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HEREDITARY SPHEROCYTOSIS (HS)
Introduction
Hereditary spherocytosis is a class of hemolytic anemia.  The disease occurs due to an intrinsic “membrane defect” leading to hemolysis of the RBC’s.  There are a few other anemias in the same class of hereditary spherocytosis, which share some of the same features, e g., being hereditary, hemolytic, and caused by an intrinsic defect.  These types include: elliptocytosis, stomatocytosis (hydrocytosis), pyropoikilocytosis, and xerocytosis.  Only Hereditary Spherocytosis (HS) is discussed in detail in this lecture.

Generally, all hemolytic anemia in this class occur due to a major defect in cell membrane integrity.  That is, the anemia occurs due to alterations in one or more vital structural protein(s) leading to an imbalance in the membrane lipid content and cation transport.  Sequentially, such alterations lead to the loss of cell surface area, increased rigidity, fragmentation, and therefore, increased fragility to splenic sequestration.  In other words, due to the abnormal cell membrane, the cells get trapped in the spleen’s microcirculation and get destroyed prematurely (before the 120 days life span).  

Pathophysiology

The anemia is genetically passed down from one generation to another.  The inheritance seems to be AUTOSOMAL DOMINANT, and therefore, only heterozygous forms of the disease are seen.  Homozygous cases, on the other hand, are not seen due to severity of the disease, i.e., not compatible with life.  The disease is the most common hemolytic anemia encountered in northern Europe, usually affecting more than one member in the same family.

The basic defect in HS is a membrane abnormality caused by dysfunctional and/or deficiencies in one or more of the followings: Spectrin, Ankyrin, Band 3, and Protein 4.2, all of which are vital components (structural proteins) of the cell membrane.

Specifically, HS is attributed to the “weakening of the vertical interactions in the membrane skeleton”, which leads to the “uncoupling” of the overlaying lipid bilayer and its integral proteins.  These lead to:

1- Decreased lipid content

2- Reduced cell surface area

3- Impaired flexibility, and

4- Increased permeability to sodium, which the cells pump out to stabilize the osmotic fragility.  Such process requires a lot of ATP consumption.

Despite all of that, the cells life span remains unaffected until the cells reach the spleen, where glucose and ATP levels are scarce.  Therefore, the cells cannot pump out the extra sodium leading to an increased intracellular sodium concentrations and subsequently, increased water content.  This leads to the swelling and rigidity of the cells which cannot negotiate the spleen’s microcirculation where they get trapped and phagocytozed.

Lab findings

As the name indicates, the characteristic feature of this anemia is the presence of microcytic spherocytes in peripheral blood.  Usually, there is a mild anemia with hemoglobin concentrations of above 10 g/dL.  MCV is usually within normal range but gets increased or decreased depending on the number of reticulocytes present.  MCHC is usually increased in a large portion of patients.  HS is the only anemia that can have MCHC values above normal range.  Reticulocytes are usually increased between 5 and 20% with higher counts seen in patients recovering from aplastic crisis.

CBC

The peripheral blood smear shows characteristic micro spherocytes, which appear small, dark, very round with no central pallor.  There could be a marked degree of anisocytosis due to the mixture of spherocytes and reticulocytes (polychromatophilia).  Other poikilocytosis (other than spherocytes) are not usually seen, unless in the very severe forms of the disease.

Bone Marrow

During the early stages, the BM shows erythroid hyperplasia, which changes to hypoplasia during “Aplastic Crisis”.

Lab Diagnosis

Additional to the characteristic morphology of spherocytes in pb, the “Osmotic Fragility” test is considered as the diagnostic lab test to be performed.  Other useful tests in diagnosis include the incubated osmotic fragility test, and the direct antiglobulin test.  Only the “osmotic fragility” test is discussed in detail, below.

The osmotic fragility test

The principle of the test relies on the main defect of spherocytes, which is the “dysfunctional cell membrane”, specifically the imbalance of the sodium intracellular concentrations, and the cells ability to exclude them.  As spherocytes cannot maintain proper intracellular sodium concentrations, they are very susceptible to the slightest changes in sodium concentrations.  Also, and more importantly, due to their lower surface area spherocytes tend to bust (get exploded or hemolyzed) at “higher” sodium concentrations than normal.
Procedure

The cells get suspended in a mixture of “decreasing” concentrations of sodium chloride (saline) solutions.  That is, starting with an “isotonic” (0.85% NaCl) concentration down to lower (hypotonic, e.g., less than 0.80%) ones, ending in plane pure water (0.0% NaCl).  The cells then are incubated for at least 30 minutes at room temperature.  The tubes get centrifuged and the supernatant is analyzed in a spectrophotometer at 540 nM.  A typical NaCl mixture could be as 0.85, 0.80, 0.70, 0.60, 0.55, 0.50, 0.45, 0.40, 0.35, 0.30, 0.20, 0.10, and finally pure water (0.0%).  The bold dilutions are closer to each other than the ones before or after them because these are the concentrations that one should expect hemolysis to occur.  Once all tubes are analyzed, a graph is plotted where the X-axis is the percentage of hemolysis, and the Y-axis is the NaCl concentration.

Conclusion

At isotonic concentrations of NaCl (0.85%), there is no passage of water in either direction i.e., no entering or exiting the cell through the membrane of normal cells.  As “hypotonia” start (less than 0.85% NaCl), water starts to enter the cells.  The more decrease in NaCl concentrations (hypotonia), the more water entering the cells.  At concentrations of about 0.45 to 0.30%, most of normal cells start to burst due to the massive amount of water entering them.  Because spherocytes have a smaller surface area to volume ratio, the cells tend to burst at concentrations higher than that of normal cells.  In other words, hemolysis starts to develop at NaCl concentrations above 0.45% (for example, at 0.55% or so).

Cells with high surface area to volume ratio, on the other hand, (such as target cells, severely hypochromic cells) tend to absorb more water than normal and therefore burst at much lower NaCl concentrations than normal (e.g., at 0.25% or less).

Calculation of osmotic fragility test

The percentage of hemolysis is calculated according to the following equation

Percent Hemolysis = (A x% - A 0.85% divided by A 0.0% - A 0.85%) × 100, Where

A x% is the tube to be assessed,

A 0.85% is the isotonic tube (should have no hemolysis at all, i.e., 0% hemolysis),

A 0.0% is pure water tube (should have maximum hemolysis, i.e., 100% hemolysis).

As seen in the equation, each tube’s reading is subtracted from the 0.85% tube’s reading to correct for internal hemolysis that occurred due to mishandling of the specimen.

Conclusion

Spherocytes get hemolyzed at higher concentrations of NaCl than normal cells, where as hypochromic and/or target cells do so at lower concentrations.

Reference range

Normal cells start hemolysis at concentrations around 0.45% and get almost 100% hemolyzed at concentrations around 0.30% NaCl.
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