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	Policy
	· Use of a hematology analyzer to perform a complete blood count (CBC) and a leukocyte differential count occasionally requires a blood smear review or manual differential count to ensure accurate results.  Consistent and clinically relevant criteria for smear review should be applied in order to maximize quality of results while preventing usage of time and labor to perform unnecessary slide reviews.
· This regional policy outlines the criteria for smear review and manual differential count when an automated complete blood count (CBC) with or without automated differential count is ordered.

· Peripheral blood smears are saved for 7 days.


	Specimen
	Acceptable Specimen

· EDTA anticoagulated whole blood

Minimum Volume Requirement

· 1.0 mL

Specimen Stability

· Refrigerated (2-6oC) up to 24 hours.



	Equipment

And

Reagents
	· Sysmex XN9000
· CellaVision DI60
· SP 10 Slide Stainer

· glass microscope slide
· Hematek  stainer

· microscope


I-Slide Review/ Manual Differential Screening Procedure:
	Step
	Action

	1.
	When to scan: CBC without auto diff.
Parameter

Value or Flag(s)

WBC

<2.0 thou/ul or >30.0 thou/ul
MCV

<65.0 fl or >120.0 fl
RDW

>22.0
Platelets

<20,000/ul (Adult)<30,000 (Peds) or >1,000,000/ul
Other Criteria

OP Alerts pertaining to Hemogram parameters.


	2.
	 When to scan: CBC with auto diff
Parameter

Value or Flag(s)

WBC

<2.0 thou/ul or >30.0 thou/ul

MCV

<65.0 fl or >120.0 fl

RDW

>22.0

Platelets

<20,000/ul (Adult)<30,000 (Peds) or >1,000,000/ul

Neutrophils Absolute
<0.5 thou/ul or >20.0 thou/ul

Eosinophils Absolute
>2.0 thou/ul
Basophils Absolute
>0.5 thou/ul

Lymphocytes Absolute
>5.0 thou/ul

Monocytes Absolute when WBC <10,000.

>1.5 thou/ul for > 12 yrs. ;>3.0 thou/ul for ≤ 12 yrs. on first time for 2 week interval.

NRBC

≥10%

Other criteria

Instrument error or flag prevents complete reporting of automated differential count.
Perform a Manual Diff when
Scanning shows abnormal cells or immature myeloid (more than 9 bands or more than 1 metamyelocyte)or any myelocyte, promyelocyte or any blasts.



	3.
	 A differential count should not be performed on orders for CBC without an automated or manual differential count ordered.  A physician order is required to perform testing not originally requested. If critical abnormalities are encountered during a scan without diff order, contact provider for order.

	4.
	If the provider requires a manual differential to be performed in addition to a CBC (regardless of CBC results), the provider should order a manual differential in addition to a CBC without auto differential.

	5.
	CLS must follow Regional WAM rules when reviewing slides.  WAM rules that are triggered during analysis will appear in the OP alerts section of the WAM validation screen.

	.

       


II-Preparing A Manual Peripheral Blood Smear Procedure:

	Step
	Action

	1.
	Mix blood by inversion at least 10X. Insert DIFF-SAFE dispenser through the stopper of a tube held in the upright position.  




	Step
	Action

	2.
	Turn the tube upside down and press moderately against a microscope slide, about ½ inch from one end of slide.  The instant the drop appears, discontinue applying pressure.  

Note:  If the drop fails to appear, check specimen for clots. For microtainer samples, make smear using wooden sticks.

	3.
	Lay the slide on a flat surface.  Place the end of a second slide, held with the fingertips at an angle no greater than 300, in front of the drop of blood. 



	4.
	Pull the spreader slide back into the drop of blood.  When the blood has spread along 2/3 of the width, push the spreader slide forward with a steady even motion.  The angle of the pusher slide and the speed of pushing may be changed to vary the thickness of the smear.  The greater the angle, the thicker the smear.



	5.
	Label with computer-generated label.  If label is not available, write the patient’s last name, first name and MRN or Accession and date on the frosted end of slide with a lead pencil.



	6.
	Allow the smear to air dry.

	7.
	Stain the smear using an automated slide stainer (Hematek).




III-Performing a Slide Review or Differential:

	Step
	Action

	1
	Check slide identification.  Check blood film identification to ensure that film and automated count report identification match.



