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 (automatic digitál morphology of peripheral blood smears
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 Hematology Cell Counter
 • Counts cells by electronic impedance.
 • Discrimination based on particle size.
 • Hemoglobin by photometer
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 8 Parameter Cell Counter
 • WBC: White Blood Cells
 • RBC: Red Blood Cells
 • HgB: Hemoglobin
 • Hct: Hematocrit
 • MCV: Mean Cell Volume
 • MCH: Mean Cell Hemoglobin
 • MCHC: Mean Cell Hemoglobin Concentration
 • RDWt: Red Blood Cell Distribution Width
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 18 Parameter Cell Counter
 • 8 parameters plus
 • LYM#: Lymphocytes total count
 • MID#: Mid Cells total count
 • GRN#: Granulocytes total count
 • LYM%: Lymphocytes Percentage
 • MID%: Mid Cells Percentage
 • GRN%: Granulocytes Percentage
 • Pct: Plateletcrit
 • PDW: Platelet Distribution Width
 • WBC histogram
 • Plt Histogram
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 Blood Count
 Three major variables in whole blood
 • Hemoglobin
 • Hematocrit
 • Number of red cells.
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 Corpuscular Indices
 Calculations that allow the characteristic of
 average size and hemoglobin content in
 individual erythrocytes to be determined.
 – Mean Corpuscular Volume (MCV)
 – Mean Corpuscular Hemoglobin (MCH)
 – Mean Corpuscular Hemoglobin Concentration (MCHC)
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 Normal Values
 • Hematocrit = 40 to 54 %
 • Hemoglobin = 130 to 180 g/L
 • Red Cells = 4.6 to 6.3 x 106 cells / L
 • White Cells = 4.5 to 11 x 103 cells / L
 • Platelets = 150 to 450 x 103 cells / L
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 Normal Values
 Mean Corpuscular Volume (MCV) =80 to 90 fl
 Mean Corpuscular Hemoglobin (MCH) =26 to 32 pg
 MHC Concentration (MCHC) =32 to 36%
 Red Cell Distribution Width =11.6 to14.6%
 Reticulocyte Count =0.5 to 2.5 %
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 Red Blood Cell Count (RBC)
 • Normal value = 4.6 to 6.2 x 106 cells/L
 • Decreased with anemia
 • Increased with erythrocytotic states such as polycythemia vera, erythrocytosis of chronic hypoxia, dehydration, stress polycythemia, and thalassemia minor.
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 Decreased MCV and Decreased MCHC
 • Microcytic/Hypochromic Anemia
 – Iron deficiency
 – Thalassemia
 – Anemia of chronic disease
 – Sideroblastic anemia
 – Lead poisoning
 – Hemoglobin E trait or disease
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 Increased MCV, Decreased MCHC
 • Macrocytic/Normochromic Anemia
 – Folate deficiency
 – B12 deficiency
 – Myelodysplastic syndromes
 – Hypothyroidism
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 Normal MCV, Normal MCHC
 • Normochromic/Normocytic Anemia– With Elevated Reticulocytes: Normoregenerative
 anemias such as immunohemolytic anemia, Glucose-6-phosphate dehydrogenase deficiency, Hemoglobin S or C, hereditary spherocytosis, microangiopathic hemolytic anemia, and paroxysmal hemoglobinuria.
 – With Low or Normal Reticulocytes:Hyporegenerative normocytic anemias such as chronic disease, chronic renal failure, aplastic anemia.
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 Red Cell Distribution Width (RDW)
 • Normal Range = 11.6 to 14.6 %
 • degree of anisocytosis.
 • differentiate thalassemia from iron deficiency.
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 Platelet Count
 • Normal Range = 150 to 450 x 103 cells/L
 • Thrombocytosis– inflammatory disorders
 – myeloproliferative states
 – acute blood loss
 – hemolytic anemias
 – carcinomatosis
 – status post-splenectomy
 – exercise etc.
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 Platelet Count (cont.)
