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Congenital Hemolytic Anemias

Erythropoiesis 

· Turnover – RBCs survive 100-120 days, macrophages remove 1% each day

· Hemolysis – premature/increased RBC destruction; Hgb released (high serum conc), binds to haptoglobin
· Heme breakdown – into Fe + unconjugated bilirubin
· Compensation – can have increased RBC production during increased hemolysis resulting in normal Hbg
Hemolytic Anemia 

· Hemolytic Anemia – state of hemolysis in which increased RBC production is outpaced by destruction

· Severity – highly variable, may not manifest until adulthood, can be lifelong hemolysis or just risk of it
· Family History – very important in establishing diagnosis
· Congenital/Acquired – two main categories of hemolytic anemia:

· Congenital – sickle cell, thalassemia, spherecytosis, G6PD deficiency

· Acquired – autoimmune hemolysis, DIC, TTP, drug-induced

· Vascular Scope – can be intravascular or extravascular:

· Intravascular – RBC destruction within the circulation

· Extravascular – caused by ineffective erythropoiesis in bone marrow, or spleen/RES overdrive
· Causes – hemolytic anemia caused by intrinsic/extrinsic factors:

· Intrinsic – RBC wall structure, cytoplasmic enzyme defects, abnormal Hgb

· Extrinsic – oxidative effects (RBC wall damage), immune-mediate (RBC wall damage), 

     mechanical destruction ( shear forces of turbulent flow
Hemolysis Lab Evaluation 

· RBC Destruction – shows as high LDH, plasma Hgb, & unconjugated bilirubin, also low haptoglobin

· RBC Production – has a high reticulocyte count

· Specific Labs – blood smear, Coombs test (autoimmune), Hgb electrophoresis, RBC fragility & enzyme 
             levels, specific DNA mutation studies
Congenital Hemolytic Anemia: Thalassemia 

· Thalassemia – reduced/absent synthesis of α or β globin chains

· Consequences – imbalanced globin chains ( defective Hgb synthesis ( RBC damage

· Distribution – mainly mediterranean, along equatorial region

· Pathophysiology – reduced synthesis of globin production ( imbalanced globin chain synthesis and reduced normal Hb production ( excess of free or unpaired globin chains ( damage to RBC precursors ( hemolysis
· Classification – include α and β types:

· Thalassemia β - >175 point mutation types, affects any/all two copies of one beta gene, Ch11
· Demographic – Mediterranean & African

· Onset – after birth, when β made for Hgb A

· Affects adult Hgb A1 (since α2β2), but not Hgb A2 (α2δ2) or Hgb F (α2γ2)

· No tetramers – excess α cannot form α tetramers ( precipitates in RBCs ( hemolysis
· β Thalassemia Minor – mutation in one β gene ( asymptomatic
· β Thalassemia Intermediate – mutation in both β genes, leading to less β production
· β Thalassemia Major – loss-of-function mutation in both β genes, no β production
· Electrophoresis – shows decreased Hgb-A1, increased A2 and F
· Thalassemia α – many point mutations, affects any/all four copies of two alpha genes, Ch16
· Demographic – Asian & African

· Tetramers – excess β, γ can form β, γ tetramers ( soluble β4, γ4 less damage

· Onset – before birth, since need α in fetus too

· “-α/αα” – silent carrier, normal production

· “-α/-α”, “--/αα” – Thal-α trait, mild decrease in α chain production, mild anemia

· “--/-α” – Hgb H disease ( β4 = Hgb H, formed in excess, severe hemolytic anemia

· “--/--” – Hydrops fetalis – fatal to fetus, Hgb Bart’s = γ4; non-functional

· Diagnosis – family Hx, microcytosis, blood smear, hemolysis, Hgb electrophoresis, DNA studies

· Microcytosis +/- anemia – hallmark of Thalassemia

· Blood smear – can see microcytosis, hypochromia, target cells, Heinz bodies

· RBC Destruction evidence – see above

· Hemoglobin electrophoresis – assess levels of Hgb types

· Treatment – monthly transfusions, iron chelation (iron overload often fatal)

