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HAEMATOLOGICAL DISEASE-II

Abstract

Hematological diseases include various
inherited disorders that affect the production
and function of blood cells. Sickle cell
anemia and thalassemia are two significant
genetic blood disorders. Sickle cell anemia is
characterized by the production of abnormal
hemoglobin S, which causes red blood cells
to become rigid and crescent-shaped. The
pathophysiology involves the polymerization
of hemoglobin S wunder low oxygen
conditions, leading to vaso-occlusive crises
and hemolysis. Epidemiologically, sickle cell
anemia predominantly affects individuals of
African, Mediterranean, Middle Eastern, and
Indian ancestry. Symptoms include severe
pain episodes, anemia, swelling in the hands
and feet, frequent infections, and delayed
growth. Diagnosis is confirmed through

hemoglobin  electrophoresis.  Treatment
focuses on managing symptoms and
preventing complications through pain
management, hydroxyurea, blood

transfusions, and bone marrow transplants.
Complications can include stroke, acute chest
syndrome, organ damage, and increased risk
of infections. Prevention strategies involve
genetic counseling and prenatal screening.
Thalassemia is another inherited blood
disorder characterized by reduced or absent
production of one or more globin chains,
leading to ineffective erythropoiesis and
hemolysis. There are two main types: alpha
and beta thalassemia, depending on which
globin chain is affected. Epidemiologically,
thalassemia is most common in individuals of
Mediterranean, Middle Eastern, South Asian,

and African descent. Symptoms vary
depending on the severity and include
anemia, fatigue, bone deformities, and

growth delays. Severe forms, such as beta-
thalassemia major, present early in life and
require regular blood transfusions. Diagnosis
involves blood tests showing microcytic
hypochromic anemia and genetic testing.
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Treatment for severe thalassemia includes
regular blood transfusions, iron chelation
therapy to prevent iron overload, and bone
marrow transplants. Complications can
include heart and liver disease due to iron
overload, growth retardation, and increased
risk of infections. Prevention strategies
include genetic counseling, carrier screening,
and prenatal diagnosis to manage and reduce
the incidence of these disorders.
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I. SICKLE CELL ANEMIA
Introduction

Sickle cell anemia is a genetic disorder characterized by the production of abnormal
hemoglobin, known as hemoglobin S (HbS). This condition leads to the deformation of red
blood cells (RBCs) into a sickle shape, which can cause blockages in blood vessels and result
in various complications.

Pathophysiology
1. Genetic Mutation
a. Hemoglobin S Production: Sickle cell anemia is caused by a mutation in the HBB
gene on chromosome 11, leading to the production of hemoglobin S instead of normal
hemoglobin A.
b. Inheritance Pattern: It follows an autosomal recessive pattern. Individuals with two
copies of the mutated gene (homozygous) have sickle cell anemia, while those with
one copy (heterozygous) are carriers (sickle cell trait).

2. Red Blood Cell Deformation
a. Sickle Shape: Hemoglobin S causes RBCs to assume a rigid, crescent or sickle shape,
particularly under low oxygen conditions.
b. Cell Rigidity and Aggregation: Sickle-shaped cells are less flexible and more prone
to clumping together, leading to blockages in small blood vessels.

3. Vaso-Occlusive Crises
a. Blockage of Blood Flow: The sickle cells can obstruct blood flow, leading to tissue
ischemia and pain. This can cause acute vaso-occlusive crises.
b. Chronic Organ Damage: Repeated blockages and ischemia can lead to chronic
damage in organs such as the spleen, liver, kidneys, and bones.

4. Hemolysis
a. Destruction of RBCs: Sickle cells have a shorter lifespan (10-20 days compared to
the normal 120 days), leading to chronic hemolytic anemia.
b. Increased Bilirubin: Hemolysis releases hemoglobin into the bloodstream, which is
converted to bilirubin, potentially causing jaundice.

Epidemiology
1. Prevalence
a. Global: Sickle cell anemia is most common in sub-Saharan Africa, the Middle East,
and parts of India and the Mediterranean.
b. United States: It affects about 1 in 365 African-American births and 1 in 16,300
Hispanic-American births.

2. Carrier Frequency
a. High Incidence in Endemic Regions: In regions where malaria is prevalent, the
sickle cell trait provides a selective advantage, resulting in higher carrier rates.
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Symptoms and Complications

Symptoms

. Pain Crises: Acute pain episodes due to vaso-occlusive crises.

Anemia Symptoms: Fatigue, pallor, and shortness of breath.

Frequent Infections: Due to spleen damage and impaired immune function.
Delayed Growth: In children, due to chronic anemia and pain.

