University of California, Davis Medical Center

Department of Pathology, Hematology
Reporting Peripheral Blood Cell Morphology
Technical Procedure #1140.t


Purpose

The purpose of this procedure is to standardize the reporting of peripheral blood morphology at UCDMC.

Policy

In this laboratory, morphological descriptions of peripheral blood cells are based on Wright-Giemsa stained smears. Stain quality is evaluated by CLS performing smear review. White blood cells are identified, quantified, and reported as a percent.  Absolute counts are calculated by multiplying each percent by the total WBC count.  Red blood cell morphology is described and morphological abnormalities, when present, are semi-quantitatively graded as slight, moderate, or marked unless otherwise indicated.  Platelets are semi-quantitatively graded as to approximate number, size and morphology.

The technologist correlates the results obtained by instrument with what is seen on the smear.  Any discrepancy between observed results and Coulter results must be investigated.
This procedure is to be used in conjunction with the following:
Color Atlas of Hematology, College of American Pathologists.
LH Procedure
Technical Procedure #1515.t  

LH Result Interpretation and Rechecks Technical Procedure #1510.t

LH Automated Differential Review Procedure Technical Procedure #1516.t

Pathology Review of Abnormal Hematology Results Technical Procedure #1077.t
Procedure
A. White Blood Cell Morphology

1. Differential

a. The differential is performed using the LIS keyboard SCAN screens or by manual tally devices.  In all methods, one hundred (100) white cells are identified by staining patterns and morphology.  In addition to identification of type, toxic granulation and other clinically relevant findings are reported as follows:

i. Neutrophils (Polys/Bands)

a) The ratio of polys to bands is significant as an increased band count (> 11%) is found in infection/inflammation.  This is known as a left shift.  An increased poly count (>80%) or right shift is found in megaloblastic anemia.  For a cell to be a poly, there must be a definite filament (0.5 microns or less in diameter) between lobes of the nucleus.  If the presence of a filament is ambiguous due to overlapping of the nucleus, the cell should be called a poly.

b) Other maturation stages of neutrophils (metamyelocytes, myelocytes, promyelocytes and blasts are reported separately.

ii. Toxic Changes

c) Toxic Granulation

1) Toxic granules are coarse dark purplish granules in the cytoplasm of the neutrophils.  The degree of toxicity is equivalent to the number of granules present, the percent of neutrophils affected, and the intensity with which the granules stain.  When seen, report as "Present".  Grade toxicity only when present in marked amounts.  Mnemonic is "X".

d) Dohle Bodies

2) Dohle bodies are pale blue areas or splotches present in the cytoplasm of some toxic neutrophils.  They represent remnants of RNA.  Report as "SLIGHT, MODERATE, or MARKED" if seen.  Mnemonic is "Z".

iii. Toxic Vacuoles 

e) Toxic vacuoles may be present in some, but not all, toxic neutrophils.  They are usually irregular in size.  Do not confuse with the vacuolization of the monocytic series caused by exposure to EDTA.  Report as present in the WBC Morphology field using Mnemonic WBCMV.
iv. Hypersegmentation 

f) Hypersegmented polys that are found in megaloblastic anemias are polys that have six or more distinct lobes.  They are an important finding, as B12 deficiencies that remain untreated can cause irreversible neurological abnormalities.  In addition to six or more lobes being indicative of hypersegmentation, the literature also defines an increased percentage of four or five lobed polys as being examples of same.  Review of blood smears from this institution reveals that an increase in lobe number also occurs in patients with elevated white counts.  In the interest of maintaining the importance of the finding of hypersegmentation, only those polys whose nuclei contain six or more lobes will be considered significant.  Report as "SLIGHT, MODERATE, or MARKED" when present.  Mnemonic is “G”. 
v. Hyposegmentation

g) Pelger-Huet Anomaly

3) This anomaly is a congenital condition in which the neutrophil nuclei appear hyposegmented with normal cytoplasmic granulation.  The chromatin is fully clumped and mature-appearing.  The nuclei are all bi-lobed or dumbbell-shaped.  No nuclei has three or more nuclear lobes.  Bands, metamyelocytes and myelocytes are similarly hyposegmented, appearing less mature than they are because of the nuclear shape.  The condition is benign but it is important to distinguish it from a true left shift.  Classify cells according to nuclear shape.  Report as “Hyposegmented neutrophils with clumped chromatin and normal cytoplasmic granulation are noted.”  Submit smear for Pathology Review.
h) Pseudo-Pelger-Huet Cells
4) This is an acquired condition in which most neutrophils are hyposegmented but with abnormal, hypogranular or agranular cytoplasm.  These abnormal cells are seen in myelodyscrasias such as myelodysplastic syndromes and in response to chemotherapies.  Classify cells according to nuclear shape.  Report on WBC Morphology using mnemonic WBCMPH.  Submit smear for Pathology Review.

