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Laboratory #2
Quality Control

Skills= 25
Objectives:

Upon completion of this exercise, the student will be able to:

1. State the purposes/ uses of quality control in the Clinical Chemistry laboratory.

2. Use quality control results to determine the acceptability of test results.

3. Become proficient in the use and charting of control data, interpretation of control values, and maintenance of an overall Q.C. program in chemistry.

4. Recall quality control information presented in previous MLT courses, to gain an

understanding and working knowledge of the principles of quality control in clinical chemistry.
5. Discuss the concept of quality assurance as it applies to the clinical chemistry laboratory.

6. Gain experience in plotting quality control data, performing statistical calculations, and interpreting quality control data.

7. Properly prepare and store clinical chemistry control reagents.

8. Compare the composition of and uses for:
1. Calibrators

2. Standards

3. Controls

9. Define and calculate mean, mode, range, standard deviation, and % coefficient of variation with 100 % accuracy.
10.  Define accuracy, precision, reproducibility, and reliability.

11. Recognize shifts and trends in chemistry quality control and make suggestions to troubleshoot QC problems.

12. Demonstrate understanding and proper usage of Gaussian distribution and its application in Levy-Jennings control charts.

13. Recognize out-of-control results and follow-up using acceptable procedures.

14. Define the following terms: Quality Assurance, Quality Control
15. Compare assayed versus non-assayed chemistry controls.
Materials:
1. Calculator with square root function

2. Standard graphing paper

3. Computer with internet access, expected results of QC data.

Purpose

Quality control is an essential part of laboratory functioning which ensures that results are reported with maximum confidence. A properly executed quality control program:

a. provides a record of precision and will demonstrate shifts and trends.

b. enable the tech to make a valid judgment on the accuracy of a measurement.

c. can monitor the performance of equipment or the analytical abilities of a technician.

In general, QC of clinical chemistry analyses is performed by assaying commercial control sera on a daily basis and maintaining a record of these values. After a sufficient number of measurements(usually more than 20 are required), an expected target range of acceptable results can be established. A common way of doing this it to determine the mean and standard deviation of the data. The acceptable range of values is then determined as the mean ± 2 S.D. This range will include 95% of the data. The chance that an individual analysis would fall outside the range may occur in only 1 of 20 subsequent analyses. When a control result falls outside the target range, the tech must question the validity of the run and respond in some appropriate fashion, such as repeating the control or perhaps repeating the entire run after trouble-shooting the analyzer.

Westgard Multi-Rule Control

(From Dr. James Westgard, recently retired professor, U. of Wisconsin. Please review

http://www.westgard.com/mltirule.htm for a fuller explanation of Westgard Rules. )

A series of control rules for the interpreting control data. Requires QC charts that include limits at the x̄ ± 1, x̄± 2, and x̄  ± 3 levels (adaptable to Levey-Jennings charts when the ± 3 SD is added).

	13s Reject a run when a single control observation exceeds the x̄ ± 3s control limits. This rule is sensitive to random error.
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	12s   Use as a rejection or warning when one control observation exceeds the x̄ ± 2s control limits 

(usually used as a “warning” to initiate further testing of the control data by other control rules).
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	2 2s Reject a run when two consecutive control observations are on the same side of the mean and exceed either the x̄+ 2s or x̄  - 2s control limits. This rule is sensitive to systematic error.
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	 4 1s Reject a run when four consecutive control observations are on the same side of the mean and exceed either the x̄+ 1s or x̄ - 1s control limits.  This rejection rule is sensitive to systematic error.
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	10x  Reject a run when ten consecutive control observations are on the same side of the mean. This rejection rule is sensitive to systematic error
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Discussion

Standards, Controls & Calibrators

In the clinical chemistry lab, “Standards” are substances whose exact composition is known. They are highly purified, non-biologic substance whose concentration is known. - They generally do not resemble the unknown sample, in physical characteristics. Standards are used to verify the linear range of an assay. They may be used in the set-up of an instrument or may be tested along side of the controls and patient samples. “Controls” are biologic solutions resembling unknowns. They have an assayed range of acceptable values. Controls are used to determine the acceptability of results from a test ‘batch’ or ‘run’. “Calibrators” have characteristics of controls, in that they are biological in nature (resemble the patient’s sample), but have an ‘assigned value.’ 

