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Upon completion of Part II of this course of study, the student will be able to:
1.
Discuss the important aspects of a blood smear to be used for WBC or RBC evaluation.

2.
Classify and briefly describe the two major classes of leukocytes.

3.
Define:  Parachromatin, Nucleoli, Mitochondria

4.
Describe the types of WBC inclusions often found in the WBC of patients with bacterial infections.

5.
Discuss each stage of the RBC, WBC and Thrombocyte maturation series, commenting on nuclear and cytoplasmic characteristics.

6.
Describe the changes that occur with maturation, regarding cell size, presence of granules, nuclear/cytoplasmic ratio, amount of cytoplasmic RNA, cytoplasm volume, and presence of nucleoli, for the Leukocyte, Erythrocyte, and Thrombocyte series.

7.
Illustrate the strict guidelines for the differentiation between neutrophilic band forms and polymorphonuclear forms.

8.
Describe and explain the significance of non-specific or azurophilic granulation.

9.
Compare the cytoplasm and nucleus of a mature lymphocyte to that of a mature monocyte.

10.
Compare the monophyletic and polyphyletic theories of stem cell formation and blood cell development.

11.
Explain the significance of a shift to the left and a shift to the right.

12.
List normal values, size, chief morphological characteristics, and functions for each of the following cell types found in peripheral blood:

    Lymphocyte

    Monocyte

    Neutrophil

    Basophil

    Eosinophil

    Erythrocyte

    Thrombocyte

13.
List and compare the maturation stages of erythrocytes, utilizing the two accepted nomenclatures.

14.
Define:  Pluripotent Stem Cell, CFU-S, CFU-C, CFU-M, cell types.

15.
Define Erythropoietin.  Discuss its action, production site, stimulus for production of, and relationship of Oxygen tension.

16.
Describe in a general sense, endocrine control of erythrocytic cell production.

17.
Define: Extramedullary Hematopoiesis, Blood Islands, Yolk Sac phase, RE System, Bone Marrow, Bone Marrow Release Mechanism.

Review of Blood, Bone Marrow Morphology, Hematopoiesis

Specific Lecture Objectives:
At the completion of this lecture the student will be able to:

1.  
Define extramedullary hematopoiesis.

2.  
Define medullary hematopoiesis.

3.  
Identify the location of the bone marrow.

4.  
Differentiate between red marrow and yellow marrow.

5.  
Describe the significance of marrow cellularity.

6.  
Explain the changes which occur with age in the location and size of the marrow cavity.

7.  
Describe the mechanism by which myeloproliferative disease may influence red cell production.

8.  
Define aplasia and hypoplasia.

9.  
Explain the function of reticular fibers in the structure of bone marrow.

10.  Define the term “erythrocyte island”.

11.
Explain the fundamental principle of bone marrow homeostasis, that it, the rate of production should equal the rate of destruction.

12.  Describe the function of erythropoietin.

13.  Discuss in a general sense, the effects of the endocrine hormones on hematopoiesis.

Normal Differentials/ RBC Morphology

Specific Laboratory Objectives:

At the completion of this laboratory exercise, the student will be able to:
 1.  Perform 10 normal differentials according to the procedure provided.

 2.  Correctly recognize criteria for performing a 200 cell differential.

 3.  Make the necessary corrections for the presence of nucleated RBC’s.

 4.  Calculate MCV, MCH, and MCHC and evaluate results.

 5.  Recognize abnormal WBC morphology.

 6.  Accurately determine WBC estimates and Platelet estimates.

Specific Lecture Objectives

Upon completion of the lecture on smear examination the student will be able to:

1.
Estimate the total WBC count based upon the number of WBC’s seen per low power field.

2.
Evaluate the distribution of cells seen on the smear to determine if a representative differential may be performed.

3.
Select the proper area of the slide for performing a differential.

4.
Identify the following cell types and state their function and normal peripheral blood values:

a.  Neutrophil

b.  Basophil

c.  Eosinophil

d.  Polychromatophilic erythrocyte

e.  Platelet

f.  Monocyte

g.  Lymphocyte

5.
Define and explain the significance of each of the following terms:

a.  Normocytic Red Cell


n.  Basophilic Stippling

b.  Microcytic Red Cell


o.  Howell Jolly Body

c.  Macrocytic Red Cell


p.  Siderotic Granules

d.  Anisocytosis



q.  Acanthocyte

e.  Normochromic Red Cell

r.  Reticulocyte

f.  Hypochromia



s.  NRBC

g.  Poikilocyte



t.  Agglutination

h.  Ovalocyte



u.  Rouleaux

i.  Sickle Cell



v.  Crenated Red Cell

j.  Schistocyte



w.  Target Cell

k.  Helmet Cell

l.  Spherocyte

m.  Stomatocyte

6.
List and explain how to prevent 3 conditions which would lead to artifactual changes in red cells resulting in crenation.

7.
List and explain how to prevent 3 conditions which would lead to artifactual changes in red cells resulting in schistocytes.

The Reticulocyte Count and Erythrocyte Sedimentation Rate

Objectives: Reticulocyte Count and ESR

At the completion of this laboratory, the student will be able to:

 1.  Perform reticulocyte counts matching within the required criteria.

 2.  Describe both procedures for performing a reticulocyte count.

 3.  State normal reticulocyte values for newborns and adults.

 4.  Perform calculations to determine reticulocyte percentages.

 5.  Describe disease states associated with increased/decreased reticulocyte counts.

 6.  State the principle of the Erythrocyte Sedimentation Rate.

 7.  State the three stages of red cell settling.

 8.  Perform Wintrobe and Westergren ESR’s.

 9.  Evaluate sources of error in both methods of ESR’s

10.  Name the different ESR methods and their normal values for men and women.

11.  Name the disease states that affect the ESR and the probable reason why it affects this tests.

Anemia - Specific Laboratory Objectives:

At the completion of the student laboratories the student will be able to:

 1.  Categorize the anemias based on Red cell indices and morphological characteristics.

 2.  Perform 10 differentials, including RBC morphology on  patients with anemias.

 3.  Diagnose anemias based on CBC results and Differential results.

 4.  Discuss the differences between Microcytic Hypochromic, Macrocytic and Normocytic, Normochromic anemias.

Abnormal Morphology; Anemia - Classification, General Aspects, Laboratory Investigation

At the completion of these lectures, the student will be able to:

1.  Define and give the staining qualities and significance of each of the following:

    a.  
Acanthocytes

    b.  
Agglutination, rouleaux

    c.  
Anisocytosis

    d.  
Basophilic stippling

    e.  
Dacryocyte

    f.  
Dohle bodies

    g.  
Drepanocytes

    h.  
Echinocytes, burr cells

    i.  
Elliptocytes or ovalocytes

    j.  
Heinz bodies

    k.  
Hgb C crystals

    l.  
Howell-Jolly bodies

    m.  
Hypersegmentation

    n.  
Leptocytes and codocytes, target cells

    o.  
Normochromic, hypochromic

    p.  
Normocytic, macrocytic, microcytic

    q.  
Pappenheimer bodies

    r.  
Poikilocytosis

    s.  
Polychromasia

    t.  
Schistocytes

    u.  
Spherocytes

    v.  
Stomatocytes

    w.  
Toxic granules

    x.  
Vacuolization

2.  Define anemia

3.  Discuss the clinical symptoms and complications of anemia in relationship to:

    a.  Oxygen delivery to tissues

    b.  Blood volume

    c.  Cardiac output

4.  Classify anemias according to mechanism and RBC morphology.

5.
List the initial laboratory tests performed to investigate possible anemia.

6.
List and explain the significance of follow-up laboratory tests to investigate the cause of the following anemias:

    a.  microcytic, hypochromic

    b.  macrocytic, normochromic

    c.  normocytic, normochromic

    d.  hemolytic

    e.  aplastic

    f.  myelophthisic

Normocytic Normochromic Anemias

At the completion of these lectures, the student will be able to:

 1.
Define and classify normocytic normochromic anemia.

 2.
Explain the mechanism, clinical and laboratory findings of anemia following acute blood loss.

 3.
List the causes and discuss the mechanism, clinical and laboratory findings of myelophthisic or leukoerythroblastic anemia.