vi. Lymphocyte Morphology and Terminology 

i) Lymphocytes vary greatly in their normal morphological configuration.  They range from small to large in size dependent on the amount of cytoplasm present.  There may be azurophilic cytoplasmic granules present.  These also vary considerably in size and number present.  In this laboratory, all lymphs are counted as a whole to generate the percent present.  Abnormalities or morphological differences are then described according to the following:

j) Reactive lymphs

5) Reactive lymphs are found in a wide variety of clinical situations such as hepatitis and infectious mononucleosis.  These lymphs vary according to the type of lymphocyte (T or B) and the stage of transformation.  At one end of the spectrum is the immunoblast.  This cell is large; has dark, basophilic cytoplasm and nucleoli.  At the other end are lymphs with such large quantities of cytoplasm that the outer margins are notched by surrounding red cells on the smear.  The outer rim of cytoplasm is also darker staining.  The nuclei of these cells are quite variable in shape with less dense chromatin.  Also included in the reactive lymph category are plasmacytoid lymphs that resemble plasma cells.  Comment on the presence of such lymphs if they are present as slight, moderate, marked.  Mnemonic = V (SL,MO, MK).

6) Plasma cells

· Frank plasma cells are counted and reported separately.  Place them in the “others” category.  The nucleus of the cell must be eccentric with clock face chromatin pattern.  There is a prominent Golgi, the cytoplasm stains deeply basophilic, and is fairly opaque.  The cytoplasm may or may not contain inclusion bodies such as Russell's bodies or azurophilic granules.  Plasma cells are found in a variety of disease states, most notably multiple myeloma.

7) Young or "Prolymphs"

· These lymphs are the intermediate stage between blasts and mature lymphs.  They are definitely young, have fairly fine chromatin pattern, and may have nucleoli.  Include young or prolymphs with the mature lymphocytes when performing differentials.  They are frequently seen in the peripheral blood of neonates.  A comment concerning the presence of young lymphs may be appended in the "Comments" test.

8) CLL Lymphs

· Lymphocytes in CLL are included in the general lymphocyte population.  A comment may be included indicating that there is a monomorphic population of mature-appearing lymphocytes.

· In CLL, a subpopulation of a more malignant expression of the clone may appear.  This is analogous to the blast crisis of CML.  The lymphs appear quite young with nucleoli.  However, there is generally an abundant amount of cytoplasm.  Report semi-quantitatively by adding the comment "Some/many lymphs appear to be young with prominent nucleoli present."
vii. Immature Monocytes

9) These monocytes are the intermediate stage between monoblasts and mature monocytes.  They have a higher N/C ratio, less granulation and fewer convolutions than mature monocytes.  When present, include them in the monocyte category adding the comment “Some/many monocytes appear young”.

viii. Immature Eosinophils/Basophils

10) Immature stages of eosinophils and basophils may occasionally appear in the blood.  Include them in the eosinophil/basophil category adding the comment “Some/many eosinophils/basophils appear young”
ix. Immature mononuclear cells/Blast cells/Others

11) The presence of blast cells in the peripheral blood often indicates a neoplastic, leukemic or myelophthisic (replacement of bone marrow) process.  Blasts, however, can be seen in non-neoplastic situations such as overwhelming infections, trauma in which there has been bone fracture, as a reaction to stress or in patients being treated with colony stimulating factors (GCSF or Neupogen).
12) Because morphology-based classification of immature cells can be often incorrect and much more information can be determined from flow cytometric markers etc., ALL suspected Blasts and other immature cells will be classified as Immature Mononuclear Cells until reviewed by a hematopathologist.  Once the pathologist has reviewed and classified the cells the classification on the differential can then be switched to the classification determined by the pathologist (Blast, Other, reactive lymph etc).  Occasionally the classification may remain at Immature Mononuclear Cells because classification is unsure and the cells need not be continually submitted for path review if that is the case.
13) To see what interpretation has been made, search PCI from the scan screen.

· Hold down the CONTROL key and the A at the same time

· Choose option 4 Link to PCI

· Arrow down to HEMATOLOGY

· Right arrow over into HEMATOLOGY then arrow down (or use page down button) to the bottom of the Hemo list to the Path Review, BLD interpretation line.

· Right arrow over to date then right arrow again over to results.

