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Hemolysis (premature destruction): distinguishing features:  hemosiderinuria, hemoglobinuria, hemoglobinemia, jaundice, 


methemalbuminemia

Genetics of Disease

1. Hereditary disorders are d/t intracorpuscular effects 

a.
autosomal recessive conditions are usually errors of metabolism, i.e. enzymes




b.
autosomal dominant conditions are usually d/t abnormal structural proteins




c.
x-linked conditions are usually d/t both)

2. Acquired disorders are d/t extrinsic factors such as antibodies

Intravascular:  

1. Causes:

a.
complement mediated:  paroxysmal nocturnal hemoglobinuria ( morning urine is brownish-red

i.
clonal expansion of clonal stem cell (complement activated ( MAC formed ( hemolysis 


ii.
transfusion reaction




b.
mechanical trauma (1( mechanism of intravascular hemolysis): schistocytes





i.
microangiopathic hemolytic anemia, macroangiopathic hemolytic anemia:


-thrombi in walls of vessels (i.e. DIC) 


-valves w/ substantial vegetations, synthetic valves

a. Exogenous toxic factors



2.
 Free Hb usually binds to haptoglobin ( Hb/ haptoglobin complex ( removed from circulation by RE cells ( unbound free Hb circulates d/t depleted haptoglobin

a. (hemoglobinuria

b. ( PCT cells reabsorb Hb ( form hemosiderin from Fe ( necrosis of PCT cells ( 

i. hemosiderinuria (w/ chronic intravascular hemolysis; similar to multiple myeloma where renal failure usually causes 


death)

ii.
jaundice:  porphyrin ring is converted into bilirubin which occurs in RE cells but most Hb does not get to the RE cells of 

        the spleen.  RE cells in the spleen convert porphyrin ring into bilirubin which is unconjugated (non-water soluble, 


toxic) 


iii.
( bilirubin travels to the liver where it becomes conjugated (water soluble, non-toxic)  by combining w/ glucuronic acid and is excreted in the urine.   Unconjugated bilirubin is not excreted in the urine:  jaundice w/ ( Hct and normal colored urine ( hemolytic anemia

iv. conjugated bilirubin is excreted in the urine:  jaundice w/ ( Hct and dark colored urine ( liver disease

Extravascular:  w/in RE cells

1. Distinguishing features:  ( EPO, ( retic’s,  ( normoblast in BM, ( extramedullary hematopoiesis (splenomegaly, 




hepatomegaly), ( vol. of BM (skull and facial bones ( “tower skull”, ( inner and outer table in skull bones)




a.
no hemosiderinuria or hemoglobinuria or hemoglobinemia




b.
hemosiderosis:  

c. jaundice (more likely than w/ intravascular hemolysis), pigmented gallstones

d. some ( in serum haptoglobin d/t escape of Hb form phagocytic cells resulting in the same morphological changes discussed above


Response: 

· Accumulation of Hb by-products:  hemosiderin, bilirubin, cellular accumulations  (Heinz bodies in G6PD deficiency)

· ( erythropoiesis in bone marrow and liver, spleen ( ( normoblasts in the marrow ( reticulocytosis

	
	Hereditary Spherocytosis
	Glucose-6-Phosphate Dehydrogenase Deficiency
	Sickle Cell Disease

	Description


	An autosomal dominant  condition (75%) due to a deficiency in spectrin, a structural protein.  ( membrane stability and loss of membrane pieces occurs under shear stress in circulation.

  -other structural protein deficiencies occur

  -the autosomal recessive pattern is much more    

   severe.
	Abnormalities in the hexose monophosphate or in glutathione metabolism resulting from deficient or impaired enzyme function reduce protection against oxidative injury and can lead to hemolytic disease.  The disease is X-lined.  Although many variants of G6PD occur, only G6PD A— and G6PD Mediterranean lead to clinically significant hemolysis.  In these 2 conditions, enzymatic stability rather than synthesis is impaired which is seen in older RBC’s rather than younger RBC’s. 

A form:  mutant G6PD gene on X chromosome 

     -cells have only about 10% of normal G6PD

Mediterranean Form:  barely detectable levels
	Production of structurally abnormal hemoglobin d/t a point variation in the (-globin chain resulting in HbS:  VAL is substituted for GLN at position 6

	Sn/Sx


	Varies:  20-30% asymptomatic d/t compensation

-splenomegaly
-anemia

-jaundice
	-Hx of oxidant exposure


	-tower skull

-hepatosplenomegally

	Course


	-When spherocytes enter the splenic red pulp they cannot leave (sequestration.  Normal RBC’s alter their shape to enter venules but spherocytes cannot deform ( spherocyte becomes smaller (microspherocytes) by a process in the spleen. 

