VENTURA COUNTY MEDICAL CENTER

SANTA PAULA HOSPITAL

Associated with the UCLA School of Medicine

	PROCEDURE:  Manual Differentials and Slide Review 
SUBJECT: Complete Blood Count and Differentials
	POLICY NO:

HEM 1.2.5
SECTION TWO
	

	DEPARTMENT: Hematology
AFFECTS: Laboratory
	EFFECTIVE DATE:  06.01.2016

	REVIEW DATES:



	CREATED BY: 

Jessica Anunwah, CLS, MT(ASCP)CM
	REVISION DATES:

	


PRINCIPLE: 
This procedure provides guidelines to assist VCMC clinical lab scientists on the techniques to properly perform a peripheral blood smear slide review and differential. A peripheral blood slide review or manual differential is performed when automated results cannot be verified by the hematology automated analyzer. Examination of a well-prepared and well-stained blood smear is one of the most efficient and important diagnostic screening test used in the evaluation and detection of abnormal blood counts.
Automated patient results that are suspected to be abnormal should be analyzed under the microscope for corrections and clarifications. A high white blood cell count and shifts in the differential cell count are also an indicative need for a manual differential cell count.
The manual differential is performed to determine the relative number of each type of white blood cell present in the blood.  At the same time, a study of red blood cell, white blood cell, and platelet morphology and maturity is performed.  This includes an approximation of the platelet count. Rare cell characteristics and abnormalities not addressed in this procedure can be referenced by the hematology textbooks, atlases, published medical journals, senior lab scientists, hematology supervisor or clinical pathologists. 
SPECIMEN:
A Wright-Giemsa stained blood smear made from EDTA anti-coagulated blood; preferably within 1 hour from blood collection to avoid distortion of cell morphology.
REAGENTS/MATERIALS: 
Microscope

Low power 10X objective and 50X and 100X oil immersion objectives

Cell differential counter 

Immersion Oil
QUALITY CONTROL: 
The quality of every slide should be evaluated by each CLS on a slide-by-slide basis. The slide should be microscope-ready, precipitate-free, with appropriate cell color, superior cell distribution and good morphology. If any criterion in the cell distribution and stain quality is poor, notify the supervisor as slidemaking/staining adjustments may be needed. 
PROCEDURE:
NOTE: When reviewing automated CBC/CBCD results, do not verify differential option or automated differential parameters. This will be decided by CLS performing the slide review.  If automated differential results or differential option are verified, Cerner will NOT allow the option to be modified.
A. Blood Smear (Slide Review/Auto + Morph)
	1.
	Verify that the automated CBC report and blood smear patient identification match. Ensure slide is labeled with two patient identifiers and the slide preparation date. 

	2.
	Place the stained slide (specimen side up) on the microscope stage. 

	3.
	Focus the microscope on the 10X objective (low power).  Examine the feathered edge of the smear to determine blood film adequacy. If the number of white cells on the feathered edge exceeds 2-3 times the number per field of white cells in the monolayer area, another blood smear must be remade and evaluated.

NOTE: Incorrectly prepared films may have too many large cells at the film edges, leaving relatively smaller cells, such as lymphocytes, in the center resulting in inaccurate manual differential counts.  

	4.
	Scan the smear to check for cell distribution, clumping, and abnormal cells. In scanning the smear it is important to note anything unusual or irregular, such as platelet clumping, rouleaux, agglutination or abnormal blood cells.

	5.
	On the blood smear, correlate automated white blood cell count, platelet count and differential results with the slide appearance. 

· If the appearance of the white blood cell or platelet count does not reflect the automated results, perform a WBC or PLT estimate. See Spurious Results section. 

· If the WBC differential does not appear to be to be within 10% of the automated results, perform manual differential.
·  If slide appears consistent with automated results or previously reported manual differential, attach comment to Slide Review. See reporting results for Cerner pneumonics.

	6.
	Review all abnormal appearing white blood cells under 100X for appropriate classification.  If there are any abnormal findings such as blasts, immature cells or unusual characteristics, perform a manual differential.

	7.
	In Cerner, under Accession Result Entry, locate patient results. On the Differential option, select the drop down menu and select either Slide Review, Auto+ Morph or Manual Differential. Perform results.

	8.
	To perform Manual Differential or Morphology, change Cerner result Mode to Differential (see Cerner Procedures for further clarifications).

	9.
	For Morphology guidelines see Steps B, C and D for guidelines to result any RBC, PLT or WBC morphologies. 
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	The monolayer is the area where about half of the RBCs are touching one another without overlapping. It is the area of the blood film where WBC’s and platelet numbers should be estimated and cell morphology examined. Although the monolayer is the only zone where morphologic evaluation is performed at oil-immersion magnification, systematic blood film evaluation includes assessing all three zones.


