Pediatric Hemtology/ Oncology Senior Elective
CBC- a primer

Introduction to Laboratory Hematology Testing

Objectives:

1. Understand which tests will be performed when blood counts are ordered

2. Describe how red cell indices are determined in the laboratory

3. Understand principles of electrical impedance, cell conductivity, and scatter in cell counting and automated differentials

4. List potential sources of error using automated cell counters

5. Participate in morphology review

Basic Examination of Blood

The laboratory examination of blood begins with a properly collected sample and a request for an appropriate test. Different laboratories have their own policies for how requests for complete blood counts “CBC” and complete blood counts with differentials “CBCD” are handled. A complete blood count may not be indicated in every patient. For example, if you are interested in a hematocrit, order ONLY an H/H (hemoglobin/hematocrit). A white cell differential count is generally not needed every draw on every patient. As for other laboratory tests, the CBC must be indicated, or in other words, cannot be ordered as merely a “screening” test. As automated hematology analyzers are continually improved, laboratories are performing fewer manual differentials. Manual examinations are extremely time consuming, and in many instances, may not be as accurate as an automated count. For example, patients who are neutropenic have very few cells to examine. In this case, an automated counter will often give a more realistic approximation of the cell differential, because it can examine more cells than the technician who may only see 10 cells on a slide.

Complete Blood Counts and Differential Counts

In most hematology laboratories, a CBC performed by an automated analyzer is comprised of the following:

· WBC count

· RBC count

· Hemoglobin

· Hematocrit

· MCV

· MCHC

· RDW

· Platelet count

· MPV
A CBC DIFFERENTIAL is comprised of all the tests performed in the CBC as above and the following:

· Lymphocyte %

· Monocyte %

· Neutrophil %

· Eosinophil %

· Basophil %

· Immature granulocyte % (Promyelocytes, Myelocytes, Metamyelocytes)

· Lymphocyte #

· Monocyte #

· Neutrophil #

· Eosinophil #

· Basophil #

· Immature granulocyte # (Promyelocytes, Myelocytes, Metamyelocytes)

Automated differentials, manual differentials, or blood films scans are NOT performed when a CBC is ordered in any case. In some laboratories, automated differentials are performed on all CBC samples and then the results are not reported. These laboratories must decide a priori how to deal with markedly abnormal results when a differential is not ordered. Our laboratory does not perform differentials on all specimens, in order to decrease reagent use and minimize the number of unnecessary manual blood examinations.  Therefore, if the results of a CBC are abnormal, the ordering physician must request a CBC DIFFERENTIAL. The laboratory cannot add a differential count without a request.

If a CBC DIFFERENTIAL is ordered, most laboratories will report the results of the automated 6-part differential unless the analyzer reports various abnormalities or “flags”. This implies that many “normal” specimens will not be examined by microscopy. The automated analyzers are reasonably good at identifying abnormalities like increased number of immature cells (e.g. bands) and abnormal cells (e.g. blasts). In our laboratory, results of the automated 6-part differential are reported unless one or more of the following is true, in which case a manual differential will be performed:

· WBC < 4000/ul (first time) or > 15,000/ul

· Basophil > 3.0%

· Lymphocytes >60.0% on patients >6 years old

· Variant lymph flag (usually indicates atypical lymphocytes)

· Suspect blast flag

In some cases, a blood film scan will be performed when a CBC DIFFERENTIAL is ordered. Blood film scans are performed in order to verify aberrant WBC or platelet flags reported by the automated cell counter. The blood film scan can be performed much faster than the manual differential. The scan also allows the technologist to spend more time identifying a specific abnormality that is suggested by the automated counter. If WBC abnormalities are seen on a blood film scan, a full 100 cell manual differential is performed. In our laboratory, blood film scans are performed when:

· Neutrophil % > 80% accompanied by a suspect band flag

· Neutrophil # > 8500/ul

· Monocyte % > 15.0

· Eosinophil % > 15.0

· All R (Region) flags

· Hemoglobin < 8.0 g/dL or > 18.0 g/dL: For morphology

· MCV < 70.0fl or > 110fl: For morphology

· RDW > 20.0 or R (Region) flag: For morphology

· Platelet (PLT) < 70,000 on new patients or < 50,000 on all other patients

· All PLT and/or mean platelet volume (MPV) R (Region) flags

In general, only one manual differential will be performed on a patient per 24-hour period. Some clinicians, particularly pediatricians, feel serial “band counts” provide important information in newborns and small children.  Automated cell counters generally “flag” samples with increased numbers of band neutrophils (> 10%).  In neutropenic patients, the absolute neutrophil count (ANC) may be more useful than the number of bands. The automated counter screens a much larger sample of white cells than the technologists. When it is not possible to find at least 50 WBCs in a readable area of the smear, the technologist releases the automated differential with a comment stating either that no blasts are seen, or that blasts are suspected.
Routine specimens submitted for hematology testing are typically stored in the laboratory for only a short time (24 hours), after which they are discarded. Cells cannot sit for long periods in the EDTA tube without producing changes in cell size and shape that would invalidate the results of automated testing. The morphology will also quickly deteriorate.

Physicians can order only a WBC count, hemoglobin/hematocrit, or platelet count.

You can ALWAYS request that a blood smear be stained and examined for red and/or white cell morphology. In many cases you should examine the peripheral smear yourself if you are suspecting a specific abnormality.

Determining Hemoglobin Concentrations (cyanmethemoglobin method used by Coulter)

[image: image1.png]COULTER PRINCIPLE

External
electrode

1l

+ Internal
electrode

Blood cell pass-
ing through >
aperture

Conductive
diluent




Principle: Blood is diluted in potassium ferricyanide and potassium cyanide. Potassium ferricyanide oxidizes hemoglobin to methemoglobin (hemiglobin, HI, ferrous iron is oxidized to ferric state). All forms of hemoglobin, except sulfhemoglobin, are converted to cyanmethemoglobin (also called hemoglobincyanide or cyanferrihemoglobin) with exposure to potassium cyanide. Cyanmethemoglobin (HiCN) is measured by spectrophotometry by absorbance at 540 nm.  The result is compared to a standard HiCN solution to obtain a value. 

 Note:  Sysmex uses a similar method, except that hemoglobin is treated with sodium lauryl sulfate (SLS) to form Hb-SLS which absorbs at 535 nm. 
Potential Errors in Hemoglobin Determination: 
1. Related to Sample Collection

a. Improper venipuncture with hemoconcentration

b. Drawing downstream of line

c. Drawing from central line

2. Related to HiCN Method

a. Very few, used HiCN standard, broad absorption band, measures most forms of hemoglobin (Hb, HbO2, Hi, and HbCO, but not SHb)

b. Uncalibrated pipettes

c. Unmatched cuvettes

d. Photometer-check wavelength setting, filters, calibrated

Determining Hematocrit (packed cell volume)
A.
Microhematocrit tube method
Principle: A capillary hematocrit tube is filled by capillary action from a flowing puncture or a well-mixed venous sample. The empty end is sealed with clay and tube is centrifuged in a microhematocrit centrifuge for 5 minutes at 10,000 to 12,000 g. Ratio of erythrocytes to whole blood is measured with a ruler (or commercial measuring device) and reported as a percentage or fraction.

B. Automated determination

Principle: Automated counters do not directly measure hematocrit. It is calculated indirectly as the mean corpuscular volume (MCV) x red cell count.

Interpretation: In any case, the hematocrit reflects the concentration of red cells, NOT the total red cell mass. The hematocrit is often an unreliable indicator of anemia immediately after acute blood loss.

In general, the hematocrit should not be measured immediately after transfusion. There are more recent studies in the surgery literature that suggest the 1 hour post transfusion may be of value and it is not necessary to wait 12 to 24 hours after transfusion to obtain a reliable hematocrit.

Potential sources of error in automated determination:

1. Sample: Posture, muscular activity, prolonged tourniquet application

2. Excess EDTA in sample: Causes falsely low Hct because of cell shrinkage

3. Failure to mix blood adequately before sampling

4. Improper reading: Include buffy coat in measurement

Blood Cell Counting
Electrical Impedance counting

Coulter Principle: A sample is first accurately diluted in an isotonic conductive solution that preserves cell shape. Cells are then passed through an aperture which a current is flowing. As the cells pass through the aperture they displace the conductive fluid which increases the electrical resistance. The change in electrical resistance is measured as a voltage pulse. The height of the pulse is proportional to the size of the cell. This is the basis of Coulter instruments determination of all red cell parameters, platelet parameters and total white cell count. A 3-part differential (lymphocytes, monocytes, and neutrophils) can be estimated by electrical impedance technology, but other methods are used to obtain the 5-part (also includes eosinophils and basophils) differential as discussed below.
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Potential problems with impedance counting:

1. Coincidence error: Two or more cells go through aperture at same time

2. Background noise: Debris will also cause changes in resistance

3. Threshold settings: Based on size of voltage reading

Histograms
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Most instruments also provide white cell, red cell, and platelet histograms. These graphical representations are generated through an analysis of the electrical pulses created when cells pass through the aperture. The cell volume in femtoliters is estimated based on the amplitude of the electrical pulse generated.
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Light Scatter
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Principle: Light is focused into a flow cell through which a dilution of cells passes. Cells scatter the light and a photomultiplier tube converts this to an electrical impulse. The size of the impulse is proportional to particle size. Forward angle light scatter provides information about cell shape and refractability. Coulter instruments use this method to determine the 5 part differential. This information is displayed as in flow cytometry as volume –vs- forward scatter (DF-1). A normal scattergram is shown below. Various white cell abnormalities can be identified based on the distribution of the scattergram.

Figure: White cell scattergram/Coulter

Cell Conductivity

Principle: Conductivity determined by using radio frequency estimates nuclear size and density. This technique also used by Coulter instruments to refine the 5-part cell differential.

Peroxidase Activity

Used by newer Bayer instrument (Advia) and older Technicon instruments to determine cell differentials. After lysing red cells, white cells are exposed to hydrogen peroxide and a chromagen (4-chloro-1-naphthol). The strongest peroxidase activity is seen in eosinophils, and then neutrophils. Weakest activity is seen in monocytes. Peroxidase is not present in lymphocytes. Following peroxidase staining, cells are passed through a beam of tungsten light where light scatter and light absorbance are measured. Light absorbance estimates the intensity of the peroxidase reaction and light scatter determines cell size. By this method a 5-part differential can be obtained. Coulter instruments do not use this technology.
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Fluorescent Method - Sysmex

Sysmex uses direct current impedance and conductivity, forward and light scatter as described in the Coulter section, as well as fluorescence with polymethine DNA/RNA histone dye for the WBC differential.  A semiconductor diode laser with 630 nm oscillation measures fluorescence in the near red region.  Propidium iodide fluorescence is used for nucleated RBC and non-viable cells.  A proprietary reagent lyses cells with a higher content of lipid, while immature cells retain their membranes, generating immaturity flags such as the blast flag.
Erythrocyte Indices

Introduction

Automated analyzers now calculate essentially all erythrocyte indices. Some parameters are “primary” in that they are directly calculated. Examples include hemoglobin concentration, red cell count, and mean corpuscular volume (MCV). The remaining parameters like hematocrit are calculated. Erythrocyte indices encompass calculations for determining the size and hemoglobin concentration of red cells.

Calculation of red cell indices

Mean Cell Volume (MCV): Average volume of a red cell calculated by:

(1) MCV = Hct x 1000/RBC (millions/(L), reported as 10-15/L

Mean Cell Hemoglobin (MCH): Of least use clinically, average hemoglobin (Hb) content of a red cell calculated by:

(2) MCH = Hb(g/L)/RBC(millions/(L), reported in picograms (x 10-12g)

Mean Cell Hemoglobin Concentration (MCHC): Average concentration of Hb in a volume of packed red cells calculated by:

(3) MCHC = Hb(g/dL)/Hct, reported in g/dL

Calculation of red cell indices by impedance instruments

1. MCV derived from mean height of voltage pulses

2. Hemoglobin measured by HiCN using optical density

3. Other values are calculated:

a. Hct = MCV x RBC

b. MCH = Hb/RBC

c. MCHC = Hb/Hct

4. Red cell distribution width (RDW): Expressed mathematically as the coefficient of variation of the red cell volume distribution (mathematically as the standard deviation divided by the mean MCV. If the RDW is large, this states that you have a wide distribution of red cell volumes (i.e. some cells are large and some are small). Most microcytic and macrocytic anemias will produce abnormalities of the RDW.