 4.
Classify and explain the mechanism, clinical and laboratory findings of aplastic anemia.

 5.
State causes of secondary aplastic anemia.

 6.
Classify and give the mechanism, clinical and laboratory findings of anemia due to the following:

     a.  chronic infection, collagen and neoplastic diseases

     b.  chronic renal failure

     c.  chronic liver failure

     d.  endocrine disease

 7.
Define hemoglobinopathy.

 8.
Describe the genetics, structural defect, clinical and laboratory findings of the following hemoglobinopathies:

     a.  Hgb S

     b.  Hgb C

     c.  Hgb E

     d.  Hgb D

Microcytic Hypochromic Anemia

Specific Lecture Objectives:
At the completion of these lectures the student will be able to:

 1.  Define microcytic hypochromic anemia.

 2.  List the types of microcytic hypochromic anemias.

 3.  Diagram and explain the mechanism of iron absorption, transportation, utilization, storage and excretion.

 4.  State and describe methods of investigating iron metabolism.

 5.  List the most common causes of iron deficiency anemia and describe the characteristic laboratory findings.

 6.  Define thalassemia.

 7.  Classify and compare the genetic, clinical and laboratory findings of the following:

     a.  Alpha Thalassemia

     b.  Beta Thalassemia

     c.  Hereditary Persistence of Fetal Hemoglobin

     d.  S-Thalassemia

 8.  Define and explain the mechanism of sideroblastic anemias.

 9.  Classify and compare the clinical and laboratory findings of refractory and reversible sideroblastic anemia.

10.  Discuss the mechanism and clinical significance of microcytic anemia due to chronic disease.

Macrocytic Anemia:  Normoblastic and Megaloblastic

At the completion of these lectures, the student will be able to:

 1.
Define and classify the macrocytic anemias.

 2.
Discuss the causes and mechanism of megaloblastic macrocytic anemia due to Vitamin B12 and or folate deficiency.

 3.
Describe the clinical and laboratory findings characteristic of megaloblastic anemia in general.

 4.
List and explain specific laboratory methods to differentiate Vitamin B12 and folate deficiency.

 5.
Explain the importance of differentiating Vitamin B12 from folate deficiency.

 6.
Discuss the causes and mechanism of normoblastic macrocytic anemias.

 7.
Define “shift macrocytosis” and explain the mechanism and clinical significance.

Hemolytic Anemia

Specific Lecture Objectives:
At the completion of this lecture the student will be able to:

 1.
Define hemolytic anemia.

 2.
Compare intravascular with extravascular hemolysis with regard to:

     a.  site of hemolysis

     b.  mechanism of hemolysis

     c.  laboratory findings

 3.
Give 2 examples of diseases causing intravascular and extravascular hemolysis.

 4.
Classify hemolytic anemias according to mechanism of hemolysis: intrinsic RBC defects vs extrinsic RBC defects.

 5.
Discuss the mechanism, genetics, clinical and laboratory findings of the following RBC membrane defects:

     a.  Hereditary Spherocytosis

     b.  Hereditary Elliptocytosis

     c.  Hereditary Stomatocytosis

     d.  Hereditary Acanthocytosis

     e.  Paroxysmal Nocturnal Hemoglobinuria

 6.
Explain the mechanism, genetics, clinical and laboratory findings of the following RBC metabolic defects:

     a.  G-6-PD deficiency

     b.  Pyruvate kinase deficiency

 7.
Categorize and describe the mechanism, clinical and laboratory findings of the following non-immunological extrinsic RBC defects:

     a.  mechanical, traumatic

     b.  chemical and physical agents

     c.  infectious agents

 8.
Compare the mechanism, clinical and laboratory findings of Hemolytic Disease of the Newborn due to Rh incompatibility with Hemolytic Disease of the Newborn due to ABO incompatibility.