 • Thrombocytopenia– Production defects such as aplastic anemia,
 marrow replacement, megaloblastic and severe iron deficiency anemias , Wiskott-Aldritch syndrome, May-Hegglin anomaly, Bernard-Soulier syndrome, Chediak-Higashi anomaly, Fanconi’s syndrome
 – Consumption defects - autoimmune thrombocytopenia, DIC, TTP, hypersplenism, massive hemorrhage , congenital hemangiomas
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 White Blood Cell Count (WBC)
 • Not a useful parameter by itself.
 • Measure of total granulocytes, lymphocytes and nonocytes per unit volume.
 • Severely elevated granulocytes may indicated chronic myelogenous leukemia.
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 • Leukocytosis• Approach : Review differential count ,smear (?abnormal cells
 present ?)
 • Neutrophilia Absolute neutrophil count (polys and bands) >10,000/μL.
 • Causes• Infections - esp.bacterial; smear shows increased numbers of
 immature neutrophils (left shift), toxic granulations, • Tissue necrosis (e.g., myocardial infarction), • Chronic inflammatory disorders ( e.g. vasculitis), • Drugs (e.g.,glucocorticoids, epinephrine, lithium), • Cytokines (e.g. G-CSF),• Myeloproliferative disorders, • Metabolic (e.g., ketoacidosis, uremia), • Other- malignant neoplasms,• acute hemorrhage or hemolysis,• after splenectomy. • Burns,• Exercise, stress
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 • Leukemoid reaction Extreme elevation of leukocyte count (>50,000/μL) secondary to mature and/or immature neutrophils.
 • Causes
 • Infection (severe, chronic), esp. in children,
 • Hemolysis (severe),
 • Malignant neoplasms (esp.carcinoma of the breast, lung, kidney)
 • Cytokines (e.g. G-CSF).
 • May be distinguished from chronic myelogenous leukemia (CML) by measurement of the leukocyte alkaline phosphatase (LAP) level: elevated in leukomoid reactions, depressed in CML.
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 • Leukoerythroblastic reactionSimilar to leukemoid reaction with addition of nucleated RBCs on blood smear.
 • Causes
 • Myelophtisis - invasion of the bone marrow by tumor, fibrosis, granulomatous processes, smear shows „teardrop“ RBCs,
 • Hemorrhage or hemolysis (rarely) cases).
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 • Lymphocytosis Absolute lymphocyte count >5000/μL
 • Causes
 • Infection - infectious mononucleosis, hepatitis, CMV, rubeolla, pertussis, tuberculosis, brucellosis, syphilis,
 • Endocrine - thyrotoxicosis, adrenal insufficiency,
 • Neoplastic - chronic lymphocytic leukemia(CLL), most common cause of lymphocyte count >10,000/μL.
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 • Monocytosis Absolute monocyte count >800/μL.
 • Causes• Infection - subacute bacteria endocarditis,
 tuberculosis, brucellosis, rickettsial diseases (e.g. Rocky Mountain spotted fever), malaria, leishmaniasis,
 • Granulomatous diseases - sarcoidosis, Crohn’s disease,
 • Collagenvascular diseases - rheumatoid arhtritis, SLE, polyarteritis nodosa, polymyositis, temporal arteritis,
 • Hematologic - leukemias, lymphoma, myeloproliferative and myelodysplastis syndromes, hemolytic anemia
 • Malignant neoplasms.

Page 24
                        

24
 • Eosinophilia Absolute eosinophil
 count >500/μL.
 • Causes
 • Parasitic infections,
 • Allergic diseases,
 • Collagen-vascular diseases,
 • Malignant neoplasms,
 • Hypereosinophilic syndrome.
 • Drugs,
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 • Basophilia Absolute basophil count
 >100/μL.
 • Causes
 • Myeloproliferative disorders (esp.CML)
 • Chronic inflammatory disorders (rarely)
 • Allergic diseases
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 • Leukopenia
 • Definition Total leukocyte count <3500/ μL.
 • Neutropenia Absolute neutrophil count <2500/ μL (increased risk of bacterila infection with count <1000/ μL.)