Interpretation of RBC Indices

1. Age variation in red cell indices: Newborns have a very high MCV and MCHC as compared with adults. These indices decrease during the first 18 months of life and then slowly increase to adult levels by age 4 to 10 years.

2. Table 1: Changes in MCV

	Increased MCV
	Decreased MCV

	
	

	Megaloblastic anemia
	Iron deficiency anemia

	     - B12 deficiency
	Hemolytic anemias, Thalassemia minor

	     - Folate deficiency
	RBC fragments, Schistocytes

	AIDS Treatment (Zidovudine)
	Hereditary spherocytosis

	Reticulocytosis
	Post-splenectomy

	Liver Disease
	Defective porphyrin synthesis

	Spurious macrocytosis
	     - Hereditary sideroblastic anemias

	     - Cold agglutinins
	     - Acquired sideroblastic anemias

	     - Myelofibrosis
	     - Lead poisoning

	     - Hyperglycemia
	

	
	


3. Changes in MCHC

	Increased MCHC
	Decreased MCHC

	
	

	Hereditary spherocytosis
	Iron deficiency anemia

	
	Hemolytic anemias, Thalassemia minor

	
	Defective porphyrin synthesis

	
	     - Hereditary sideroblastic anemias

	
	     - Acquired sideroblastic anemias

	
	     - Lead poisoning


4. Causes of Increased RDW

· Iron deficiency anemia

· Macrocytic anemias (B12 and folate deficiency)

· Hemolytic anemia

· Sideroblastic anemia

· Red cell fragments

· Transfusions

· Alcohol use

· Hemoglobin H

Leukocyte and Platelet Enumeration

Manual Hemacytometer (Neubauer hemacytometer)

Principle: A hemacytometer is a thick glass slide that is inscribed with boxes of known length, width, and depth. It is essentially a counting chamber. Used to validate electronic readings in profoundly leukopenic or thrombocytopenic patients. The coefficient of variation (CV) for manual hemacytometer counts is about 6.5%, whereas for automated counters it is only 1-3%. Errors include field errors, chamber errors, and pipette errors. Cannot distinguish nucleated red cells from leukocytes on hemacytometer. Must correct for nucleated cells if they are present.
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Electronic counting

Principle is the same as for red cells, except that the red cells are first lysed.

Platelet Counts

Principle: Performed by electronic counting or using a hemacytometer and phase contrast microscope. When the impedance platelet count shows interference, Sysmex will reflex to a fluorescent platelet count.
Sources of error in electronic platelet enumeration include:

a. False low plt counts: High leukocyte counts, neutrophil satellitism, platelet clumps with agglutinins, spontaneous aggregation, clotted sample (note that if the sample is clotted, platelets trapped in the clot will be absent from the blood smear)
b.
False high plt counts: Hemolyzed sample, red cell fragments, very microcytic RBCs

Reticulocyte Counts

Principle: Reticulocytes are immature non-nucleated red cells that contain RNA and continue to produce hemoglobin after loss of the nucleus. The RNA can be precipitated using methylene blue or brilliant cresyl blue, forming a purple ribonucleoprotein complex that can be viewed microscopically. The test can be performed manually, but is now routinely done on automated analyzers using thiazole orange. Thiazole orange is a fluorescent dye that binds to RNA. Falsely high reticulocyte counts are seen with automated instruments when Howell-Jolly bodies, nucleated red cells, sickled cells, and giant platelets are present in the sample.

Pitfalls in Hematology Laboratory Automation
Obviously, it is not possible for an automated analyzer to detect every abnormality in every patient that is tested. Fortunately, most analyzers are reasonably accurate in detecting most important red and white cell abnormalities. It is critical that each laboratory knows the strengths and weaknesses of the analyzer they put into routine use. Some analyzers are more or less sensitive than others in flagging certain abnormalities. There are also a number of conditions related either to the patient or the sample that can cause false elevations or decreases in a particular automated reading.