 9.
Define and give the general characteristics of Warm and Cold Autoimmune Hemolytic Anemias in regard to:

     a.  type of antibody

     b.  size of antibody

     c.  optimal reaction temperature

     d.  site and mechanism of hemolysis

10.
Contrast Cold Agglutinin Disease with Paroxysmal Cold Hemoglobinuria as to:

     a.  type and name of antibody

     b.  specificity of antibody

     c.  reaction temperature

     d.  clinical and laboratory findings

     e.  association with other diseases

Hemoglobinopathy/Thalassemia

Specific Lecture Objectives:
At the completion of these lectures the student will be able to:

1.
Define hemoglobinopathy and thalassemia.

2.
Describe the etiology, clinical picture, and diagnosis of both the hemoglobinopathies and thalassemias.

3.
Specify the amino acid substitution which results in the formation of Hgb S and Hgb C.

4.
Describe the peripheral blood picture and red cell changes seen with Hgb S and Hgb C disease.

5.
Correlate the production of Hgb F with the clinical disease severity in persons with Hgb S and C disease.

6.
Describe the process leading to Hgb denaturation in the hemoglobinopathies.

7.
Provide a synopsis of the symptoms and etiology of the symptoms associated with sickle cell disease.

8.
Identify the etiology and clinical picture associated with aplastic crisis and pain crisis in sickle cell disease.

9.
Identify the mechanisms of inheritance of the Hemoglobinopathies and Thalassemias, and discuss the differences between the heterozygous and homozygous state.

10. Discuss the distinction and differential diagnosis between Hgb S and Hgb D.

11. Describe the effects of HPFH in the prognosis and clinical progression of sickle cell disease.

12. Discuss the appearance of Hgb E as a clinically significant Hemoglobinopathy.

13.
Contrast the Thalassemia syndromes with the Hemoglobinopathies, as to inheritance, ethnic groups affected, clinical picture, peripheral blood and marrow findings, and prognosis.

14. Define Bart’s Hemoglobin (beta-4)

15.
Define, give the formula for, discuss the significance of, and be able to work out problems associated with, the calculation of the Red Cell Indices; the MCV, MCH, and MCHC.

Alterations in White Blood Cell Morphology and Number

Upon completion of this lecture the students will be able to:

1.
State normal values for leukocytes in adults and children.

2.
Define “shift to the right”, “shift to the left”, “regenerative shifts” and “degenerative shifts”.

3.
Differentiate between a leukemoid reaction, a leukocytosis, and a leukemia.

4.
State the effects of exercise, age, and stress on various types of leukocytes.

5.
Characterize normal morphology of granulocytic and agranulocytic leukocytes in the peripheral blood and bone marrow.

6.
Distinguish between “anomaly” and “abnormality” as the terms are applied to hematologic change.

7.
Identify and describe abnormal inclusions found in leukocytes in various toxic and disease states.

8.
Describe the morphological abnormalities of leukocytes found in May-Hegglin anomaly, Alder Reilly anomaly, Chediak-Higashi Syndrome, Pelger-Huet Anomaly, and Pseudo Pelger Huet Anomaly.

9.
Describe the morphologic and physiologic changes which occur in polycythemia vera, and in secondary polycythemia.

Leukemias and Lymphomas

Upon Completion of these lectures the student will be able to:

1. 
Differentiate the Acute Leukemias from the Chronic Leukemias and be able to state the major distinguishing characteristics of the various types of leukemia.

2. 
Discuss the therapy and prognosis of each of the various types of leukemias presented in the lecture.

3. 
Define leukemoid reaction and will be able to differentiate a leukemoid reaction from a true leukemic state.

4. 
Distinguish between a leukemia and a lymphoma.

5. 
List the distinguishing characteristics of Non-Hodgkin’s and Hodgkin’s lymphomas.

Leukemia

Specific Lecture & Laboratory Objectives:
At the completion of the lectures and lab exercises the student will be able to:

1.  Categorize all types of Leukemias according to the FAB classification as well as the common names.

2.  Diagnose based on lab results the following types of Leukemias:

     a.  AML

     b.  CML

     c.  AMML

     d.  Acute Monocytic Leukemia

     e.  ALL

     f.  CLL

3.  Discuss characteristics which are used to differentiate the types of Leukemias.

4.  State the clinical features and predominant cell type for the Leukemias listed in objective #2.

5.  Differentiate between a chronic and acute leukemia.

6.  Recognize cells typical of Hairy Cell Leukemia and Plasma cell Leukemia.  

7.  Differentiate the Acute Leukemias from the Chronic Leukemias and be able to state the major distinguishing characteristics of the various types of leukemia.

