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DISORDERS OF RED BLOOD CELLS, THE ANEMIAS AND THALASSEMIAS, PCV/PRCA
Consequences of hemolytic anemia

1.
        RBC rupture leads to hemoglobinemia and –uria

2. Haptoglobin decreased

3. Bilirubin increased, leads to jaundice and gallstones

4. Bone marrow examination reveals erythroid hyperplasia (ME 1:2) --( INCREASED

5. Left shift( Increased reticulocytes, Increased normoblasts

6. Erythroblastosis

	DZ/CLASS
	MORPHOLOGY
	PATHOLOGY
	S/S AND CLINICAL
	LAB
	TX

	Anemia of Blood Loss
	Normochromic
Normocytic
	Hemorrhage, hemolysis, excess demand, malabsorption
	Weakness

Fatigue

Pallor

Cyanosis

Can give rise to iron deficiency if chronic
	HgB decreased

HCT decreased

MCV normal

Reticulocytes increase

PB: Reticulocytes > 1%
	Blood replacement

	Aplastic anemia
	Normocytic

Normochromic

Failure of RBC production


	50% idiopathic. Unknown why bone marrow is defective. Can be due to:
-Stem cell defect

-T cell mediated attack on bone marrow

-Drugs

-Chemicals like benzene, solvents, insecticides, radiation

-Pancytopenia that is characterized by thrombocytopenia, anemia, neutropenia. 

Two major mechanisms:
Immunologically mediated bone marrow suppression

Intrinsic stem cell defect

Associated disease: lupu, PNH, hepatitis, Fanconi
	NO SPLENOMEGALY- If present, reconsider diagnosis. 

Associated with hepatitis

Associated with pancreatitis

Poor prognosis in crisis


Decreased or absent reticulocytosis


	RBC decreased

MHC normal

Thrombocytopenia

Granulocytopenia

Hypocellular and FATTY bone marrow

Decreased reticulocytes

Dry bone marrow tap


	

	Folic Acid Deficiency Anemia
	Too few, an anemia of decreased production

Macrocytic

Megaloblasic
	Folic acid deficiency, rapid in onset, usually from change in diet. Common in nursing home patients or patients with increased folic acid demand: pregnancy, etc.

-Decreased intake
-Increased requirements

-Impaired use

-May occur in chronic alcoholics
	Weakness

Fatigue

Pallor

Cyanosis

NO CNS signs

Schilling test for DDX

Giant metamyelocytes

Glossitis

Stomatitis
	HCT decreased

MCV increased

Hgb decreased


	Folic acid supplementation

	G6PDH deficiency
	Hemolytic anemia
	G6DPH lacking, this enzyme protects cells from oxidative injury. Denatured hemoglobin may precipitate as HEINZ bodies.

X linked

Susceptible to drugs:
Fava beans may preciptate crisis

Infections may precipitate hemolysis

Common in American blacks.
	Weakness

Pallor

Jaundice

G6PDH may provide modest protection from infection with Plasmodium 
	Heinz bodies

Bite cells

Reticulocytosos

HCT decreased

HgB decreased


	

	Hereditary Spherocytosis
	Hemolytic anemia
	Specrtin deficiency. Cells become spherical. RBC’s recognized as foreign in spleen and phagocytized.
	Anemia

Splenomegaly

Jaundice

CAUTION- Aplastic crisis may result with parvovirus


	Anisocytosis

Dark RBCs with loss of central pallor

Erythroblastosis

M:E ratio can invert (go from 3:1 to 1:3) 

Nucleated RBC’s
	

	Immune Mediated Hemolytic Anemia
	Hemolytic anemia
	Formation of antibodies against RBCs. 

WARM: Ab active at body temperature, idiopathic. Secondary to drugs and neoplasm.

COLD: Active antibody at 0 to 4 degrees. Agglutination occurs in periphery. Occurs in  recovery phase of infections.
	RAYNAUD’s phenom.

Pallor


Cyanosis
	COOMBS reagent positive: If RBCs have antibodies on them, then agglutination will be seen during laboratory testing

HgB decreased
HCT decreased


	Prednisone therapy

Immuno suppressive agents



	Iron Deficiency Anemia
	Microcytic

Hypochromic
	Excess demand, chronic blood loss, depletion of stores, excessive menstruation, GU/GI bleed, dietary. 

*Common in toddlers, adolescent girls, women of childbearing age

*Other causes

-Impaired absorption

-Increased requirement

-Chronic blood loss

*Iron deficiency in post menopausal women or men should be considered secondary to GI blood loss until proven otherwise 
	Weakness
Fatigue

Pallor

Cyanosis

Plummer Vinson IDA:
(Per text)
Anemia (Micro/hypo)

Atrophic glossitis

Esophageal webs

Dysphagia

Koilonychia

Most common disorder in world
	HgB decreased

HCT decreased

MCV decreased

TIBC increased

Serum Ferretin decr.