B. RBC (Red Blood Cell) Morphology
	1.
	RBC Morphology is performed using the high power (100X) oil immersion objective.  Begin the examination in the monolayer area.  

	2.
	Locate a mature (normal and not atypical) lymphocyte for comparative purposes and review the smear for red blood cell size, shape and inclusions for a minimum of 10 fields.

NOTE: Normal RBC’s are 6 to 8 micron in diameter; approximately the same size as the nucleus of a normal lymphocyte. Normal RBC’s shape is round with an area of central pallor that occupies one-third of the cell. No RBC inclusion are normal, any inclusions seen must be noted. 

	3.
	Classify RBC Morphology:

a. If RBC’s appear normal under drop drown menu for RBC Morph, select Appears Normal. 

b. If the RBC morphology is consistent with previously reported morphology (within 45 days), select Appears Unchanged.
c. If RBC morphology is not normal or past 45 days from previously reported morphology, select See below and record the defining RBC characteristics. 
d. If there is a considerate difference between the automated RBC indices and the blood smear presentation, prepare and evaluate a new blood smear.
NOTE: If a significant numbers of microcytic red blood cells and/or small cell fragments are detected when performing the RBC morphology a platelet estimate should be done.

 If a significant numbers of giant platelets and/or platelet clumps are detected, a WBC estimate should be done. Unless the WBC estimate correlates with automated WBC count, do NOT release CBC results. 


VCMC Reported RBC Morphologies
	Morphology
	Grading
	Appearance
	Morphology
	Grading
	Appearance

	Anisocytosis
	1+ - 4+
	Variations in RBC’s size
	Target cells
	1+ - 4+
	Target shaped (Mexican hat)

	Microcytosis
	1+ - 4+
	Relatively smaller sized RBC
	Acanthocytes
	1+ - 4+
	Irregularly distributed spikes on RBC’s, lacking central pallor

	Macrocytosis
	1+ - 4+
	Relatively larger sized RBC
	Echinocytes
	1+ - 4+
	Crenated RBC’s (aka Burr cells)

	Hypochromia
	1+ - 4+
	Larger than normal central pallor
	Stomatocytes
	1+ - 4+
	Slit shaped central pallor

	Polychromasia
	1+ - 4+
	Immature larger bluish-pink RBC’s
	Spherocytes
	1+ - 4+
	Denser stained RBC’s, lacking central pallor

	Pokilocytosis
	1+ (only)
	Variations in RBC’s shape. If greater 1+, classify variations
	Rouleaux
	Present
	Stacked red cells (stack of coins)

	Schistocytes
	1+ - 4+
	Fragmented RBC’s
	Basophilic stippling
	Present
	Coarse blue-stained  ribosomal particles within red cells

	Elliptocytes/ Ovalocytes
	1+ - 4+
	Elliptical or oval shaped
	Howell Jolly
	Present
	Nuclear round lavender bodies within red cells

	Tear drop cells
	1+ - 4+
	Tear drop/pear shaped
	Sickled cells
	Present
	Sickle shaped RBC’s

	For VCMC hematology department grading reference Blood Cell Morphology Grading Guide, by Gene Gulati, PhD, SH (ASCP) to classify 1+ through 4+. This standardizes RBC morphology grading for clinical correlation and interpretation.


C. Evaluation of Platelet (PLT) Morphology
	1.
	Platelet evaluation and morphology is performed using the high power’s (50X and 100X) oil immersion objective.  Examine cells in the monolayer area and feathered edge.  

	2.
	Scan a minimum of 10 fields noting any platelet clumping, satellitosis, fibrin clots or strands and the general appearance of the platelet count. 

	3.
	If the general appearance of the platelet count DOES NOT APPEAR consistent with the automated count, perform a platelet estimate (see Spurious Results procedures).  
NOTE: Clinical Lab Scientists may need to perform a platelet estimate consistently until they can visually assess the correlation of an automated platelet count on a blood smear.

	4.
	Classify PLT Morphology:
a. In the morphology section note the presence of giant or large platelets. 
b. If platelet satellitism, platelet clumping or fibrin strands are seen, see below for further instruction.
NOTE: If a significant numbers of microcytic red blood cells and/or small cell fragments are detected when performing the RBC morphology a platelet estimate should be done.

 If a significant numbers of giant platelets and/or platelet clumps are detected, a WBC estimate should be done. Unless the WBC estimate correlates with automated WBC count, do NOT release CBC results. 