  -As the more are trapped in the spleen the  

   circulation stagnates further( lactic acid 

   accumulates ( (pH ( (-) glycolysis ( (ATP 

   ( ( ability to extrude Na+ ( osmotic injury  

  -If the spherocytes remain too long in the 

   spleen then extravascular hemolysis occurs or  

   the cells are phagocytosed as they contact 

   macrophages

-Hemolytic Crisis:  sequestering of a large number of RBC’s in the spleen that are then destroyed 

     -fever, jaundice, nausea, vomiting, 

      possibly shock

     -( reticulocytes

-Aplastic Crisis: temp.  bone marrow failure usually d/t parvovirus infection


-( reticulocytes
	-exposure to oxidant stress:  drugs or leukocyte derived oxidant free radicals in the course of an infection (2-3 day lag period)  ( oxidation of globin ( denaturation of Hb ( precipitation (Heinz bodies) causes membrane damage (intravascular hemolysis) and ( pliability of RBC ( as RBC passes through spleen RE cells remove the Heinz bodies (bite cells ( further damage/ spherocyte formation ( extravascular hemolysis

-self-limiting as only senescent RBC’s are lysed

-the Mediterranean variant  results in less overall G6PD and the anemia is therefore more severe:

sustained severe hemolytic anemia aggravated by infections; lethal w/ favism

-heterozygotes:  

     -possible unfavorable lyonization in females

     -protection from Plasmodium falciparum


	-heterozygous (sickle cell trait):  40% HbS (no sickling except during extreme hypoxia)

     -presence of HbC ( tendency for aggregation, 

      thus more severe than the trait alone.

-homozygous:  almost all Hb is HbS

     -HbF inhibits polymerization of HbS ( 

      newborns do not manifest until 5-6 mo.

     -presence of (-thalassemia ( sickling d/t ( 

       Hb synthesis ( ( MCHC (see below) 

-on deoxygenation HbS aggregates and polymerizes ( cells sickle

     -( pH ( ( sickling by ( [HbS]

-repeated sidkling/unsickling causes irreversible membrane damage ( cell becomes permanently sickled regardless of oxygenation state

-membrane damage occurs in all cells:  defects in phosphorylation and detachment from underlying skeleton

     -lose K, H2O ( ( MCHC ( ( contact 

            between HbS molecules ( ( sickling

     -gain calcium

-vaso-occlusive complications:  episodic crises;   in children bone pain similar to osteomyelitis; leg ulcers 

-aplastic crisis: d/t parvovirus infection of erythroid progenitor cells

-intravascular hemolysis in the spleen:  nondeformable membranes ( sequestration ( RE destruction ( chronic hyperbilirubinemia

-( susceptibility to infections

     -impaired splenic function as RE cells busy w/   

      abnormal RBC’s 

     -splenic fibrosis

     -defects in alt. complement pathway ( 

      septicemia and meningitis d/t Hib an 

     Pneumococci are the most common causes of 

     death in children w/ sickle cell anemia

	Onset
	mostly European
	-African-American

-Mediterranean

-50% of Jewish Kurds
	-8% African Americans are carriers

	Lab Dx
	-no central pallor

-anisocytosis

-spherocytosis (not pathognomonic)

-reticulocytosis

-hemosiderosis

-bone changes

-osmotic fragility in 2/3 pts.

-cellular dehydration
	-after lag period: 

 hemoglobinemia

 hemoglobinuria

 ( Hct

-recovery:  reticulocytosis
	-sickle dex

-anemia

-reticulocytosis

-hyperbilirubinemia
-capillary stasis and thrombosis

-BM:  hyperplastic d/t ( normoblasts

-Hb electrophoresis:  HbS


Thalassemia Syndromes

Thalassemia results in a hypochromic, microcytic anemia d/t defective synthesis of a particular Hgb chain, thus the present Hgb is normal but there are insufficient amounts ((MCHC).  In the bone marrow, RBCs are destroyed by RE cells before entering circulation (ineffective erythropoiesis)

	
	α- Thalassemia
	( Thalassemia

	Description


	Missing genes:  4 genes required to make α-globin (2 genes on each  chromosome 16)
	produced on gene 11:  defective production of the  ( chain of Hgb d/t  mutated genes 
1. Defective genes in the  homozygous state:  

2. B( = no ( chains produced

a. low survival rate, most often death in infancy 

        as Hgb F is 2 alpha and 2 gamma chains

3. B+ = reduced ( chain production,  more 

production

	Sn/Sx


	1. 1 gene deletion:  silent carrier, asymptomatic

2. 2 gene deletion:  α-Thalassemia trait

a. genes on same chromosome (Asian variant):  if passed on to offspring ( automatic 2 gene deletion

i. w/ 2 affected parents there is more likelihood for a 3  (HbH) or 4 gene deletion (hydrops fetalis)

b. genes on paired chromosomes (African variant):  if passed on to offspring ( only 1 gene deletion 

3. 3 gene deletion:  Hb H disease (1( w/ Asian populations)

a.     HbH has ( O2 affinity ( ( O2 exchange ( anemia disproportionate to level of Hb

