
Laboratory Guidelines for Multilevel QC Testing
I.
Purpose:
A.
Quantitative clinical tests which are classified by CLIA'88 as moderately complex or highly complex require routine testing with multilevel controls.  Multilevel controls are analytes in a range of concentrations.  Two levels of     controls (low and high range) must be tested with each batch of tests performed.  Multiple levels of controls (three to five different concentrations of the analyte) should be used to verify calibration over the range of reportable values for highly complex tests and moderately complex tests on a biannual basis before being placed in service.  Calibration verification is defined as "assaying of calibration  materials  in the same manner as patient samples to confirm that the calibration of the instrument, kit, or test system has remained stabile throughout the laboratory's reportable range"  (Fed. Reg. 57:7165, sec 493.1217) Various manufacturers, in addition to the test manufacturer, sell reagents to be used for quality control.  The expected "true value" of the control reagent is determined by  repeated testing using a standardized method.  Often, a  manufacturer will test the reagent against a large lot number of kits which yields a very wide range of acceptable values. (eg. average +/‑ 15%)  When the same reagent is tested in‑house on one or two kit lot numbers, the observed range is usually much smaller.

This guideline establishes a method for determining  acceptable ranges of Quality Control samples for routine use on site.

II.
Personnel:
A.
These guidelines apply to anyone who performs clinical tests on human specimens.

B.
It is the site supervisor's responsibility to monitor compliance this document, implement changes as needed, maintain appropriate documentation of QC testing and any remedial action required, and assure that all persons who perform tests are trained in the procedure and appropriate safety measures.

III.
Guidelines:
A.
When purchasing control or reference reagents for quality control testing, it is essential that the material be appropriate for the intended method.  If the intended method requires whole blood, serum should not be used as a reference material for quality control purposes.  Follow the manufacturer's recommendations.

B.
The Regional Laboratory Director may have a purchasing agreement with a supplier for bulk quality control reagents that can be obtained for less than usual list  price.  Check with the Regional Laboratory Director to see if such reagents are available.

C.
Upon receipt of Q.C. reagents;

1.
Check that the material you received is what you ordered and that the material is not damaged

2.
Read and heed any safety warnings on the package or enclosed in the package insert.

3.
Check the expiration date to be sure that you will get sufficient use from the material before it expires.

4.
Mark each package with date received. Write the expiration date on the outside of the package if it is not already indicated on the package exterior.

5.
Store the material according to the manufacturer's recommendations.

6.
Store material which will expire first toward the front and material with a longer expiration date toward the back.

7.
Remove any expired reagent.  Expired reagent may be used for training if, and only if, it is clearly marked "do not use for diagnostic testing ‑ for training only".  Store this material in some other area than the material for routine use.

D.
Upon opening a package;

1.
Record the date opened on the outside of the package.

2.
When the package contains several vials, note the date opened (or reconstituted) on the vial.

3.
Reconstitute reagents with strict adherence to the manufacturer's instructions.  If the expiration date of  reconstituted reagent is different from that of  unreconstituted reagent, mark it on the vial.

E.
Using Q.C. reagents; Check and follow the manufacturers instructions!

1.
If the reagent is supposed to be at allowed to reach  room temperature before use, allow ample time for the reagent to warm to room temperature.

2.
Do not shake to mix unless the manufacturer's instructions tell you to do so.  Gentle inversion until all particulate components are suspended is usually sufficient.  Avoid foaming, it will denature and destroy the reagent.

3.
If the reagent tests out of range, do not throw it away immediately.  Retest the reagent and another vial of the same lot number.

4.
If the old vial still yields out of range results and the new vial is within limits, the old vial is  unusable; discard it.

5.
If both the old and new vial yield out of range results, it may be the lot number of reagent that is bad.  Test a new lot number of Q.C. reagent if  available.

6.
If the failed lot number of Q.C. reagent has not expired, call the manufacturer for a replacement or refund.

7.
If a new lot number of Q.C. reagent also yields out of range results, consider the test kit faulty and test a new lot number of test kits.

IV.
Testing:
A.
Regardless of the number of controls to be run (2, 3, 4, or 5), the approach is the same for each control reagent.  We need to establish the average concentration and standard deviation for each lot number of kits, cassettes, or testing units which are on hand with each concentration of control reagent.

B.
The control reagent will have a stated average and standard deviation, or range, supplied by the manufacturer.  In most cases this will be too broad for routine quality control.