	2.
	Review automated results.  Carefully review the automated report, noting the number of leukocytes and platelets, the number and size (MCV) of RBCs, the hemoglobin concentration (MCHC) of RBCs, and the RDW.  During the slide review process, the information above is compared to the actual findings on the blood smear.  Any discrepancy is investigated immediately and resolved before the differential is reported.




	Step
	Action

	3.
	Perform low power scan.

Even Cellular Distribution

WBC’s pulled to the feather end of the blood slide should not exceed 2-3 times the number of white cells present in the examination area of the smear.  Remake slide which do not meet this standard.

The examination area of the blood smear is typically the area where approximately 50% of the RBCs show minimal overlapping and 50% are individually spaced.

Check  Feather Edge for Fibrin Threads.

Fibrin threads may be present even in films made from specimens that do not 

contain gross clots.  Fibrin threads tend to entrap larger WBCs, and are 

accompanied by platelet clumping.  Neither a differential nor a platelet estimate

should be attempted on blood films that exhibit fibrin clots.

Verify Stain Quality.   The stain should clearly distinguish between dark purple nuclear

material and bright red-orange erythrocytes.



	4.
	With the high power (40X) objective, observe several fields  

where RBCs are not overlapping.  Cell distribution must be even.

     a)    WBC Estimation

· Perform a WBC estimation in the examination area of the blood film and compare to the value obtained by the Sysmex instrument.  Any significant discrepancy must be investigated.
· Accurate WBC estimates are dependent on having well made blood smears.  Poor slide making technique can result in too many WBC’s being deposited on the feather or lateral edges.  Reject smears having more than three (3) times the number of leukocytes on the edges than in the examination area.
· With the high power (40X) objective, observe several fields where RBCs are not overlapping.
· Count the number of white cells in six or more high power fields.
· Determine the average number of white cells per high power field
                 Average WBCs/hpf = Total number of WBCs
                                                         Number of fields counted

· From the table below, estimate the total white count:
WBC estimation factors (use high power objective)

	
	
	# WBCs /HPF
	Estimated Total WBC Count
	

	
	
	2-4
	4,000-7,000
	

	
	
	4-6
	7,000 – 10,000
	

	
	
	6-10
	10,000-13,000
	

	
	
	10-20
	13,000-18,000
	

	
	

	Step
	Action

	4.
	     b)  Platelet Clumps or Other Abnormal Cells in the “Feather Edge”  

· The feather and lateral edges of the smear should be routinely examined in order to detect significant abnormalities not present in the smear area.
· If platelet clumps are present on smear and count appears to be inaccurate:
i. Replace numerical platelet count with #DNR in WAM. #DNR will translate to “Clumping seen” in Cerner.
ii. For numerical estimate go to step “5”

Note: The larger cellular elements tend to be pulled to the feather, leaving the

          smaller WBCs (lymphocytes) in the body of the smear.  Examine entire smear    
          for platelet clumps or evidence of  fibrin, especially when validating

         an abnormally  low platelet count.

	
	

	
	c) Rouleaux Formation and either WBC or RBC Agglutination 
The presence of either rouleaux or agglutination should be indicated on the report or in comments section of WAM.


	5.
	With the 100X oil immersion objective, observe several fields where 

 RBCs are not overlapping.  


	
	          Platelet Estimation:

	
	
	Platelets / oil field

(avg of 10 fields)
	Description
	Estimated Platelet Count 

(thousands/mm3)
	

	
	
	< 2.5
	Decreased
	<50
	

	
	
	≥ 2.5 but < 5
	Decreased
	50-99
	

	
	
	≥ 5 but < 6.5
	Decreased
	100-129
	

	
	
	≥ 6.5 but < 20
	Adequate
	130-400
	

	
	
	≥ 20 but < 25
	Increased
	401-500
	

	
	
	≥ 25 but < 30
	Increased
	501-600
	

	
	
	≥ 30
	Increased
	>600
	

	
	
	
	
	
	


	Step
	Action

	5.
	      Platelet Morphology:

	
	         Examine for the following platelet morphological abnormalities using 100X OIF  and grade as % of total platelets:
FEW

MODERATE

MANY

Bizarre Platelets

1 – 10%

10 – 25%

>25%

Giant Platelets  (>7 um)

1 – 10%

10 – 25%

>25%

Large Platelets   (4 - 6.5 um)

1 – 10%

10 – 25%

>25%

Megakaryocytic

1 – 2%

3 – 5%

>5

Platelet Satellitosis

Grade Subjectively

Platelet Clumps

Grade Subjectively



	
	