8.  Discuss the therapy and prognosis of each of the various types of leukemias presented in the lecture.

9.  Define leukemoid reaction and will be able to differentiate a leukemoid reaction from a true leukemic state.

10.  Distinguish between a leukemia and a lymphoma.

11.  List the distinguishing characteristics of Non‑Hodgkin’s and Hodgkin’s lymphomas.

Special Stains

Specific Lecture Objectives:
At the completion of this lecture the student will be able to:

1.  State the principles of the following special stains:

     a.  LAP

     b.  Leukocyte Acid Phosphatase/TRAP

     c.  PAS

     d.  Peroxidase

     e.  Sudan Black B stain

     f.  Kleihauer‑Betke Acid Elution

     g.  TdT

2.  Determine a positive cell from a negative cell in the stains mentioned.

3.  Score an LAP slide and determine possible diagnosis based on that score.

4.  Know what stains are necessary to diagnose a particular disease state.

5.  Determine what compound is being stained in each cell type based on the principle of the stain.

Coagulation 

General Coagulation Objectives

At the completion of the lectures in coagulation the student will be able to:

1.
Define coagulation.

2.
State the factors which influence the coagulation cascade.

3.
List and Describe the action of each of the factors involved in the coagulation process.

4.
State the differences between the Intrinsic and Extrinsic Coagulation Process.

5.
Describe the functions of the Platelet and Platelet Coagulation Factors.

6.
Describe the usefulness of each of the basic tests for coagulation deficit, including the Prothrombin Time, Activated Partial Thromboplastin Time, Bleeding Time, Clotting Time, Fibrinogen Assay, and FDP assay.

7.
Describe Fibrinolysis, and the factors influencing its activity.

8.
State the types of actions of various anticoagulants.

9.
Resolve coagulation Factor problems, given hypothetical patient results of various clotting factor assays.

10.
Evaluate patient case histories and select proper follow-up tests or procedures.

Specific Coagulation Lecture Objectives

At the completion of the lectures in coagulation the student will be able to:

1.
Define coagulation.

2.
Define the term hemostasis.

3.
Describe the functions of the Platelet and Platelet Coagulation Factors.

4.
Describe Fibrinolysis, and the factors influencing its activity.

5.
Describe the usefulness of each of the basic tests for coagulation deficit, including the Prothrombin Time, Activated Partial Thromboplastin Time, Bleeding Time, Clotting Time, Fibrinogen Assay, and FDP assay.

6.
Determine which tests monitor heparin therapy and coumadin therapy.

7.
Evaluate patient case histories and select proper follow-up tests or procedures.

8.
Explain what occurs in each of the following areas during the clotting process:

a. Vascular System

b.  Platelet System

c.  Fibrin-forming Systems

d.  Fibrinolytic System

9.
Group the coagulation factors according to their functional group.

10.
Know what factors are checked by a PT and PTT.

11.
Know which factors are: 1) consumed during clotting,  2) absorbed by BaSO4, 3) susceptible to denaturation.

12.
Know the coagulation factors and their function.

13.
List and Describe the action of each of the factors involved in the coagulation process.

14.
Perform a Prothrombin Time and Partial Thromboplastin Time according to the procedure given.

15.
Resolve coagulation Factor problems, given hypothetical patient results of various clotting factor assays.

16.
State the differences between the Intrinsic and Extrinsic Coagulation Process.

17.
State the four major systems involved in the hemostatic mechanism.

18.
State the factors which influence the coagulation cascade.

19.
State the types of actions of various anticoagulants.

Specific Coagulation Laboratory Objectives

At the completion of the coagulation student laboratories, the student will be able to:

 1
Define the term hemostasis.

 2
State the four major systems involved in the hemostatic mechanism.

 3
Explain what occurs in each of the following areas during the clotting process:

     
a.  Vascular System


b.  Platelet System

     
c.  Fibrin ‑ Forming System

     
d.  Fibrin ‑ Lysing System

 4.
Know the coagulation factors and their function.

 5.
Group the coagulation factors according to their functional group.

 6.
Know which factors are consumed during clotting, absorbed by BaSO4, and those susceptible to denaturation.

 7.
Perform a Prothrombin Time and Partial Thromboplastin Time according to the procedure given.

 8.
Know what factors are checked by a PT and PTT.

 9.
Determine which test monitors heparin therapy and coumadin therapy.
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