Potential Causes of False Results with Automated Hematology Instruments

	Measurement
	Falsely Elevated Results
	Falsely Decreased Results

	
	
	

	WBC
	Platelet clumping
	Clotting

	
	Nucleated RBCs
	Smudge cells

	
	Cryoglobulins
	Uremia

	
	Monoclonal proteins
	

	
	
	

	RBC
	Giant platelets
	Clotting

	
	Cryoglobulins
	In vitro hemolysis

	
	WBC > 50,000/uL
	Autoagglutination

	
	
	Microcytic RBCs

	
	
	

	Hemoglobin
	Cryoglobulins
	Clotting

	
	Carboxyhemoglobin
	

	
	In vitro hemolysis
	

	
	WBC > 50,000/uL
	

	
	Hyperbilirubinemia
	

	
	Monoclonal proteins
	

	
	Lipemia
	

	
	
	

	Hematocrit (automated)
	Cryoglobulins
	Clotting

	
	Giant platelets
	In vitro hemolysis

	
	WBC > 50,000/uL
	Autoagglutination

	
	Hyperglycemia
	Microcytic red cells

	
	
	

	MCV
	WBC > 50,000/ul
	Cryoglobulins

	
	Hyperglycemia
	Giant platelets

	
	Decreased RBC deformability
	In vitro hemolysis

	
	Autoagglutination
	Swollen RBCs

	
	
	

	Platelets
	Cryoglobulins
	Clotting

	
	In vitro hemolysis
	Giant platelets

	
	Microcytic RBCs
	Heparin

	
	White cell fragments
	Platelet clumping

	
	
	Platelet satellitosis

	
	
	


Blood Film Examination

Preparing Blood Film: Usually made by the “Wedge Method” in which 2 glass slides are used. Drop of blood can be “pulled” or “pushed” across the slide by the other slide.

Staining Blood Film: A well-stained blood film is critical for a reliable analysis. Most laboratories use either a Wright/Giemsa stain. It is important to become comfortable with how the laboratory you use stains blood smears. Some labs will stain smears bluer or pinker than others will.

Erythrocytes

Erythrocytes must be examined in a part of the smear where they are not quite touching one another. They normally range in size from 6 to 8 um and are paler in the center of the cell than at the periphery.

Changes in Size:

· Microcytes – abnormally small RBCs

· Macrocytes – abnormally large RBCs

· Anisocytosis – variation in size, found in most anemias

Changes in Color:

· Normochromic – normal staining intensity with pale center

· Hypochromic – Larger and paler central area, usually associated with decreased MCH and MCHC

· Hyperchromic – RBCs are larger, stain more deeply, and have a smaller area of central pallor. MCH is increased. Found in megaloblastic anemias.

· Polychromatophilia (polychromasia) – Residual RNA in young RBCs (one to two days old) have a high affinity for basic stains. Implies reticulocytosis.

Changes in Shape:

· Poikilocytosis - Variation in cell size

· Elliptocytes – Most numerous in hereditary elliptocytosis, but also seen in megaloblastic anemias, iron-deficiency anemia, myelofibrosis, and sickle cell disease.

· Spherocytes – Spherical as opposed to biconcave RBC. Lack central pale area. Seen in hereditary spherocytosis and autoimmune hemolytic anemias.

· Target cells – Have a dark center that contains hemoglobin. Seen post splenectomy, in obstructive jaundice, thalassemia, hemoglobin C disease

· Schistocytes – cell fragments that indicate hemolysis. Seen in microangiopathic hemolytic anemia, megaloblastic anemias

· Acanthocytes – irregular, spiculated RBCs. The spicules are long and often have rounded ends. Seen in liver disease and abetalipoproteinemia.

· Echinocytes (Crenated cells) – Regularly contracted cells often produced as an artifact during smear preparation.

· Stomatocyte (mouth) – Alcoholism, cirrhosis, hereditary spherocytosis or stomatocytosis

· Drepanocyte (sickle) – SS, S-trait, SC, SD S thal, Hg C-Harlem, Hg Memphis/S

Changes in Structure:

· Basophilic stippling – Irregular basophilic granules in erythrocytes. Fine stippling seen with increased red cell production and polychromatophilia. Course stippling seen in lead poisoning and in impaired hemoglobin synthesis.

· Siderocytes – Red cells containing inorganic iron-containing granules, as seen with iron stain.

· Pappenheimer bodies – Iron granules in RBCs than can be seen with Wright stain. Usually seen post splenectomy.

· Howell-Jolly bodies – Smooth, round remnants of nuclear chromatin. Seen post splenectomy, in hemolytic anemias, and megaloblastic anemias.