Jaundice: Resulting from hemolysis and increased bilirubin levels.
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Complications

Acute Chest Syndrome: A life-threatening condition involving chest pain, fever, and
difficulty breathing, often triggered by infection or vaso-occlusive crisis.

Stroke: Due to blockages in cerebral vessels, leading to neurological deficits.

Organ Damage: Chronic damage to the spleen, liver, kidneys, and bones.

Leg Ulcers: Chronic skin ulcers, particularly on the lower legs.

Priapism: Painful, prolonged erections in males due to blocked blood flow.
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Diagnosis

Diagnostic Tests

1. Hemoglobin Electrophoresis: Identifies hemoglobin S, confirming the diagnosis of
sickle cell anemia.

2. Complete Blood Count (CBC): Shows anemia and an increased number of reticulocytes
(immature RBCs).

3. Peripheral Blood Smear: Reveals sickle-shaped cells and possible Howell-Jolly bodies
(indicative of splenic dysfunction).

4. Prenatal Testing: For identifying sickle cell anemia in newborns or during pregnancy,
through chorionic villus sampling or amniocentesis.

Additional Tests

1. Genetic Testing: To confirm the presence of mutations in the HBB gene and identify
carriers.

2. Imaging Studies: Such as ultrasound to assess organ damage or to monitor complications
like stroke.

Treatment

Supportive Care

1. Pain Management: Analgesics, including opioids and non-steroidal anti-inflammatory
drugs (NSAIDs), to manage pain crises.

2. Hydration: Maintaining adequate fluid intake to reduce blood viscosity and prevent
sickling.

Medications

1. Hydroxyurea: Increases fetal hemoglobin (HbF) levels, which can reduce the frequency
of pain crises and other complications.

2. Folic Acid Supplements: To support red blood cell production and mitigate anemia.

3. Antibiotics: To prevent infections, particularly in patients with spleen damage.
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Blood Transfusions

1. Regular Transfusions: To manage severe anemia or prevent stroke in high-risk
individuals.

2. Exchange Transfusions: To reduce the proportion of sickle cells in the bloodstream
during acute complications.

Curative Treatments
1. Bone Marrow Transplantation: The only potential cure for sickle cell anemia, used in
selected patients. Involves replacing defective bone marrow with healthy donor marrow.

Emerging Therapies
1. Gene Therapy: Research is ongoing into gene editing technologies, such as
CRISPR/Cas9, to correct the sickle cell mutation.

Complications

1. Chronic Pain: Persistent pain due to repeated vaso-occlusive crises.

2. Organ Failure: Progressive damage to organs, including the spleen, liver, kidneys, and
heart.

3. Increased Risk of Infections: Due to compromised spleen function and weakened
immune system.

4. Developmental Delays: In children, including delays in physical and cognitive
development.

Prevention

Primary Prevention
1. Genetic Counseling: For couples at risk, particularly in regions where sickle cell disease
is common, to understand the risk and make informed reproductive choices.

Secondary Prevention

1. Newborn Screening: Early detection and management to improve outcomes.

2. Regular Monitoring and Care: Routine check-ups to manage symptoms and prevent
complications.

Tertiary Prevention

1. Education and Support: Providing patients and families with information about
managing the disease and accessing support services.

Sickle cell anemia management focuses on alleviating symptoms, preventing complications,

and improving the quality of life for affected individuals. Advances in research continue to

offer hope for more effective treatments and potential cures.

Thalassemia

Introduction

Thalassemia is a group of inherited blood disorders characterized by the reduced production
of hemoglobin, the protein in red blood cells responsible for oxygen transport. This leads to
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anemia and other related complications. The condition results from mutations in the genes
responsible for hemoglobin production, affecting either the alpha or beta globin chains.

Pathophysiology
1. Genetic Mutations
a. Alpha Thalassemia: Caused by mutations in the genes responsible for alpha globin
chain production (HBA1 and HBAZ2). There are four alpha globin genes, and the
severity of the disease depends on the number of affected genes.
b. Beta Thalassemia: Caused by mutations in the HBB gene, which codes for the beta
globin chain. There are two beta globin genes, and the severity depends on the nature
of the mutations.

2. Impaired Hemoglobin Production
a. Alpha Thalassemia: Results in reduced alpha globin chain production, leading to
excess beta globin chains that form unstable hemoglobin.
b. Beta Thalassemia: Results in reduced beta globin chain production, leading to excess
alpha globin chains that aggregate, forming unstable hemoglobin.

3. Ineffective Erythropoiesis
a. Bone Marrow Expansion: Due to ineffective erythropoiesis, the body tries to
produce more red blood cells, leading to expansion of the bone marrow and
potentially causing bone deformities.
b. Hemolysis: Abnormal red blood cells are destroyed prematurely, leading to chronic
anemia.