Saturation % decreased


	Iron replacement

	Sideroblasic Anemia
	Microcytic or normochromic or hypochromic anemia
	Body does not use iron properly to produce hemoglobin. Looks like IDA in peripheral blood.
	Weakness

Pallor 
Fatigue
	TIBC normal

(Adequate iron)
HCT decreased

HgB decreased

MCV decreased to normal
	Treat consequences and avoid alcholol

	MAHA
Microangiopathic
Hemolytic 
Anemia
	Hemolytic anemia
	Mechanical injury to RBCs causing fragmentation

IV hemolysis

Jets from AV shunts, cardiac problems, mechanical heart valves may damage cells.

DIC causes stricture of vasculature and subsequent cell lysis.
	Weakness

Pallor

Jaundice
	
	

	PNH 
Paroxysmal
Nocturnal

Hemolytic

Anemia
	Hemolytic anemia
	Only anemia due to an acquired membrane defect. Deficiency of cell membrane protients. Decrease of decay accelerating factor (DAF) may be implicated. Bursts of nighttime hemolysis that may be secondary to decreased pH. 

Mutation in PIGA. 
	During exacerbation, 

S/S similar to other hemolytic anemias. 


Extremely rare
	Values may be normal except during nighttime exacerbation 
	

	Polycythemia Vera
	Increase in RBC’s
	RELATIVE: Decrease in proportion of plasma to RBCs… dehydration. 
PRIMARY: Absolute increase in red cell mass

SECONDARY: Rare, associated with excessive RBC formation. A myeloproliferative disorder
	Thrombosis

Infarcts

Erythematous skin

Ruddy  appearance

Headache

Increased blood volume

Increaed blood viscosity

Increased bleeding

More common in males than in females

Secondary polycythemia from COPD, high altitudes, and heart disease
	HgB increased

RBC increased
PLT increased

WBC inceased

Erythropoetin levels decreased
	

	PRCA
	Normocytic

Normochromic

Rare form, failure of RBC specific precursors
	Genetic. 
Failure of erythroid precursors with no reticulocyte response. 
	Weakness

Fatigue
Pallor

Presents as severe normocytic normochronic with no reticular response (pseudo-HA)

Bone marrow hypoplasia

May be secondary to thymoma


	Normal granulopoesis

Normal platelets
	

	Diamond Blackfan Anemia
	
	Chronic form of Diamond Blackfan anemia. Rare form. Chronic form of PRCA
	
	
	

	Thalassemia, alpha
	Microcytic

Hypochromic- some subtypes may mimic anemia of iron deficiency


	1- Deletion of one gene, a silent carrier state.

2- Deletion of 2 genes, ext mild.

3- Deletion of 3 genes, called Hemoglobin H disease Heinz bodies and Hemolysis

4- Hydrops fetalis: DEATH. Deletion of all 4 genes on alpha locus
	Trait: No anemia, presents like B thalassemia minor

HBH: Seen in Asians, HBH ineffective for 02 exchange.

Deletion of one gene asymptomatic, no anemia

Erythroid hyperplasia, bone changes, changes in facial bones. Crew cut appearance due to bone marrow activity. 
	HgB decreased


HgB CHAINS may be increased

HCT decreased depending on severity

Crew cut appearance on skull forms
	

	Thalassemia, Beta
	Mirocytic 

Hypochromic
	Error in HgB synthesis. In beta thalassemia, there is an error in B chain synth. O2 carrying capacity reduced. 

COOLEYS: B thal major. Homozygous form of disease associated with severe anemia. Fetal HgB levels increased.

THALASSEMIA MINOR: Heterozygous. May be mild or asymptomatic. Mutation of B gene on chromosome 11 locus
	Depends on severity. May be mild or symptomatic.

Growth abnormalities from improper DNA synthesis. 


Fatal in life if severe form is not treated.

Consider genertic counseling.
	Target cells

MCV decreased

HgB decreased or normal

HCT decreased or normal

HbF increased

Crew cut appearance of xray due to bone marrow hyperplasia

Fragmented RBCs


Increased HbA2 chains in Thalassemia minor
	

	Vitamin B12 / Pernicious anemia
	Too few, an amemia of decreased production

Macrocytic

Megaloblastic
	Vitamin B12 deficiency. Loss of intrinsic factor, gastrectomy, atrophic gastritis, TI resection (B12 absorbed in terminal ileum), malabsorption, chronic and long in onset. Pernicious anemia specifically refers to loss of GIF from mucosal damage.
	Weakness
Fatigue

Pallor

Cyanosis

CNS signs

Schilling test: DDx of megaloblastic anemia. Administration of radioactive B12 and subsequent admin of GIF will distinguish a B12 anemia from folic acid deficiency

Pancytopenia
	HCT down

MCV increased

Retics decreased

Hypersegmented PMNs

Low serum B12

Giant metamyelo

cytes
	Replacement of folic acid AND B12. Never give folic acid alone, both are necessary for proper DNA synthesis

Administration of only folic acid results in persistence of neurological signs and resolution of anemia. 