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 • Causes of leucopenia• Drugs - chemotherapeutic and immunosuppressive agents.
 carbamazepine, indomethacine, chlorophenicol, penicillins, sulfonamides, cephalosporins, propylthiouracil, phenothiazines, captopril, methyldopa, procainamide, chlorpromide, thiazides, allopurinol, colchicine, ethanol, penicillamine,
 • Infections - viral (e.g., influenza, hepatitis, infectious mononucleosis, HIV), bacterial ( e.g. thyphoid fever, miliary tuberculosis, fulminant sepsis), malaria
 • Nutritional - B12, folate deficiences• Benign - mild neutropenia common in blacks, no
 associated risk of infection,• Hematologic - cyclic neutropenia(q21d, with recurrent
 infections common), leukemia, myelodysplasia (preleukemia), aplastic anemia, bone marrow infiltration , Chediak-Higashi syndrome
 • Hypersplenism - e.g., Felty¨s syndrome, congestive splenomegaly, Gaucher’s disease,
 • Autoimunne - idiopathic, SLE, lymphoma ( positive antineutrophil antibodies )
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 • Management of the febrile, neutrophenic patient
 • In addition to usual sources of infection, consider „occult“ sites (e.g. paranasal sinuses, oral cavity, anorectal region),
 • Empirical therapy with broad-spectrum antibiotics is usually indicated after blood and other culture are obtained.
 • Prolonged neutropenia (>14d) leads to icreased risk of disseminated fungal infections, may require addition of antifungal chemotherapy (e.g., amphotericin B).
 • The duration of chemotherapy -induced neutropenia can be shortened by treatment with the cytokines G-CSF.

Page 29
                        

29
 • Lymphopenia Absolute lymphocyte count <1000/ μL.
 • Causes• Acute stressful illness - e.g., myocardial infarction,
 pneumonia, sepsis, • Glucocortocoid therapy• Lymphoma (esp. Hodgkin’s disease)• Immune deficiency syndromes - ataxia teleangiectasia,
 Wiskott-Aldrich, DiGeorge’s syndromes• Immunosuppressive therapy - e.g., antilymphycyte
 globulin, cyclophosphamide,• After radiotherapy ( esp.for lymphoma)• Intestinal lymyphangiectasia (incerased lymph loss)• Chronic illness-e.g. CHF, uremia, SLE, disseminated
 malignancies• Bone marrow failure/replacemet- e.g., aplastic anemia,
 miliary tuberculosis.
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 • Monocytopenia Absolute monocyte count <100/ μL.
 • Causes
 • Glucocoticoid therapy
 • Chemotherapeutic and immnusupressive agents
 • Leukemia (certain types, e.g. hairy cell leukemia)
 • Aplastic anemia
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 • Eosinopenia Absolute eosinophil
 count <50/ μL.
 • Causes
 • Glucocorticoid therapy
 • Acute stressful illness
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 Trombocytopenia (Lupus erytematodes )
 • WBC: 7,8
 • RBC: 5,18, Hgb: 151, HCT: 0,430
 • MCV: 82,3, MCH: 29,2, MCHCALC: 35,5, RDW: 14,2
 • PLT: 2
 • Dif.count
 • Ly%: 24,60, Mo%: 9,20, Ne%: 64,90, Eo%: 1,00, Ba%: 0,30,
 • Ly#: 1,9, Mo#: 0,70, Ne#: 5,00, Eo#: 0,10, Ba#: 0,00
 •
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 Hypereosinophilic syndrom
 • WBC: 16,96
 • RBC: 4,40, Hgb: 134, HCT: 0,380,
 • MCV: 86,6, MCH: 30,5, MCH: 35,2, RDW: 14,6,
 • PLT: 147
 • Dif.count.