	5.
	Platelet Clumping: If platelet clumps are identified, the automated platelet count will be falsely decreased. Do not perform a platelet estimate or a manual platelet count.  
a. If platelet clumps are rare and automated PLT results were not triggered for review: Note platelet clumps in the morphology section.

b. If platelet clumps are few, many or automated PLT results were triggered for review, refer to HEM 1.3.5 – Platelet Clumping & Satellitism


VCMC Reported PLT Morphologies
	Morphology
	Grading
	Appearance

	PLT Appearance
	Automated
	PLT appears consistent with reported automated PLT count. 

	
	Manual
	Inconsistent automated PLT count, manual PLT count performed. 

	PLT Morphology
	Large Platelets Present
	≥ 2+ Large platelets (larger than normal, but smaller than giant PLT’s)

	
	Giant Platelets Present
	Any Giant platelet seen (PLT same size of an RBC or larger)

	PLT Clumps
	PLT’s Adequate - Clumps Present
	Platelet clumping seen.  Platelet count appears adequate.

	
	PLT’s Decreased - Clumps Present 
	Platelet clumping seen.  Platelet count appears decreased.

	
	PLT’s Increased - Clumps Present 
	Platelet clumping seen.  Platelet count appears increased.


D. WBC (White Blood Cell) Morphology
	1.
	WBC Morphology is performed using the high power (100X) oil immersion objective.  Begin the examination in the monolayer area.

	2.
	Evaluate white blood cells in a minimum of 10 fields.

	3.
	Classify WBC Morphology:

a. Check WBC cytoplasm for: vacuoles, inclusions and granulation

b. Check WBC nuclear chromatin for: lobation and nucleoli

c. If any abnormal or immature cells are seen, a manual differential should be performed.

	4.
	Other abnormal classifications not listed in reported fields may be present. If any other classification is seen, attach a comment to the WBC parameter with seen abnormalities.


VCMC Reported WBC Morphologies
	Morphology
	Grading
	Appearance
	Morphology
	Grading
	Appearance

	Reactive Lymphs
	Present
	Large cells with abundant vacuolated cytoplasm, often indented by red cells
(count as lymph within diff)
	Auer Rods
	Present
	Reddish-blue needle-like inclusions in immature granulocytes

	Plasmacyte Lymphs
	Present
	(count as lymph within diff)
	Hypersegmented Neutrophils
	Present
	Neutrophils with more than 5 nuclear lobes

	Smudge Cells
	Present
	Mechanically distorted white cells a.k.a Basket cells 
	Hyposegmented
Neutrophils
	Present
	Decreased segmentation often classified as Pelger-Huet

	Dohlë Bodies
	Present
	Round/rod-shaped blue cytoplasmic inclusions
	Toxic Granulation (of Neutrophils)
	Present
	Coarse, lavender/ blue-black colored granules 

	Toxic Vacuolization (of Neutrophils)
	Present
	Vacuoles of variable size in neutrophil cytoplasm
	Pelger-Hüet 
	Present
	Bi-lobed segmentation 

“pince-nez forms”


E. Manual Differential

	1.
	Manual differentials are performed using the high power (50 or 100X) oil immersion objective.  Begin the examination in the monolayer area.  
NOTE: If the 50X objective is is used to perform the manual differential, the 100X must be utilized to classify any immature cells.  

	2.
	Using a differential counter, count and classify 100 WBC’s in consecutive fields.

	3.
	Differential Guidelines: 

When the WBC count is significantly low or high it is recommended to adjust the amount of cells counted for the differential to:

a. 50-cell diff: WBC count is 1.0 x 103/µL or less

b. 200-cell diff: WBC count is 50.0 x 103/µL or greater
Smudge cells: smudge cells are not included in the differential parameter. If more than a few are seen, an albumin smear must be made to complete the manual differential.

a. Make an albumin smear using 3:2, whole blood:22% albumin ratio. For example, 3 drops of blood would be mixed with 2 drops of albumin.

b. Perform the manual differential on the albumin smear.

c. Perform RBC and PLT morphologies on the original blood smear (non-albumin slide.)
Pyknotic Cells: should not be counted in the differential. (They are usually found in old blood samples)

Nucleated Red Blood Cells (NRBC’s) and Megakaryocytes: NRBC’s and megakaryocytes are counted in addition to the 100 WBC differential count. If WBC estimate does not correlate with the automated count due to NRBC’s or megakaryocytes, perform WBC correction. See Procedure HEM 1.3.3 - WBC Correction for Nucleated Red Blood Cells (NRBC’s) and Megakaryocytes for guidelines.