· Folic Acid supplementation – since excess erythropoiesis uses folate

· Splenectomy – to prevent hyperactive RES

· Bone marrow transplant – for severe refractory

Congenital Hemolytic Anemia: Sickle Cell 
· Sickle Cell Disease – caused by single mutation in β gene ( Val replaces Glu at 6th AA
· Sickle Trait – have only one of two β genes mutated, heterozygous S (Hb-SA)

· Sickle Disease – can be Hb-SS, Hb-SC, Hb-SβThal:

· Hb-SS – homozygous sickle cell Hgb

· Hb-SC – heterozygous sickle cell Hgb + heterozygous Hgb C

· Hb-SβThal – heterozygous S + heterozygous βThal (thus only 1 viable β gene, Hgb S)
· Physiology – sickle cell Hgb can have unwanted polymerization ( form sickle cells, can occlude vessels
· Prevalence – 1 in 10 African Americans carry trait, 1/400 have SS Dx = 80,000 US patients
· Clinical Exam – asymptomatic until Hgb F declines (6 months), variable severity, infections
· Sickle Disease Crises – various acute syndromes of sickle cell disease:
· Pain crisis – from vaso-occlusion ( in bones, splenic infarcts, strokes
· Aggravators – from infection, acidosis, hypoxia, dehydration
· Visceral sequestration crisis – under age 2, acute hypoxia ( RBCs pool in liver/spleen/lungs
· Respiratory tract infection  - aggravates
· Respiratory failure – from atelectasis, creates life-threatening emergency
· Tx – blood exchange
· Splenic sequestration – in young pts ( rapidly enlarging spleen, ab pain, worsening anemia ( recurs, tx w/ splenectomy
· Aplastic anemia crisis – from parvovirus infection ( rapidly enlarging spleen; Tx splenectomy
· Hyperhemolytic crisis – hemolytic symptoms acutely
· Sickle Cell Disease Infections – repeated splenic infarcts may effectively cause splenectomy by age 2

· Bacteria – streptococcus, H. influenza, meningococcus ( susceptible

· Prophylaxis – need to give prophylactic penicillin, specific immunizations

· Treatment – give RBC transfusions, folate, also hydroxyurea (increases HbF, reduce severity)

· Refractory – experimental bone marrow transplant, exchange transfusions for crises
Congenital Hemolytic Anemia: Spherocytosis & Elliptocytosis 

· Hereditary Spherocytosis (HS) – RBC membrane defect of vertical interactions
· Deficiencies – in spectrin, ankyrin, protein 3, protein 4.2
· Binding defect – primarily defect in binding of spectrin((Protein 4.2
· Prevalence – more common, 1/5000

· Hereditary Elliptocytosis (HE) - RBC membrane defect of horizontal interactions
· Deficiencies – in Protein 4.1, Protein 3, Glycoproteins C&D
· Binding defect – primarily defect in binding of spectrin((ankryin
· Prevalence – more rare, 1/25,000; usually African & Mediterranean

· HS/HE Pathophysiology – RBC becomes more spherical, less deformable ( occludes spleen vasculature

· HS/HE Clinical Exam – commonly ASx, mild/mod anemia, jaundice, hemolysis recurrence, splenomegaly
· HS/HE Diagnosis – blood smear (spherocytes/elliptocytes), osmotically fragile RBCs, increased MCHC
· HS/HE Tx – often none, can give folate, and splenectomy can be curative (then vaccines, prophylaxis)
Congenital Hemolytic Anemia: G6PD Deficiency 
· Glucose-6-Phosphate Dehydrogenase – enzyme needed to maintain high level of reduced glutathione
· Location – gene located on X chromosome
· Demographic – several variants in African American/Mediterranean/SE Asian males
· Glutathione – used to reduce peroxides ( H2O + oxidized glutathione; prevents damage

· Oxidative Damage – RBC damage in oxidizing conditions (drugs) leads to hemolysis

· Causes – infection, fava beans, and drug SEs
· Diagnosis – acute intermittent hemolysis, Hgb normal between crises, measure G6PD/oxidized glutathione
· Treatment – stop drug! Consider splenectomy
Congenital Hemolytic Anemia: Pyruvate Kinase Deficiency 
· Pyruvate Kinase – glycolysis enzyme generating ATP; lack causes rigid RBC, hemolysis
· Diagnosis – chronic ongoing hemolysis, splenomegaly, neonatal jaundice
· Treatment - splenectomy