DISEASES OF THE WHITE BLOOD CELLS

SOME NOTES:
Leukocytosis: Increase in total WBC greater than 11,000 per microliter

Neutrophilia is greater than 80% of differential

Neutrophilia may be seen in acute infection

PB smear may show increased numbers of band cells, a left shift

Neutrophilia also seen in tissue necrosis like burnes, stress, exercise, and drug reactions

LEUKEMOID REACTION:
Resembles leukemia in that it presents with an extreme elevation of peripheral leukocyte count greater than 50,000 with presence of immature neutrophils.

Causes include severe infections, severe hemolysis, and malignancy

DDX from leukemia:
-Immature cells only to myelocyte level.. NO BLASTS!!
-LAP elevated in granulocytes of LR
-LAP ABSENT in granulocytes of leukemia

-Increased basophils in leukemia

-Basophils normal in leukemoid reaction

-Philadelphia chromosome is NEGATIVE  in leukemoid reaction

-Philadelphia chromosome is positive in leukemia

	DISEASE/CLASSIFICAION
	MORPHOLOGY
	PATHOLOGY
	S/S CLINICAL
	LAB
	TREATMENT

	Acute lymphadenitis
	Localized AL seen in lymph nodes in drainage are of infections. Cervical lymph nodes swollen. Generalized AL in bacteremias, viral infections. Nodes enlarged and show microscopically large proliferating germinal centers-( abscess formation--(penetration through skin-(draining sinuses.



	Chronic lymphadenitis
	TB, syphilis, sacroidosis, cat scratch disease, toxoplasmosis, LGV, viral infections

Follicular hyerplasia: Large germinal centers representing B cell response with proliferating, blast transforming lymphocytes. Plasma cells, histiocytes, and neutrophils present in parafollicular regions. Two distinct regions are appreciated. 1) A dark zone containing proliferating, blast like B cells. And 2) a light zone containing B cells with irregular or cleaved nuclear contours. Also present throughout the follicle are phagocytic macrophages. Striking hyperplasia in mononuclear phagocytic cells lining the sinuses.  

Paracortical hyperplasia: Proliferation of T cell areas with immunoblast transformation, may efface germinal follicles. Seen in drug reactions and viral infections. Hypertrophy of sinusoidal and vascular endothelial cells and a mixed cellular infiltrate. Changes are encountered in drug-mediated immunogenic reactions, acute viral infections.


Sinus histiocytosis: Distention of lymphatic sinusoids and infliltration with histiocytes. May be particularly prominent in lymph nodes that drain cancers. May represent an immune response on the part of the host against the tumor. 

	Acute Lymphoblastic Leukemia, (ALL) 
	Important to differentiate ALL from AML. Relatively condensed chromatin, presence of scant, agranular cytoplasm. 
	Disease of children and young adults. Most common form of leukemia in children, Approximately 80% are B cell type, approximately 20% are T cell type. Majority of all ALL cells contain deoxynucleotidyl transferase. Etiology is unknown in most cases. 

If 90% or more are BLAST CELLS-( ACUTE!!!!

Majority of ALLs are pre B cell tumors that typically manifest as childhood leukemias with extensive bone marrow and variable peripheral blood involvement. 


Onset most common in individuals less than 15 yoa.
	Abrupt onset with fatigue due to anemia, infections due to absence of normal WBCs and bleeding to to thrombocytopenia. Leukemia infiltrations cause bone pain, splenomegaly, hepatomegaly. Infiltrations of meninges cause CNS manifestations such as cranial nerve palsies 

Pancytopenia


Thrombocytopenia


Elevated LDH and hyperuricemia

Age less than -( poor prognosis

Lymphadenopathy

Mediastinal mass

Presentation in adolescene or adulthood-( poorer prognosis

Philadelphia chromosome (T9:22) is associated with poor prognosis, present in about 25% of adult cases. 


	BMA: Hypocellular and heavily infiltrated with monomorphic poluation of blast cells. BM elements are markedly reduced.

