RBC DISORDERS Objectives
1. Mechanisms by which anemia can develop:
· Anemia can develop from blood loss (hemorrhage), decreased survival (hemolysis) or decreased production processes (nutrition deficiency of Iron/B12/Folate, aplastic anemia, myelophthisic)

2. Lab tests to detect anemia: 

CBC, Smear Review, and Reticulocyte count (young RBC count)

· CBC=Hb, hematocrit, rbc count, wbc count, MCV, platelet count

· Nutrition work=TIBC, Serum Fe, % transferring saturation, Ferritin (↓serum ferritin = iron deficiency anemia), B12, folate

· Hemolysis work up: Bilirubin, haptoglobin, LDH, Coomb’s (antiglobin test), plasma Hb, Urine hemosiderin

3. Hemolytic anemias characterized by rbc destruction inherited intrinsic defects (Hb production, membrane abnormalities) or acquired extrinsic defects (Ab, trauma)

· Intravascular hemolysis=destruction of rbc w/in circulation (hemoglobinemia)

· Extravascular hemolysis= rbc destruction in reticuloendothelial system (spleen/liver)

· Mechanisms of Hemolytic Anemia:  Intrinsic Defects

· Membrane defects:  Hereditary Spherocytosis = deficiency of Spectrin (a structural protein of the cytoskeleton)

· Abnormal Hemoglobin:  Sickle cell anemia = inherited defect (autosomal codominant)

· Lack of globin chains:  Thalassemia = microcytosis (low MCV)

· Metabolic defect: Glucose-6-phosphate dehydrogenase (G6PD) deficiency = only men get the disease because X-linked inheritance

4.  Sickle cell anemia: Abnormal hemoglobin. Intrinsic, extravascular (autosomal-codominant)

· single base pair AA substitution (valine for glutamic acid) at 6 in B(HbS

· low [O2](Hb polymerizes(sickle shape

· Vulnerable to splenic sequest, can block microcirculate(ischemia/infarction

· Complication=autosplenectomy

· Heterozygous=asymptomatic since less than ½ Hb affected (8% A-American)

Thalassemia: lack of globin chain. Intrinsic, extravascular, autosomal-codominant

· Microcytic (small cells), hypochromic anemia(decreased color of RBC)
· Quantitative defect in synthesis of a or b globin b/c point mutation/gene delete

· ↓globin(↓Hb(ppt of other globin(↑destruction of rbc in marrow/spleen

· Ineffective erythropoiesis in marrow, low MCV, basophil stippling in smear

· Mediterranean, African, SE Asian

5.  Decreased RBC production – due to nutritional defects

Iron (Fe) deficiency anemia: infants (↓intake) adolescent/prego (↑need), alcoholics (bad diet), ↑bleed

· Low MCV, low MCHC, ↓serum Fe, ↓serum ferritin ↑serum Fe binding capacity, absent reticulocyte response (↓ mature rbc production)

Megaloblastic anemia: Folate and B12 deficiency (pernicious anemia)

· Lg rbc and wbc precursor (↑MCV), hypersegmented neutrophil, absent reticulocyte response (↓ mature rbc production)

6.  Polycythemia 

1º = rbc/myeloid neoplasm (polycythemia vera), ↓ erythropoietin

2º = stimuli ↑ erythropoiesis (cyanotic heart valve, pulmonary disease, high altitude, abnormal Hb, erythropoietin producing tumors).
RED CELL LOSS –Acute Hemorrage

	Volume lost
	Effect

	500-1000
	No effect

	1000-1500
	Lightheaded, orthostatic hypotension

	1500-2000
	Dec BP, loss consciousness, short breath, rapid pulse

	2000-2500
	shock


Chronic hemorrhage occurs when loss is more than RBC production, or IRON levels are depleted

Hemolysis comparison

	
	Intravascular
	Extravascular

	RBC’s destroyed where?
	Within circulation
	IN reticuloendothelial system

	Examples?
	Trauma, transfusion
	Sickle cell anemia, spherocytosis

	Symptoms?
	DECREASE IN HAPTOGLOBIN

Hemoglobin in urine
	Free hemoglobin is not released—only its break down products


Intrinsic Defects (inherited)—all EXTRAVASCULAR

	Disease
	RBC
	Why?
	Special notes

	Spherocytosis
	Less flexible RBC
	Defect in spectrin
	8% African American carriers

	Sickle Cell Anemia
	Hb gels/ RBC sickle cell shape in LOW O2
	Defect in globin chain
	Microcytosis—low mean corpuscle volume

	Thalassemia
	Premature destruction of RBC
	Decrease globin production = Decrease hemoglobin
	

	G6PD
	RBC susceptible to oxidant injury
	Denatured oxidized hemoglobin attaches to RBC—decrease flexibility and causing hemolysis
	


Extrinsic Defects (acquired)
	Disease
	What happens
	Special notes
	Intra OR Extra?

	Erythroblastosis fetalis
	Anti-D mom attacks baby Rh+ 

ABO antigens important
	ONLY IgG, NOT IgM
	Extravascular

	Hemolytic Transfusion reaction
	Incompatible blood from donor

ABO antigens important
	
	Intravascular

	Autoimmune hemolysis
	Attack OWN RBC

And destroyed in reticuloendothelial system
	Spherocytes—partial loss of RBC membrane
	Extravascular

	Cardiac valve prosthesis
	Turbulence in the valve—disrupts RBC
	Schistocyte—lose most of RBC membrane

DIC—RBC lysed as they pass through clot
	Intravascular

	Malaria
	Parasites infect RBC—cause lysis during maturation
	
	Intravascular


Nutrient deficiencies

	
	Iron
	Vitamin B12
	Folate

	Why do you need it?
	Necessary for hemoglobin
	Synthesis of thymidine

	What happens if you don’t have it?
	Microcytic RBC (smaller)

Hypochromic RBC (less hemoglobin)
	Impaired DNA

	Associated disease?
	Cause from Chronic blood loss
	Can cause Demyelenating disorder
	

	Special
	Most common form of anemia
	Large MEGALOBLAST cause a decrease in mature RBC


Aplastic anemia—decrease in ALL cellular element of blood

Myelophthisic anemia—Decrease in elements of marrow from metastatic cancer

Polycythemia—INCREASE in RBC

· Primary—stem cell disorder with decreased levels of erythropoietin

· Secondary—Increase in erythropoietin
