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I. 
PRINCIPLE:


      A.
Wright stained monolayer of blood is microscopically examined for:



1.
Enumeration and classification of nucleated cells



2.
Erythrocyte morphology



3.
Platelet morphology and enumeration

  II. 
SPECIMEN:

Smears for analysis preferably should be prepared < 4 hours of specimen collected,  however specimens <24 hours old specimens may be processed but differential integrity may be compromised. The only acceptable specimens are venous or capillary blood collected directly into 15% K3EDTA (tube or microtainer) or K2EDTA. Acceptable specimen must be diluted <10% by the anticoagulant, i.e. 3ml vacutainer must have more than 1ml of blood. On very rare occasions smears may be prepared directly from capillary stick.

 III. 
EXAMINATION OF SMEAR:

    A. 
Gross evaluation:

        
1. 
Appearance: an evenly dispersed monolayer of blood devoid of broken or 



uneven areas.

         
2.
 Stain quality
           

 a. Optimum stain
· macroscopically: pink

· microscopically:
· platelets-purple

· RBC- pink/red

· WBC- chromatin purple/blue

           

 b. Alkaline stain
· macroscopically: bluish

· microscopically:
·  platelets-purple/black/pale
·   RBC- blue/grey
·  WBC- chromatin dark purple

           

 c. Acid stain   
· macroscopically: red/purple

· microscopically: 
· platelets-red/purple

· RBC- red/orange

· WBC- chromatin pale blue

     B.
Microscopic evaluation 

          1.
Enumeration and classification of nucleated cells
            a)  Leukocyte estimate 50x oil
Count the number of leukocytes in each of 10 fields, take average and multiply by factor (factor depends upon magnification of eyepiece and objective. Formula for factor is 20 divided by eyepiece magnification 3000.) Zeiss scopes factor 2000, Olympus scopes 3000. Estimate should agree with instrument count by +/- 30%, if not follow-up (new smear, re-estimate, repeat on instrument or pass to another tech)

          

b) 
Classification of cells
i. Scan slide to find area with uniform distribution, avoid edges 
of smear. Observe cell distribution for clumps, string of cells smudged/broken cells or any unusual cells.    
ii. Count 100 consecutive intact WBC's and classify (if wbc >50,000 do at least 200 cell diff)

2.  
Acceptable cell terminology 
Note:  CLL patients with >50% smudges should have diff done on a smear made with albumin (refer to procedure in smear prep procedure)

	Blast
	Eosinophil
	Basophil
	Lymphocyte
	Monocyte

	Promyelocyte
	Eosinophilic metamyleocyte
	Immature basophil
	Atypical Lymphocyte
	Immature Monocyte

	Myelocyte
	Eosinophil Band
	
	Abnormal Lymphocyte
	

	Metamyleocyte

	
	
	Abnormal Lymphocytes:
Sezary Cell
	

	Band
	
	
	Abnormal Lymphocytes: Hairy Cell
	

	Segmented Neutrophil

	
	
	Plasma Cell
	

	
	
	
	Immature Lymphocyte
	



3. 
 Cells reported #/100 WBC
a) nRBC
b) Smudge Cell
c) Megakaryocyte
 4. 
 Characteristics reported when present
a) Hypersegmented  neutrophils
b) pelgerized cells
c) intracellular/extracellular bacteria
d) toxic granulation
e) Dohle bodies
f) Auer rods
g) abnormal granulation
h) degranulation
i) vacuolization
j) parasites
**NOTE: 
(i.)
Sapphire counts nRBC and corrects WBC for nRBC; if >10 nRBC counted, nRBC and WBC are counted on smear to validate nRBC  and WBC

(ii.)
WBC correction for macro plts or megakaryocytes (if 




high amount) correct using formula for nRBC correction   

                   
 WBC (actual count)   x    100

                    
 -------------------------------

                     

100 + #NRBC
5.  
Erythrocyte morphology 100x oil
a) Hemoglobin content (chromia)/MCHC
	Hemoglobin content (chromia)/MCHC
	Result

	normochromic
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	<1/3 central pallor

(32-37.3)
	Not reported

	hypochromic
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	>1/3 central pallor (<32 MCHC)
	HYPO if >10%

	Polychromatophilia
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	Normal  <3 cells/field  (0.6-2.7% retic)
	POLY  >3 cells/field  (>2.7% retic)



      b)  Anisocytosis
 ***Note Anisocytosis is not reported from smear review; if markedly dimorphic RBCs note as comment.***
	Anisocytosis
	MCV

	normal         6-8 u
	  MCV 78-94

	microcytic   3-4 u
	MCV <78

	macrocytic   >9 u
	MCV >95


    c)     Poikilocytosis      
	Poikilocytosis
	ABN
	MKABN
	Clinical Associations

	Normal
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	Ovalocytosis
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	>20% RBC
	>50% RBC
	ABN: Hereditary Elliptocytosis         MKABN: Macrocytic Anemia

