Chapter 5

Pathophysiology
Quantitative reduction in one or more globin chains has two major
consequences; decreased haemoglobin synthesis and imbalance
between the - and the non- chain production. The former is a
major cause of red cell hypochromia, but it is clinically less
significant. Unbalanced globin chain production is the major cause
of clinical severity of thalassaemia. In the absence of globin chain
production the normally produced chains become relatively
surplus and precipitate in the cytoplasm. This damages the red
cell membranes and causes dyserythropoiesis and premature
destruction of erythroid cells (Figure 5.1).

-thalassaemia
The surplus -chains form tetramers (Hb-H) that are unstable and
lack the physiologically useful properties of normal haemoglobin.
They oxidize easily and precipitate within erythroid precursors.
The tetramers remain soluble for some time before precipitation
and therefore the clinical syndrome of -thalassaemia is less
severe than β-thalassaemia.
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-thalassaemia
The deficiency of -chains results in accumulation of unpaired chains. Spleen traps the inclusion bearing red cells that enter the
circulation, where many incur irreparable mechanical and
metabolic injury. Free -chains are very unstable and aggregate
to

form

insoluble

inclusions

in

the

erythroid

precursors.

Degradation and denaturation of the free α-chains produces hemichromes, haemin and free iron that result in formation of
reactive oxygen species (ROS). The ROS activate apoptotic
pathways

and

cause

ineffective

erythropoiesis.

The

-

hemichromes and ROS also cause haemolysis of red cells that
enter the circulation (Figure 5.1).
The burden of excess free α-chains in β-thalassaemia is the main
cause of ineffective erythropoiesis and haemolysis of red cells. As
a result of ineffective erythropoiesis and shortened red cell survival
the patient becomes anaemic. Anaemia causes release of
erythropoietin that stimulates erythropoiesis resulting in enormous
increase in the marrow activity. The expansion of medullary cavities
by erythroid tissue occurs at the expense of cortical bone. The
erythropoiesis, being ineffective, releases erythroid cells that
contain precipitated globin. These are constantly removed by
spleen that starts enlarging due to functional hyperplasia of
histiocytic cells. The expanding marrow cavities due to the cortical
erosion and the enlarging spleen become a source of red cell
pooling. The blood volume, after reduction in the red cell volume,
is maintained by fluid retention leading to haemodilution and
further anaemia (Figure 5.2). This vicious circle is responsible for
an ever increasing severity of the thalassaemics who remain either
untreated or are only partially treated. The circle can be broken by
regular blood transfusions. Expanded marrow cavity and enlarged
spleen can also be reversed by regular transfusions.

30

Pathophysiology

Figure 5.1. Pathophysiology of β-thalassaemia.

Anaemia in thalassaemia
The anaemia in thalassaemia is multi-factorial (Table 5.1). Out of
the many factors ineffective erythropoiesis is the major cause of
anaemia.

Reduced

haemoglobinization

of

erythroid

cells

is

important in causing the typical hypochromic microcytic blood
picture but its role in causing anaemia is relatively less important.
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Figure 5.2. Anaemia in the untransfused thalassaemia major patients
leads to a self-perpetuating worsening of anaemia through a vicious
circle of erythropoietin release, marrow expansion and haemodilution.

Table 5.1. The causes of anaemia in thalassaemia.
Anaemia in Thalassaemia
Reduced haemoglobinization
Ineffective erythropoiesis
Expansion of bone marrow cavities
Hypersplenism
Haemodilution

Iron overload in thalassaemia
The erythroid hyperplasia causes excessive absorption of iron from
the intestine that is typical of all haemolytic anaemias. When the
patient is put on regular blood transfusions the iron overload keeps
on increasing with every pint of blood transfused. The excess iron
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accumulates in the vital body organs like endocrine glands, liver,
and heart, where it interferes with their normal function. The
endocrine imbalance and chronic hypoxia due to anaemia are the
main causes of stunted growth in children with thalassaemia.
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