	
	RBC Morphology

           Use guideline below to evaluate RBC morphology:

Examine and grade RBC morphology using 100X OIF, approximating 200 RBC’s/field.
Few

Moderate

Many

Acanthocytes

1 – 2 cells

3 – 5 cells

> 5 cells

Schistocytes

1 – 2 cells

3 – 5 cells

> 5 cells

Sickle Cells

1 – 2 cells

3 – 5 cells

> 5 cells

Spherocytes

1 – 2 cells

3 – 5 cells

> 5 cells

Tear Drop Cells

1 – 2 cells

3 – 5 cells

> 5 cells

Polychromasia

1 – 2 cells

3 – 5 cells

> 5 cells

Basophilic Stippling

1 – 2 cells

3 – 5 cells

> 5 cells

Siderocytes

1 – 2 cells

3 – 5 cells

> 5 cells

Pappenheimer Bodies

1 – 2 cells

3 – 5 cells

> 5 cells

Howell Jolley Bodies

1 – 2 cells

3 – 5 cells

> 5 cells

Helmet Cells

1 – 2 cells

3 – 5 cells

> 5 cells

Heinz Bodies

1 – 2 cells

3 – 5 cells

> 5 cells

Cabot Rings

1 – 2 cells

3 – 5 cells

> 5 cells

Hypochromasia

10 – 50 cells

51 – 100 cells

> 100 cells

Microcytosis

10 – 50 cells

51 – 100 cells

> 100 cells

Macrocytosis

10 – 50 cells

51 – 100 cells

> 100 cells

Ovalocytes

10 – 50 cells

51 – 100 cells

> 100 cells

Stomatocytes

10 – 50 cells

51 – 100 cells

> 100 cells

Target Cells

10 – 50 cells

51 – 100 cells

> 100 cells

Burr Cells

10 – 50 cells

51 – 100 cells

> 100 cells

Elliptocytes

10 – 50 cells

51 – 100 cells

> 100 cells

Crenated Cells

10 – 50 cells

51 – 100 cells

> 100 cells

Poikilocytosis*
10 – 50 cells

51 – 100 cells

> 100 cells

*Consider reporting actual RBC morphologies rather than Poikilocytosis.



	
	For Rouleaux and anisocytosis
Few

Moderate

Many

Comments

Rouleaux

1 – 25%

25 – 50%

>50%

% of RBC forming rouleaux

Anisocytosis

2X

3 – 4X

>4X

Size of largest cells vs. smallest cell



	6.
	Using either the HPF, 50 oil or 100 oil objective or Cellavision scan slide



	
	
	If:
	Then:
	

	
	
	No immature cells or abnormalities seen
	Validate the Automated Differential by Confiming the Cell Counter in CellaVision or by Clicking” Validate All” in WAM

	

	
	
	Less than 10 Bands seen
	Validate the Automated Differential by Confiming the Cell Counter in CellaVision or by Clicking” Validate All” in WAM

.


	

	
	
	Only 1 Metamyelocyte seen
	Validate the Automated Differential by Confiming the Cell Counter in CellaVision or by Clicking” Validate All” in WAM


	

	
	
	WBCs are abnormal or immature (younger than a band)
	· Perform a 100 cell manual differential in WAM or by CellaVision.  

· For CellaVision, refer to LHS-2290

· Go to step 7 for manual differential in WAM. See also LHS-2320
	

	Step
	Action

	7.
	Access WAM diff counter and perform manual differential.
· Count and morphologically classify 100 leukocytes, in consecutive fields in strips or rows from the tail end straight back to the thick end of the smear.  Each intact WBC must be classified.  Skipping cells that look unfamiliar skews the results and is inaccurate and unacceptable practice.
· If NRBCs enumerated during the manual differential do not match the instrument’s % NRBC counted, report instrument’s value.  Instrument is more accurate than a manual differential count. 

