SAFETY 
ASSURANCE PROGRAM 

Management has definite and specific responsibilities in designing the safety program. These 
responsibilities include 

Providing a secure working environment 

Complying with safety and health standards set by accrediting agencies 

Establishing an effective safety policy 

Providing materials to perform the work safely 

Reviewing and following up all accident and incident reports 

As in other areas of the quality assurance program, the laboratory director is ultimately 
responsible for the safety of the laboratory personnel and equipment. The director should choose 
competent persons to design and administer the laboratory safety program and to provide 
assistance and support when necessary. Each laboratory should appoint a "safety officer" 
whose responsibility it is to define safety goals, design and monitor the safety program, 
assemble a safety manual, and to participate on the laboratory and hospital safety committees. 
The safety committee should help the safety officer maintain employee interest, conduct safety-
oriented continuing education classes, and assemble the safety manual. The committee may be 
composed of five to twelve persons with various responsibilities and jobs within the 
laboratory. This heterogeneous makeup will give the committee broader insights into the 
functioning of the laboratory and will help target specific problems. The laboratory supervisor 
and chief technologist are responsible for providing a safe working environment by 
eliminating hazards, providing adequate storage space and materials, and seeing that the 
safety program is fully implemented, with all employees properly trained. But the ultimate 
responsibility of working safely belongs in the hands of the technologists and other 
laboratory employees. These are the individuals whose awareness and adherence to safety 
rules will determine if the laboratory is a safe and pleasant place in which to work. 
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ratory safety policies and it also serves as a reference for continuing education programs. 

Prepared by the safety officer with assistance from the safety committee the safety 
manual should be reviewed for correctness and then signed by the laboratory director 
as proof of the review. Every new addition or change to the manual should carry the 
date it became effective and should be initialed by the safety officer. 

The manual should include as a minimum the following: ^ 

1 Names, phone numbers, and responsibilities of the safety officer, laboratory director, 
laboratory supervisor, and the heads of hospital security and the hospital safety 
officer 

2 Laboratory evacuation routes 

3 Fire and medical emergency reporting procedures and telephone numbers 

4 Procedures for and examples of the forms required for reporting accidents and 
incidents 

5 Safety rules for the handling, storage, and disposal of Broken 
glassware 

Potentially hazardous biological material Hazardous and 
nonhazardous chemical waste Radioactive material 

6 Electrical hazards and precautions 

7 Basic first aid procedures 

LABELING OF HAZARDS 

There are several labeling systems that classify chemical and hazardous material in the clinical 
laboratory, including those designated by the U.S. Environmental Protection Agency, United 
Nations, and the National Hazards Control Institute. These systems classify a material as 
corrosive, radioactive, flammable, explosive, toxic, infectious, or having some other 
potentially dangerous property. The type and degree of hazard is to be noted on a clearly 
visible label placed on the substance. Knowing the potential danger of a substance is the first 
step in preventing misuse or an accident. 
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GENERAL LABORATORY SAFETY PRACTICES 

A safe laboratory requires planning. Each employee is responsible for his own 

health and safety and should realize the importance of knowing the safety | procedures for 
all laboratory methods and for each piece of equipment. The 1 supervisor should make sure 
that all employees know the location of fire 

alarms, main gas shut-off valves, and electrical circuit boxes and how to 

operate them. The amount of material that should be properly discussed is beyond the 
scope of this book; however, important topics are outlined below. For more detailed 
information refer to the sources listed in the bibliography at the end of this chapter, or 
contact local, state, and federal agencies concerned with occupational safety in the 
laboratory. 

A  Biological Safety 

1  There should be absolutely no smoking, eating, drinking, or the application of 
cosmetics and contact lens in the working areas of laboratory. This is an irrevocable 
rule that applies to all areas of the laboratory. No Eating, No Drinking, and No 
Smoking signs should be placed in designated areas and in plain view. 

2 Hands should be washed thoroughly and frequently, using a disinfectant cleanser. 

3 No food should be stored in laboratory refrigerators. Only specially designated food 
refrigerators should be used for food and drinks and no laboratory reagents, specimens, or 
materials should be placed in them. 

4 Absolutely no pipetting by mouth of any substance should be allowed. There should be 
no exceptions to this rule. 

5 Laboratory coats, uniforms, or aprons should b.e worn at all times when at work and left in 
the laboratory during lunch breaks and at the end of the day. 

6 The proper disposal procedures for needles, contaminated glassware, specimens, and 
refuse should be detailed in the safety manual. 

7 Precautions should be taken to protect patients and employees from 

infection during patient/employee contact.  
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B  Electrical Safety 

1  All electrical equipment should be routinely inspected for proper operation and electrical 
safety, and the records of these inspections should be kept for the life of the instrument. 
Equipment needing repair should be removed from service until it is corrected. 

2 Only Underwriters Laboratory (UL)-approved breakers should be used on all circuits; 
each should be clearly marked as to which circuits it controls. 

3 Only UL-approved equipment and extension cords should be used. 

4 Employees should be educated about shock hazards. 

 C  Chemical Hazards 

1  Safety showers and eyewashes should be available and clear of obstructions. 

2 Warning labels should be placed on toxics, caustics, and acids. Unla-beled materials 
should not be used. 

3 Acid bottle carriers and other protective transportation devices should be used. 

4 Provision should be made for the proper storage and use of compressed gases. 

5 Personnel should be instructed on the treatment of chemical injuries 

D  Fire and Explosive Hazard Safety 

1  All government, accrediting agency, hospital, and insurance safety am fire 
regulations for the clinical laboratory should be enforced. 

2 Familiarity should be required with all appropriate emergency and pro tective and 
fire fighting equipment and procedures through practice anc continuing education. 

3 Fire and evacuation routes should be posted in plain view. 

4 Exits should be kept clear. 

5 Smoking should be prohibited near flammables. 

6 Fire extinguishers should be of the proper type, in adequate number and in 
appropriate, easily accessible locations. 

7 Fire drills should be practiced regularly. 
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 E  Radiation Safety 

1 Proper identification, labeling, and storage of materials should be as sured. 

2 Proper waste disposal procedures should be provided. 

3 Radiation levels should  be  monitored  routinely.  

F  Environment 

1  The temperature and humidity should be adequately controlled. 

2 Lighting should be sufficient to see clearly when performing laboratory work. 

3 Ventilation systems should be adequate to remove toxic-fumes. 

4 Noisy instruments should be shielded.  

G     Housekeeping   

1  All work areas, aisles, and passage ways should be kept clean, clutter-free, and 
unobstructed. 

2 All spills, chemical or patient samples should be cleaned up immediately, using the 
appropriate procedures. 

3 Proper disposal of waste materials and trash should be provided. 

4 Coats, umbrellas, and so forth should be properly stored in nonworking 

areas. 

 H  Storage 

1  Adequate and dry, well lit, well ventilated storage space should be provided. 

2 Accumulation of unused supplies should be avoided. 

3 Discarded equipment should be removed. 
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Quality Assurance in Clinical 
Chemistry 

Many of the quality assurance and quality control procedures and techniques discussed in this 
text were first developed for the chemistry laboratory and later applied to other areas of the 
clinical laboratory. Shewhart and Levey-Jennings control charts, statistical multi-rule 
evaluation of control results, evaluation and comparison of analytical methods, procedure 
manuals, computerized instrumentation, and preventive maintenance procedures have long 
been familiar to technologists in the chemistry laboratory. To avoid unnecessary duplication, 
only those topics that are specific for the clinical chemistry laboratory will be discussed in this 
chapter. 

SPECIMEN COLLECTION AND 
SAMPLE QUALITY 

Serum or plasma collected by venipuncture or capillary puncture is the sample of choice for the 
majority of chemical methods, but because of the recent emphasis on drug testing, more 
requests for the chemical analysis of urine are being made of the laboratory. In addition, a 
limited number of tests are being applied to cerebrospinal fluid and other body fluids, for 
example, glucose and protein tests. Regardless of the specimen, it should be properly 
collected, preserved, and transported to the laboratory. The specimen should be accurately 
identified with the patient's name, history number, the date and time of collection, and the 
initials of the person collecting the sample. 

