Hemolytic Anemias
Hemolytic Disorder = any condition in which RBC survival time is less than 120 days.

Hemolysis causes increased RBC production, so there will be increased reticulocytes.  Marrow 
can boost RBC production up to 8x.  If production offsets hemolysis, you get a 
compensated hemolytic disorder.
If RBC life span is less than 8x normal (less than 15 days), you get hemolytic anemia.
Detecting hemolytic disorders
Direct methods include radioactive chromium (binds hemoglobin) or DIFP (binds RBC).
Indirect methods are many:

--Reticulocyte count.  This requires supravital staining with new methylene blue, a dye that 

clumps mitochondria and ribosomes.  Reticulocytes increase during hemolysis.

--Periperal blood smear.  RBC will be macrocytic and may still be nucleated.  



Reticulocytes will be polychromatophilic.  

--Bone marrow aspirate.  There will be increased RBC precursors.  This causes major 


medullary expansion of maxillae, skull, ribs, and hands. The bones are totally full 


of marrow.  Extramedullary hematopoiesis occurs in the liver and spleen, which 


causes them to be very enlarged.
Another detection method is bilirubin. 
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Indirect bilirubin is unconjugated and insoluble.  It will not excrete in the urine, and will cause 
jaundice and scleral icterus.
Direct bilirubin is conjugated and water soluble.  It is excreted in the urine.
During hemolysis, bilirubin production spikes and exceeds liver’s ability to conjugate it.  But the 
ability to excrete conjugated bilirubin is intact.  So indirect bilirubin levels increase but 
conjugated bilirubin levels do not.
During liver disease, the opposite is true, and only conjugated bilirubin levels rise.
(Raymond removed image of bilirubin synthesis, transport, and metabolism.)

Another detection method is extravascular and intravascular hemolysis.
Extravascular hemolysis occurs when RBC get trapped and destroyed in the RES.  Indirect 
bilirubin levels will rise, as expected.
Intravascular hemolysis occurs when RBC are destroyed within the circulation.  Along with 
increased indirect bilirubin, there will be hemoglobinuria and hemosiderinuria (excretion 
of hemosiderin inside renal tubular cells shed in the urine).
Another detection method is haptoglobin and hemopexin levels.
Haptoglobin binds hemoglobin.  Haptoglobin decreases whenever RBC survival decreases.
Hemopexin binds heme.  Hemopexin decreases only with intravascular hemolytic processes.
CO is liberated during heme degradation, so CO levels increase directly in proportion to RBC loss.
	Signs of Intravascular Hemolysis
	Signs of Intra OR Extravascular Hemolysis

	Hemoglobinemia
	Increased indirect hyperbilirubin

	Hemoglobinuria
	Hemoglobinuria

	Hemosiderinuria
	Increased urinary and fecal urobilinogen

	Decreased hemopexin
	Decreased haptoglobin


Classification of hemolytic anemias
Primary (intracorpuscular) causes of hemolytic anemia include:


--Membranopathy (spherocytosis)

--Hemoglobinopathy (Sickle cell)


--Enzymopathy (pyruvate kinase deficiency)

Secondary (extracorpuscular) causes include:

--Mechanical injury (“Waring Blender” syndrome)


--Toxic injury


--Autoimmune hemolysis

Combined causes of hemolytic anemia include:


--Primaquine sensitivity

Hereditary spherocytosis is a membranopathy due to deranged protein interactions in the RBC 
cytoskeleton and membrane.  RBC lose membrane and surface area, and become spheres.  
Spherocytosis is caused by defects in spectrin or ankyrin proteins.
Autoimmune Hemolytic Anemia is when antibodies coat RBCs.  RES removes these antibodies 
along with some RBC membrane, so RBC lose surface area and become spheres.

Direct Coomb’s test detects these Ig’s by binding Fc regions of the Ig’s bound to RBC.


This will be positive if there is autoimmune hemolytic anemia.


Indirect Coomb’s test detects these Ig’s by exposing control RBCs to patient’s serum Ig’s.


This will be positive if there is antibody against foreign RBC (after a transfusion 


or in cases of feto-maternal incompatibility).
G6PD deficiency is a combined hemolytic anemia that occurs after administration of primaquine.

Cells with G6PD deficiency are sensitive to oxidants such as primaquine.  Usually these 
cells have functional G6PD but the enzyme has a shorter half-life.  The consequence is 
that the hemolytic anemia and reticulocytosis is transient even if primaquine therapy 
continues – the older RBC are replaced by younger cells with more G6PD.

Physical signs of G6PD deficiency anemia include Heinz bodies inside RBC, 
hemoglobinuria, and jaundice.

Normally, G6PD reduces NADP to NADPH.  With primaquine (or other oxidative stress), 
the opposite occurs and NADPH is lost.  To compensate, glucose is utilized in the 
pentose shunt, and NADPH regenerates.  No problem.

With G6PD deficiency, glucose can’t go into the pentose shunt.  Primaquine will cause 
H2O2 and free radicals to build up, and NADPH plummets.  Hemoglobin precipitates 
into Heinz bodies, and RBC are destroyed.


(Raymond removed diagram showing metabolic effects of G6PD deficiency.)