PB: Moderate to severe anemia

Leukopenia

Thrombocytopenia

CELLS:
Small size

High N:C ratio

Coarse granules in ALL
TdT positive

PAS positive 

T(9,22) positive

TdT: Terminal deoxytransferase is a specialized DNA polymerase that is expressed by Pre-B and Pre-T cells. 
	Aggressive chemotherapy

Radiation

Intrathecal methotrexate

Marrow transplantation

	Acute Myeloblastic Leukemia, (AML) 
	Diagnosis based on a finding of >30% myeloid blasts in bone marrow. 
	Malignant neoplastic disorder associated with acquired genetic alterations that result in replacement of normal marrow elements by relatively undifferentiated blast cells. Neoplastic precursor cells accumulate in marrow and suppress remaining normal hematopoeitic progenitor cells.
	Anemia

Neutropenia

Thrombocytopenia

Prognosis worse than ALL


Death within months if left untreated

Leukemic organ infiltration

Spontaneous bleeding
Fever

Fatigue
Bleeding diathesis
Petechiae, ecchymosis


	Peroxidase positive granules.

Auer rods: Distinctive red staining rodlike structures which represent abnormal granules

Monoblasts have folded or lobulated nuclei


PB: Occasionally, the peripheral smear will NOT contain blasts. Thus, BM aspirate necessary to exclude AML in patients with pancytopenia. Low N:C ratio. 
	Tx: Cytotoxic drugs, removal of the lymphatic clone. 

	Chronic Lymphocytic Leukemia
	Lymph node architecture is diffusely effaced by small lymphocytes along with prolymphocytes.  Proliferation centers visualized. 
	Malignant neoplasm of mature B cells, unable to differentiate into plasma cells. Hesults in hypogammiglobulinemia. Increase in bacterial infections. 

Onset in adulthood, median age 60.
	Often non-specific

Anemia

Fatigue

Weight Loss

Infections
Bruising

Lymphadenopathy

Splenomegaly

WBC count increased

Most INDOLENT of the leukemias

Blast crisis rare.

Survival 4-6 years

*Important factor in survival of pt is tendency of CLL and SLL to transform into more aggressive neoplasms. 
	BM: Increased cellularity. 

Intense lymphocyte infiltration. 

Leukocytosis

PB: shows almost all mature lymphocytes. Absolute lymphocytosis. Smudge cells present: fragile lymphocytes often rupture during preparation. 


	

	Chronic Myeloid Leukemia
	 CML marrows are usually 100% cellular. Most cells composed of maturing granulocytic precursors. Increased megakaryocytes. 

	Malignant neoplastic disorder of common hematopoietic precursor cell in which the granulocute cell series is predominately affected. 20% of all leukemias. 


Onset in adulthood. 
	WBC count markedly elevated

Splenomegaly due to neoplastic extramedullary hematopoesis. 

Insidious onset 


Weight loss, fatigue, anorexia


	PB: predominant neutrophils and myelocytees. Entire spectrum of maturing granulocyte cells, from myeloblasts to mature neutrophil, also basophils and eosinophils. 

Distinguished from other chronic myelodisplastic syndromes by presence of BCL-ABR abnormality.

BM: Characteristic sea-blue histiocytes. (wrinkled, sea-blue cytoplasm). 

Altered myeloid to erythroid rati
	

	Hairy Cell Leukemia
	
	Type of B cell leukemia characterized by proliferation of typical cells, with fine hairlike cytoplasm projections. 
	Mainly males with >50 present with pancytopenia due to marrow infiltration and splenomegaly. Prognosis is variable
	+ TRAP staining

(Tartrate resistant acid phosphatase) 


	Alpha Interferon

Splenectomy

	Myeloid Metaplasia with Myeloid fibrosis
	WBCs with left shift and marked anisocytosis.

Poikilocytosis

Normochromic

Normocytic anemia
	Defect appears to be derangement in myeloid stem cells. Mainly in spleen. Fibrosis of bone marrow. Release of PDGF and TFG-B from neoplastic megakaryocytes-( secondary diffuse fibrosis

Myelofibrosis of the marrow usually leads to extensive extramedullary hematopoesis, principally in the spleen. 
	Progressive anemia and marked splenomegaly are major features. 
Infection and thrombotic / hemorrhagic episodes common. 

Extensive extramedullary hematopoesis

Hyperuricema

Gout


Blood picture may be similar to polycythemia vera or CML. 

About 10% may have a blast crisis resembling AML.


	Thrombocytopenia (as disease progresses) 

Decreased HCT
Decreased HgB

Teardrop erythrocytes (dacryocytes)


Abnormally large platelets


	


A Word about Bleeding Disorders

PT/PTT


-PT test intrinsic factors, only thing affects PT is Factor VII or Tissue Factor

-PTT test evaluates VIII, IX, XI, XII
-Factor 8,9 are the hemophilias. Usually do not present insidiously

-Questions will be in the form of case studies

-If patients present with a prolonged PT and PTT, do a mixing study. ½ patients blood, ½ normal blood. After mixing:

-NOMAL CLOTTING TIME: Then normal blood had factor necessary for coagulation that patients blood did not


-PROLONGED CLOTTING TIME: Circulating anticoagulant in blood that is inhibiting clotting cascade. Patient has inhibitor. 