The validity of a test result can be no better than the quality of the specimen. Whereas 
some chemical tests require that the specimen be collected without an anticoagulant, 
producing serum when the clotted sample is centrifuged, other methods require that a 
preservative or anticoagulant be used to 
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To start a quality control program for a chemistry method follow these guidelines: 

1 Purchase the appropriate levels of control in a batch large enough to last a year or more. 

2 Analyze it for a minimum of 20 consecutive working days on the method for which it is 
to be used. Carefully monitor the method for proper operation, using assayed standards 
or a previous lot of control material. 

3 At the end of the 20-day period calculate a mean, standard deviation, and coefficient of 
variation. 

4 Set up the evaluative procedure, either multi-rule or CUSUM, using the determined 
mean and standard deviation and setting up control ranges and tolerance limits. 

5 Analyze the controls at a frequency that is sensitive to the method's degree of 
imprecision. It is recommended that controls be analyzed with every batch or test run, or 
in large batches analyzed every 20 samples. 
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DO'S AND DON'TS OF SURVEY SAMPLES 

 

1  Don't give survey samples "special" treatment. Do treat survey samples as routine 
specimen, exposing them to the same environmental conditions as the average patient 
sample, such as temperature and light. 

2 Don't analyze a survey sample several times and" report the average. Do analyze the 
survey sample the same number of time's that the average patient sample is analyzed. 

3 Don't always analyze survey samples directly after recalibration. Do place the survey 
samples randomly in the daily workload so, that any systemic drift .will be accurately 
reflected. 

4 Do keep copies of all instrument printouts and survey reporting forms to check for the 
occurrence of transcription errors in case a survey evaluation report comes back as 
unacceptable. 

5 Do keep the survey samples for reanalysis after summary reports are received. Most 
chemistry survey samples can be frozen and can be used either to investigate an 
unacceptable result on the evaluation or as a secondary standard to investigate instrument 
problems 

 

 

 

 

 

 

 

 

 

 

 

 



  87

SOURCES OF ERROR IN CLINICAL CHEMISTRY  

1 Specimen mixup 

a Specimen drawn from wrong patient 

b Specimen labeled with the wrong name or accession numbers  

c Serum transferred into mislabeled tubes 

d Improper cup placed into a tray position and the results reported on the wrong patient 

2 Allowing evaporation of a sample while it sits on the analyzer waiting to be 
analyzed. This will concentrate the sample, resulting in higher values 

3 Dilution and calculation errors a Incorrect dilution of sample b Failure to correct 
for dilution 

4 Sampling errors 

a Partially clotted specimen 

b Short sampling 

c Air bubble in the bottom of the cup 

d Fibrin clot in the sample probes 

5 Transcription errors 

6 Instrument losing .calibration due to weak electrodes, dirty reaction cuvettes, or 
worn pump tubing; instrument was not recalibrated 

7 Instrument is not recalibrated when new reagents are placed on the instrument. 
This can result in a shift in the calibration 
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Quality Assurance in the Transfusion Service 
Quality Assurance in the Transfusion Service is of extreme importance. It does not depend 

on number ranges, date checks, or multi-rules for checking results. 

Additional attention is placed on the appropriate sample specifically that it is collected from 
the correct patients. 

* Quality product must be made available for patient transfusion. 

* Most institutions actually have a transfusion service rather than a blood bank. 

* ( AABB ) standards for Quality assurance which most Blood Bank and transfusion 
Services followed. 

The Safety and effectiveness of the transfusion given to the patient are as important of 
result, product safety and quality and equipment performance. 

* Blood component transfusions therapy is not less important than all of the Laboratory 
services. 

* The response of patient to blood component should be recorded periodically.  

The measurement of the Factor VIII and Fibrinogen are important aspects of the Quality 
Control. 

The Patient Blood Specimen 
To identify the patient's own blood sample accurately is very important. Data about patient 

should be attached firmly on label that includes: 

* Patients full name 

* Hospital number 

* Data the sample was drawn 

* Name of the phlebotomist 

Nowadays, there are many available accredited systems of how to identify patient. 

After the patient was identified correctly, other requirements are needed according 

to the test to be done on the patient's blood sample. 

The majority of blood banks tests are done on blood sample without a 

serum separator as both serum and cells are need for most testing. 

To supply essential numbers of the cells such as for antiglobulin testing, elution's 



  89

and cell separations; anticoagulant sample are needed sometimes. 

The anticoagulant used is not important because the cells are washed before 

making the test. 

We should put always on mind that the antigens of Red cells drawn in EDTA starts 

to deteriorate after 48 hours. 

Sterile tubes are not required for blood bank testing. 

Requisitions 

Avery important thing is that: 

* Information about the patient must be kept in his chart or on the hospital information 
system before making blood transfusion. 

- There are two basic procedures that must be considered by blood bank and 

transfusion service when designing requisitions: 

Firstly: The pre-transfusion blood typing information must be available to persons 

administering blood components (Patients). 

Secondly: certain and accurate information about both the patient and the donor 

must be labeled and attached firmly to the individual component for transfusion. 

Blood Component labeling and transfusion Records 

When a blood component is issued for transfusion, specific information is placed on 
the blood transfusion form. Many institutions choose to include all of the data on a single 
form, other will use one for the component and a separate requisition for the chart. 

The transfusion form to be placed in the patients chart must show the :-- recipient 
name, hosp. ID NO., ABO and Rh types, name of component, Donor ID No.,  Donor ABO  
and  Rh,  Tech.   ID  NO.,  if crossmatch  was  performed, interpretation of the antibody 
screening and viral tests 
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The label attached to the blood component must include: 

Patient Name ,Hosp. ID No., Donor No., the interpretation of the crossmatch, Tech. ID, 
name of component, ABO and Rh types of donor and recipient, this label attached to the unit 
be a tie tag, a sticky label that is part of the transfusion form. 

The label or tie tag attached to the component usually also contains information 
regarding how much of the unit was given. 

Procedure Manual 

Blood bankers have been leaders in the development of procedure manual. The 
(AABB) Published a comprehensive volume of procedures entitled Technical manual for 
blood banking is the best of theory and practice of blood component therapy.   The   
Technical  manual may  certainly  be  referenced  in  appropriate instances, however it may 
not be only procedure manual in the laboratory. 

Reagents 

In the past, some hospital blood bank and transfusion services used as much reagent to 
complete the daily control testing as they used for all the patients sample. Because all 
licensed blood bank reagent must pass stringent exam.. We are not required to make sure that 
the reagents are working as they should. No longer is it appropriate to spend more time and 
money on quality assurance testing than the patient testing. The reagent control its lot No. 
and expiration date should be reported to the supplier if deterioration is suspected. Both a 
positive and negative control must be run to assure that the reagent in question is reacting as 
intended. 
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External Quality Control:  

Proficiency testing 

There are several interlaboratory comparison programs in blood banking. The program 
has been used for the measurement of proficiency and acceptability of the laboratory 
performance in inspection and accreditation programs of professional societies as well as 
governmental agencies or department of public health. As general statement, laboratory 
performance in blood grouping and compatibility testing is quiet good. Several levels of 
difficulty are recognized in the blood banking surveys:- 

1- Requires only ABO and Rh typing. 

2- Requires the addition of antibody detection. 

3- Requires the identification of any antibody that are discovered in the 

survey specimens. 

Performance then is based upon the level of expertise professed by the participant.  

Quality Assurance of instrumentation 

Because blood and its components are perishable products needs: 

1-Refrigerators for blood and reagent storage, Range (1-6 C }, equipped with an alarm, 
receding chart from day to day and the thermometers should be calibrated yearly. 

2- Centrifuges should be calibrated. 
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Hematology Quality Assurance 

Hematology test procedures involve the enumeration and identification of the blood's various 
cells. Leukocytes, erythrocytes, and platelets are living cells that are much more sensitive to 
the test environment than most chemical components such as sodium or chloride. 

Specimen collection and sample quality: 

Improper sample collection procedures and sample processing can drastically affect the size, 
shape, number, and distribution of blood cells. 

Two methods of collecting samples are used: capillary puncture and venous puncture  

1- Capillary puncture: 

•   Consider the only available method for obtaining blood from: neonates and some 
geriatric patients. 

•   Site of puncture: ear, fingertip, and the planter surface of the foot. 

•   Materials required: skin puncture devise (sterile blood lancet, or automatic lancet 
device), iso propyl alcohol, sterile gauze pads, and microcollection system. 

