
Thalassemia Syndromes

Thalassemia refers to genetic disorders in globin
chain production. In individuals with beta
thalassemia, there is either a complete absence of β
globin production (β-thalassemia major) or a partial
reduction in β globin production (β thalassemia
minor). In alpha thalassemia, there is an absence of
or partial reduction in α globin production. The
primary pathology in thalassemia stems from the
quantity of globin production, where as the primary
pathology in sickle cell disease is related to the
quality of globin produced.



Pathophysiology
Two related features contribute to the sequelae of
β-thalassemia:

*inadequate β-globin gene production leading to

decreased levels of normal hemoglobin (Hb A) and

*unbalanced α- and β-globin chain production.
In the bone marrow, thalassemia mutations
disrupt the maturation of erythrocytes, resulting in
ineffective erythropoiesis; the marrow is
hyperactive, but there are relatively few
reticulocytes and severe anemia exists.



In β-thalassemia, there is an excess of α-globin
chains relative to β- and γ-globin chains, and α-
globin tetramers (α4) are formed. These inclusions
interact with the red cell membrane and shorten
red cell survival, leading to anemia and increased
erythroid production.
The γ-globin chains are produced in increased
amounts, leading to an elevated Hb F (α2γ2).
The δ-globin chains are also produced in increased
amounts, leading to an elevated Hb A2 (α2δ2) in β-
thalassemia.



Homozygous β-Thalassemia (Thalassemia Major,
Cooley Anemia)
Clinical Manifestations
If not treated, children with β-thalassemia usually
become symptomatic from:
1-progressive hemolytic anemia, with
2-profound weakness and cardiac decompensation
during the 2nd 6 mo of life.
Depending on the mutation and degree of fetal
hemoglobin production, transfusions in β-
thalassemia major are necessary beginning in the
2nd mo to 2nd yr of life, but rarely later.



Most infants and children have cardiac
decompensation at hemoglobins of 4 g/dL or less.
Generally, fatigue, poor appetite, and lethargy are
late findings of severe anemia in an infant or child
and were more common before transfusions were
standard therapy.
The classic presentation of children with severe
disease includes thalassemic facies (maxilla
hyperplasia, flat nasal bridge, frontal bossing),
pathologic bone fractures, marked
hepatosplenomegaly, and cachexia and is now
primarily seen in developing countries.



The spleen can become so enlarged that it causes
mechanical discomfort and secondary
hypersplenism.
The features of ineffective erythropoiesis include
expanded medullary spaces (with massive
expansion of the marrow of the face and skull
producing the characteristic thalassemic facies),
extramedullary hematopoiesis, and higher
metabolic needs.
The hepatosplenomegaly can interfere with
nutritional support. Pallor, hemosiderosis, and
jaundice can combine to produce a greenish brown
complexion.





The chronic anemia produces an increase in iron
absorption from the gastrointestinal tract, with
toxicity leading to further complications.
Many of these features become less severe and
infrequent with transfusion therapy, but excessive
iron stores associated with transfusional iron
overload is a major concern in patients with β-
thalassemia.



Many of the complications of thalassemia seen in
developed countries today are the result of
increased iron deposition.
Most of these complications can be avoided by the
consistent use of an iron chelator.
However, chelation therapy also has associated
complications, including hearing loss, peripheral
neuropathy, and poor growth.



Endocrine and cardiac pathology are often
associated with excessive iron stores in patients
with β-thalassemia major who are chronically
transfused.
Endocrine dysfunction can include hypothyroidism,
hypogonadotrophic gonadism, growth hormone
deficiency, hypoparathyroidism, and diabetes
mellitus.
Congestive heart failure and cardiac arrhythmias are
potentially lethal complications of excessive iron
stores in children with thalassemia.



Laboratory Findings 
The infant is born only with Hb F or, in some cases,
Hb F and Hb E (heterozygosity for β-thalassemia
zero).
Eventually, there is severe anemia,
reticulocytopenia, numerous nucleated
erythrocytes, and microcytosis with almost no
normal-appearing erythrocytes on the peripheral
smear).
The hemoglobin level falls progressively to <5 g/dL
unless transfusions are given.