Lyophilized Commercial Control sera

Commercial control sera is prepared by lyophilizing or freeze-drying either a pool of fresh-frozen human serum or non-biologic solvents to provide constituents in a stable form. Manufacturers usually market two levels of controls, often(misleadingly) referred to as ‘normal’ and ‘abnormal’ controls. Consistent values listed by the manufacturer are based on results of multiple determinations performed by specific laboratories. Although commercial control seras have been tested for certain infectious diseases, they must be handled with the same precautions used when handling any human blood product. In addition, they must be reconstituted accurately according to manufacturer’s directions and the testing procedures must be the same for all specimens, control or patient, in order for the control to be used as a means of verifying accuracy of the procedure.

In the laboratory, some control sera are prepared for use by reconstituting (rehydrating) the vial with the exact amount of purified water or buffer as directed by each individual manufacturer. Failure to do so could lead to inaccurate results, delay in reporting patient results, and possibly skew the mean and range of the next month's QC. 
Reconstituted sera should be labeled with the time, date, and initials of the technician.

Un-assayed vs Assayed Controls

It is possible to purchase un-assayed control sera. The purchaser must test each analyte, such as glucose, sodium, cholesterol, etc., collect the data and perform QC calculations to determine the mean, SD, coefficient of variation, etc. as applies to their lab. The manufacture only guarantees that all constituents within the lot number of sera are uniform.  Assayed control sera is more expensive. The manufacture has repeatedly tested the sera for the wide variety of analytes commonly measured. The manufacturer provides dilution directions and test

results to the purchaser in a format similar to the following :
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Directions to re-hydrate lyophilized control sera.

1. Verify manufacturer and lot number.

2. Follow directions for reconstituted exactly as stated.

a. Use the specified diluents.

b. Select the correct pipet.

c. Mix thoroughly. DO NOT SHAKE

d. Store as specified.

3.  Pick the method used by your lab.

4. Make sure your control values fall within the consensus range (95%) stated for your lab’s procedure.

5. Handle all controls as you would patient specimens, ie. They run exactly the same way that all patient samples are run.

6. Understand variation in analyte stability.

Procedure I (Please bookmark this page. The procedure is to be performed at a later date.)

1.    Obtain one Level I and one Level II control sera from course instructor.

2.   Reconstitute according to the directions on the label.

3.   Label properly.

4.   Let stand for @ 20-30 minutes to allow for complete re-hydration.

5.   Swirl gently and invert to mix. DO NOT SHAKE! (Chemistry control sera is protein in nature

     and can be denatured.)

6.   Label 5-10 tubes (1 tube for each mL) for each control sera with Manufacturer, Lot #, Level

     I or Level II, Date reconstituted, Your Name / Initials.

7.   Aliquot @ 1 ml into each tube, parafilm tightly.

8.   Place in the chemistry freezer in the rack indicated. (If properly sealed, these aliquots should

      remain stable up to six months.)

9. Use utmost care! You will use these control sera in later labs.

Procedure 2 - Locating QC results (Stanbio Sert-T-Fy I & II)

1. Go to www.stanbio.com

2. Click on Tech Support

3. Locate and click on the appropriate lot number of control sera

    as being used in the MLT lab. (located on the middle of the screen, Ser-T-Fy Assignment List

    for I & II)

4. Fill in the chart on the results page.

5. Answer the questions.

Discussion

Gaussian Curves, Quality Control Charts, Shifts & Trends, etc.

“Quality Assurance” is the process of monitoring any activity associated with the laboratory result. This includes pre-analytical activities - such as how the specimen was obtained, analytical activities - the personnel, methods and instruments in the testing process, and post-analytical activities of communicating the results to the floor / physician. “Quality Control” from the chemistry department standpoint involves the evaluation of the instruments, methodologies and personnel performing the chemistry tests to ensure accurate results are being produced.

Central tendency - the distribution of data around a central value.
 Mean (x̄) - a measure of central tendency; the mathematical average of a group of   

                numbers, determined by adding a group of numbers (events) and dividing the 
                result by the number of events.

 
Median - a measure of central tendency; determined as the ‘middle’ of a group of

                           numbers that have been arranged in sequential order. That is to say, there

                           are an equal number of numbers on either side of the ‘middle’ number. In a 

                          odd # of observations, it is the middle observation.  In an even # of 

   observations, average the two middle values
Mode -   a measure of central tendency; the number that appears most frequently in

                          a group of numbers. There can be more than mode, or none at all.
For a visual illustration of these terms visit: http://video.google.com/videoplay?docid=5206457578534296681
When the mean, median, and mode are all the same number, the group of numbers demonstrates a “Gaussian” distribution (also called a normal distribution). The graphing of the Gaussian distribution is the bell-shaped curve with an equal amount of results above and below the highest point. Most statistics used in the chemistry laboratory assume that the data has a Gaussian distribution.
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Accuracy vs Precision

‘Accuracy’ and ‘precision’ are terms used to describe the quality of results produced. The terms

are often used interchangeably, and although the goal of the lab is to provide both accuracy and

precision, they have different meanings.

