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Hemoglobin Disorders

• Most common human mendelian genetic diseases

 

➢ Qualitative ---- Hemoglobinopathies like Sickle Cell Disease

➢ Quantitative ---- Thalassemia

 

• Almost all are autosomal recessive disorders

• Family history of anemia

• In addition to pallor and jaundice, splenomegaly is often present



Globin gene clusters
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Geographical Distribution of Thalassemia
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Pathophysiology of Thalassemia

Decreased production of aaaa or bbbb globin

Imbalance between aaaa and bbbb globin

Globins in excess precipitate and damage the RBC membrane

Ineffective erythropoiesis

Anemi
a

Increased intestinal
iron absorption

Extramedullary
hematopoiesis

Bone marrow
expansion



Condition Hgb F Hgb A2

Beta thalassemia trait
Normal or
Increased
(1 – 10%)

Increased
(3 – 10%)

Alpha thalassemia
trait

Normal
(0 – 2%)

Normal or Decreased
(0 – 2.5%)

Iron deficiency
anemia

Normal
(0 – 2%)

Normal or Decreased
(0 – 2.5%)

      Normal Hgb F:  ≈ 0 – 2%*              Normal Hgb A2:  ≈ 2 – 3%*

Key Points:
Beta thalassemia trait: diagnosis can be confirmed by electrophoresis.
Alpha thalassemia trait: diagnosis of exclusion (electrophoresis may be
normal).
Iron deficiency anemia: mimics a-thalassemia trait, masks b-thalassemia
trait.
Treat iron deficiency before performing electrophoresis.

Basics of Electrophoresis
Differentiation of thalassemia trait from mild iron deficiency anemia



 



α Thalassemia
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Pathophysiology

• Gene deletions are the most common α thalassemia events (vs.
mutations)

• Unpaired γ-globin chains form γ4 or Hb Bart’s; in fetus
• Unpaired β-globin chains, tetramerize as β4 or HbH; in adults
 
• Both Hb Bart’s and HbH have very high O2 affinity and do not

unload O2 in tissues
 
• Severe anemia in Hb Bart’s hydrops fetalis result in death
• Unstable HbH leads to oxidative membrane damage with

extravascular hemolysis in the spleen and ineffective erythropoiesis



Diagnosis

• Microcytosis/hypochromia with nearly normal Hb concentrations
• Absence of iron deficiency
• Normal HbA2 level
• Genetic counseling
• HbH disease, varying levels of reticulocytosis, 20–30% Hb Bart’s

at birth
• In adults, traces to 40% HbH are present
• HbH inclusions staining with brilliant cresyl blue
• Hb Bart’s hydrops fetalis is predominantly Hb Bart’s with some

Hb Portland if the deletion removing α-globin genes preserves the
ζ-globin gene.

Trait

HbH

Bart



HbH supravital stain



Symptoms severity

• No symptoms
• Normal hemoglobin
• Heterogeneous phenotype
• More severe if HbCS is present in genotype
• Hepatosplenomegaly , jaundice
• Thalassemic bone changes in the face
• Growth impairment
 

• Preeclampsia, polyhydramnios, and antepartum hemorrhage

Trait

HbH

Bart



Management

• No transfusion needed unless severe anemia/pregnancy
• No iron supplement unless IDA
• Iron store checks in intervals
 
• Hb Bart’s hydrops fetalis is best prevented by screening couples at

risk and antenatal diagnosis
• Intrauterine therapy and perinatal intensive care
• Best to prevent



 



β Thalassemia

• Mediterranean / Cooley anemia



Pathophysiology

• Single nucleotide changes are the most common β thalassemia
mutations (vs. gene deletions)

• Promoter elements causing mild and sometimes silent β+ thalassemia

• Translation mutations causing β0 thalassemia

• Nonsense mutations causing β0 thalassemia

• Unstable α-globin chains accumulate in excess, causing
membrane lipid oxidation and damage

• Intramedullary destruction of erythroid precursors known as
ineffective erythropoiesis

• Extra- and intravascular hemolysis
• Severe anemia leads to bone marrow expansion;



Pathophysiology



Diagnosis

• Mild or no anemia
• Microcytic/hypochromic erythrocytes with no increase in

reticulocyte count
• Elevated level of HbA2 and perhaps HbF
• Genetic counseling
 
• Hemolytic anemia
• Hypochromia, microcytosis
• Reticulocytosis, marked anisocytosis, and poikilocytosis with

nucleated red cells

Carrier/Trait

Major



β Thalassemia smear



Inheritance



Complications



Therapy for Thalassemia Intermedia/Major

• The goals of treatment for the thalassemia syndromes are to:

• maintain optimal levels of Hb for growth and development in children,

      appropriate activity at all ages.