· Rouleau formation – RBCs forming a “stack of coin.” Seen in monoclonal gammopathy, increased globulins and fibrinogen.

· Agglutination – Clumping of red cells seen in cold agglutinin disease.

· Nucleated red cells (normoblasts) – Red cell precursors normally found in marrow. Are normal in very young infants. Denotes extreme demand for red cells.

Leukocytes

Introduction: Manual differential counts are performed by evaluating either 100 or 200 white cells in a properly prepared and stained blood film. One should learn to identify white cells at both lower power (x100) and under oil immersion (x1000). Physicians will typically scan slides at a lower power and then focus in on apparent abnormal cells. 

Leukocytes normally found in Blood:

· Neutrophils, including band neutrophils

· Eosinophils

· Basophils

· Monocytes

· Lymphocytes, including larger and atypical lymphocytes

Common Abnormalities of White Cells that you should recognize:

· Toxic granulation and vacuolization of neutrophils: Associated with bacterial or fungal infections, burns, chemotherapy, poisoning.

· Dohle inclusion bodies: Blue body in cytoplasm of neutrophils. Composed of ribosomal RNA/endoplasmic reticulum. Seen in infections, chemotherapy, burns, or rare May-Hegglin anomaly.

· Pelger-Huet anomaly or hyposegmented neutrophils: seen in pelger-Huet anomaly, myelodysplastic disorders, myeloproliferative disorders.

· Hypersegmentation (six or more lobes of neutrophil nucleus): Megaloblastic anemias, chronic infections

· Auer rods: Represent fused primary granules in rod form. Can be single or multiple. Seen in myeloid leukemia, FAB M1-M6.

Morphology Review

	Observation
	Association/Note

	
	

	Red cell, normal
	

	Nucleated RBC
	Newborns, myelodysplastic syndromes, hemolytic disease

	Rouleaux
	Myeloma, globulins, paraproteins

	Plasma cell
	Myeloma

	Red cell agglutinates
	IgM cold agglutinins, cryoglobulins, antigen/antibody reactions

	Sickle cell (drepanocyte)
	HbSS

	Schistocyte
	TTP, MAHA, burns, HUS, renal graft rejection, DIC

	Target cells (codoctye)
	Thal major, liver disease, iron deficiency, hemoglobinopathies, splenectomy

	Tear drops
	Thal minor, myelofibrosis, extramedullary hematopoiesis

	Howell Jolly (DNA)
	Splenectomy, hyposplenism, megaloblastic anemia, hemolytic anemia

	Elliptocytes
	Hereditary elliptocytosis, thal major, Fe deficiency, megaloblastic anemia

	Nucleated RBC
	Newborn, extramedullary hematop, marrow replacement

	Basophilic stippling (RNA)
	Myeloproliferative disorder, myelofibrosis, lead intox, thal, abnormal heme synth

	Platelet, on red cell
	Do not confuse with parasite or Howell Jolly body

	Spherocytes
	B thal major, hereditary spherocyttosis, hemolytic anemia, transfusion

	Polychromatophilic erythrocyte
	RNA in RBC, reticulocytes on brilliant cresyl blue

	Orthochromic normoblast
	Pinker than polychromatic normoblast

	Echinocyte (burr cell)
	artifact, renal disease, pyruvate dinase def, vitE def, liver disease, ulcers, etc

	Myeloid series
	myeloblast, promyelocyte, metamyelocyte, nice series

	Normal white cells
	Monocyte, lymphocyte, basophil, eosinophil, neutrophil

	Lymphocyte variants
	plasma cell/reactive lymph/LGL/normal lymph

	
	

	Hypersegmented neutrophil
	Folate/B12 deficiency, sepsis

	Plasmodium falciparum
	Parasite in RBC

	Hairy cells
	Small, slender projections, TRAP positive on special stains

	Pelger-Huet
	Pelger-Huet anomaly, dysmyelopoiesis, sepsis, MDS

	Toxic granulation
	Sepsis

	Giant platelet
	Half size of normal RBC

	Band neutrophil
	

	Gram pos cocci in blood
	Strep pneumo sepsis

	Platelets, normal
	

	Sezary cells
	Mycosis fungoides, cerebriform nuclei

	Mast cell
	dense granules, single nuclei, distinguish from basophils

	Smudge cell
	Nucleus without cytoplasm, CLL, ALL

	Auer rods
	Myeloid leukemias


Hematology Laboratory Critical Values SUNY @ Stony Brook

	Parameter
	Patients
	Low Critical Value
	High Critical Value

	
	