•   The puncture site should be warmed and pink, indicating good local circulation. 

•   It should be wiped with alcohol and allowed to dry. 

Alcohol can cause:     RBCs lysis, RBCs clumping, or coagulation of blood protein. 

•   The use of automatic lancet devices that control the angle, depth, and force of the 
puncture helps standardize the process from one person to the next. 

During collection the sample, don't squeeze the puncture area and follow the 
following: 
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-   The first drop formed should not be collected but wiped away. 

-   The second drop used for platelet count and blood film. 

-   The third one used for WBCs count. 

Notes: 

•   Blood from a skin puncture is a mixture of venous, arterial, and capillary blood, so 
some of constituents in the blood will differ between skin puncture blood and an 
arterial or venous blood. 

• WBCs counts are high in the first drop (immune defense action). 

• Platelets count decrease gradually in each drop (clumping, platelet activators). 

• Squeezing of the puncture area introduce tissue fluid into the blood (dilution). 

2-Venous puncture: 

•   Evacuated collection tube or syringe 

•   Site of collection: veins in the antecubital fossa, forearm, the back of the hand, 
ankle, the hand, the femoral vein, and the jugular vein. 

•   A tourniquet is used for collection from the arm and the hand: 

1. The tourniquet is placed on the arm or the hand and the vein is palpated. 

2. The site is cleaned with alcohol and the puncture made after the site has 
dried. 

3. Once the vein has been punctured and the flow of blood into the syringe is 
established, the tourniquet should be removed. 

•   Blood collected in syringe should be transferred immediately to an anticoagulated 
tube by carefully injecting the sample into the tube (without the needle attached), 
allowing it to run down the side. Slowly depress the plunger so as to avoid foaming 
or rupture of the cells. Stopper the tube and mix immediately by inversion to 
prevent clotting. 
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Anticoagulants: 

•   Ethylenediamine tetraacetate (EDTA): is the anticoagulant of choice in 
providing whole blood for most hematology procedures. Samples collected in 
EDTA should be tested within four hours and, if refrigerated at 4 C, are reliable for 
white blood cell (WBC) counts and microhematocrit determinations for up to 48 
hours, and for platelet counts for 24 hours. 

•   Sodium citrate: is used as the anticoagulant for most coagulation procedures and 
can be used to determine the WBC and platelet count on patients who form platelet 
clumps when EDTA is used. 

It causes RBC shrinking ——— Inaccurate RBC count and hematocrit. It is used 
in a concentration of 1 part 0.109 M to 9 parts whole blood (coagulation). 

•   Heparin: used in a concentration 15 to 30 U/ml of whole blood. 

Reliable for Hb, PCV, and ESR. Cause WBC to clump together, and result in a 
blue background on Wright-stained smears. 

•  Ammonium / potassium oxalate: for ESR only. 4 
volumes (whole blood) + 1 volume anticoagulant. 

Transportation of the sample: 

The specimen should be transported to the laboratory as soon as possible. 

Errors encountered in specimen collection: 

1. Inappropriate anticoagulant for the test performed. 

2. failure to mix the sample thoroughly 

3. Under filling or overfilling the collection tube, resulting in the improper sample: 
anticoagulant ratio. 

4. Misidentification of the patient. 

5. "Milking" of the site of skin puncture to obtain more blood. 

6. Rough or inappropriate handling of specimen after it is collected, e.g., exposure to 
extreme heat or cold. 
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PROCEDURE  MANUAL 

1. The description of each of the cell types found in the blood and in other body fluids 
should be clearly defined in writing. 

2. Outline how the results of WBC differentials and blood film examinations are to be 
reported. Eliminate the use of ambiguous terms such as large, moderate, or small, if 
semi quantitative terms must be used, define a table describing exactly what 1 +,2- or 
3+ constitutes as a percentage of cells found in the oil immersion field. 

3. The criteria requiring the review of specimen by a hematologist or pathologist should 
be defined in the technical procedure. 

4. A definitive procedure for the calibration of automated single-and multiparameter cell 
counting instruments is included in the technical procedure manual. 

5. Quality control procedures, the tolerance limits, and actions to be taken when the limits 
are exceeded are also defined in the procedure manual. 

REFERANCE INTERVALS: 

There are measurable biases between the various methods employed by hematology 
analyzers in identifying, counting, and measuring blood cells and hemoglobin, as well 
as significant age and sex differences for hemoglobin, hematocrit, and the percentages 
of Leukocyte distributions. 

(Example of the variation of reference intervals of 
hemoglobin)  

Hemoglobin reference intervals 

Duke university medical center, Instrument: Ortho ELT-8 

Newborn: 14-24 g/dl 

 Infants: 10.5-14.5 g/dl 

 1-5 Years: 10.5-14.9 g/dl 

 6-Adolescent: 11-14.9 g/dl  

Adult Males: 14.0-17.0 g/dl  

Adult Females: 12.5-15.0 g/dl 
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CHOICE OF METHODS: 

HEMATOLOGY ANALYZERS 

The proper selection of a hematology analyzer is an important decision that can prevent or reduce 
the number of problems that might occur as instrument is put into full service. 

You must consider the following when you choose the analyzer: 

•   Sample volume 

•   Instrument maintenance 

•   Types of problems encounterd in identifying and counting cells. (WBC vs. nucleated RBCs), (low 
WBCs count). 

The evaluation of a hematology analyzer's accuracy and precision is a little different than that for a 
chemistry analyzer. The evaluation of a new hematology analyzer is carried out by comparing fresh 
patient samples to: 

1. Manual reference methods. 

2. Instruments whose performance characteristics, precision, and accuracy are well 
documented. 

The use of commercially available whole blood" controls with assigned values" should be limited to 
stat adjustments of calibration and for monitoring instrument precision. 

Precision evaluation: 

•   Replicate analyses of patient samples (within run precision). 

-   10-20 consecutive times. 

-  mean, S.D, %CV. Calculated and must be < or = the published limits for the instrument. 

•   Duplicate analysis within the same run or in later test. Detect the degree of variation. 

NOTE: there are two instrumentation methods used widely: 

1- Aperture impedance technology. 
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2- Light scattering technology. (Laser) 

 

Quality assurance of hemacytometer cell counts: 

Disadvantages: 

•   Tedious and time consuming. 

•   Have a large degree of imprecision 

Advantages: 

•   Used for pediatric and geriatric samples. 

•   Used for certain body fluids(C.S.F, PLURAL,...etc) 

•   Used for calibration procedures for automated analyzers. 

Manual cell counts should be performed with certified calibrated pipettes such as (sahli-
type and thoma-type pipettes) in good condition, free from broken tips and with will 
marked dilution lines. 

Sources of error in hemacytometer cell counts: 

1. Samples could be partially clotted, thereby changing the distribution of the cells. 

2. Faulty techniques in diluting the sample, including the inadequate mixing of the 
sample and over-or underdiluting the sample. 

3. Overflowing the chamber into the moat; the chamber area is not completely filled. 

4. Trapping of air bubbles anywhere in the chamber area. 

5. Inadequate distribution of the cells across the field, resulting from either 
inadequate mixing or a dirty or scratched chamber. 

6. Use of dirty or broken dilution pipettes. 

7. Counting nucleated red cells as white cells. 

8. Platelet clumping in EDTA anticoagulated samples, resulting in a lowered 
platelet count. 
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9. Dilution fluid is contaminated with dust and dirt particles or microorganisms. 

10. Evaporation of the sample from the chamber, concentrating the cells in the 
remaining fluid. 

Notes:   Expel the first three drops before loading the chamber. Wait for 3 
minutes allowing the cells to be settled Check  for even distribution 
under low power scan. 

The properties of a good commercial blood control are: 

1. The cells should maintain the size and shape of human blood cells. 

2. the cells should behave in a manner similar to blood cells in: 

•   deformability—fragility——index of refraction 

•   physical properties: conductivity—viscosity——pH——turbidity. 

3. The material should suspend readily without doublet formation. 

4. The material should be able to be used directly without any preparation or 
manipulation other than warming to room temperature and mixing. 
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Disadvantages of whole blood controls: 

•   Very expensive. 

•   Short shelf life 

Use of patient samples for quality control of  hematology analyzers 

The use of patient sample as controls is attractive for several reasons: 

1. The problem of the physical differences and sensitivity to the testing system between the 
control and the patient sample is absent when the patient sample is the control sample. 