Accuracy - An accurate result is one that is the ‘true’ result.

Precision - Precision refers to the ability to get the same (but not necessarily ‘true’) result                       time after time.
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PRECISE AND ACCURATE

FIGURE 1. Accuracy versus precision (after Kelley et al 1992)






Evaluate the following graph representations of analytical error with reference to accuracy and precision.
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As control data is gathered it is often plotted on a QC chart which will often assist the tech in

determining how well the operations of the procedure are going.  Levy-Jennings, seen below, are the most common QC charts in the laboratory.
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On the Levy-Jennings chart only one control level (one level from one lot number) is plotted on each chart. The mean for the procedure is established and serves as the center point (center lateral line). Plus one (+1) Standard Deviation is indicated on the line above and minus one (-1) is indicated on the line below. Similarly ± 2 Standard Deviations are indicated. As additional data points are plotted, it may be possible to see the effects of changes that have/are taking place in the test system. The Youden plotting chart is more complex in that both levels of controls (Level I & II) are plotted on the same chart, but at 90 degree angles to each other. Points falling into the center square are within ± 1 SD, those within the middle square are ± 2 SD, and those lying in the area of the outer square are + 3SD.
Shifts and Trends

As the QC results are plotted on the charts, it may be possible to see changes that have occurred in the test system. Normal distribution is seen as a natural pattern where the data points bounce back and forth across the mean. A trend is identified when there is a consistent increase or decrease in the data points over a period of 6-7 days. A line connecting the data dots will cross the mean as it gradually increases or decreases. A shift is when the QC data results are distributed on one side of the mean (can be either above or below) for 6-7  consecutive days.
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Procedure 3: Probabilities associated with Standard Deviation

Statistically speaking, if a sample is analyzed at least 20 times (30 or more is

better), and the mean and standard deviation determined; 68.2% of the time, the result of any one event / test will be with in ± 1 standard deviation (± 1 SD). 95.5% of the time it will be within ± 2 standard deviations (± 2 SD) and 99.7% of the time it will be ± 3 standard deviations (± 3 SD). The statistical probabilities are used to establish the acceptable limits of quality control results. Use this information to fill in the appropriate blanks for Procedure 3 on the Report sheet.

Procedure 4 - Analysis and use of QC data

After repeatedly (at least 20 times) testing un-assayed control sera for a particular analyte, such as glucose, the data must be processed using various statistical tools to determine the reliability of the test results. Establishment of the ‘range of acceptable values’ is one of the most useful outcomes as it allows the technician to quickly evaluate the acceptability of a subsequent batch or test run and determine whether the patient values are acceptable.

1. Using the directions and hints provided, calculate the mean, standard deviation, and

                 coefficient of variation for the 20 glucose results listed on Procedure 4 Report Form.

                  Complete the blanks for ±1,2,& 3 standard deviations, range of 95% confidence 

                  limits, upper and lower acceptable limit. Follow the Hints provided.

A. After listing the glucose values on the left side of the QC form, list the sum of the values at the bottom of the column.

B. Determine the mathematical average 0, make this value have the same number of decimal points as does each individual value. List this value at the appropriate place on the right side of the form.

C. In the second column (left side of the page), subtract the determined average from each individual value; then square that number and place it in the 3rd column.

D. Add the values in the ‘Difference from mean squared’ (3rd ) column, place that number in the place provided at the column’s bottom.

E. Now, divide that number by the number of assays (also referred to as events or data points) minus one. (OK, for this exercise, that number is 20 - 1 = 19)

F. Take the square root of this number. You have now determined ± 1 Standard Deviation. Place that number (decimals and all) in the space provided.

G. Multiply the number obtained by 2 to get ± 2 Standard Deviations. Round this number to reflect the number of decimals of each individual assay value and place in the space provided.