· Arrow down to bottom of result page to see the pathologist interpretation.
14) DO NOT CALL BLASTS until the pathologist review process has been completed and the pathologist identifies the cells as such.
15) The “Other” category is used for abnormal cells that represent a morphologically distinct group, such as plasma cells or circulating lymphoma cells. If “Others” are called as a part of the differential or in comments a description of the cells MUST accompany the category. “Others as previously described” is NOT acceptable. If referring to the same population of cells as previously noted, consistency in the description should be maintained.
16) The presence of immature mononuclear cells in a previously undiagnosed or relapsed leukemia requires notification of the doctor according to the Critical Value Policy.  Append “PRL” canned text comment, “Referred for Pathologist Review.  If immediate response required, call 734-2490”.  It is not necessary to notify anyone if they are seen in the context of other clinical situations. However, they must all be submitted for pathologist review the first time they are noted.
17) When the number of immature mononuclear cells or blasts or others present does not objectively amount to 1% or more of the differential, report "Rare immature mononuclear cells/blasts/others seen on scan/review".  Make sure the percent of reported blasts accurately reflects the number seen.  Slides with 1% or fewer immature mononuclear cells/blasts/others should have cell finder coordinates noted in comments.

18) All slides containing first time immature mononuclear cells are to be turned in for pathology review by entering the F/S number of the review box where the slide is saved, following the number with \E to flag it for the Exception Report.
2. WBC Morphology 

b. There are several canned texts available under the WBC Morphology test where comments can be added for certain conditions:

	Mnemonic
	Text

	WBCMA
	AUER RODS PRESENT

	WBCMAL
	ATYPICAL LYMPHS

	WBCMD
	DYSPLASTIC NEUTROPHILS

	WBCMH
	HYPOGRANULAR NEUTROPHILS

	WBCMHE
	HYPOGRANULAR EOSINOPHILS

	WBCMP
	PLASMACYTOID LYMPHS

	WBCMPH
	PELGER-HUET LIKE CELLS NOTED

	WBCMS
	SMUDGE CELLS SEEN

	WBCMV
	TOXIC VACUOLES SEEN


B. Red Blood Cell Morphology

3. Normal Red Blood Cells 

c. Report as normal when no morphological abnormalities are observed in the red blood cells.  Mnemonic "MN"
4. Anisocytosis 

d. This term describes variation in size of red blood cells, compared to each other.  Anisocytosis refers to the degree of difference between the small red blood cells and the large ones.  It is possible to have a normal MCV with a combination of microcytes and macrocytes.  If that occurs, the appropriate degree of anisocytosis should be reported even though the MCV is normal.  Keep in mind there is a small amount of variation in size that is normal.  This parameter frequently, but not always, correlates with the RDW.  Mnemonic "A".

e. NOTE:
An aid for determining cell size is to compare red cell diameters with the diameter of the nucleus of a small lymphocyte, which is approximately seven microns in diameter.  Normal RBCs have diameters between 6 and 8.5 microns.

5. Microcytosis 

f. This is a condition in which the red cells have a reduced volume (<80um in an adult) and a diameter less than six microns.  Most of these cells exhibit an achromic center with a peripheral ring of hemoglobin.  They are often associated with reduced thickness of the cells and are seen in several disease states, most notably iron deficiency and thalassemia.  Mnemonic "S".
	Grading Microcytosis: (Adults)

	MCV   75-79.fL
	Slight

	MCV   70-74 fL
	Moderate

	MCV      <70 fL
	Marked

	
	




          Grading Microcytosis: (Children)___________________


          MCV -1-5 lower limit                    Slight



          MCV -5.1-10 lower limit               Moderate



          MCV <-10 lower limit                   Marked
6. Macrocytosis 

g. This is a condition in which the red cells have increased volume (> 100 um in an adult) and larger diameters than normal (greater than 8.5 microns).  When macrocytes are oval, they are the result of a deficiency of B12 and/or folic acid.  Such cells are rarely seen in the absence of anisocytosis.  Round macrocytes are associated with liver disease and reticulocytosis.  Macrocytosis can also be found in patients placed on anti-tumor drugs, anti-HIV drugs and in preleukemic states.  Mnemonic "L".
	Grading Macrocytosis (Adults)

	MCV   100.1-105.0 fL
	Slight

	MCV   105.1-110 fL
	Moderate

	MCV        >110 fL
	Marked

	
	

	Grading Macrocytosis (Children)

	MCV   +1 to 5 upper limit
	Slight

	MCV   +5.1 to 10 upper limit
	Moderate

	MCV   +>10 upper limit
	Marked

	
	