 • Ly%: 7,70, Mo%: 8,50, Ne%: 19,40, Eo%: 64,30Ba%: 0,10,
 • Ly#: 1,31, Mo#: 1,45, Ne#: 3,27, Eo#: 10,91, Ba#: 0,02,
 • Retikulo: 0,017
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 CLL
 • WBC : 40,28 [4,0..10,0]• RBC : 5,78 3,80..4,90]• Hgb : 179 [120..160]• HCT : 0,520 [0,370..0,470]• MCV : 90,1 [ 82..96]• MCH : 31,0 [27,0..34,0]• MCHC : 34,4 [31,5..36,0]• RDW : 15,1 [11,5..14,5]• PLT : 219 [150..400]• Dif.count.computer.• Ly% : 65,60 [20,50..51,10]• Mo% : 3,10 [1,70..9,30]• Ne% : 31,00 [42,20..75,20]• Eo% : 0,10 [0,00..4,00]• Ba% : 0,20 [0,00..1,00]• Ly# : 26,44 [1,4..3,4]• Mo# : 1,24 [0,00..0,59]• Ne# : 12,49 [1,40..6,50]• Eo# : 0,03 [0,00..0,70]• Ba# : 0,08 [0,00..0,20]• Dif.count manual: • SEG : 31• BAND : 5• EOSI : 1• MONO : 3• LY : 60
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 Chronic myelomonocytic leukemia.
 •
 • WBC: 55,46 • RBC: 3,34• Hemoglobin [HGB] : 129• Hematocrit 0,390 • MCV: 117,4 • MCH: 38,6• RDW: 15,7 • PLT B: 76
 • Dif.count.• segment: 21 • Neutrofil band 4 • Monocyt 53 • Lymfocyty 9• Neutrof.metamyelocyt 5 • Neutrof. myelocyt 5• Promyelocyt 1• Blast 2• Normoblast 1• :
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 Pancytopenia ( myeloma)
 • WBC : 1,6 [4,0..10,0]• RBC : 3,37 [3,80..4,90]• Hgb : 105 [120..160]• HCT : 0,310 [0,370..0,470]• MCV : 90,9 [82..96]• MCH : 31,1 [27,0..34,0]• MCH : 34,2 [31,5..36,0]• RDW : 18,2 [11,5..14,5]• PLT : 63 [150..400]
 • Diferential cunt• Ly% : 22,50 [20,50..51,10]• Mo% : 23,30 [1,70..9,30]• Ne% : 43,00 [42,20..75,20]• Eo% : 11,10 [0,00..4,00]• Ba% : 0,10 [0,00..1,00]
 • Ly# : 0,4 [1,4..3,4]• Mo# : 0,40 [0,00..0,59]• Ne# : 0,70 [1,40..6,50]• Eo# : 0,20 [0,00..0,70]• Ba# : 0,00 [0,00..0,20]
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 Pancytopenia (myeloma )
 • WBC: 1,46• RBC: 2,07• Hgb: 63 • HCT: 0,190• MCV: 92,8• MCH: 30,4• MCH: 32,8 • RDW: 17,2• PLT: 30 • Dif.count
 • Ly %: 33,60• Mo %: 2,70• Ne %: 63,70• Eo %: 0,00• Ba %: 0,00
 • Ly #: 0,49• Mo #: 0,04• Ne #: 0,93• Eo #: 0,00• Ba #: 0,00
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 ITP (idiopathic trombocytopenic purpura)
 • WBC: 3,97
 • RBC: 3,74
 • Hgb: 96
 • HCT: 0,300
 • MCV: 80,7, MCH: 25,7, MCHC: 31,8 RDW: 15,4
 • PLT: 2
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 ITP (idiopathic trombocytopenic purpura)
 • WBC: 4,8
 • RBC: 2,98
 • Hgb: 82
 • HCT: 0,230
 • MCV: 78,8, MCH: 27,6,
 • MCHC: 35,1, RDW: 15,5,
 • PLT: 3
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 WBC : 20,37RBC : 5,18Hgb : 104HCT : 0,370MCV : 70,5MCH : 20,1MCHC : 28,5RDW : 21,5PLT : 1540Diferent.Ly% : 11,20Mo% : 9,40Ne% : 74,40Eo% : 2,80Ba% : 2,20
 Ly# : 2,28Mo# : 1,92Ne# : 15,16Eo# : 0,57Ba# : 0,44
 Primary trombocytemia
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 Acute lymphoblastic leukemia
 • WBC 6,6• RBC 4,20• HB 115• Hematokrit 0,330• MCV 79• MCH 27,4
 • RDW 12,7• PLT 64• Lymfocyt 47,70• Monocyt 17,30• Neutrophil 32,40• Eozinophil 0,50• Bazophil 2,10
 • Lympho.total count 3,15
 • Neutrofil 2,14• Eozinofil 0,03• Bazofil 0,14
 Manual.dif.count.