-Business man presents to office with chronically elevated leukocyte count at 22,000 or so. Rest of CBC and vital signs are normal. Earlier dismissed as a stress leukocytosis. Further studies revealed + Philadelphia chromosome and blast cells. BCR-ABL gene testing positive. Likely diagnosis is CML.

-Plethoric old man, ruddy complected, thrombocytosis and enlarged spleen: Polycythemia vera

-Little old lady post sx repair of diverticular abcess with a normal PTT but prolonged PT. 


-Factor 7 deficiency


-Iatrogenic due to malnutrition, surgical stress


-Tx is FFP

-Prolonged clotting time may indicate presence of lupus procoagulant. Increased incidence of miscairraiges and thrombosis. Patients present with DVT and miscairage. Lifelong history of clotting. 

-Tx of choice for PTT findings is fresh frozen plasma. Associated risks include HIV and Hep C.

CLINICAL PEARLS WITH PLATELET COUNTS:

Normal (150-300K)
Less than 10K possible transfusion prior to surgery 

Over 50K, moderate risk with surgery- tie tight strings

In surgery where bleeding could affect results (opthalmalogic surgery or neurosx), then correct prior to operation. 100,000 platelets at least

FACTORS AND REVIEW


	FACTOR
	FUNCTION

	Factor 7
	Rare, but presents as prolonged PT. Can be iatrogenic via malnutrition. Supplement sub acute cases with vitamin K, FFP also tx for rapid resolution. This is a vitamin K dependent factor. Remember prolonged PT and normal PTT. Severe vitamin K deficiency can lead to a hemorrhagic diathesis that is characterized by prolongations of the PT and sometimes also the aPTT. The PT is more sensitive than the aPTT in detecting vitamin K deficiency states because Factor VII, the only one of the vitamin K-dependent factors that is in the extrinsic pathway of coagulation, is the most labile of these proteins. (From emedicine.com) 

	Factor 8
	Presents as prolonged PTT, not insidious in onset, associated with hemophilia Acquired factor VIII inhibitors may explain some reports of hemophilia in women and may also underlie apparent occult hemophilia presenting later in life. The bleeding manifestations resulting from antibodies to factor VIII are often similar to those seen in hemophilia A [287] [311] [313] . Prolonged or unexpectedly severe hemorrhage may occur after comparatively trivial trauma, postoperatively, or postpartum. Soft tissue or muscle hematomas, hematuria, and spontaneous and intractable epistaxis seem relatively common. For unknown reasons, hemarthrosis is relatively less common than in congenital hemophilia A, but it may be severe [313] . Figure 69.6 illustrates soft tissue hematomas occurring in a nonhemophilic patient with an acquired inhibitor to factor VIII. When antibodies arise in patients with mild hemophilia A, bleeding typical of severe deficiency may develop; more significantly, the bleeding may be refractory to replacement therapy (From Emedicine.com) 

	Factor 9
	Presents as prolonged PTT, “Christmas” factor, hemophilia B

	Factor 10
	Prolonged PTT

	Factor 11
	Prolonged PTT, normal PT. Autosomal recessive and dominant. Commonly found in Ashkenazic jews. Associated with bleeding during surgery. 

	Factor 12
	Prolonged PTT

	VWF
	Reqired for normal clotting. Often associated with Factor VIIIc deficiency. Laboratory diagnosis include specific assays for abnormal vWF, a prolonged PTT and a normal PT. Most patients with VWF disease present with mild mucocutaneous disease, but there are many types. Factors in platelet adhesion

	Vitamin K dependent factors
	II, VII, IX, X

Rx non urgent: Vitamin K
Urgen: Fresh Frozen Plasma


THE BLEEDING DISORDERS/PLATELET DISORDERS

*Included in lecture, otherwise mentioned in notes

-Characterized by increased vascular fragility

-Decreased platelet number or survival

-Impaired platelet function

-Defective clotting factors

-DIC

-Increased vascular ridigity often found with elderly patients with little connective tissue. Increase age also increased blood vessel fragility. Superficial bleeding common. 

	Disease
	Pathology
	S/S Clinical
	Lab findings
	Tx

	Essential Thrombocytosis*
	Platelets are increased with impaired function. Myeloproliferative disorder, idiopathic. Clinical recognition of thrombocytopenia is difficult because some patients present as asymptomatic.
	Splenomegaly +

Some patients have bruising or bleeding tendencies 


PE generally unremarkable except for splenomegaly

Anemia uncommon
	PLT>500,000

Philadelphia chromsome  neg

Absence of myelofibrosis
	Focus on patient, not count. Some thrombocytosis patients require little intervention

	ITP, Idiopathic Thrombocytopenic Purpura*
	Idiopathic thrombocytopenic purpura

Classic ITP is dry: patients do not bleed. Patients present with petechiae in legs and no bleedings. Extremely low platelet count. 