C.
The routine standard for acceptable performance will be the range defined by the mean +/‑ 2*SD.

D.
Using one lot number of testing units at a time.

1.
Test each concentration of the Q.C. reagent three (3) times.

2.
Each of the determinations must be within the range by the reagent manufacturer.

3.
If one or more of the determinations is/are out side of the manufacturer's specified range, perform  another set of three determinations

4.
Construct an average and standard deviation for all of determinations (usually 3, sometimes 6) in that set.  An inexpensive scientific calculator (eg. Radio Shack EC‑4014) will prove useful for this purpose.

a.
One extreme value out of six determinations may be discarded if it is more than three standard  deviations away from the average where the average and standard deviation have been calculated on five observations which appear close together. For example, if six determinations yield the following  results: 32, 42, 43, 44, 45, 46.  The average (AV1) is 42 (41.66) and the standard deviation (SD1) is 4.5.  If  we construct a second average (AV2) based on the highest 5 observations (42 ‑ 46), the second average (AV2) is 44 and the standard deviation(SD2) is 1.4.  Using the second average value (44) and constructing a lower range based on 3 standard deviations, the lowest acceptable value would be 39.7 {AV2-3*SD2} which is well above the lowest observed value of 32.  In this case, 32 can be considered an "extreme outlier" and discarded.  The acceptable average and its standard deviation would be 44 and 1.4 respectively based on the last five observations, not 42 and 4.5 based on all six observations.

5.
Determine the upper acceptable range by calculating the average plus two standard deviation units (Ave + 2*SD).  Determine the lower acceptable range by calculating the average minus two standard deviation units (Ave ‑ 2*SD).  This sets a +/‑ 95% confidence interval about the average.

6.
Both the upper and lower acceptable range should be within the range supplied by the reagent manufacturer.

7.
If either the upper or lower acceptable range is beyond that stipulated by the reagent manufacturer, then:

a.
The QC reagent is defective or

b.
The lot number of the test used may be defective, or

c.
Alternatively, the way the test is being performed may be at fault. If the standard deviation is greater than 10% of the mean, imprecise (sloppy) technique may be at fault.

E.
Enter the results on a copy of the attached QC sheet.

F.
The average concentration, acceptable upper and lower ranges will be used for routine Q.C. testing while using that specific lot number of Q.C. reagents and test units.  When the lot number is exhausted or expires, a new lot number must be tested and new values determined.

G.
Each time the clinical test is performed, the Q.C. reagents will be tested and checked to see that they yield results that fall within the acceptable upper and lower range.

1.
If either of the Q.C. reagents are out of range (above or below their respective acceptable limits), then the Q.C. reagents must be immediately retested.  Any client results determined concurrently with a failed lot of Q.C. reagents must also be retested.

2.
If either of the Q.C. reagents are consistently out of range upon repeat testing, then either the Q.C. reagents are bad or the lot of test units in use have gone bad.  Investigative evaluations of both possibilities need to be initiated.

3.
A report of Q.C. failure and corrective action must be filed.

H.
Client results will not be reported unless the Q.C. results have tested satisfactorily.

V.
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Date installed or replaced  ____/____/____       Date removed _____/ ____/____

Site Supervisor or

Lead Worker: ________________       Lab. Director: ______________


Calculation Worksheet for QC Controls
Health Dept.: __________________________________________

Test: ____________________ Instr. SN: ___________

Control Manufacturer:    _______________________________________

Information on controls from the manufacturer;

	
	Control 1
	Control 2
	Control 3
	Control 4
	Control 5

	Lot Number
	
	
	
	
	

	Expires
	
	
	
	
	

	Average
	
	
	
	
	

	Mfg Range
	
	
	
	
	

	Mfg Upper Limit
	
	
	
	
	

	Mfg Lower Limit
	
	
	
	
	


 Your Observed Results:

	
	Control 1
	Control 2
	Control 3
	Control 4
	Control 5

	Repetition 1
	
	
	
	
	

	Repetition 2
	
	
	
	
	

	Repetition 3
	
	
	
	
	

	Repetition 4
	
	
	
	
	

	Repetition 5
	
	
	
	
	

	Repetition 6
	
	
	
	
	


Calculations based on observed data

	
	Control 1
	Control 2
	Control 3
	Control 4
	Control 5

	Average
	
	
	
	
	

	Std. Dev=n
	
	
	
	
	

	Coeff. Var
	
	
	
	
	

	95% U. L.
	
	
	
	
	

	95% L. L.
	
	
	
	
	


Tested by: _________________   ___/___/___  Reviewed: __________________  ___/___/___

Multi-level QC Testing
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