2. The data generated by the analysis of the patient sample requires no extra effort to obtain 
for quality control data, especially if the data is captured by the microcomputer on the 
analyzer of the laboratory computer. 

3. The use of patients as controls is perceived as a less expensive method of quality control, 
since additional control material need not be purchased. 
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HAEMATOLOGY QUALITY ASSURANCE 

Rule of thumb method for checking red cell values: 

A method which can be applied at the instrument results to check validity of red cell count, 
HGB and HCT 

HGB X 3 = HCT (±2) 

HCT + 6 (± 3) = first 2 digits of red cell count 

Example: 

RBC = 3.62X 1012 /L HGB 
=11.1   g/dl HCT = 32.6   % 

HGB X 3 = HCT (±2) 

11.1 X3 = 33.3     (30.6-34.6) 

HCT + 6 (± 3) - first 2 digits of red cell count 
32.6 + 6 + 3    =35.6-41.6 

These formulas apply to individuals with healthy red cells. 

If the instrument is not performing well, all of the results will be consistently outside of 

those ranges. 

Verification of counts by peripheral blood film: 

The use of Blood Film to check the counts is recommended for all abnormal counts. The 
blood film can be used for: 

•   WBC estimate 

•   Platelets estimate 

•   RBC count & morphology 

Those can all be determined from the film and compared to the count from the instrument.  
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1- For WBC: 

Average no. per field for ten 1 OX 

objective fields (with 10X ocular)    + 4     -  ± 20% of instrument WBC count 

2- For Platelets: 

Average no. per field for 10 oil 

immersion 100X objective field    X   20000 = ± 20% of instrument count 

(1 OX oculars) 

3- Red cell size and morphology: 

Size: It can be estimated by comparison witli nucleus of normal lymphocyte  

HGB concentration: estimated by its apparent density 

At best, WBC, Platelets and red cell morphology are rough and relatively insensitive to 
monitor the instrument performance. 

Use of patient Samples to measure Precision: 

•   Patient samples are readily applicable for repeat analysis to monitor instrument 
precision. 

•   Blood cells will stay stable for 24 hours if refrigerated & not mishandled. 

•   Samples can be set aside and recounted at intervals to detect any change in precision 

•   Selected samples can be analyzed every 4 hours or every 40 samples. 

Procedure to detect a day-to-day change in precision: 

•   3 normal samples are selected 

•   Average results for each parameter counted 

•   Samples are stored at the refrigerator 
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•   24 hours later, samples are allowed to come to room temperature and reanalyzed 

•   Average of the results are calculated for the 2nd analysis 

•   The average of 2nd analysis is subtracted from that of 1st analysis; the difference should 
reflect a change in the instrument's precision from one day to the next 

The tolerance limits of the change are calculated by the following: 

WBC ± 10% of the first run 

RBC ± 10% of the first run 

HGB ± 0.5 gin 

HCT ± 2% 

PLT ± 10% of the first run 

Calibration of  haematology analysers: 

Both single and mulichannel analysers require calibration and periodic adjustments. 
Preferred method of calibration is to use fresh human blood with values determined by 
primary reference methods such as manual reference procedure or by counts obtained on a 
properly adjusted single channel digital particle counter. 

If a particle counter is used for primary calibration, the instrument must 
be: 

• In peak working order 

• Regularly maintained 

• Thresholds properly set for each blood cell type being counted 

If more than one instrument is to be adjusted, calibrate one of them using the reference 
methods. Then use patient samples analysed on it as secondary calibrators to adjust the 
other instruments 
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Calibration of instruments in the absence of reliable hematocytometer 
counts or particle counters: 

•   In this case whole blood commercial controls with assigned values can be used 

•   Three separate and independent lots of commercially prepared whole blood control 
material with cell concentration in the normal range 

•   One lot is used to calibrate and the other two lots to confirm the calibration 

Defects in the calibration cannot be detected if the calibrator and the control are the same. 

Peripheral Blood film: 

It is one of the older and most important haematological procedures. It serves several 
purposes: 

1- It determines the types and numbers of the various leukocytes present in the 
peripheral blood 

2-  Allows the examination of the morphology of erythrocytes, leukocytes and platelets 

3- Provides a means of verifying the results of a cell count from analysers 

The blood film is difficult procedure to master because: 

•   The leukocyte distribution and erythrocytes are affected by the method and manner of 
blood film preparation. 

•   The performance of the standard 100 cell differential of WBC is subject to a great 
degree of imprecision because of the uneven distribution of leukocytes across the 
slide. 

This is mainly apparent in cell lines in which there are normally few cells present like 
monocytes, eosinophils and basophils 
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Different persons performing a differential on the same blood film will arrive to 
different results due to the following: 

1- various techniques are used in examining the film 

2- the choice of working area 

3- the ability to recognize and identify cells 

Different films made from the same sample will show more variation. Each film was made 
from a different portion of the sample and no two portions are exactly the same. 

Methods used for preparation of blood films: 

1 - Coverslip preparation 

2- Wedge blood film 

3- Spun Film 

2- Wedge Blood Film: 

•   When properly performed, it is considered the superior method 

•   This method is commonly used in manual as well as in automated and semi-automated 
environments 

Factors that affect the distribution of WBCs and affect the cellular 
morphology: 

1- The shape of the edge 

2- The type of the spreader used 

3- The angle of the spreader 

4- The speed of the stroke 

5- Timing in spreading 
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6- The volume of the drop of blood 

7- The erythrocyte concentration   

Properties of an acceptable blood film are: 

1. Blood film is narrower than the glass slide 

2. It has a minimum length of 2.5 cm and ends at least 1 cm from the end of the slide 

3. The film should provide sufficient working area, an area where the red cells are touching 
and not overlapping 

4. The film should have a gradual decrease in thickness from thick to thin area 

5. The thinner far end should be free of streaks, troughs and ridges 

6. No artifacts of cellular morphology should be introduced by slide -making process 

7. There should be minimum distribution disruption of the leukocytes by the spreading 
process 

Slide Staining: 

The common stain used is Wright stain 

A well made film stained properly will have an overall pinkish appearance Under the 
Microscope: 

 Nuclear Staining Cytoplasmic Staining 

Erythrocytes ……..  
Mature Neutrophils Dark purple Cytoplasm: pinkish Granules:  

purple to violet 
Eosinophils Dark purple Cytoplasm: pinkish Granules:  

orange red 
Basophils Dark purple Cytoplasm: pinkish Granules:  

deep blue violet 
Lymphocytes Deep purple to violet Pale to light blue 
Monocytes Light purple red Bluish gray 
Platelets 

 

……… 

 

Central:     red purple 

Periphery: light blue 
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Intralaboratory performance of blood film examination: 

To ensure that the Intralaboratory precision of the WBC differential and blood film 
evaluation is acceptable, a small scale proficiency survey can be conducted periodically 

•   5 to 10 blood films from freshly drawn EDTA anticoagulated blood are prepared and 
stained with the routine stain 

•   All technologists are asked to perform a routine WBC differential, RBC morphology, 
WBC and platelets estimates on these same slides 

•   Results of different technologists are compared 

Individuals who are identifying and estimating differently from the expected level of 
performance can be identified as outliers 

Specimens that should be reviewed by slide examination by a competent 
technologist: 

1- Specimens with HGB level < 10 g/dl or > 18 g/dl, check for atypical RBC morphology 

2- Specimens with WBC counts > 15 X 109 /L or < 3.5 X 109 /L, check for abnormal 
WBC morphology 

3- Specimen with platelet counts below 100 X 109/L, check for platelet clumping or 
atypical platelet morphology 

Blood films with pathologically significant morphology should be reviewed and 
confirmed by a pathologist or haematologist. Significant findings include: 

1 - presence of normoblasts 

2- Significant abnormal morphology of red cells 

3- Presence of plasma cells in peripheral blood 

4- Presence of immature cells from any of the cell lines, especially blast-like cells 

5- Presence of atypical cells or unidentifiable cells 

6- Thrombocytosis or thrombocytopaenia, presence of giant platelets, or 
megakaryocytes 
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Special Stains: 

Giemsa stain: for bone marrow sections 

Iron stain: for bone marrow sections, iron stores 

Periodic Acid-Schiff: Differentiate ALL from other acute leukaemias 

Properties: 

•   Reagents used should be of the highest quality obtainable 

•   Should be prepared with CAP classified Type I water corrected to the proper pH 

•   Reagents and prepared stain should be stored under proper conditions to prevent 
deterioration, precipitation of crystals or growth of microorganisms 

•   If necessary filtration of stain should be done to remove precipitated crystals 

•   When available, control slides should be prepared for each stain from patient 
samples known to be positive 

External Quality Control in Haematology: 

Proficiency survey offered by the College of American Pathology offers a means to 
monitor the accuracy of many haematology procedures. They include: 

•   Preserved whole blood materials for counting cells and measuring haemoglobin 

•   Photomicrograph or transparencies of Wright-stained blood cells for identification of 
various cells found in the blood 

This help the participants to evaluate their own performance relative to other laboratories 

of similar size and methodology 

The survey is also important in evaluating the performance of the haematology analyser 

Another source of external control is the whole blood commercial controls in which the 
manufacturer offers a regional quality control program. 