• minimize the complications related to ineffective erythropoiesis, by adequately
suppressing patient’s own (endogenous) marrow activity.

• prevent complications related to the therapy of the disease.

• improve longevity while maintaining a good quality of life.



It is important to approach management with the idea that there is
spectrum of severity between thalassemia major and thalassemia
intermedia, and that patients may move on that continuum with

increasing severity of clinical disease



Therapy for Thalassemia Intermedia/Major

• Chronic transfusions (“hyper transfusion”)
• Every 2-4 weeks (goal Hb ≈ 9-10.5 g/dL)
       in patients with clinical thalassemia intermedia, (complex and
involve patient and family preference)
degree of anemia and bone changes related to ineffective
erythropoiesis, degree of extramedullary hematopoiesis, and
complications such as spinal cord compression, nonhealing leg
ulcers, or progressive symptoms related to anemia.
• Stress times: severe infections, surgery , or pregnancy

• limited extended phenotype of the recipient red cells, including
the C, D, E, and Kell red cell antigens to minimize



 

• Chelation therapy for iron overload or secondary hemochromatosis:

• serum ferritin levels , liver biopsy and quantitative iron measurement(magnetic resonance
techniques) …….recommended annually.

• liver iron concentration,less than 1.5 mg/g dry weight,

• myocardial iron level measures as a T2* value, normally longer than 20 milliseconds.(not
performed until the child is older than 10 years)

• Chelation will start when: serum ferritin of 1000 mcg/dL or received 15 transfusions

• Oral chelating agents; deferasirox and deferiprone

• Intravenous chelator; deferoxamine

 

• Started early, be uninterrupted, and continue lifelong

 



 

 



 

 



 

 



 

 



 

 



SPLENECTOMY

• Splenectomy : (TDT and NTDT)

• To minimize the risk of spontaneous or traumatic rupture of a large spleen ,the spleen was
surgically removed.

• Avoid dropping Hb level,

• Compliation:

• Thrombocytosis/ increases risk of developing vascular disease/pulmonary
hypertension/silent cerebral infarcts

• Contraindication:

• children younger than5 years ….. risk of pneumococcal infection

• Prophylaxis of vaccines /Empirical antibiotic



SCT for Thalassemia Major

• For patients with available donors
• Quality of life in successfully transplanted patients is better
• Transplantation from matched sibling donors is curative in >80%
 
• The best results are in the youngest patients who have been

effectively chelated and received fewer transfusions
 
• Results of haploidentical and unrelated donor transplants are

improving but lag those of matched sibling donors



 

 



Luspatercept

• A fusion protein containing the extracellular domain of human activin
type IIB receptor and the Fc domain of human IgG,

• Approved for treatment of transfusion-dependent thalassemia
 
• Enhances late-stage erythropoiesis
• Subcutaneously, 1 mg/kg every 3 weeks
• 33% reduction in transfusion requirements



 

 



Gene therapy

• Lentiviral mediated gene therapy using autologous CD34+
hematopoietic stem cells for patients who lack a matched donor

 
• The initial results of CRISPR/Cas editing to downregulate

BCL11A in β thalassemia have eliminated the need for
transfusion and normalized hemoglobin levels

 
• (autologous CD34+ cells encoding the β A-T87Q-globin gene)

(Zynteglo) to treat transfusion-dependent β+ thalassemia in
patients 12 years and older, who are eligible for stem cell
transplantation but do not have a matched related donor.(June



Other thalassemia syndromes



Other hemoglobinopathies

mild

mild



Hb C Disease

Hb C crystals



Questions