	4.
	Perform any RBC, PLT or WBC morphologies, see Steps B, C and D for guidelines.

	5.
	Reviewed slides are stored daily in an empty slide case and kept in slide drawer for a minimum of three weeks.  


VCMC Manual Differential Cell Descriptions
	Morphology
	Size
	N:C Ratio
	Nuclear shape
	Chromatin
	Cytoplasm

	Neutrophils
	10 – 15 µm
	1:3
	Two to five nuclear lobes connected by filaments
	Clumped
	Pale pink with many lilac (specific) granules

	Band
	10 – 18 µm
	1:2
	S, C or U shaped
(indentation is > ½ diameter of the nucleus)
	Coarse, clumpy
	Pink with mainly lilac (specific) granules, rare primary (azurophilic) granules

	Lymphocytes

(counted with Atypical/ Reactive & Plasmacyte)
	7 – 15 µm

10 – 25 µm

10 – 20 µm
	5:1 to 1:2
	Round to oval, occasionally notched or slightly indented
	Diffusely dense or coarse with clumpy masses
	Pale blue to basophilic, scant to moderately abundant, may have a perinuclear zone or hof; granules are absent in small lymphocytes, larger lymphs often contain few coarse azurophilic granules

	Monocytes
	12 – 20 µm
	4:1 to 2:1
	Round to oval, often indented and pale
	Slight clumping
	Grey-blue (ground-glass) with non-uniform scattered vacuoles, may contain a few fine azurophilic granules 

	Eosinophils
	10 – 15 µm
	1:2 to 1:3
	Segmented with two to three lobes connected by a thin filament 
	Dense and compact
	Filled with coarse, spherical, large, uniform eosinophilic (acidophilic) orange-red refractile granules 

	Basophils
	10 – 15 µm
	1:2 to 1:3
	Segmented but is often obscured by granules
	Clumped
	Filled with large dark-blue basophilic granules (blackberry appearance) 

	Metamyelocytes
	10 – 18 µm
	1:1
	Indented kidney-shaped 

(indentation is < ½ diameter of the nucleus)
	Clumped  with distinct regions
	Pink with many lilac (specific) granules, rare primary (azurophilic) granules

	Myeolcytes
	10 – 18 µm
	2:1 to 1:1
	Oval slightly indented or flattened
	Variable clumping
	Bluish-pink containing both primary (azurophilic) granules and lilac (specific) granules

	Promyelocytes
	15 – 20 µm
	5:1 to 3:1
	Round to oval with 1 to 3 distinct nucleoli
	Finely reticular, slight clumping 
	Blue with numerous azurophilic granules 

	Blasts
	10 – 20 µm
	7:1 to 1:1
	Round, oval, may be indented or folded with 1 or more prominent nucleoli
	Fine granular, and distinct parachromatin
	Basophilic, agranular

	Other Cells
	Blasts or unidentified cell not yet confirmed by pathologist

	NRBC 

(counted as NRBC per 100 WBC)
	Varies
	Varies
	Round to oval
	Varies with maturation stage
	Varies with maturation stage, from dark blue to light pink  can contain various red cell  inclusions 


REPORTING RESULTS: 
· Differential results are reported as a percentage of the total leukocytes counted.
· Absolute counts are also reported.  They are calculated as the total number of each cell/ µl. Formula: Absolute number of cells/µl = % of cell type in differential x WBC count
· Slide Review Comments: (slide review was performed but further action is not indicated)
· LSRAA - Scan of blood smear confirms automated differential. No abnormalities seen. 

· LSRAG - Scan of blood smear confirms automated differential. Less than 10% immature granulocytes seen.
· LSRAL - Scan of blood smear confirms automated differential. Reactive lymphocytes present.

· LSRM - Scan of blood smear consistent with previously reported Manual Differential. 
· LSRPC - Slide Review Confirms Platelet Count

LIMITATIONS: 
Sampling errors, uncontrollable errors in cell distribution on the blood film, and human inconsistency in cell interpretation can produce inconsistent differential and cell review results.
PROCEDURE NOTES:
Most all manual differential count should correlate within 10% (10 cell difference) of the automated differential count for any one cell class. If the manual differential does not correlate with the automated differential, another CLS should perform the manual differential and the two manual differentials should correlate within 10%.
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CAP Accreditation Program – Hematology and Coagulation Checklist 07.28.2015
CAP Checklist Requirements
HEM.30300
Platelet Abnormalities

HEM.30350
Spuriously High WBC Concentration

HEM.30400
Platelet Count Verification

HEM.34100
Limits of Agreement- WBC

HEM.34300
Blood Film Quality
HEM.34450
Slide Retention
HEM.34500
Morphology Assessment - PLT/RBC
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