Comparison to other laboratories with similar instruments and using the same lot of control 
material is done. 
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Continuing Education: 

•   Continuing education programs can be targeted towards problem areas 

•   They are important in maintaining a high level of quality in the Intralaboratory 
performance of the blood film examination 

•   Maintenance of haematology analysers 

The best prevention of errors and mistakes is a well-trained and 
conscientious technologist 

Quality assurance of Haematology Instrumentation: 

Thermometers, refrigerators, general purpose centrifuges all should be involved in an active 
quality assurance program with performance and function verification and preventive 
maintenance performed on a regular basis. 

Single and mulichannel electronic cell counters: 

They require performance and function verification and preventive maintenance The 
manufacturer supplies guidelines for what should be done on a daily, weekly and monthly basis 

Some recommendations 

1- A daily visual inspection of all valves, tubing, and pumps 

2- A background count should be performed periodically to check that the dilution fluid is 
free from contaminating particles 

3- Immediate cleaning of spills and leaks from pumps, valves and tubing 

4- Keep all air vents and fan screens clear of dust 
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Safety precautions include: 

1- careful handling of instruments that use mercury 

2- If isotonic dilution fluid contains sodium azide, make sure that it is emptied in a drain that 
does not contain lead or copper pipe. Accumulation of sodium azide in metal pipes 
results in formation of explosive azide salts. 

 

Microhaematocrit Centrifuges: 

To measure the packed cell volume accurately: 

1- RCF (radial centrifugal force) must be known 

2- Minimum time necessary for maximum packing of red cells 

Therefore the speed of centrifugation and the centrifuge timer must be checked at 
specified intervals 

Determination of constant packing time: 

•   EDTA anticoagulated blood is used 

•   Aliquot blood into 12 microhaematoci it tubes 

•   First pair of tubes is spun for 1 minute, second pair for two minutes and so on until all 
12 tubes have been spun 

•   Time is recorded for each pair of tubes 

•   When two pairs obtain the same PCV, the longer lime is used as the minimum 
packing time 
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Coagulation Quality Assurance 

- Prothrombin time (PT) and 

- Activated partial thromboplastin time (APTT) evaluate the ability of the plasma to form a 
fibrin clot. 

They are used to measure the effects of anticoagulant therapy. Other tests measure the 
concentration of specific clotting factors such as fibrinogen, Factor V or factor VIII. Other 
tests measure platelet numbers and function 

Specimen Quality Assurance     

-   The specimen of choice for most coagulation testing is sodium citrated 
anticoagulated plasma. A 1:9 ratio of Na- citrate to blood is required. 

-   The cells and the plasma should be separated as soon as possible. If delay 
occurs, the byproducts of cellular metabolism alter the plasma, making it too 
acidic, the clotting time will be longer as the enzymes necessary for such 
process are sensitive to acidic PH. 

-   The citrated blood specimen should be protected from overheating as some 
coagulation factors (V, VIII) are heat labile. 

-   Hemolyzed specimens are notrecommended as RBCs contain activating factors 
for the intrinsic portion of the coagulation cascade... these may shorten the 
APTT. 

-   Specimen should be centrifuged to get platelet - poor plasma (RCF of 1000 x g 
for 10 minutes). 

-   Plastic tubes are recommended as contact with glass may result in initiation of 
coagulation cascade and the shortening of APTT. 

-   The plasma should be processed within 30 min or stored at 4Cin a tightly 
stoppered tube 
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Quality Control 

- lyophilized citrated plasma samples are available for quality control of coagulation testing. 
These controls are available at 3 levels: 

- Normal 

- Mildly prolonged 

-Abnormally long time for PT and APTT 

The mildly prolonged control should provide a clotting time in the therapeutic ranges in 
response to heparin and coumadin therapy for the APPT and PT. 

- Controls are reconstituted with deionized water, the sample will be stable for 4-8 h at 2-8C. 

- Multi - rule evaluation with two levels of controls is used to evaluate the results of the control 
runs. 

- The participation in a regional quality control program will give a precision performance 
comparison with other laboratories using the same method / reagent. 

External Quality Control 

CAP offers lyophilized samples for proficiency testing. Quality Assurance of 
Instrumentation 

-   In the beginning, coagulation testing was manual procedure 

-   BBL Fibrometer consists of a heated reaction well, a probe arm, and a timer. The probe 
arm contains a stationary and a moving electrode. 

-   The Fibrometer improves precision of the PT and APTT considerably. 

-   Duplicate the testing. 

-   The development of optical end point detectors has improved the sensitivity of clot 
detection. 
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To verify the proper operation of each component of the coagulation instrument, the 
following should be checked at regular basis. 

-   Temperature of the heating and cooling blocks daily 

-   Photocell and lamp voltages are within operational ranges 

-   Calibration of the pumps 

-   Cleaning the electrodes after every use and lubrication the probe arm weekly 

-   Clean cuvette 

-   Changing the tubing according to manufacturer's instructions 
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SOURCES OF ERROR ON COAGULATION TESTING 

ــــــ ـــــــ ــــــــــــ ــ ـــــــــــــــــــــــــــ ـــــــ ـــ ـــــــــــ ـــــــــــــــــــــــــــــــــــــــــــــــــــــــ ــــــــــــــ ـــــــ ـــــــــــــــــــــــــــ ــــــــ  

1  Improper concentration of calcium solutions. This may be the result of making the 
solution improperly or allowing it to concentrate through evaporation. The end result is 
prolonged times for the APTT and other procedures requiring, re-calcification 

2 Inaccurate or imprecise pipettes used to deliver reagents or sample 

3 Incorrectly reconstituting reagents and controls 

4 Overfilling or underfilling of the vacuum collection tube with blood 

5 Not obtaining platelet-poor plasma for the APTT 

6 Failure to perform preventive maintenance and verification checks of coagulation 
instrumentation, that is, changing sample and reagent delivery pump tubing 
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Quality Assurance in 
Microbiology and Serology. 

Clinical microbiology procedures are somewhat different than those in other areas of the 

laboratory 

The expanding spectrum of responsibility for quality management is a major step forward 

in ensuring that not only is testing accurately performed but that all of the steps beginning 

with initiation of orders for testing , collection and transport of specimen, and finally the 

timely reporting , interpretation , and use of data are carefully scrutinized to optimize the 

quality of patient care and provide this at the lowest possible cost . protects personnel against 

infection and other laboratory hazards also it is important . 

The   subjective   nature   of  microbiology   testing   requires   that   the technologist depend 

more on his experience and knowledge to make independent judgments when identifying 

microorganisms .  

Technologist training and continuing Education.  

A   sound  educational  background  and  a  continued  high  level   of motivation and 

interest are important to maintaining a high level of quality performance . Continuing 

education programs and material keep the technogists up - to - date with new procedures , 

skills  sharpened , and also help keep motivation at a high level.  

Standard operating procedures ( SOP) 

It serves as a reference document that outlines the basic protocols and procedures for the 

analysis of the microbiological specimen . laboratory Safety should be emphasized , 

stressing the infectious , chemical, and electrical hazards of every procedures. SOP should 

emphasize the following :- 
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1. Sample collection and transportation to the lab:- 

Different speciemen types such as swabs , fluids, tissue samples , aerobic and anaerobic will 

reach to the Lab. Because the sample collection take care out of information the Lab and , out 

of controlling of microbiologist 

, So the (procedures ) of how to collect and transport the sample must be available to the 

physicians and nursing staff. 