H. Take the number from step F. and multiply it x3 and place it in the space provided.

I. ** Range of Acceptable limits (also called 95% confidence limits) - Take the mathematical mean and add to it the ± 2 Standard Deviation number (this will result in the Upper acceptable limit). Now subtract the ± 2 Standard Deviation number from the mean (to obtain the Lower acceptable limit).

The range of values formed (from low to high) is the 95% confidence limit.

J. Calculate the % coefficient of variation using the formula provided on the report sheet. Report with 1 decimal number.

2.  After filling out the Report form, transfer the 20 consecutive glucose values to a standard piece of graph paper to form a Levy-Jennings plot. Fill in the mean and ± 1, 2, and 3 SD values.

3. Circle all individual data out of ± 2 SD. Label / circle and identify any/all trends and shifts.

4. HINTS:

· When calculating the mean (x̄), you often get decimals. Keep only as many decimals as is normally reported in the procedure. For example, if the procedure is calcium phosphorus or magnesium (often reported with 1 decimal point) you would keep 1 decimal, while glucose, sodium or cholesterol are reported in whole numbers. When in doubt, check-out how the analyte is normally reported!

· After calculating ± 1 standard deviation, you may again find extra decimals. For the purposes of these exercises, report the decimals for ± 1 SD, multiply to obtain ± 2 SD, then round to the appropriate number.

· For purposes of standardization, calculate CV using 1 decimal.
Laboratory #1

Quality Control
Report Forms

Points= 25
Name:__________________________

Date:__________________________
Procedure 2 - Locating QC results (Stanbio Sert-T-Fy I & II) (4 points)

For lot number 30491 & 30492. Exp. 06/2012 find the assayed results of the following analytes and place the information, including the units to be reported in the table provided.

	Analyte
	Instrument/Methodology
	Expected result

	albumin
g/dL
	Ortho Clinical Vitros 
	Level I _2.12-3.18 g/dL__

Level II _3.61-5.42 g/dL___

	glucose
Hexokinase mg/dL
	Beckman CX
	Level I ____________

Level II ____________

	gentamicin

ug/mL
	Abbott-AxSYM (FPIA)
	Level I ____________

Level II ____________

	magnesium

mmol/L
	Orho Clinical- Vitros (formazan)
	Level I ____________

Level II ____________

	Total T4
nmol/L
	Dade Behring Dimension (EMIT)
	Level I ____________

Level II ____________


Procedure 3 (5 points)

1. The curve drawing provided below - can have several names as indicated in the lecture

and lab guides. List two of them.


a.


b.

2. The curve at below-right represents a normal population for a stable analytical method. What

% of area is represented for each of the following?(see arrows)

1. ± 1 Standard Deviation ________

2. ± 2 Standard Deviations ________

3. ± 3 Standard Deviations ________
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Report Form

Procedure 4 (10 points)


Procedure:   Glucose - ortho toludine
[image: image16.emf]
Name:___________________

Date:_____________________

Lab #1: Quality Control

Points= 30

Instructions: Legibly write your answers on this paper. Unless otherwise noted, each question

is worth one point.

1. Define (0.5 points each)

a. Trend

b. Shift

c. Mean/target value

2. 95% confidence limits (target range)

3. After reconstituting control seras, what information must be placed on the label?

4. Contrast the following as to their composition, characteristics and use in chemistry procedures. ( 1 point each)

a. Standard

b. Control

c. Calibrator

5. List at least two(2) precautionary measures that must be taken when preparing, handling or using chemistry controls. ( 1point each)

6.  List at least four popular (Westgard) control rules as pertains to the interpretation of    

      Levy-Jennings charts. (½ point each)

a.

b.

c.

d.
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12.  Define: (  0.5 point each)

a) Mean

b) Median

c) Mode

14.  A sudden shift in daily values on a QC chart could be the result of introducing new variable with a test procedure.  List two possible causes of a sudden shift.  (2points)
15.  List three(3) QC program purposes/ objectives. (3 points)
Situation:

After running a calcium procedure, the tech finds one control falls wihin acceptable limits, but the second control is out of range, falling between -2 SD and -3 SD on the Levy-Jennings chart.

16.  If the instrument is working properly, what is the percentage of probability that a control values will fall within:

a. + 1 SD:_________

b. + 2 SD: _________
17.  What is the probability that a control value will fall outside of the + 2SD range?

18. If the second control was out of range due to chance error, and the technician repeats the “out of range” control immediately, what is the probability that the result will fall within the + 2 SD range?

19. What is the technologists’ best course of action?

20. What do you recommend the technologist do if a STAT calcium is ordered?
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