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	INTRODUCTION:

The accuracy of whole blood cell counting by any method is based on th assumption that the specimen being analyzed is homogeneous.It therefore,imperative that one ensures that the specimen is properly mixed prior to analysis.

	Background:

When an anti-coagulated whole blood specimen tube is placed in a vertical position,the cellular components tends to fall to the bottom of the container.The erythrocytes(RBC) concentrate at the bottom of the tube with leukocytes(WBC) and platelets(PLTs) layered on the top of the cellular component.The WBC and PLT layer is commonly called the buffy coat.Plasma and cellular factors can affect the rate of settling.Elevated levels of  fibrinogen,globulins and cholesterol hav been reported to accelerate the rate of sedmentation.Anemia(low number of RBCs) also increases the rate of sedmentation of the sample.Sample with high concentration of RBCs will settle slowly.The longer that the  specimen has been allowed to settle,the longer the required time to resuspend the the cells thoroughly.

If a settled specimen is not adequately mixed,the results will be compromised.The pattern of results of results is dependent on how long the tube has setteled and where the sample is taken from inside the tube.If the aspiration device is inserted through the buffy coat towards the bottom of the tube,there is a typical pattern of parameter results,which show elevated RBC/HGB and decreased WBC/PLT. 
See the following examples:

example

WBC

RBC 

HGB

HCT

MCV

MCH

MCHC

RDW

PLT

MPV

Run 1

Unmixed

Specimen

7.0

5.88

16.6

50.9
86.5
28.3
32.7
20.5
171
7.4
Run2

Actual

Results

10.1
2.33
6.8
20.4
87.8
Slight

Incr.due to age of spec.

29.3
33.4
21.0
453
8.3
Slight

Incr.due

To age of spec.



	Example2
	WBC
	RBC
	HGB
	MCV
	PLT
	

	Poorly mixed
	1.5
	2.43
	8.0
	92.3
	8.0
	

	Repeat after mixing
	1.8
	1.48
	4.7
	92.1
	10.0
	

	Example3
	
	
	
	
	
	

	Poorly mixed
	5.6
	5.64
	17.0
	86.1
	192
	

	Repeat after mixing
	7.0
	4.05
	12.2
	86.5
	321
	

	Example4
	
	
	
	
	
	

	Poorly mixed
	1.2
	7.67
	23.4
	92.0
	34
	

	Repeat after mixing
	3.5
	4.15
	12.8
	92.5
	171
	

	If the sample is taken from the top of a settled tube,you may see the inverse effect with falsely high WBC/PLT and falsely low RBC/HGB.The affect on the percentage paramaters such as the WBC Differential is unpredictable but typically not affected.
A mixing error may not be recognized immediately because the result set may be credible.This type of error is recognized by using delta checks by comparing the current result to a previous result.The delta review may be done by the instrument data management system,the laboratory information system or manual review of patient history.When the error has been acknowledged ,one might suspect that ther has been a sample mix-up because the results are credible.By reviewing the results of the parameters that are not related,you will typically see tha that the MCV,MCH,MCHCand MPV correlate well between runs.a As noted in Example 1 above,the sizing parameters (MCV and MPV)may show slight increases as the sample ages.Sample  results on the original tube may be comprised depending on the volume of blood that has been aspirated from the sample tube and the degree of mixing that was performed.The best strategy for verifying the results would be to redraw and rerun the sample. The most effective means to properly mix a whole blood specimen is by repeated inversion of the tube.the best way to ensure that a specimen is adequately mixed is to invert the sample tube manually and observe the bottom and sides of the tube.If cells remain adhered to the inside of the tube,more mixing is necessary.
Automated Mixing System

Specimen tubes in a cassette are placed in the loading bay of the instrument.These cassettes are then automatically transported,mixed aspirated and analyzed.As part of each new Beckmam Coulter product validation,extensive studies are done internally to verify that the mixing of the specimen on the Coulter Hematology analyzer is sufficient to ensure that samples are homogeneous at the time of sample aspiration.

	P ROCEDURE FOR VERIFYING ADEQUATE MIXING.

1.Obtain 10 fresh normal blood samples.Make sure the tubes are filled properly.Do not use underfilled sample
   tubes.
2.Premix the blood samples on a laboratory rocker for at least 5 minutes.

3.Immediately load all 10 samples into a cassette(s) starting with position 1 and analyze.Record the results for

   WBC,RBC,HGB and PLT on log sheet.

4.Remove the sample tubes from the cassette(s)and place the tubes upright into a laboratory test-tube
   rack.Allow the sample to sit UNDISTURBED for 4 hours.

5.After 4 hours,place a single tube into position 1 of a cassett and load onto the instrument WITH NO
   PREMIXING.Allow the analyzer to perform all mixing.Record the results for this analysis on a log sheet.

6.Repeat with the remaining  9 sample tubes ---run each sample tube individually in position  1 of a cassette

    with no premixing and record the results.Wait until the previous sample’s cassette has unloaded before

    loading the next sample’s cassette.

7.Compute the absolute difference,percent difference for each sample and the mean absolute difference and

   the mean percent difference.

8.Absolute Difference= Premixed result minus Analyzer mixed result

9.Percent Difference=(Absolute Difference/Premixed result)x100.

 10.Limits of acceptability(Repeatibility)
      WBC≤3.0%

       RBC≤1.5%

      HGB≤1.5%

      PLT≤3.5%

Conclusion: Adequate sample mixing is a crucial part of an accurate cell counting method.The mixing study 
                    procedure validate that the mixing OF SPECIMENS on DXH 800 IS MIXED THROUGHLY
                   ON THE AUTO-SAMPLER IMMEDIATELY BEFORE ANALYSIS.THE DXH 800 MIXES
                   THE SPECIMEN 20 TIMES BEFORE ANALYSIS.FOR SINGLE MODE PRESENTATION
                   MIX THE SAMPLE ON THE ROCKER FOR 5 MINUTES OR INVERT THE THE SAMPLE
                   MANUALLY 20TIMES.


	REFERENCES:Beckman Coulter:Hematology Performance Verification  Manual,PN4277076AA(August2009)
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