The reticulocyte count is commonly <8% and is
inappropriately low when compared to the degree
of anemia due to ineffective erythropoiesis.
The unconjugated serum bilirubin level is usually
elevated, but other chemistries may be normal at an
early stage.
Even if the child does not receive transfusions,
eventually there is iron accumulation with elevated
serum ferritin and transferrin saturation.
Bone marrow hyperplasia can be seen on
radiographs



Treatment
Before initiating chronic transfusions, the diagnosis
of β-thalassemia major should be confirmed and the
parents counseled concerning this life-long therapy.
Beginning transfusion and chelation therapy are
difficult challenges for parents to face early in their
child's life. Before beginning transfusion therapy, a
red-cell phenotype is obtained; blood products that
are leukoreduced and phenotypically matched for
the Rh and Kell antigens are required for
transfusion.



If a bone marrow transplant is a possibility, the
blood for transfusion should be negative for
cytomegalovirus unless the child has had a previous
cytomegalovirus infection.
Transfusion therapy promotes general health and
well-being and avoids the consequences of
ineffective erythropoiesis. A transfusion program
generally requires monthly transfusions, with the
pretransfusion hemoglobin level between 9.5 and
10.5 g/dL. In patients with cardiac disease, higher
pretransfusion hemoglobin levels may be beneficial.
Some blood centers have donor programs, pairing
donors and recipients, which decreases the
exposure to multiple red cell antigens.



Excessive iron stores from transfusion cause many of
the complications of β-thalassemia major. Accurate
assessment of excessive iron stores is essential to
optimal therapy. The serum ferritin is useful in
assessing iron balance trends but does not
accurately predict quantitative iron stores.
Undertreatment or overtreatment of presumed
excessive iron stores can occur in managing a
patient based on serum ferritin alone.



Quantitative iron by liver biopsy is the standard
method for accurately determining iron store for
patients.
T2* MRI software is now being used to estimate
iron stores in the liver and heart among patients
with β-thalassemia major. One reason for the
preference of T2* MRI over liver biopsy is that liver
iron stores might not accurately reflect cumulative
changes in cardiac iron. Patients can have cardiac
iron overload at the time of a safe liver iron
measurement. Many thalassemia centers now
monitor cardiac iron with T2* MRI imaging.



Excessive iron stores can be prevented by the use of
deferoxamine (Desferal) or deferasirox (Exjade).
Deferoxamine chelates iron and some other
divalent cations, allowing their excretion in the
urine and the stool. Deferoxamine is given
subcutaneously over 10-12 hr, 5-6 days a week.
The side effects include ototoxicity with high-
frequency hearing loss, retinal changes, and bone
dysplasia with truncal shortening. The number of
hours that deferoxamine is used daily is more
important than the daily dosage. High dose, short-
term infusions increase toxicity with little efficacy.



Plasma non–transferrin bound iron (NTBI) is most
likely responsible for serious iron injury. When
deferoxamine is infusing, it binds NTBI. When
deferoxamine is stopped, there are rebound
increases in NTBI levels and risk for injury.
In patients with excessive iron stores in the heart
resulting in symptomatic congestive heart failure,
24-hr deferoxamine has been shown to reverse
cardiomyopathy.



The oral iron chelator deferasirox (Exjade) is
commercially available in the United States. For
many patients and families, deferasirox has
replaced deferoxamine because the latter must be
given subcutaneously for 10 hr a night, typically 5
of 7 nights a week. Although the optimal dose of
deferasirox is well defined, some patients have a
less-than-expected response to the maximum
approved doses (30 mg/kg/day).



Hematopoietic stem cell transplantation has cured
>1,000 patients who have β-thalassemia major.
Most success has been in children younger than
15 yr of age without excessive iron stores and
hepatomegaly who undergo sibling HLA-matched
allogeneic transplantation.
All children who have an HLA-matched sibling
should be offered the option of bone marrow
transplantation.



α-Thalassemia
The same evolutionary pressures that produced β-
thalassemia and sickle cell disease produced α-
thalassemia. Infants are identified in the newborn
period by the increased production of Bart's
hemoglobin (γ4) during fetal life and its presence at
birth. The α-thalassemias occur most commonly in
Southeast Asia. Deletion mutations are common in
α-thalassemia.