7. Poikilocytosis 

h. This term refers to variation of red cell shape from that of a normal biconcave disk.  Some shape variations are artifactual and care should be taken to distinguish these from true poikilocytes.  Mnemonic "P".  Unless otherwise specified, grade shape variations according to the following"
	Grading Poikilocytosis:

	2-5   per 100X field
	Slight

	6-10 per 100X field
	Moderate

	>10  per 100X field
	Marked

	
	


i. Ovalocytes

x. Ovalocytes - include a morphological spectrum of red cells which show a progressive deformation ranging from oval cells to cells with true elliptocytic features (cigar-shaped cells).  Oval red cells are found in hereditary ovalocytosis, megaloblastic anemias, thalassemias, iron deficiency, and in normal conditions (<1%).  Mnemonic "O".
j. Target Cells

xi. Target Cells are bulls-eye-shaped erythrocytes characterized by considerable reduction in thickness, showing a darkly staining central density surrounded by a peripheral ring of hemoglobin.  Target cells occur in hypochromic anemias, thalassemias, hemoglobinopathies, iron deficiency, liver disease, liver disease associated with biliary obstruction, and, all too frequently, from artifactual production on a peripheral blood wedge smear.  To verify that target cells are not artifacts, look for the presence of normal red cells adjacent to target cells.  This indicates that abnormalities are real.  Mnemonic "T".

k. Stomatocytes

xii. Stomatocytes are cup-shaped erythrocytes which exhibit a slot-like central pale area.  They are associated with hereditary stomatocytosis, liver disease, neoplastic conditions, hemolytic disorders characterized by altered permeability of the membrane to sodium, but they may be also observed in normal specimens as a consequence of improper physico-chemical conditions.  Mnemonic "W".

l. Acanthocytes 

xiii. Acanthocytes are erythrocytes possessing several thorn-like projections spaced unevenly over the surface.  The projections may be spiculated or bulbous.  They are seen in abetaliproteinemia and liver disease (alcoholic cirrhosis).  Mnemonic "K".

m. Teardrops

xiv. Teardrops are erythrocytes, which exhibit an elongated projection at one pole.  This feature is associated with the "pitting function" of the spleen.  They are most frequently observed in myelofibrosis, thalassemias (E thal), Heinz body anemias, and bone marrow metastases.  Mnemonic "E".

n. Sickle cells

xv. Sickle cells are erythrocytes deformed by the precipitation of polymerized Hgb S.  The final form is that of crescent shaped cells with filamentous processes.  Irreversibly sickled cells appear as dark-staining, oat-shaped cells with no central pallor.  Confirm their identity by correlating with diagnostic information.  Report such cells as "sickle cells".  Mnemonic "C".

o. Spherocytes

xvi. Spherocytes are red cells that are thicker than normal since they have lost their biconcave configuration.  They appear as rounded elements with a decreased surface to volume ratio.  On the smear, they appear smaller in a diameter than normal, and they stain more darkly.  Spherocytes are easily created artifactually.  Check in heavy area on edge of slide if you are uncertain as to whether they may be artifacts.  These cells are seen in hereditary spherocytosis, burn patients, and autoimmune diseases.  Mnemonic "R".

	Grading Spherocytosis

	    1 cell  per 100X field
	Slight

	2-5 cells per 100X field
	Moderate

	>5 cells  per 100X field
	Marked

	
	


p. Fragmented cells (shistocytes)

xvii. Schistocytes are irregular cell fragments arising from erythrocyte damage.  "Helmet cells" are one form of shistocyte.  Shistocytes or fragmented cells are important to report as they are frequently a result of ongoing intravascular hemolysis.  These cells are also seen in several microangiopathic hemolytic anemias and diseases associated with intravascular deposition of fibrin.  Mnemonic "F".

	Grading Schistocytes

	   1 cell   per 100X field
	Slight

	2-5 cells per 100X field
	Moderate

	>5 cells  per 100X field
	Marked

	
	


q. Hypochromia

xviii. Hypochromic red blood cells are deficient in the volume of hemoglobin they contain.  Because of this they exhibit an increased central pallor.  Hypochromic cells are associated with iron deficiency anemias and thalassemias.  Mnemonic "H".

	Grading Hypochromia

	MCHC    30.0-31.9%
	Slight

	MCHC    29.0-29.9%
	Moderate

	MCHC         < 28.9%
	Marked

	
	


r. Polychromasia

xix. Polychromasia is a term that describes the coloring on Wright stained smears of red cells that contain residual RNA.  They appear slightly bluish-gray due to the mixture of pink-staining hemoglobin and blue staining RNA.  In anemic patients it is helpful to the clinician to note if polychromasia is absent.  Mnemonic "Y".