	
	

	WBC
	All, 1st occurrence
	< 2,500
	> 30,000

	
	
	
	

	
	
	
	

	ANC (absolute neut ct)
	All, 1st occurrence
	< 500
	

	
	NICU, 1st occurrence
	< 1,500
	

	
	
	
	

	Bands (%)
	All, 1st occurrence
	
	> 30%

	
	Pediatric, 1st occurrence
	
	> 20%

	
	
	
	

	Reticulocytes
	All, 1st occurrence
	
	> 10%

	
	
	
	

	Hemoglobin
	All, 1st occurrence
	< 7 g/dL
	> 20 g/dL

	
	
	
	

	Hematocrit
	All, 1st occurrence
	< 21%
	> 60%

	
	
	
	

	Platelet count
	All, 1st occurrence
	< 30,000
	> 1,000,000

	
	
	
	

	
	
	
	

	Prothrombin time
	Non-anticoagulated
	
	> 26 sec

	INR
	Anticoagulated
	
	> 6.0 

	
	
	
	

	Partial thromboplastin time
	Non-anticoagulated
	
	> 50 sec

	
	Anticoagulated
	
	> 100 sec

	
	
	
	

	Fibrinogen
	All
	< 100 mg/dL
	

	
	
	
	

	Bleeding time
	All
	
	> 15 minutes

	
	
	
	

	ESR
	All, 1st occurrence
	
	> 100 mm/hr

	
	
	
	

	Heparin Dep. Antibodies
	All positive results
	
	Positive

	
	
	
	

	Cerebrospinal fluid
	All, 1ST occurrence inpatient
	
	> 10% neutrophils

	Any body fluid
	All with bacteria
	
	Bacteria present

	
	
	
	


Slides Requiring Laboratory/Physician Review

	Finding
	Laboratory Review
	Physician

Review

	Blasts or possible blasts
	(
	(

	Plasma cells, plasmacytoid cells
	(
	(

	Intracellular/extracellular bacteria
	(
	(

	Bands > 30%
	(
	

	Atypical lymphocytes concerning for blasts
	(
	(

	Basophils > 5%
	(
	(

	Monocytes > 20%
	(
	(

	Pelger-Huet abnormality
	(
	(

	Sezary cells
	(
	(

	Slide containing any cells that cannot be identified
	(
	(

	Granulocyte precursors: Promyelocytes, myelocytes, metamyelocytes
	(
	

	Requests for parasite examination, regardless of result
	(
	

	Slides positive for parasites or Ehrlichia
	
	(

	Moderate or Many Schistocytes, and Platelets < 30k, on same slide
	
	(


Criteria necessitating 100 cell manual differential:

Total WBC less than 3.0 or greater than 18.0/cumm

Lymphocyte % greater than 60% on patients greater than 6 years old

All “Variant lymph” flags

All “Blast” flags

Basophils greater than 3% 

Confirm automated differential with scan (minimum of 10 fields, followed by a manual differential if WBC abnormalities are discovered, i.e. bands> 15%, any immature granulocytes, atypical lymphs, blasts or NRBC’s):
Neutrophil %
 >80 accompanied by a suspect band flag 
Neutrophil #        >8500/ul (8.5) accompanied by suspect band flag 
Monocyte %        >15.0

Eosinophil %       >15.0

NRBC
suspect flag prelim WBC 

Scan for RBC Morphology (CBCD only) if:



Hemoglobin
<7.0 g/dL or>18.0 g/dL


MCV

<70 fl 
   or>110 fl


RDW

>20.0
   or R (Region) flag

Scan for verification on PLT if:


PLT

<40/ul 
 or >800/ul 

            R flags or * or delta failures             Check for clumps.
Delta checking in Hematology

CBC delta failures involve differences in results over a period of less than and including 3 days:

Delta limits:



Value


Limit

HGB:

All


2g/dl


MCV:

All


5%


PLTC:
0-5k


5k




2-20k


50%




>20k


100%

These limits represent the acceptable ranges which these parameters would normally be expected to change barring any clinical intervention.
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