 Neutrof. segment 21Neutrof. band 11
 Eozinofil 2Monocytes 1Lymfocytes 32Neutrof.metamyelocyt 4Neutrof.myelocyt 5Blasts 24erytroblasts 1
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 Normocytic anemia – acute GIT bleeding
 • WBC : 14,3 [4,0..10,0]• RBC : 1,18 [4,30..5,70]• HB : 36 [130..180]• Hematocrit : 0,100 [0,420..0,520]• MCV : 86,1 [82..96]• MCH : 30,1 [27,0..34,0]• MCHC : 35,0 [31,5..36,0]
 RDW : 16,7 [11,5..14,5]• PLT : 157 [150..400]
 • Diferen. • Lymfocyt : 6,30 [20,50..51,10]• Monocyt : 3,10 [1,70..9,30]• Neutrofil : 90,60 [42,20..75,20]
 • Neutrofil-abs. : 12,90 [1,40..6,50]• Eozinofil – abs. : 0,00 [0,00..0,70]• Bazofil – abs. : 0,00 [0,00..0,20]• Retikulo- 0,3

Page 44
                        

44
 Microcytic hypochromic anemia,
 susp.TU GIT
 • WBC: 9,6• RBC: 2,59, Hb: 37, HCT: 0,140,• MCV: 52,8, MCH: 14,3, MCHC: 27,1, RDW: 20,4 • PLT: 566• Diferent. count.
 • Ly%: 25,10• Mo%: 10,70• Ne%: 62,10• Eo%: 1,60• Ba%: 0,50
 • Ly#: 2,4 • Mo#: 1,0• Ne#: 6,0 • Eo#: 0,20• Ba#: 0,00 • RET: 0,026
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 Macrocytic anemia
 • WBC : 4,93 [4,0..10,0]• RBC : 2,12 [3,80..4,90]• Hgb : 80 [120..160]• HCT : 0,240 [0,370..0,470]• MCV : 111,8 [82..96]• MCH : 37,7 [27,0..34,0]• MCHC : 33,8 [31,5..36,0]• RDW : 14,1 [11,5..14,5]• PLT : 117 [150..400]• Diferent.: • Ly% : 20,90 [20,50..51,10]• Mo% : 7,10 [1,70..9,30]• Ne% : 71,00 [42,20..75,20]• Eo% : 0,60 [0,00..4,00]• Ba% : 0,40 [0,00..1,00]
 • Ly# : 1,03 [1,4..3,4]• Mo# : 0,35 [0,00..0,59]• Ne# : 3,50 [1,40..6,50]• Eo# : 0,03 [0,00..0,70]• Ba# : 0,02 [0,00..0,20]
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Microcytic anemia in patient with carcinoma of colon
 • WBC : 4,5• RBC : 3,06• Hgb : 58• HCT : 0,190• MCV : 63,6• MCH : 18,9• MCH : 29,6• RDW : 19,2• PLT : 353• MPV : 8,5 • Dif. count: • Ly% : 13,40• Mo% : 10,00• Ne% : 72,60• Eo% : 2,90• Ba% : 1,10
 • Ly# : 0,6• Mo# : 0,40• Ne# : 3,30• Eo# : 0,10• Ba# : 0,00,
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Leukemoid reaction in bronchopneumonia• WBC : 41,66• RBC : 3,81• HGB : 113• Hematokrit : 0,340• MCV : 87,9• MCH : 29,7• MCHC : 33,7• PLT : 326• DIFF count.• segment : 40• band : 16• Eozinofil : 2• Monocyt : 6• Lymfocyt : 20• metamyelocyt : 3• myelocyt : 8• Promyelocyt : 2• Blast : 1• Plasma cell : 2• erytroblastt : 2• Toxic granulations : ++
 • Large bands and metamyocytes are present in smear
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Plasma cell leukemia• WBC : 13,9• RBC : 2,41• Hgb : 85• HCT : 0,250• MCV : 103,1• MCH : 35,3• MCHC : 34,2• RDW : 23,1• PLT : 120• MPV : 8,4, • Diferential from analyzator• Ly % : 28,60• Mo % : 34,40• Ne % : 35,20• Eo % : 1,30• Ba % : 0,50• Ly # : 4,0• Mo # : 4,80• Ne # : 4,90• Eo # : 0,20• Ba # : 0,10• Manual diferential :• SEG : 16• BAND : 12• EOSI : 3• MONO : 5• LY : 41• NMC : 1• PLB : 22• erytroblasts : 2
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Eosinophilia
 • WBC : 7,54• RBC : 3,27• Hgb : 107• HCT : 0,32• MCV : 96,3• MCH : 32,7• MCHC : 34,0• RDW : 17,1• PLT : 155• MPV : 9,6• Diferent. Count from analysator:• Ly% : 34,1• Mo% : 5,3• Ne% : 39,1• Eo% : 21,0• Ba% : 0,5• Ly# : 2,57• Mo# : 0,40• Ne# : 2,95• Eo# : 1,58• Ba# : 0,04, • Manual dif. count.