2. Criteria for rejection of improper specimens . 

This section should list all of the conditions that would result in a specimen being rejected 

by the laboratory. 

Problem Date Reviewed by Action taken Comment 

     

     

     

     

     

Sample problem log 

3. Protocols for plating specimens :- 

Procedures for the plating of specimens , both  aerobically and anaerobically , the selection 

of media which will be used for each of . specimen and the incubation and preparation of 

CO2 and anaerobe jars should be described. 

4. Outline of examination procedures for cultures :- 

Step-   by-   step   procedures   for   the   macroscopic   and   microscopic examinations of 

cultures and guidelines for interpreting and reporting of results 

5. Procedures for the performance of differential procedures :- 

6. Step - by - step   describe the biochemical test and stains necessary for identifying 

microorganisms that have been grown from culture . 
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 Information should include : 

 The required specimen type . 

  Instructions for the macroscopic and microscopic inspection of the 

colony . ( culture charachteristics ).  

  The specific media or reagents that should be used 

  Ways to perform the test. 

  Ways to interpret the results e.g color changes or turbidity changes . 

  Ways to report the results . 

  The appropriate quality control procedures. 

6. Antimicrobial susceptibility testing procedures :- 

 Antibiotics that should be used . 

 How to measure the inhibition zoon and determine the sensitive and resistant 

reactions . 

 The quality control organism that should be used to monitor the antibiotic 

inhibition , the tolerance limits, and how to define quality control corrective 

actions when results are not as expected. 

7. Procedures for preparing media and reagents :- 

This include the quality control procedures for all media , agars, and reagents either 

prepared in the laboratory or commercially obtained . 

8. Procedures for cleaning and sterilizing equipment :- 

The maintenance procedures for equipment essential to microbiology testing ( e.g 

refrigerators , freezers , thermometers , incubator, anaerobic chambers, autoclaves , microscopes 

and centrifuges ) must be mentioned. 

9. Procedures for handling and disposing of contaminated materials 
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Quality Assurance of microbiological specimens:- 

The quality of the result is no better than the quality of the specimen. All the specimens must be 

collected under aseptic technique as possible as. To prevent contamination with normal flora or 

other  organisms. As a general rule specimens should be received within 60 minutes of 

collection unless an appropriate transport medium is used . Microorogansims    are sensitive to 

environmental changes and steps should be taken preserve the integrity of the specimen once 

it has been removed from the body, to prevent microorganisms from dying during 

transportation to the laboratory . before a sample is accepted for analysis , it is important that the 

laboratory insist that the original condition of the sample and its container be maintained. There 

should also be adequate documentation stating the samples source , date and time of collection , 

analysis requirements and required storage conditions . 

 Quality control of media . Purchased media. 

The purchased media should be tested for sterility and performance when received by the 

laboratory using test organisms that are known to produce a specific reaction on the media in 

question . 

Laboratory prepared media :- 

The following recommendations are presented for laboratory preparation of media :- 

1. Water 

 distilled or deionized water should be used . 

 PH must be checked daily it should be maintained . Between (5.8 

        and 7.0)  

 The water should be sterile ( free from any organism) 

2. Opened dehydrated products. 

 When dehydrated media is received in the laboratory it should be marked with 

the day on which it was received and the day on which it was opened . 
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 Store the media under the condition specified by the manufacturer and keep it 

tightly sealed . 

3. Sterilization 

Media must be sterilized on autoclave . although the standard temperature , pressure and holding 

time used for sterilizing is 121 C° at 15 psi for 15 minutes , this is not suitable for heat-sensitive 

sugars such as glucose and sucrose . 

These sugars should be autoclaved at 110 C° for 30 minutes A similar technique be used with 

liquid media . 

After sterilization randomly remove plates or tubes of media and incubate to check and see if there 

has been contamination . 

4. PH check  

After the media has been sterilized and cooled , it should be checked to 

see that PH is within acceptable ranges . IF not the entire batch should be discarded. 

5. Storage and sterility checks . 

Store the prepared,  sterilized media according to the manufactures recommendations. 

The information that should be recorded for laboratory prepared media should include: 

• Date of preparation 

• PH and resesitivity of rehydrating water as well as monthly sterility checks. 

• Autoclave performance and function checks (e.g temp , pressures , and sterility checks)  

• IN some cases it will be necessary to label the media with its name to prevent it from 

being confused with other similar appearing media. 
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Quality Control Work Sheet for Laboratory Prepared Media 

 

 

A. Name : D. Expir date : 

B. Lot no: E. Storage conditions: 

C. Date prep: F. Prepared by: 

 

II  Preparation A. 
Ingredients 

Name Source                        Lot no.                       Amount 

B.  Sterilization 

Base Supplements 

Method (s): 

Time : 

Temp: 

C. Final PH of medium : D. Total no. 
of plates / tubes prepared : 

III.   Sterility test 

A. No. of units tested : 

B. Time and temp, of incubation : 

C. Results: 

D. Date checked : 

By:IV. 
Performance test 

Test organism Expected result                                  Observed result 

Date checked : 

V.      Corrective action : 

IV.    Final action:  

 



  129

Antimicrobial susceptibility tests:- 

Agar diffusion method :- 

1. Mueller Hinton agar have a uniform depth of approximately 4mm 

2. The concentration of the suspension of the test organism should be adjusted by 

comparing the turbidity to that of the Macfarland standard .  

(H2SO4+BaCl2). 

3. Discs used for agar diffusion susceptibility should be stored at 20 C° in a desiccated 

container . A working supply of disks can be stored at 5 C° also in a desiccated 

container . 

4. The discs should not be used after expiration  date. 

5. The discs should not be put on the plate randomly, It should be put according to age 

and according to the type of specimen and the growth organism. 

Three organisms are recommended for performance testing E.Coli , 

staphylococcus aureus and pseudomonas aeruginosa. 
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ACCEPTABLE RANGE OF ZONE SIZE FOR CONTROL ORGANISMS USED TO 
VERIFY THE PERFORMANCE OF THE AGAR DIFFUSION ANTIBODY 
SUSCEPTIBILITY TEST . 

Zone Size (mm) 

 Disk E.coli S. aureus P. aeruginosa
Antibiotic Conec (ATC C° 25922 ( ATCC 27853) ATCC27853  

Ampicillin 10 ug 15-20 24-35 
Carbenicillin lOOug 24-29 N.A. 19-25 

Chloramphenicol 30 ug 21-27 19-26 
Clindamycin 2ug N.A. 23-29  
Erythromycin 15 ug 8-14 22-30  
Gentamicin 10 ug 19-26 19-27 16-22 
Kanamycin 30 ug 17-25 19-26 
Methicillin 5ug N.A 17-22 
Neomycin 30 ug 17-23 18-26 

Penicillin G 10 units N.A. 26-37  
Polymyxin B 300 units 12-16 7-13 13-18 
Streptomycin lOug 12-20 14-22  

Sulfamethoxazole 23.75ug 24-32 24-32  
Tetracycline 30ug 18-25 19-28 
Tobramycin lOug 18-26 19-29 19-25 
Vancomycin 30 ug N.A. 15-19  

NA: Not Applicable 
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Minimal inhibitory concentration test: MIC 

The drugs used in this antimicrobial susceptibility test should be made from pure assayed 

materials stored under desiccation until time of preparation. It is not recommended that clinical 

preparations of these drugs be used but that the pure powdered drug be obtained from a 

pharmaceutical supply house ( or similar source ) , carefully weighed to four decimal places , and 

then accurately diluted. Performance testing of these dilutions can be performed with one or 

more of the following organisms : E. coli ( ATCC 25922 ) , enterococcus ( ATCC 29212 ) , S. 

aurous ( ATCC 29213 ) , and P. aeruginosa ( ATCC 27853). A control organism should be run 

with every batch of tests to monitor the potency of the antibiotics  and the accuracy of the 

dilutions. After 10 control runs, the dilutions at which minimum inhibitory concentration are 

established for each batch of antibiotic and organism concentration is posted and a range of ± 

one dilution is established as a tolerance range. 