In addition to deletional mutations, there are
nondeletional α-globin gene mutations, the most
common being Constant Spring (αCSα); these
mutations cause a more severe anemia and clinical
course than the deletional mutations. There are
four α-globin genes and four deletional α-
thalassemia phenotypes.



The deletion of one α-globin gene (silent trait) is
not identifiable hematologically. Specifically, no
alterations are noted in the mean corpuscular
volume (MCV) and mean corpuscular hemoglobin
(MCH). Persons with this deletion are usually
diagnosed after the birth of a child with a 2-gene
deletion or Hb H (β4). During the newborn period,
<3% Hb Bart's is observed. The deletion of one α-
globin gene is common in African-Americans.



The deletion of 2 α-globin genes results in α-
thalassemia trait. The α-globin genes can be lost in
a trans-(−α/−α) or cis- (α,α/-SEA) configuration. The
trans or cis mutations can combine with other
mutations and lead to Hb H or α-thalassemia major.
In persons from Africa or of African descent the
most common α-globin gene deletion is in the trans
configuration, whereas in persons from Asia or the
Mediterranean region the cis deletion is most
common.



The α-thalassemia traits manifest as a microcytic
anemia that can be mistaken for iron-deficiency
anemia .The hemoglobin analysis is normal, except
during the newborn period, when Hb Bart's is
commonly <8% but >3%. Children with a deletion of
2 α-globin genes are commonly thought to have iron
deficiency, given the presence of both low MCV and
MCH.



The simplest approach to distinguish between iron
deficiency and α-thalassemia trait is with a good
dietary history. Children with iron-deficiency anemia
often have a diet that is low in iron. Alternatively, a
brief course of iron supplementation along with
monitoring of erythrocyte parameters might
confirm the diagnosis of iron deficiency, or α-globin
gene deletion analysis may be necessary.



The deletion of three α-globin genes leads to the
diagnosis of Hb H disease. In California, where a
large population of Asians resides, ~1 : 15,000
newborns have Hb H disease. The simplest manner
of diagnosing Hb H disease is during the newborn
period, when excess in γ-tetramers are present and
Hb Bart's is commonly >25%. Obtaining supporting
evidence from the parents is also necessary.



Later in childhood, there is an excess in β-globin
chain tetramers that results in Hb H. A definitive
diagnosis of Hb H disease requires DNA analysis
with supporting evidence. Brilliant cresyl blue can
stain Hb H, but it is rarely used for diagnosis.
Patients with Hb H disease have a marked
microcytosis, anemia, mild splenomegaly, and,
occasionally, scleral icterus or cholelithiasis.
Transfusion is not commonly used for therapy
because the range of hemoglobin is 7-11 g/dL, with
MCV 51-73 fl.



The deletion of all four α-globin genes causes
profound anemia during fetal life, resulting in
hydrops fetalis; the ζ-globin gene must be present
for fetal survival. There are no normal hemoglobins
present at birth (primarily Hb Bart's, with Hb Gower
1, Gower 2, and Portland). If the fetus survives,
immediate exchange transfusion is indicated. These
infants with α-thalassemia major are transfusion
dependent, and hematopoietic stem cell transplant
is the only cure.



The presence of a nondeletional α-globin mutation
with a 2-gene deletion results in a more severe
anemia, increased hepatosplenomegaly, increased
jaundice, and a much more severe clinical course
than Hb H disease. Hb H Constant Spring is the most
common form (−α/α,αCS).



Treatment of the α-thalassemia deletion syndromes
consists of folate supplementation, possible
splenectomy (with the attendant risks), intermittent
transfusion during severe anemia for the
nondeletional Hb H diseases, and chronic
transfusion therapy or bone marrow transplant for
survivors of hydrops fetalis. These children also
should not be exposed to oxidative medications.



Other β-Thalassemia Syndromes
The β-thalassemia syndromes are broken into six
groups: β-thalassemia, δβ-thalassemias, γ-
thalassemias, δ-thalassemias, ϵγδβ-thalassemias,
and the HPFH syndrome. Most of these
thalassemias are relatively rare, some being found
only in family groups. The β-thalassemias can also
be classified clinically as thalassemia trait, minima,
minor, intermedia, and major, reflecting the degree
of anemia. The genetic classification does not
necessarily define the phenotype, and the degree
of anemia does not always predict the genetic
classification.