	Grading Polychromasia

	   1 polychrom cell /100X field
	Slight

	2-4 polychrom cells/100X field
	Moderate

	> 4 polychrom cells/100X field
	Marked

	
	

	
	


s. Abnormal Red Cell Inclusions

	Grading RBC Inclusions

	   1 inclusion  /100X field
	Slight

	2-4 inclusions/100X field
	Moderate

	> 4 inclusions/100X field
	Marked




xx. Basophilic Stippling 

k) Basophilic stippling consists of small purple or black pinpoint dots evenly distributed across the red blood cell on the Wright's stained smear.  They are residual RNA present in the cell and stain as reticulocytes with a supra-vital stain such as brilliant cresyl blue or new methylene blue.  The stippling may vary from coarse to fine and is seen in lead poisoning and various anemias.  Mnemonic "D".

xxi. Howell-Jolly Bodies

l) Howell-Jolly Bodies are round, dark purple to black bodies that are remnants of nuclear DNA.  There is usually only one to a cell.  Howell-Jolly bodies are seen after splenectomy and in megaloblastic anemias.  Mnemonic "J".

xxii. Pappenheimer Bodies

m) Pappenheimer bodies are small, round or elongated purplish or bluish dots in the red cells.  They are composed of iron and associated ribosomes, and their identification can be confirmed by an iron stain.  They often appear as a cluster of dots.  Mnemonic "I".

xxiii. Nucleated Red Blood cells – 

n) Count the number of NRBCs per 100 white blood cells identified.

o) If the differential is performed on more or less than 100 white blood cells, the number of nRBC’s must be adjusted accordingly.

p) NRBCs are not differentiated according to maturation stage, but are combined in a single category.

q) Correct the WBC count for the presence of NRBCs only when:

19) 2 or more NRBCs/100 WBC AND More Importantly:
20) The corrected WBC count is from the LH WBC count appears to be incorrect based on the appearance of the histogram and the slide estimate.   See Procedure 1515.

21) Correct the white cell count for the presence of these cells according to the following formula:

· WBC = Uncorrected WBC x 100
   




       100 + Number NRBC

8. Abnormal Red Blood Cell Presentations

t. Rouleaux

xxiv. When rouleaux occurs, the red blood cells stack up on one another as coins stack.  Marked rouleaux can even be seen macroscopically.  The smear frequently has a deep blue color due to the staining of the excess globulins that are the cause of the rouleaux.  This condition is seen in multiple myeloma and macroglobulinemia.  Report as "Present" or "Marked" when seen, dependent on amount.  Mnemonic "U".

u. Agglutination

xxv. Agglutination is aggregation of red cells into clumps which are irregular in size.  This is seen most frequently when the patient has a cold antibody.  All samples containing such must be rerun after being warmed to 37 degrees Centigrade.  The presence of the agglutinates causes spurious results on the Coulter.  Report as "RBC Agglutination Present" when seen.

C. Platelet Estimate and Morphology

9. Platelet Estimate

v. The platelet count should be estimated as a quality assurance check against the count resulted from the Coulter.  If the number seen on the smear varies significantly from the count obtained, perform appropriate corrective action procedures to determine validity of results.  Following is a list of grading with equivalent counts: 

	Qualitative Platelet Estimate

	<50
	Markedly Decreased

	50 - 130,000
	Low/Decreased

	131 - 400,000
	Normal

	401 – 1,000,000
	Increased

	>1,000,000
	Markedly Increased


10. Platelet Morphology

w. Platelets that vary considerably in size/shape and/or are agranular should be described.  If platelets are larger than normal they should be reported as large platelets. If platelets are seen which approach the size of red cells, they should be reported as "giant" platelets.
x. Presence of megakaryocytes

xxvi. If two or more megakaryocytes are noted in a 100 cell differential, the WBC count may need correction using the same formula and criteria used to correct the WBC for NRBCs .
y. The Platelet Morphology field has several canned text available:
	PLTMA
	ANGRANULAR PLATELETS SEEN

	PLTMB
	BIZARRE PLTS SEEN

	PLTMG
	GIANT PLATELETS SEEN

	PLTMH
	HYPOGRANULAR PLTS

	PLTML
	LARGE PLTS SEEN

	PLTMLG
	LARGE AND GIANT PLATELETS

	PLTMS
	PLT SATELITISM NOTED
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