Inherited Hemolytic Anemias

Hemolysis – defined as a decrease in red blood cell life span, which is normally 120 days.

The components that maintain Red Cell life span are:

i) Metabolism of glucose by the enzymes of the glycolytic and pentose phosphate pathways, to produce the energy required for maintaining the shape, flexibility and cation content of the red cell.

ii) Normal phospholipid bilayer membrane containing structurally normal integral and peripheral proteins.  The latter form the ‘scaffolding’ which supports the inner surface of the red cell membrane.

iii) Normal structure and quantity of hemoglobin.  Hemoglobin should contain equal numbers of ( and non-( globin chains linked to haem molecules.

Classification of Hemolytic Anemias

A) Intrinsic (RBC) defect or extrinsic (external) defect.  The majority of intrinsic defects are inherited and the majority of extrinsic defects are acquired.

B) Intravascular or extravascular site of destruction.

Clinical features which suggest Hemolysis

i) Jaundice (Unconjugated bilirubin)

ii) Splenomegaly (Spleen is the main site of extravascular hemolysis)
iii) Red or dark urine
Laboratory features that suggest hemolysis

i) Blood Film – spherocytes, sickled cells etc
ii) Reticulocytosis

iii) Increased serum bilirubin (unconjugated)
iv) Increased LDH and sGOT

v) Low/absent haptoglobin (bind to free Hb)

vi) Haemoglobinuria

vii) Haemosiderinuria
Normal adult hemoglobin: 
Haemoglobin A consists of (2  (2.  
Two ( chains are formed from the product of four ( globin genes, while two ( chains are formed from the product of 2 ( globin genes.

Hemoglobin disorders may be classified as: 
A) Quantitative – thalassemias 

B) Qualitative (structural variant) eg HbS ((2, (s2)
The prototype of a quantitative hemoglobinopathy is ( thalassemia major.

( Thalassemia Syndromes 

There is mutation of one or more ( globin gene leading to failure of transcription and lack of protein synthesis.  Thus normal levels of adult hemoglobin cannot be formed.

The result is: 

(1) Accumulation of ( globin chains which damage immature red cells in the bone  

marrow (ineffective erythropoiesis)

(2) Persistence of fetal hemoglobin, HbF ((2 (2)

(3) Poorly hemoglobinized cells that cause the morphological appearance of hypochromia and microcytosis

1. ( Thalassemia major ((0 / (0)

Homozygous state with inheritance of 2 mutated ( globin genes.  There is complete absence of ( globin chain production.

Because of the presence of HbF, disease is not clinically evident soon after birth.

Progressive Anemia and Splenomegaly occur after 8 – 12 weeks of life.

No Hb A is formed and there is deficient hemoglobin in individual red cells – hypochromic microcytic anemia.   Excess ( chains precipitate in red cell precursors resulting in massive destruction in the bone marrow (ineffective erythropoesis). 

( chains also deposit in mature red cells leading to shortened survival, and splenomegaly due to sequestration in the spleen.

Tissue hypoxia leads to increase erythropoetin production and expansion of erythropoetic tissue in bone marrow (skeletal deformities) and extra-medullary sites.

Increased iron absorption leads to parenchymal iron deposition.

Laboratory features:

(
Severe hypochromic anemia


(
Marked anisocytosis, numerous nucleated red blood cells

(
92% HbF, 8% HbA2
Treatment

(
Patients are transfusion-dependent for life – this exacerbates the iron loading state.

(
Iron chelation with desferrioxamine is necessary, in order to prevent tissue damage to myocardium and endocrine organs.

2. ( Thalassemia Intermedia 

Similar to thalassemia major, but less severe.  Patients have a normal life span, with chronic anemia, which is not usually transfusion dependent.  Complicated by splenomegaly, gall stones and iron overload.

Laboratory features:

(
Hemoglobin levels 6 – 9 g/dl

(
Electrophoresis shows Hb A (decreased) with Hb F (30-70%) and Hb A2 (increased).


Management:
This depends on the clinical severity – intermittent transfusions, iron chelation

3. ( Thalassemia Minor (Trait)
This is an asymptomatic condition, with mild or absent anemia.  Usually incidentally discovered.  
Blood film – hypochromic, MCV and MCH are decreased.  It must be differentiated from iron deficiency anaemia.  Increased Hb A2 is the most consistent laboratory feature.

Note: There are numerous mutations that may cause ( thalassemia and these mutations cause varying degrees of suppression of globin chain formation. Thus ( thalassemia is a heterogeneous condition and there is a wide range of clinical severity. Contrast this with ( thalassemia in which there are only four well -defined clinical syndromes depending on the number of genes deleted.
( Thalassemia Syndromes

1. Hydrops fetalis (Hb Barts)

Due to deletion of all 4 alpha (() genes and total absence of ( chains (No haemoglobin A, A2, or F).

Incompatible with life, death occurs before birth or within 1 hour of birth.