Adult ITP: More common in females than males. Seen in 25-45 year mark. Classic presentation is petechiae. Can occur at any sex and any age 


DX of exclusion- rule out other things prior to final ddx. Unusual things that can cause low platelet counts… Quinine drinking water, etc. 

DDX: Hypersplenism- usually less thrombocytopenic
	Petechia

Purpura

No splenomegaly

No concurrent illness suggested during physical examination (rest of PE normal) 


	Low PLT

(As low as 1000)


Bleeding time increased

BM: Increased megakaryocytes. 

IgG antiplatelet antibodies- conflicting per hematologist
	Do not need to give platelet, because you “add fuel” to the fire. 

Standard of care is to avoid transfusion unless actively bleeding. 

Initial treatment of choice for ITP is prednisone- EXAM QUESTION. Dosage is 1 to 2 mg/kg

Danazol? Controversial, but must be on it for a long time. Tx for prednisone resistant patients. 

Immunosuppressive agents. 

Intravenous immunoglobulin. Extremely expensive and hard to obtain. Attacks ITP at its immune base. 

Splenectomy for chronic ITP? 

	Von Willebrand’s Disease
	Common inherited bleeding disorder. Many variants
	Bleeding from mucosa

Bleeding from wounds

Bleeding into joints
	Normal PLT

Bleeding time prolonged

May have PTT prolonged

Decreased vWF


	

	Factor VIII deficiency
Hemophilia A
	X linked recessive. Most common hereditary disease with serious bleeding. Defective antihemophilic facor. 
	Hemorrhage following surgery, may be spontaneous bleeding. 
	Platelent count normal

Bleeding time normal

Prothrombin time normal

PTT prolonged

Do factor VIII factor assay for confirmatory diagnosis
	

	Factor IX deficiency 

Hemophilia B
	Factor IX also called Christmas disease. Also mostly X linked recessive. Less common than Hem. A. 
	Hemorrhage following surgery, may be spontaneous bleeding
	Factor IX assay for diagnosis. 

PT normal

PTT prolonged

Do factor IX assay for confirmatory diagnosis
	

	Thrombotic Thrombocytic Purpura, (TTP) 
	Unknown cause- Systemic disorder with microthrombi in small arterioles and capillaries. Seen mostly in females with no bacterial infection. 


	Pentad presentation: 

Thrombocytopenia

Hemolytic anemia with schiztocytes: Look like helmets, fragments of cells

Large MCV due to presence of reticulocytes

Neurologic changes

Urologic changes

Fever

Elevaed LDH
	Decreased platelets

Microthrombi in blood
	Fresh frozen plazma

Plasma phoresis, exchange

If patient is bleeding actively, consider benefit of administering platelets. 

	Hemolytic uremic syndrome
(HUS)
	Hemolytic anemia with renal dysfunction. 90% associated with Shigella diarrhea. Drugs and pregnancy account for approximately 10%. (Drug induced forms are self limiting). Also E. coli
	Renal failure


Hemolysis
	
	Plasma phoresis


Maintain fluid balance

Hemodialysis

Tx like TTP 



	Pseudothrombocytopenia
	Due to citrate or EDTA tubes that cause giant platelet clumps.
	
	Examine PB smear: Huge platelet clumping. 
	

	Osler Weber Rendu disease (Hereditary Hemorrhagic Telangiecstasia)
	Causes bleeding and hemorrhage in the form of purpura and petechia in skin. Bleeding time, PLT count, and Coagulation time normal.

Autisomal dominant  Genetic
	Fragile capillaries

GI, GU gingival petechiae
	PLT WNL
Deep tissues not effected
	Symptomatic

	Henoch Scholein Purpura


	Hypersensitivity of unknown origin. Cause buildup of  immune complexes in small vessels and renal glomeruli. 

Acquired
	Swollen, painful joints

GI symptoms

Generalized vasculitis

Hemorrhage due to capillary damage
	PLT WNL
Bleeding time normal

Coagulation time normal
	

	Bernard Soulier Syndrome
	Defective adhesion of platelets. Inherited deficiency of platelet membrane glycoprotien complex. Glycoprotien is a receptor for vWF. Essential for normal platelet adhesion. 



	Glanzman’s Syndrome
	Defective platelet aggregation. Congenitally deficient or inactive GpIIb-IIIa. Patients present with severe bleeding disorders due to defective platelet aggregation. 