· If (10 megakaryocytes /100 WBC are observed and WBC estimate from smear is lower than instrument result, perform a manual count and correct the WBC count using “Corrected WBC formula”.
          Corrected WBC =    Uncorrected WBC   X    100 
                                        100 + # of Megakaryocytes/100 WBC
· Report any abnormal WBC morphology. 
· Report RBC morphology
· Report Platelet Estimate



White Blood        Examine for the following WBC morphological abnormalities and 
Cell                       grade as “Few”, “Moderate”, or “Many” if present:
Morphology         
· Atypical Lymphocytes

· Auer Rods

· Dohle Bodies

· Hypersegmentation

· Pelger-Huet

· Plasmacytes

· Reactive lymphocytes

· Sezary Cells

· Smudge Cells

· Toxic Granulation

· Vacuolated Granulocytes

· Vacuolated Nongranulocytes

	Procedural Notes
	1. WBC abnormal scattergram:
This IP message occurs whenever clustering in the WNR or WDF scattergrams is abnormal. Dashes may appear in place of data that was not calculated. If the analyzer has reported the WBC from the WDF channel, the WBC result will have the “&D” indicator adjacent to it.
· If dashes ( - - ) appear in place of numeric data, reanalyze the sample, Scan the peripheral smear to verify the WBC, NRBC and differential results or perform a manual differential.
· If asterisk ( * ) is next to the result, then Verify WBC, NRBC and differential result by scanning the slide for abnormal cells or platelet clumping and estimate the WBC and NRBC counts. Perform a manual differential if abnormal cells are observed. 
· If after reviewing the smear, and no abnormalities are found and the WBC and NRBC estimates match the analyzer reported WBC and NRBC, the results with astericks ( * ) may be reported.
· If after reviewing the smear, and the NRBC count is significantly different than the analyzer count,( ie. XN = 0, Manual Diff = 30 ) and the WBC count is significantly different than the WBC smear estimate,
perform a manual differential, enumerating the NRBC’s seen and correct the WBC count for the presence of NRBC’s counted using the formula: 
Corrected WBC = Uncorrected WBC X 100
                             100 + # of NRBC/100 WBC

An uncorrected WBC count can be found in the Service/WNR tab of the Browser screen if needed.  Use the TNC-N as the uncorrected WBC count.
    :




	2. RETIC abnormal scattergram:

This IP message indicates that the analyzer has detected increased activity in the RET-THR area or the RET-UPP area of the scattergram.  RET-UPP is abnormal due to NRBCs, Howell-Jolly Bodies, parasites or stress reticulocytes.  These are not included in the reticulocyte count. Asterisks ( * ) appear next to the RET%, RET#, IRF and RETHe parameters. These results may be unreliable and should be confirmed.
1. Prepare a 1:5 dilution with CELLPACK DCL diluent to minimize interference.  Run the 1:5 dilution in the manual mode (NOT Predilute mode) Dilutions greater than 1:5 should not be used.
NOTE:  Do not use undiluted CELLPACK DST for any dilutions.
2. Check that the RBC (X5) on the diluted sample matches the original RBC count within 5% to ensure that the dilution errors have not occurred. Also, check that the diluted RBC count is not less than 0.05 x 10ⁿ/uL if result is less than 0.05 x 10ⁿ/uL then make a lower dilution to increase RBC count.
3. If the RET Abn Scattergram? Flag is eliminated, results may be reported. The Retic% and IRF do not need to be multiplied by the dilution factor since the percentages /ratios should remain the same regardless of the dilution factor. RETHe also does not need to be multiplied since it is measured at the cellular level and is unaffected by dilution.
4. If the flag is not eliminated or the RBC count is <0.50 x 10ⁿ/uL, review smear for the presence of polychromasia, parasites, NRBCs, Howell-Jolly bodies or basophilic stippling.  If present, report the results with a comment saying that the results may be affected by the presence of interfering substances.

    :




	
	2.    Sources of error when making the slides are:

· Dirty or greasy slides.

· Excessive pressure of the spreader slide will cause margination of the leukocytes along the edges and at the end of the smear and may break fragile cells.

· Touching the slide to the skin of the patient while obtaining the blood drop from the finger.

· Excessive delay in spreading the blood may result in the blood clotting.


	
	3.     Criteria for manually counting less than 100 cells:

· WBC 1,500/mm3  or higher – count 100 cells

· WBC less than 1,500/mm3 – count 50 cells

Multiple smears (1-2) may be made in order to obtain a differential count of at least

50 cells.  50 cells should be counted to ensure that abnormal cells are not being missed.  It is essential that the presence of malignant cells be detected on Oncology patients, as chemotherapy is often based on whether malignant cells are reported in the differential.  Scan slides carefully for abnormal/immature cells.  If observing two (2)                                                                                              peripheral smears fails to reveal a minimum of 50 WBCs, report differential in percentages of the number counted. 
4.  Refer to Sysmex® XN-Series Automated Hematology Systems Flagging Interpretation Guide for additional IP messages and interfering substances.




	Author
	Nanette Taft, CLS (ASCP)
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