Cause of death is severe hypoxia (Hb Barts ((4) has a very high oxygen affinity)



The fetus is pale, marked hepatosplenomegaly, features of heart failure
2. Hb H disease

Due to deletion of 3 alpha (() genes and moderate suppression of ( globin chain production.  
Moderate anemia develops by 1 year of age with prominent jaundice and hepatosplenomegaly.  
Hb levels 7–10 g/dl, transfusion therapy is sometimes necessary.  
Hb electrophoresis shows 20-40% Hb Barts ((4) at birth, which is replaced by Hb H ((4) in post-natal life.

3. ( Thalassemia minor (2 alpha genes deleted)

This is usually detected during routine haematology or family studies.  Haemoglobin is normal or slightly decreased, but MCV and MCH are decreased.  Usually there is no clinical abnormality.
4. Silent Carrier (1 alpha gene deleted)
No clinical or haematological abnormality

Prototype of Qualitative Hemoglobinopathy is Sickle Cell disease.

A point mutation at the 6th codon of the ( globin gene leads to the substitution of valine for glutamine in the ( globin chain ((s)

The inheritance of two copies of this gene leads to the presence of high quantities of HbS or sickle hemoglobin (eg both parents have sickle cell trait – Hb AS)
The result is hemoglobin that polymerizes and crystallizes at low oxygen tension leading to an irreversible shape change and a sickle shape red cell.

This cell has a life span of 10-20 days and is poorly deformable leading to occlusion of the microcirculation, ischaemia and organ damage.

Sickle cell Diseases

Refers to all disorders in which sickling of red blood cells occurs under physiological conditions

1. Sickle cell anemia (Hb SS)

2. Sickle-Hemoglobin C (SC)

3. Sickle-( Thalassemia

All these conditions are characterized by:

i
Chronic extravascular hemolysis


ii
Tissue damage due to occlusion of microcirculation


iii
Acute exacerbations of pain or anemia called crises

Clinical features of Sickle Cell Disease

Symptoms start after 6 months of age when the protective levels of HbF have significantly declined.

1) Chronic hemolytic anemia of variable severity

2) Impaired growth and development

3) Cerebrovascular accidents due to ischaemia and brain infarction

4) Pulmonary disease from recurrent infection and infarction.

5) Impaired splenic function leading to a high risk of infection by encapsulated       organisms eg strep pneumoniae
Acute clinical syndromes of SS Anemia
i) Hand foot syndrome – sudden onset of severe pain and swelling of the dorsum of hands and feet.

This is commonly the first symptom in young children 6 – 24 months old.

Due to ischaemic necrosis of the bone marrow accompanied by fever and leucocytosis.   Results in shortened digits in later life

ii) Painful (vaso-occlusive) crisis

This is due to ischaemia of larger bones (femur, vertebra) leading to bone marrow infarction with secondary inflammation.  Pain is severe, deep and gnawing and accompanied by low-grade fever and leucocytosis.

Occlusion of the microcirculation of abdominal viscera may also lead to abdominal crisis.

Precipitating factors

i) Infection

ii) Sudden fall in temperature

iii) Dehydration

iv) Acidosis

Treatment

i) Patient education

ii) Avoidance of precipitants

iii) Hydration

iv) Analgesics

iii) Splenic sequestration crisis.

This is defined as a sudden fall in hemoglobin from the steady state (usually > 2g/dl); due to trapping of blood in the splenic vasculature.

May lead to hypovolaemic shock and death particularly in very young children.

Characterized by severe anemia and rapidly enlarging spleen.

Usually occurs in infants and young children because splenic fibrosis occurs after age 6.  Treated by transfusion of packed cells.  Splenectomy is indicated after 2 episodes of splenic sequestration.

iv) Aplastic Crisis

Parvovirus infection of erythroid precursors in the bone marrow leads to sudden cessation of erythropoiesis.  Duration of Parovirus infection is 7 – 10 days, but mature red cells live for about 10 days, so hemoglobin falls suddenly.

Characterized by sudden worsening of anemia with absolute reticulocytopenia.  Spontaneous resolution occurs after 5 – 10 days.   Transfusion may be necessary.

v)         Acute Chest Syndrome

Characterized by fever, tachycardia, chest pain and leucocytosis.  Pulmonary infiltrates seen on x-ray.  May be due to pulmonary infection or infarction.  Treated by correction of hypoxia and broad spectrum antibiotics.

vi) 
Priapism

Due to sickling and stagnation of blood in corpora cavernosa. Usually self-limited, but often recurrent.  Frequent recurrences may lead to impotence.

Infection:

· This is the most frequent cause of death in young children. Splenic function is  decreased even before the physical disappearance of the spleen 

· Strep. Pneumoniae is the most common organism, salmonella osteomyelitis also common.
· Prevented by routine immunization against Strep. Pneumoniae and H. Influenza.

Laboratory features of Sickle cell disease:

· Moderate to severe anemia (Hemoglobin levels 6 – 10 g/dl)
· Fixed sickled cells seen on the peripheral blood film.

· Polychromasia and nucleated red cells

· Leucocytosis and thrombocytosis 

· Positive sickle solubility test

· S band on Hemoglobin electrophoresis

Hb SC Disease

Due to the inheritance of (s from one parent and (c from the other.