The Complete Blood Count and Differential

	Basophils
	Basophils in peripheral  blood
	0-2%

	Eosinophils
	Eosinophils in peripheral blood
	0-7%

	HCT
	Hematocrit
	41-50% male, 36-45% female 

	Hgb
	Hemoglobin
	12-15 female, higher in males

	Lymphocytes
	Lymphocytes in peripheral blood
	25-45%

	MCH
	Mean corpuscular hemoglobin
	27-34 pg

	MCHC
	Mean corpuscular hemoglobin concentration
	32-36 g/dl

	MCV
	Mean corpuscular volume, an “average” estimation of RBC size. Elevated in macrocytic anemias
	81-99

	Monocytes
	Monocytes in peripheral blood
	0-12%

	Neutrophils
	PMNs in peripheral blood
	35-70%

	PLT
	Platelet count
	150-300 K/mL

	RBC
	Red blood cells
	4.7-6.1

	WBC
	Total number of WBC in peripheral blood
	5-11,000

	Left Shift
	Elevated concentration of neutrophils, often an indicator of acute infection. Characterized by presence of band cells (immature neutrophils) in peripheral blood. 

	Right Shift
	Indicator of mature or chronic infection, presence of older and frothy (degraded) neutrophils in peripheral blood. 


DRUG THERAPY
Notes from Thomas Paneuvil, PhD’s.

	DRUG/CLASS
	MECHANISM
	SPECTRUM
	KINETICS
	CLINICAL/SE

	ANTPLATELET AGENTS FOR THE MIDTERM EXAMINATION

	Warfarin, A Vitamin K Antagonist, ANTPLATELT
	Inihibiting hepatic synthesis of vitamin K dependent clotting factors, II, VII, IX, X. Does not affect coagulation in vitro. Competitively antagonizes vitamin K. Tx does not result in rapid anticoagulation. Monitor therapy.
	Anticoagulation
	Given PO
	Toxicity


Reversal of anticoagulation must be reversed rapidly. 

1) Vitamin K: Takes several hours.

2) Transfusion with FFP- immediate hemostatic competence

Bleeding, birth defects, 

Interacts with NSAIDS
Barbiturates
Anti tuberculosis
Medications
Anabolic steroids

Influence either through altered hepatic metabolic rate or by displacement of warfarin from albumin

	ASA, ANTIPLATELET
	Irreversibly inhibits COX. Necessary for  synthesis of prostaglandin and thromboxane A2. Aspirin irreversibly acetylates the enzyme. 
	Tx for myocardial infarction prophylaxis

Tx anti-platelet
	
	

	Ticlopidine, ANTIPLATELET
	Ticlopidine blocks platelet aggregation through inhibiting ADP pathway involved in binding in platelets to fibrinogen and to each other. 
	Used to decrease incidence of thromboembolic stroke

Prevention of TIA


	
	GI upset

Bleeding

Leukopenia

	Dipyridamole, (Persantine), ANTIPLATELET
	Inchibits cyclic nucleotide phosphodiesterase, keeping intracellular camp levels high. High camp levels inhibit thromboxane A2 synthesis. 
	Inhibits embolization from prosthetic heart valves
	
	

	Abciximab, ANTIPLATELET
	Mouse/human chimeric monoclonal against platelet Iib/IIIa receptors. Inhibits fibrin binding to receptors. 
	Used  in patients undergoing angioplasty and atherectomy. When combined with heparin, abciximab was shown to reduce bleeding than when heparin alone was given
	
	

	Eptifibatide (Interilin) and Tirofiban (Aggrastat) ANTIPLATELET
	Drugs blocking the IIb/IIIa receptor. Mimics the arg-gly sequence of fibrinogen. Similar to abciximab. Rapidly cleared from plasma.
	
	
	Bleeding

	Clopidogrel (Plavix) ANTIPLATELET
	Analogie of ticlopidine. Prevents ADP mediated activation GP IIb/IIIa complex thereby inhibiting platelet aggregation. Metabolized by liver.
	
	Liver metabolism

Fecal elimination
	Bleeding is adverse effect

	FIBRINOLYTIC AGENTS: Fibrinolysis occurs when plasminogen is converted to plasmin by plasminogen activators present in tissue. Plasmin interferes in clot propagation and dissolves fibrin network. 