CLINCAL MYCOLOGY 

Each batch of media and reagents for the mycology laboratory should be checked for 

performance using the microorganism ; Store all media, reagents , and supplies under conditions 

specified by the manufacturer. Stock cultures of yeast isolates for quality control can be 

maintained on Orr, s freezing agar or sabouraud,s agar , incubated for 72 hours, then frozen at - 

20 C°. Working cultures can be prepared form the frozen stock by dispensing a heavy 

suspension of the culture in small amount of sterile , deionized water. The suspension can be 

stored at -20 C° using Orr s freezing media for long term storage. An additional set of cultures of 

some dermatophytes can be inoculated on the appropriate set of cultures of some dermatophytes 

can be inoculated on the appropriate culture media, incubated , and kept at room temperature for 

up to 1 month . At the end of the months time, transfer the organism to fresh media. 
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Quality Assurance of Equipments . 

• Incubators 

CO2 incubators, 

Anaerobic jars, and chambers should have their atmosphere continually 

monitored . carbon dioxide can be adequately measured. . 

• Refrigerators , freezers , water bath and oven . 

 All of these devices should have their temperatures checked daily and recorded on a 

log sheet kept with the piece of equipment. Keep them clean from dirt and dust. The 

thermometers used  to measure the temperatures should be calibrated . 

• Microscopes and centrifuges . 

Both of them require regular maintenance , cleaning , and alignment for optimal performance . 

• Autoclave 

Autoclaves are standard items in all microbiology laboratories, they should be equipped 

with accurate and calibrated pressure and temperature gauges. Once a month , the sterilization 

procedure should be monitored with a suspension or strip impregnated with Bacillus 

thermiphilus spores as a biological check of the autoclaves 

•  Biological safty cabinets : - 

It should be checked regularly for sufficient air flow , the presence of leaks , and proper 

operation of UV lamps. Filters should be checked , the cabinets should be clean with 5 % 

phenol solution . 

• Review of reported findings :- 

1. The number of incidences of rejected specimens, the appropriateness of a reported 

result to the patients condition, and the time of the report to the physician are some of 

the factors that are checked. 

2. Good communication between the laboratory and the medical and nursing staff is 

essential in maintaining an attitude of cooperation . 
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SOURCES OF ERROR IN MICROBIOLOGY 

1. Improper storage of media, both in the unprepared and final form 

2. Using outdated media and reagents. 

3. Incorrectly    weighing    dry    materials    or    measuring    water    in 

reconstituting media and reagents . 

4. Using tap water instead of deionized or distilled water, or using water 

from a malfunctioning deionizer or still. . 

5.. Using glassware or  containers that are contaminated with detergents 

or chemicals . 

6. Plating the specimen on the wrong media. 

7. Overdecolorization of Gram stain . 

8. Accepting a specimen that is incorrectly transported, e.g., dried out, or a specimen 

for anaerobic culture transported aerobically. 

9. Mixing of results and report forms . 
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10. Incorrectly storing purchased media . 

11. Failing to incubate specimen in a CO2 - enriched atmosphere that requires it. 

Quality Assurance practices in Serology testing :- 

Quality assurance practices in serological testing are similar to these in other areas of the 
laboratory .The technologist must be well trained and standard operating procedures must 
be saved , it should describe :- 

1. Procedures of the acceptance or rejection of samples . 

2. Methodology to be followed . 

3. Appropriate control procedures . 

4. Procedures for cleaning equipment. 

5. Procedures for handling and disposing of contaminated materials .  

Quality assurance of serological specimens . 

Serum collected by vein puncture is the sample of choice for the majority of serological 
testing . The specimen should be accurately identified with patients name , history number , 
the date and time of collection . 

Appropriate control procedures. 

Three levels of control samples for qualitative and semiquantitaive serological testing should 
be obtained . 

1. Negative control. 

This controls monitors the reaction for specificity , that is , the reaction will not detect 
antigen of interest. 

2. Weak positive control. 

This control checks the reaction for sensitivity, the concentration of this control should be at 
the lowest level the procedure is able to detect. 
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3. Positive control. 

The positive control is used to check the reactivity of the weak positive control to ensure that 
the observed reaction is the result of the expected antigen -antibody reaction . 

All of these controls can be purchased or made from pooled patient sera. Commercially 
prepared controls are usually available in lyophized form to be reconstituted when needed . 
After reconstitution , the control will remain stable for weeks or months. 

Procedures for cleaning equipment. 

Centrifuges , rotators , microscopes , pipettes, and other equipment should be cleaned well, 
and routinely checked for proper and adequate performance and have routine preventive 
maintenance to assure proper operation at all times . Remember that the assurance of proficient 
technologists , good quality materials , and reliable equipment, are major aspects of the 
quality assurance program in the serological laboratory. 

 

Quality Assurance of PH and Blood Gas Determinations (PH, pCo2, PO2) 

Sample collection 

-   Arterial, venous, and mixed venous blood samples are used 

-   Glass or oxygen - impermeable syringe containing a small amount of heparin 

-   Recumbent and calm patient 

-   Labeling "patient's name, hospital ID, date and time of collection, and site of 
collection". 

-   State of ventilation of the patient 

-   Patient's body temperature "for correction of partial pressure" 

-   Sample in ice I - 5C to reduce cellular respiration 

-   Transported immediately to the laboratory 

-   Analyzed without delay 

Table 14-1 shows the sources of error in PH/blood gas measurement 
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Calibration of blood gas instruments 

-   Buffers and gases used for calibration of PH and blood gas analyzers should be of the 
highest purity and quality. 

-   A two point calibration of all parameters should be performed periodically 

- One gas should have low pO2 and PCO2 concentrations 

- The other should have much higher concentrations 

- Calibration of buffer solutions of PH analyzers should also be at two different PH levels, one 
high and the other low. 

Internal Quality control 

-   Commercially available controls for PH and blood gas analyzers are aqueous and 
blood - based controls 

-   Controls are available in 3 levels: 

- Resembling acidotic 

- Normal 

- Alkalotic patient 

The use of all three levels of control is important in monitoring the performance of the 
analyzer in the medically important ranges. Critically ill patients require accurate and precise 
determinations at these levels 

 

Table 14-1 

SOURCES OF ERROR IN PH/BLOOD GAS MEASUREMENTS_______ 

A Errors in the Collection of Samples 

    1  Collection container: vacutainer or inappropriate plastic syringe used instead of glass or gas-
impermeable plastic syringe 

2 Long delay >1 hour) in transporting the specimen to the laboratory or delay in analyzing it 

3- Air bubble in sample or contamination with room air 

4 Improper anticoagulant used or inappropriate amount of anticoagulant resulting in 
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 a clotted specimen 

5 Dilution of the blood specimen with indwelling arterial catheter flush solution 

 . 6 Specimen not placed on ice  

B Errors with the Instrument 

1  Incorrect calculation of gas% partial pressures for standard gases used for calibration 

2 Improperly equilibrated gas mixture 

3 Bubble in measuring chamber 

4 Bacterial growth in measuring chamber on electrode membranes :  

    5 Protein coating membrane 

6 Instrument temperature not maintained at a consistent or correct value 

7 Contaminated buffers and calibrating gases 

8 Defective, aging or improperly maintained electrodes 

9 Improperly grounded instrument (causes electrode drift) 

 C Other Errors 

1  Failure to correct ph, pC02, and p02 for the patient's body temperature if routine performance 

2 Transcription errors 

- Aqueous controls 

-   Buffered water solutions with each level being titered to a specific PH and saturated to 
specific po2 and pco2 levels 

-   Less expensive than blood - based controls 

-   Have longer shelf- life 

-   Stored at room temperature 

-   Do not require warming 
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- Blood - based controls 

-   Similar to patient blood than aqueous controls 

-   Available at acidic, normal, and alkalotic concentrations 

-   Controls are more sensitive to change in instrument 

performance than aqueous controls due to their hemoglobin and protein content 

-   Stored in refrigerator 

-   Warmed to 37C and mixed before analyzing 

 

Tonometered  blood 

Tonometry is the process of exposing whole blood patient specimen to a humidified gas of 
known €02 and O2 concentrations until it is equilibrated. The process takes place in a special 
instrument known as a tonometer a portion is removed and sampled by the analyzer. 

- tonometerd blood can't be used to monitor PH measurements 

- tonometry is used to estimate an analyzer's accuracy 

Table 14-3 illustrates a comparison of PH/blood gas controls. 