	Spherocytes
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	> 5% RBC
	>20% RBC
	ABN: Hereditary Spherocytosis,       Coombs Positive hemolysis

	Target Cell
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	> 5% RBC
	>20% RBC
	Hemoglobinpathies, Liver Disease

	Teardrop Cell
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	> 5% RBC
	>20% RBC
	Myeloid metaplasia, myelofibrosis

	Schistocyte
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	> 5% RBC
	>20% RBC
	Micorangiopathic Hemolysis; DIC; TTP

	Spiculated Cell
(crenated/burr/acanthrocyte)
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	> 5% RBC
	>20% RBC
	Can be artifact (Regional on smear); Uremia

	Poikilocytosis

(only reported if >5% but with no specific shape)
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	> 5% RBC
	>20% RBC
	

	Sickle Cell
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	PRSNT


	PRSNT


	Sickle Cell anemia, S-thalassemia perhaps SC disease

	Rouleaux
(stacks of 4 or more)
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	PRSNT
	PRSNT
	**if mix of 1 drop blood and 1 drop saline break-up clumps TRUE ROULEAUX; if clumps remain then agglutination**

	Howell Jolly Bodies
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	PRSNT
	
	Post  Splenectomy

	Pappenheimers
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	PRSNT
	
	Iron-loaded hyposplenism sideroblastic state

	Basophilic stippling (coarse)
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	PRSNT
	
	Lead poisoning, thalassemia, arsenic, others


   6.  Platelet morphology and enumeration:
a) Platelet estimate: 100x oil count number of platelets in each of 10 fields take the average and multiply by factor. 
i. factor depends upon magnification of eyepiece and objective(Formula for factor is 20 divided by eyepiece magnification x 13000) Zeiss scopes 10000 and Olympus scopes 13000.

ii. If few platelets seen, perform estimate using 20 or 30 fields. Also review smear for clumps or string of platelets. If major discrepancy with instrument count pursue (new smear, re-estimate, repeat instrument count, another tech estimate). 

b)  Reporting: Numerical platelet count is routinely reported directly from Celldyn on all patients, unless manual (smear) review is dictated by Platelet Verification policy. 
i.
First time platelet count <50 or >1000 are considered critical data and must be called to caregiver.
ii.
Platelet counts on all TTP patients are verified on smear prior to reporting. Count is entered and canned COMMENT (platelet count verified by smear) entered. If any schistocytes are present note in computer against the RBC count.
iii. If large platelet clumps are seen on platelet estimate type in “See comment” for the platelet result and add comment platelet clumps present and appear adequate or inadequate 

c)  Platelet Morphology:  Any morphologic changes, if present are noted (giant, abnormal, clumps, gray, agranular, megakaryocytes or nuclei)

IV. 
PROCEDURAL NOTES
             A. 
Types of Differentials:
1. 25 cell diff – Sapphire wbc 0.8-1.4

2. 100 cell diff – standard manual diff  Sapphire wbc >1.5 

3. Sapphire wbc >50,000 do at least 200 cell differential
4. Reported as 100 cell diff

      
B. 
Correlation with instrument results

1. Check WBC, plt counts on smear vs. instrument

2. Check manual diff vs. auto diff

3. Check MCV, RDW and MCHC vs. morphology 
4. Check that indices parameters are recalculated or canceled as per >37.3 MCHC procedure (H-05-020)
5. All data should agree or be resolved before releasing (verifying) results

      
C.
Supervisor smear review

1. > 10 atypical lymphs

2. Plasma cells

3. Sezary cells

4. Parasites/ request for evaluation for parasites

5. New abnormal diff

6. Discrepant data and unresolvable

7. Patient data remarkably changed

8. Blast/immature or abnormal lymph or mono/ abnormal mononuclear cells (first time)

9. Presence of yeast/bacteria

10. Tumor cells

11. Hairy cells

      
D. 
Manual vs. Auto-diff policy:  Refer to Sapphire Review Procedure (H-07-020)
      
E. 
Factors affecting accuracy of differential

1.  Preservation of morphology:

a) anticoagulant 

b) storage of specimen 

c) processing time (i.e. >4 hours after drawing,  artifacts occur vacuoles, nuclear clover-leafing)
d) smudging, distortion, necrobiotic changes)

2.  Stain quality

3.   Relative cell distribution- large cells move to periphery with delayed or  slow spreading
4.  Differential sampling pattern

5.  Number of cells counted in relationship to total count

6.  Statistical variability

V.
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 VI.  
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