RBC disorders
Anemia: reduction in red cell mass (count or Hb) 

· Vary w/age, sex, environment

· Results in impaired tissue oxygenation(shortness of breath, weakness, fatigue, pallor

· Polycythemia denotes increase in red cell mass

Mechanisms for which rbc decreased=blood loss, red cell production, red cell survival

· Loss=Hemorrhage (acute/chronic), survival=Hemolysis, production=nutrition, anaplastic anemia, myelophthisic processes

Lab tests for Anemia: CBC, Blood Smear Review or Reticulocyte work up

· CBC: Hb, hematocrit, count, MCV, wbc, platelets

· Nutritional Work up: Fe, Ferritin, B12, folate, TIBC, % transferring saturation

· Hemolysis work up: Coomb’s direct antiglobulin, bilirubin, LDH, haptoglobin, Urine hemosiderin, plasma Hb

Acute blood loss (rapid)

· 500-1000mL (15-20% vol) little vaso-vagal (sweat, weakness, nausea, slow HR, hypotension). Interstitial fluid redist w/in 24hrs into vascular space to re-expand vascular vol

· 1000-1500mL(lightheaded, orthostatic hypotension

· 1500-2000mL(thirst, short breath, lose consciousness, sweat, ↑HR, ↓BP, clamy

· 2000-2500(shock

· Lost RBC stimulates production mediated by erythropoietin(↑reticulocyte count 

Chronic blood loss: causes anemia when loss > capacity for RBC production or when Fe reserves depleted.  GI hemorrhage (ulcer/neoplasm) or GYN hemorrhage (menorrhagia) 

Hemolytic Anemia (dec rbc survival & retention of products of destruction, Fe)

· Intravascular: destruction of rbc in circulation (trauma, hemolytic transfusion rxn)

· Hb released from rbc in circulation (hemoglobinemia) bound to haptoglobin binding protein and cleared from circulation by liver

· Decrease in serum haptoglobin is key feature

· Hemoglobinuria, hemosiderinuria, hyperbilirubinemia, jaundice

· Extravascular: destruction of rbc in reticuloendothelial system (spleen/liver)

· Hereditary spherocytosis, sickle cell anemia, erythroblastosis fetalis

· Abnormal rbc removed in spleen where Hb broken down intracellularly

· Free Hb not released directly into blood or urine, rather products inc

· Hyperbilirubinemia and jaundice results

· Spleen and liver enlarge since these are sites of rbc removal

· Elevated bilirubin can lead to gallstones

Intrinsic: inherited Hb production, membrane abnormalities

Extrinsic: acquired Ab, mechanical trauma

Intrinsic
Hereditary Spherocytosis: intrinsic (autosomal dominant), extravascular hemolysis

· Less deformability of rbc, sequested & destroyed in spleen

· Qualitative or quantitative deficit in spectrin (structural protein of cytoskeleton)

· Splenectomy help symptoms (destruction ↓) & anemia but rbc remain spherical

Abnormal Hb/Sickle Cell: intrinsic (autosomal codominant-homozygous), extravascular

· DNA base pair sub (single AA valine for glutamic acid at  6 in B globin(HbS

· Globin structure gels upon deoxy (abnormal Hb polymerizes when low O2)

· Sickle cell vulnerable to splenich sequestration (↓ survival) & can block microcirculation(ischemia or infarction

· Vasoocclusive crises, autosplenectomy, pain, leg ulcer, retinal & renal thrombosis

· 8% African Americans are heterozygous asymptomatic b/c < ½ Hb abnormal

Lack globin chain/Thalassemia: intrinsic (autosomal codominant) extravascular

· diminished or absent synthesis of a or b globin chain of Hb

· whole/partial gene delete, mutate code sequence/promoter region, mRNA instable

· ↓globin production(↓Hb which is anemia in clinical (as severity↑, anemia↑)

· Excess other globin chains w/in rbc(membrane damage & premature rbc precursor destruct in marrow & spleen (ineffec erythropoietin&extravasc hemolys

· Low MCV (microcytosis) w/ target cell & basophilic stippling on blood smear

· Mediterranean, African, Southeast Asian descent

Metabolic defect/G-6-PO4 dehydrogenase deficiency: intrinsic (X linked) extravascular

· Rbc susceptible to oxidant injury by drugs or toxins (antimalarials, sulfonamides)

· Denaturation of oxidized Hb(ppt in cells & attach to rbc membrane

· Rbc membrane flexibility reduced(extravascular hemolysis.  