Quality Assurance of Instrumentation 

-   PH and blood gas analyzers are sensitive instruments that require regular 
performance and function verification and routine preventive maintenance 

-   Analyzers contain five components 

1. A constant temperature circulating water bath 

2. PH electrode and reference electrode 

3. PCo2 electrode 

4. Po2 electrode 

5. millivolt meter used to measure the voltages generated by all three electrodes 
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The manufacturer's instrument manual is used to develop an instrument verification and 
performance procedure for each instrument 

- Performance verification of these analyzers involves the analysis of quality control specimens. 

- Function verification involves the calibration of an analyzer at intervals through out the day 

- Blood gas analyzers require extensive maintenance checks for their components. 

 

 

Table 14-3 

COMPARISON OF pH/BLOOD GAS CONTROLS 

 

 

Aqueous 
Controls 

 

Blood-Based 
Controls 

 

Tonometered 
Blood 

 

Available at medically significant levels Yes Yes No 

Similar to patient blood No Yes- Yes 

Measures pH, pC02l and p02 Yes Yes No 

Sensitive to technique of preparation Not very Very! Very! 

Cost Moderately Most- Least 

 expensive expensive expensive 

Stability  11  

Unopened Months 60-90 days NA ^ 

Opened Few minutes Few minutes NA 

Storage temperature Room 2-8°C NA 
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An Outline for Planning and 
Implementing an Effective 

Quality Assurance Program 

In this text we have tried to present the basic concepts and principles of quality as .ran ; in the 
clinical laboratory. Quality assurance is not a single activity, but the combination of all those 
activities necessary to prevent or reduce the occurrence of random and systemic analytical 
errors while providing the most accurate, precise, and timely test results possible. Quality 
assurance practices are not confined to one or two individuals or supervisors, but ire the 
responsibility of everyone in the laboratory. This includes everyone rom the laboratory director 
and manager to the glassware washer and messenger. 

The following is a list that outlines the basic components of a working quality assurance 
program. 

1 Hiring qualified and motivated personnel, perhaps the most important aspect of any 
quality assurance program 

2 Establishing and maintaining effective two-way communication among directors, 
supervisors, and technologists and with clinicians, nurses, and other hospital departments 

3 Assuring the quality of the test specimen 

4 Developing informative technical procedure manuals 

5 Choosing the best method of analysis 

6 Maintaining a good supply of high quality materials and reagents 

7 Practicing good internal quality control by using the best control materials and techniques 
available 

8 Participating in proficiency surveys to monitor the laboratory's performance and accuracy 
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9 Establishing an active and effective safety program that protects laboratory personnel 
from unnecessary hazards 

10 Establishing performance and function verification and preventivejnain-tenance 
programs for all laboratory instrumentation and equipment to ensure reliable and 
accurate performance. 

DEVELOPING A PLAN 

To develop a specific portion of a quality assurance program, such as an instrument 
maintenance program, use a systematic and logical approach. While planning, it is a good idea 
to put in writing each aspect of the plan. Ideas can be more fully developed and clearly seen 
when written down and examined. The development and execution of a quality assurance 
program involves separate steps that are outlined below. 

1 Determine what is currently being done. 

2 Determine what you want to accomplish; in other words, define your goals. 

3 Arrange the goals from the highest to the lowest and make a plan to accomplish each 
one. It is necessary to determine if the effort required to accomplish a goal is worth the 
result. 

4 Once the goals have been arranged according to priority and the impractical or 
impossible ones have been discarded, begin to gather the materials necessary to 
accomplish goals with the highest priorities and start to work. 

5 Determine how the success or failure of each step of the process is to be indicated or 
measured. Constantly monitor the process for these indicators and take measures 
necessary to correct failure. 

6 Periodically review the accomplishments and evaluate your goals. Occasionally goals 
will change, and what once seemed important, no longer has that priority. This may 
bring you back to Step 1 and require you to restart the entire process. 

Once developed and placed into operation, each aspect of the quality assurance program 
should be reviewed periodically by the laboratory director and supervisor for pertinence and 
effectiveness. If a particular portion appears to be ineffective or less effective than desired, 
change it. When mistakes are discovered, initiate remedial action immediately and try to 
prevent a reoccurrence. The review process is most important as a preventive measure that 
reduces the occurrence of accidents and errors. The laboratory is not a static organization, but a 
dynamic one that is influenced by those who depend on its services, those who control its 
budget and supplies, and those who comprise its technical staff. As these factors change and 
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exert varying influence on the laboratory's performance, management must take the actions 
necessary to maintain a high level of performance. An active review of the various compo-
nents of the quality assurance program will allow management to monitor the success in 
reducing errors and maintaining a high level of performance. 

It is important that the laboratory director and quality assurance supervisor realize no one 
person can do everything. Delegation with supervision is a cornerstone of effective 
management and assures that more will be accomplished in less time. Delegation will also 
eliminate overreliance on a single individual. Many books, articles, and seminars have been 
written and presented on supervision and delegation and these should be referred to for a more 
detailed explanation of this and other management practices. 
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Workload unit method 

This is a standardized counting method for measuring technical workload in a consistent 
manner. It had been under development since early 1950 and was eventually consolidated 
through an international cooperative venture between the College of American Pathologists 
(CAP) and Canada Statistics. 

1 work unit = one minute of productive technical, clerical 
and aide time. 

Unit value per procedure 

Unit value per procedure, more often referred to as unit value (UV). is the mean number of 
units involved in performing all activities required to complete the defined procedure once. It 
includes the time required for: 

-   Initial handling of the specimen: includes all activities related to the specimen once it 
reaches the laboratory. 

-   All steps involved in specimen testing. Does not include incubation or centrifugation 
time. 

-   Recording and reporting: includes calculating, entering results in the computer, checking 
and filing the final report. Telephone calls for reporting results are also included. 

-   Daily and routine preparation of reagents, preparing standards, diluting quality control 
vials, instrument cleaning, warm-up and calibration. 

-   Maintenance and repair: includes regular weekly or monthly preventive maintenance, 
emergency repairs, time spent in identifying defective reagents. Does not include major 
breakdowns. 

-   Solution preparation. 

-   Glassware wash up: includes washing, drying and sterilization. 

-   Technical supervision. 

Unit value per procedure does not include specimen collection. Standards, quality control, 
and repeats are counted as tests and are included in the raw count. 

Workload value (WLV) is expressed in minutes; 

 raw count for each procedure x its unit value (UV) 
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Personnel forecasting via workload recording 

Following a visit to the health centre laboratory, the director of provincial health laboratory 
services informed the chief medical officer of the health centre that the efficiency of the 
laboratory rated at 45% i.e. only 27 minutes out of 60 were occupied (or worked). It was thus 
decided to improve productivity through decentralization and integration of Ziehl Nielsen 
(ZN) stain and microscopic examinations of malaria smears (actually done at the regional 
laboratory) in the health centre laboratory. It was also decided to establish a local standard of 
productivity for this laboratory, based on experience and knowledge of local conditions. 

However, figures given above are cited only as an example. The median productivity will 
vary according to the local working facilities of the environment of the laboratory. Some 
believe that the actual average of normal productivity ranges between 35 and 45 minutes of 
every paid hour. 

Work-out estimation 

Tuberculosis case finding. It is estimated that there are an average of 15 outpatients per 
month requiring sputum examination by Ziehl Nielsen (ZN) smear microscopic 
examinations, to enable a decision as to whether the patient must be referred to a tuberculosis 
centre for further investigation. 

Total number of specimen for ZN smear microscopic examinations/year: 15x3 
specimen/patient x 12 months = 540 

Follow up of patients under treatment: there are 13 patients followed up by the health 
centre requiring an average of 25 smears per month. 

Total number oj ZN smear microscopic examinations /year related to follow up: 25 
smear/month x 12 = 300 Total WLUs/year: 

1 ZN smear examination =  12WLUs Therefore (540 +300)x 12 = 840 smears x 
12WLUs =  10 018 WLUs/year 

Malaria case finding. It has been estimated that, of the total population of the subdistrict, 
15 000 will be screened as part of the malaria control programme. 

1 malaria smear thick and thin microscopic examination =  12 WLUs 

Total WLUs/yccir 

15000 x 12 WLUs =  180000 

 

 

 



  151

 

 



  152

 

 