 NSEG : 37• BAND : 2• EOSI : 24• BASO : 1• MONO : 3• LY : 33
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Pancytopenia , m. Waldenstrom
 • WBC: 0,5, • RBC: 2,52, • Hgb: 79,• HCT: 0,220, • MCV: 88,1,• MCH: 31,3, • MCHC: 35,5, • RDW: 16,5, • PLT: 12, • MPV: 8,8, • Dif. count.• Ly%: 48,80,• Mo%: 30,70, • Ne%: 19,20,• Eo%: 0,00,• Ba%: 1,30,
 • Ly#: 0,2, • Mo#: 0,20, • Ne#: 0,10, • Eo#: 0,00,• Ba#: 0,00,
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Acute leukemia
 • WBC: 8,41 • RBC: 2,23• Hgb: 70• HCT: 0,200• MCV: 91,3, • MCH: 31,5,• MCHC: 34,5• RDW: 14,5• PLT: 8• MPV: 9,8, • Diferential count from analysator,• Ly%: 15,70, • Mo%: 25,70, • Ne%: 57,30, • Eo%: 0,00, B_Ba%: 1,30,• Ly#: 1,4,• Mo#: 2,30,• Ne#: 5,10, • Eo#: 0,00, • Ba#: 0,10, • Manual dif.count:• SEG: 28, • BAND 13, • BASO: 3, • MONO: 3, • LY: 20, • NMMC: 3,• MC: 4,• PMC: 2, • BL( BLAST CELLS) 22,• ERYTROBLASTS: 7,

Page 52
                        

NHL /ALL
 • WBC : 5,4
 • RBC : 3,87
 • Hgb : 118
 • HCT : 0,340
 • MCV : 86,9
 • MCH : 30,5
 • MCHC : 35,1
 • RDW : 14,0
 • PLT : 21
 • MPV : 9,3
 •
 Computer dif.count. Ly% : 38,50Mo% : 17,00Ne% : 42,50Eo% : 1,70Ba% : 0,30Ly# : 2,2Mo# : 1,00Ne# : 2,40Eo# : 0,10Ba# : 0,00, Manual dif.count:SEG : 15BAND : 23EOSI : 2MONO : 14LY : 31MMC : 5MC : 5BL.. : 4PLB : 1RBC : 6
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Acute leukemia
 • WBC 1,20• RBC 3,44• Hemoglobin 118• Hematocrit 0,33• [MCV: 96,0• MCH: 34,3• MCHC 35,8• RDW 14,1 • PLT: 109• MPV] 8,4
 Computer dif.count:Lymfocyt : 77,3 %Monocyt : 2,4 %NeutrofilB: 17,9 %Eozinofily : 2,0 %Bazofil: 0,4 %
 Lymfocyt - abs. 1,00; Monocyt - abs. 0,00; Neutrofil abs.: 0,20Eozinofil - abs.: 0,00;Bazofil - abs. 0,00;
 Manual dif.count:Neutrofil seg. 2Neutrofil band 10Monocyt 4Lymfocyt 72Neutrof.metamyelocy 2:Retikulocyt : 0,005
 Bone nmarrow :Acute leukemia
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