4. 4 gene deletion:  Hydrops Fetalis

          Hb F not produced as 2 of  the chains are α ( death in utero
	Thalassemia Major:  homozyogous B+ , B( or Cooley’s anemia 

1. transfusion dependent (w/o ( early death)

2. hemochromatosis

3. hypersplenism:  when spleen becomes overly enlarged then it tends to sequester products

a. platelets ( clotting problems

b. neutrophils ( bacterial infections

4. hepatosplenomegally:  extramedullary 

         hematopoiesis

     5.      BM expansion/ bossing of bones

Thalassemia Minor/ Trait:  B/ B(, B/B+
       can be asymptomatic or mild anemia, no abnormal physical signs

Thalassemia intermedia:  mild homozygous variant, severe heterozygous variant and B(/B+

	Course


	Non ( chains from mores soluble, less toxic aggregates than ( chains (hemolytic anemia  and ineffective erythropoiesis tend to be less severe than in (-thalassemia of similar degree of chain imbalance

-newborn:  (-globin chains form tetramers (Bart Hb)

-adult:  (-globin chains form tetramers (HbH)
	Pathogenesis:  6-9 mo. after  birth

     -reduced ( globin synthesis causes the α globin to 

      aggregate* ( abnormal erythroblasts ( ineffective 

      erythropoiesis (70-80% of normoblasts)  or 

      destruction in the spleen ( anemia  ( tissue anoxia

       *causes cell membrane damage ( loss of K+ and impaired DNA 

          synthesis    

1. ( O2 in the body sends the signal that the body needs more Fe to make Hgb ( ( Fe absorption in the gut ( systemic Fe overload (2( hemochromatosis)
2. ( multiple blood transfusions also leads to 2( hemochromatosis

3. ( O2 ( ( EPO ( ( marrow ( bossing of bones

	Onset
	
	

	Lab Dx
	Silent carrier:  asymptomatic

(-thalassemia trait:  

-identical clinical picture to (-thalassemia minor

HbH disease:
-moderately severe anemia

-clinical picture resembles (-thalassemia intermedia
	Thalassemia Major:

-anisocytosis

-microcytic, hypochromic anemia

-target cells

-milder reticulocytosis d/t ineffective erythropoiesis

-( HbF:  1( Hb of red cells

-HbA very low or absent

-HbA2:  variable

Thalassemia Minor:

-microcytic, hypochromic anemia

-basophilic stippling
-target cells

-BM:  mild erythroid hyperplasia

-( HbA2

-HbF:  normal or sl. (
DDx from Fe def. anemia as this condition is worsened by Fe!!!

-( serum Fe

-TIBC

-( serum ferritin


Autoimmune Hemolytic Anemia

Differentiation from other forms of hemolytic anemia depends on the demonstration of the anti-red cell Ig’s:  Coomb’s antiglobulin test

-Coomb’s test relies on prepared Ig’s to agglutinate RBC’s at various temperatures: 

I. Warm Antibody Reacting (37():  IgG; 80% of cases


A.     Potential systemic hemolysis as core body temp. is around 37(
1. Extravascular hemolysis:  IgG coated RBC’s bind to Fc receptors on splenic macrophages and undergo spheroidal transformation ( loss of part of membrane d/t attempted phagocytosis ( sequestration and removal (splenomegaly)
A. Antigen is usually the core protein of Rh factor: -50% of pts are 1(, idiopathic; other 50% are 2( and have underlying predisposing 


condition or drug exposure
1. Rh + baby ( erythroblastosis fetalis

2. pts. w/ SLE, UC, non-HL, CLL 

3. Drug induced:  may also cause intravascular hemolysis d/t complement fixation
a. α-methyldopa reaction
b. penicillin/cephalosporins:  1-2 wks after onset of Tx
4. idiopathic WAHA

II. Cold Antibody Reaction ( 31()  IgM; 20% of cases, monoclonal Ig’s

A. Potential peripheral hemolysis as extremities tend to be cooler than core body temp. ( intravascular hemolysis

1.  IgM usually released when cells return to 37( leaving C3b bound ( susceptible to phagocytosis in liver and spleen

B. Affected Populations

1. Chronic: 



a. 
idiopathic chronic elderly form



b.
NHL, lymphoproliferative disorders

2.
Ig’s occur acutely during the recovery phase of certain infectious disorders:  usually self-limiting, rarely has clinical manifestations 

of hemolysis

a. 1( atypical pneumonia d/t Mycoplasma pneumoniae (common in institutions- military, prisons)

b. IMN

Hemolytic Anemia due to RBC Trauma

Morphologic appearance of schistocytes d/t mechanical shearing caused by

1.  cardiac valve prostheses 

2. Narrowing or obstruction of the vasculature:  malignant HTN, SLE, thrombotic thrombocytopenic purpura (TTP), hemolytic uremic syndrome (HUS), disseminated cancer.