· Asymptomatic in absence of oxidant

· African Americans

Extrinsic

Immune Destruction/Erythroblastosis fetalis: extrinsic extravascular

· Hemolytic disease of newborn caused by blood group incompatibility 

· Disease occurs in utero when fetal rbc expresses antigen inherited from dad

· Fetal rbc reaches maternal blood in third trimester/childbirth(mom Ab rxn

· Sensitized mom re-exposed to foreign Ag (2nd kid)(mom Ab (IgG) cross placenta & attach fetal rbc(E hemolysis(Ab-coat remove by liver/spleen in fetus)

· ABO and Rh antigens (esp anti-D). 

· Rh- Mom given anti-D (rhogam) w/in 72hr after delivery of Rh+fetus, remove Rh+ fetal cells from maternal circulation before mom Ab & becomes sensitized

· A & B  infants born to O mom: certain O moms produce IgG anti-A/Anti-B plus IgM Ab (does not cross placenta) Lysis of fetal rbc is minimal b/c fetus expresses A & B Ag weakly &there are other tissues express A & B that soak up Ab

Hemolytic Transfusion Rxn: extrinsic intravascular.

· Incompatible rbc into sensitized patient(binding of Ab (in pt) to Ag (transfused)

· Activation of complement (lyses Ab-coated rbc) and immediated intra hemolysis

· Activation of coagulation cascade w/ bleeding, renal fail, shock, death

· ABO antigens most important

Autoimmune Hemolysis: extrinsic extravascular

· Ab to own rbc(Ab-coated rbc lysed (complement active)/remove by reticuloend

· Phag of Ab-coated rbc(partial loss rbc membrane (spherocytes)(anemia

Mechanical trauma/Cardiac Valve prosthesis: extrinsic intravascular

· Rbc disturb by physical trauma as pass turbulence/abnormal pressure related to abnormal valve function

· DIC=disseminated intravascular coagulation where rbc lysed as pass thru fibrin clots/strands in microcirculation(lg portion of membrane produce schistocytes

Infection/Malaria: extrinsic intravascular

· Parasites infect rbc(lysis of rbc during maturation

Decreased rbc production: nutrient deficiency

Fe Deficient Anemia: Fe needed for Hb, myoglobin & enzymes (most common anemia)

· Rbc smaller (microcytic) and less Hb (hypochromic) 

· Infants, Adolescent, pregnant, elderly, alcoholics (usually insidious)

· Low level Hb tolerated w/min symptoms (lab tests:↓serum Fe,↓serum ferritin, ↑serum Fe binding capacity, absent reticulocyte response, ↓MCV,↓MCHC)

Megaloblast anemia/B12/Folate: directly or cofactors in synth of thymidine (purineDNA)

· Impair DNA synthesis(delay mitotic division/nuc size↑, but RNA & cyto normal

· Megaloblast (lg rbc precursor) accumulate in marrow(anemia, ↓mature rbc production (reticulocyte rxn), Macrocytes (large red cells(high MCV)

· If megaloblast autohemolysis in marrow(ineffective erythropoiesis

· Hypersegmented neutrophils = 2º to delayed mitotic division

· Impaired DNA synth affects granulocytes, megakaryocytes, epi cells

Folate=fresh veggies, body stores sm amt 

· ↑need in prego, hemolytic anemia, high cell turnover states

· ↓ dietary intake (alcoholics) and malabsorption of sm intestine (cancer/drugs)

B12=animal foods, body stores lg amt (pernicious anemia)

· ↓diet (vegetarians) malabsorption (lack intrinsic factor in parietal mucosa)

· associated with neurological disordes (demyelinating disorder)

Decreased rbc productin/Aplastic anemia: stem cell abnormal(marked ↓ hematopoeisis)

· ↓ rbc, wbc & platelets (pancytopenia)

· Hepatitis, chloramphenicol, benzene, & radiation implicated as causes

· Theories: acquired defect stem cell production or suppress stem cell by T lymph

Decreased rbc production/Myelophthisic anemia: ↓rbc b/c replacement marrow element

· Marrow replaced by tumor or fibrosis(teardrop smears

· Usually platelets also decreased

Polycythemia: increase rbc mass

· Relative from dehydration, vomit, dia, excess diuretics

· Absolute: 1º=rbc/myeloid neoplasm (polycythemia vera) ↓erythropo, neurologic

· 2º=stimuli ↑ erythropoietin (cyanotic ♥ valve, pulmonary disease, high altitude, abnormal Hb, erythropoietin tumors)

· TX: phlebotomy to remove excess rbc