Red cells contain roughly equal levels of HbS and HbC.  Clinically similar but less severe than Hb SS.  However, proliferative retinopathy is more frequent and more severe.

Peripheral blood features


.
Mild Anemia


.
Hyperchromatic elongated cells (Hb C crystals)

.
Numerous target cells

.
Hb electrophoresis shows S band and a C band (the C band occupies the same position as A2)

Sickle ( Thalassemia

S(0 Thalassemia 

· Child inherits (s gene from one parent and (o gene from the other.
· No Hb A is formed. The only bands present are HbS and Hb A2.
· Clinically identical to Hb SS.

S(+ Thalassemia

· Inheritance of (+ gene (means partial suppression of ( chain production)

· Some HbA is formed (variable quantity)

· Milder and more variable clinical course

· Splenomegaly may persist into adult life.

HEREDITARY SPHEROCYTOSIS (HS)
Familial membrane defect characterized by anemia, intermittent jaundice, splenomegaly and autosomal dominant inheritance.

Defect in the peripheral membrane protein Spectrin leads to lack of deformability and membrane instability.  Resulting loss of membrane leads to spherocyte formation. Splenic trapping and phagocytosis of spherocytes leads to hemolytic anemia and splenomegaly.  
Clinical Features 
Symptoms are highly variable from severe neonatal anemia to mild or asymptomatic anemia in adult life.

May have jaundice, splenomegaly, positive family history of HS

Laboratory features
· Variable anemia with marked reticulocytosis

· Increased MCHC often decreased MCV

· Peripheral blood spherocytosis

· Increased osmotic fragility
· Negative Direct Coombs Test
Osmotic Fragility Test
This tests the ability of the red cell to absorb free water when placed in a hypotonic solution.  Spherocytes have decreased surface area/volume ratio and will lyse at osmotically stronger solutions compared to normal red blood cells.  (i.e. will lyse after intake of a smaller quantity of water).

Osmotic fragility curve – plots percent hemolysis (Y-axis) against the sodium chloride concentration (X-axis).  Spherocytes results in a shift to the right.

Note – This test is
· Laborious

· Time consuming

· Not specific for H.S. (Spherocytes due to any cause will cause a shift of the  curve to the right.

· Not positive in all cases of H.S.

Treatment of Hereditary Spherocytosis

1. Folic acid for mild-moderate cases

2. Splenectomy is curative (spherocytosis remains but red cell life span is normal)

a. For severely anaemic or symptomatic mod. anaemic patients

b. Risk of overwhelming sepsis. 
i. Prior immunization against S. Pneumoniae, H. influenza and N. meningitides.
ii. Prophylactic antibiotics required post-splenectomy

Glucose 6 Phosphate Dehydrogenase Deficiency  

(
X linked recessive hemolytic disorder. The gene for G-6-P-D is located on the X chromosome.

(
Affected patients are usually males, or (rarely) homozygous females, heterozygous females are carriers.

(
Deficiency is due to inheritance of a variant of the enzyme with either decreased catalytic activity or a shortened half-life.

Role of G-6-P-D 


Catalyzes the initial step in the hexosemonophosphate shunt, and is critical for the protection of the cell from oxidant injury


Generates NADPH which maintains adequate levels of intracellular reduced glutathione (GSH)


Deficient enzyme levels lead to membrane damage and intravascular hemolysis

Clinical Presentation

In the most prevalent syndromes, hemolysis occurs only after exposure to offending agents

A- Variant: 
· Enzyme activity is normal in reticulocytes; however, half-life of the enzyme is reduced from 62 to 13 days
· Hemolytic triggers include

sulfur drugs


primaquine


diabetic ketoacidosis


Naphthalene (moth balls)

· Acute onset of jaundice, pallor, and dark urine with a 3-4 g/dl fall in hemoglobin.

· The blood film shows fragments, bite cells, polychromasia

· Older cells with lowest enzyme levels are lysed. Enzyme activity is increased with the resulting reticulocytosis

The anemia is self-limiting because younger cells with higher enzyme levels replace the lysed older cells

Mediterranean
Hemolysis is more severe in Mediterranean type because the half-life is reduced to a few hours. Thus even young red cells will be lysed.  

 Congenital nonspherocytic hemolytic anemia


The catalytic activity is very low and the half–life is decreased, therefore continuous hemolysis occurs in the absence of infection or drug exposure


This may present with jaundice in the neonatal period

Laboratory diagnosis of G6PD deficiency
· Add hemolysate to a mixture containing glucose-6-phosphate (substrate) and NADP. The rate of NADPH generation is measured by spectrophotometer

Fluorescent spot test is simple and sensitive and reliable (NADPH fluorescence)

· Heterozygous females (carriers) have very variable enzyme levels 
· Tests done when reticulocyte count is high, may give erroneous results due to the high enzyme levels in reticulocytes
Management
(1) Avoid oxidant stress

(2) Transfuse if anemia is life threatening 

(3) Folic acid supplements
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