	Alteplase, t-PA, Reteplase (Retavase) FIBRINOLYTIC
	Serine protease with 527aa that converts plasminogen to plasmin. T-PA binds selectively to fibrin on the clot surface thus lysing thrombi. Circulating fibrinogen then binds to T-pa/fibrin complex with high affinity. Activates only clot bound fibrinogen. Admin IV
	
	Hepatic clearance
	Bleeding

Intra cerebral hemmorhage

	Streptokinase (Streptase), FIBRINOLYTIC
	47kD extracellular protein, from group C beta hemolytic streptococci. No enzymatic activity, but indirectly activates plasminogen by forming a 1:1 complex. Complex with plasminogen increases the  protease activit that converts plasminogen to plasmin. Loading dose is required. Non specific for clot bound fibrin. 
	Clot buster
	IV
	Systemic activation

	Anistreplase, ASPAC, Eminase, FIBRINOLYTIC
	Streptokinase plus recombinant human plasminogen. Improves kinetics. Slows release of streptokinase activated plasminogen. Semi selective for clot site and expensive. 
	Clot buser
	IV
	

	Urokinase, saruplase, FIBRINOLYTIC
	Two chain serine protease with 411 aa. Human enzyme synthesized in kidney that directly degrades fibrin and fibrinogen. Does not cause depression of plasminogen levels. Obtained from cultured renal cells. More expensive.
	
	
	

	Tenecteplase, TNK, FIBRINOLYTIC
	Thrombolytic agent which is administered as a single dose, rapid IV bolus for treatment of acute MI. Modified form of human tissue plasminogen activator. TPA related. TNK has prolonged half life increased specificity for fibrin. Increased resistance to plasminogen activator inhibitor one. 
	Clot buster
	IV
	

	ANTICOAGULANTS OF THE COAGULATION CASCADE
	
	
	
	

	Heparin
	Polyer of mucopolysaccharides and is ubiquitous in mammalian tissues especially in the secretory granules of mast cells. Cannot be detected in blood under normal circumstances. Physiological function is unsure. Heparin acts indirectly through its effect on Antithrombin III, the plasma protein which neutralizes the activated forms of factors XII, XI, X, IX, and II. Heparin activates the neutralizing activity of antithrombin III by a factor of 100. Immediate effect. 
	Anticoagulant
	Parenteral

IV/SQ
Liver metabolism


	Heparin therapy monitored by PTT, a lab measure of the intrinsic pathway plus the common pathway. 

Sufficient heparin administered to prolong PTT to 2x normal. 


PTT>2x normal obviously associated with increased bleeding

To reverse, interrupt infusion and proper hemostasis restored in several hours. Admin protamine sulfate, a LMV protien which complexes with heparin and reverses effects. 

Does not cross placenta

Bleeding, thrombocytopenia in 1-5% patients. 

	Lepirudin (HIT drug)
	Recombinant from of hirudin which is a thrombin antagonist. 1:1 binding blocks thrombogenic activity of thrombin. Treat coagulative orders in patients with HIT

	Argatroban (HIT)
	Synthetic intravenous thrombin inhibitor. Second line agent for be indicated for HIT. Elim by liver. Reduced relative risk of death, new thrombosis, or other complications in patients with HIT

	Bivalirudin (Angiomax), a HIT drug
	Parenteral analog of thrombin inhibitor hirudin. Bivalirudin indicated for tx of unstable angina (MI prophylaxis) and in patients undergong percutaneous transluminal coronary angioplasty.  Used as a substitute for heparin in patients undergoing angioplastic who have a history of heparin induced thrombocytopenia. 

	Low Molecular Weight Heparins, Enoxaparin (Lovenox), Dalteparin (Fragmin), Danbaproid (Orgaran), Tinzaparin (Innohep), Fondaparinux (Arixtra)
	LMWH fractions approved by the FDA for prevention of DVT in post hip replacement sx. Inhibit activated factor X, much less Antithrombin III effect. Less effect on coagulation in general. More predictable presonse than heparin, better bioavailability. Longer half life, and dose dependent clearance

	Fondaparinux (Arixtra)
	Synthetic pentasaccharide anticoagulant used for prevention of DVT and pulmonary embolism. In patients undergoing hip sx, knee replacement. Inhibits a single, targeted step in the coagulation cascade (Factor Xa) resulting in antithrombic action. Does not inhibit thrombin (Factor Iia)

	Antithrombin III
	Otherwise called heparin cofactor I, a factor in plasma necessary for heparin to exert its anticoagulant activity. Antithrombin III is alpha II glycoprotien produced from pooled human plasma that acts as an inhibitor of serine proteases generated within the coagulation cascade. ANIII is synthesized in the liver, inhibits thrombin,  factors Ixa, Xa, Xia, XIIa and plasmin. AIII deficiency predisposes patients to venous thromboembolic events by impairing the clearance of activated coagulation factors. AIII concentrate primarily used during surgical or obstetrical procedures, or when thromboembolism is present.

	Pentosan (Elmiron)
	Weak anticoagulant. 1/15 activity of heparin. Semi synthetic. Heparin-like derivative. Comes from plants. Used for many years in Eurpose. In US, admin orally and indicated for relief of pain from interstitial cystitis…
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