4. Compensatory Mechanisms
a. Extramedullary Hematopoiesis: To compensate for ineffective erythropoiesis, blood
cell production may occur in the spleen and liver, leading to organ enlargement.

Epidemiology
1. Global Prevalence
a. Alpha Thalassemia: Common in Southeast Asia, sub-Saharan Africa, and the
Mediterranean region.
b. Beta Thalassemia: Common in the Mediterranean Basin, the Middle East, Central
Asia, and parts of Africa and South Asia.
2. Carrier Rates
a. Alpha Thalassemia: Higher in regions with high malaria prevalence, as carriers may
have some protection against malaria.
b. Beta Thalassemia: Higher in regions where thalassemia has been historically
prevalent.

Symptoms and Complications

Symptoms
1. General Symptoms: Fatigue, weakness, and pallor due to anemia.

2. Alpha Thalassemia
a. Mild Cases: Often asymptomatic or with mild anemia.
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b. Severe Cases (Hemoglobin H Disease): Symptoms can include jaundice,
splenomegaly, and bone deformities.

3. Beta Thalassemia
a. Beta Thalassemia Minor (Trait): Mild anemia and often asymptomatic.
b. Beta Thalassemia Major (Cooley's Anemia): Severe anemia, growth retardation,
bone deformities, splenomegaly, and liver enlargement.

Complications

1. Iron Overload: Due to frequent blood transfusions, which can lead to damage of organs
such as the heart, liver, and endocrine glands.

2. Bone Deformities: Thinning of bones and expansion of bone marrow can lead to skeletal
abnormalities.

3. Endocrine Disorders: Such as diabetes mellitus and hypoparathyroidism due to iron
deposition in endocrine organs.

4. Infections: Increased risk of infections due to splenectomy or compromised spleen
function.

Diagnosis

Diagnostic Tests

1. Complete Blood Count (CBC): Shows anemia and abnormal red blood cell indices.

2. Hemoglobin Electrophoresis: Identifies abnormal hemoglobin patterns; useful for
diagnosing beta thalassemia.

3. Genetic Testing: Detects mutations in the alpha or beta globin genes for precise
diagnosis.

4. Peripheral Blood Smear: Reveals microcytic, hypochromic red blood cells and target
cells.

5. lron Studies: To assess iron levels and differentiate thalassemia from iron deficiency
anemia.

Additional Tests

1. Bone Marrow Biopsy: May be performed in severe cases to evaluate erythropoiesis.

2. Prenatal Testing: Includes chorionic villus sampling (CVS) or amniocentesis for early
diagnosis in at-risk pregnancies.

Treatment

Supportive Care

1. Blood Transfusions: Regular transfusions to manage anemia, particularly in beta
thalassemia major.

2. lron Chelation Therapy: To prevent iron overload from repeated transfusions. Agents
include deferoxamine, deferasirox, and deferiprone.

Specific Treatments

1. Alpha Thalassemia: Management varies depending on severity; severe cases may
require regular blood transfusions.

2. Beta Thalassemia
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a. Hydroxyurea: Increases fetal hemoglobin (HbF) levels, which can reduce symptoms.
b. Bone Marrow Transplantation: The only potential cure, suitable for some patients
with a suitable donor.

Emerging Therapies

1. Gene Therapy: Research into correcting the genetic mutations responsible for
thalassemia.

2. Gene Editing: Techniques like CRISPR/Cas9 are being explored to directly correct
mutations.

Complications

1. Iron Overload: Leading to heart disease, liver cirrhosis, and endocrine dysfunction.

2. Bone Abnormalities: Such as osteopenia and osteoporosis.

3. Endocrine Dysfunction: Including diabetes and hypothyroidism due to iron deposition.
4. Growth Delays: Particularly in children with severe forms of thalassemia.

Prevention

Primary Prevention
1. Genetic Counseling: For individuals with a family history or in regions with high
prevalence, to understand risks and reproductive options.

Secondary Prevention

1. Prenatal Screening: To identify thalassemia in at-risk pregnancies and provide early
management.

2. Newborn Screening: Early detection to initiate treatment and improve outcomes.

Tertiary Prevention

1. Regular Monitoring: For patients receiving transfusions to manage iron levels and
prevent complications.

2. Education: To inform patients and families about disease management and preventive
measures.

Effective management of thalassemia involves a combination of supportive care, specific
treatments, and preventive strategies to improve quality of life and reduce complications.
Advances in research continue to enhance treatment options and offer hope for future cures.
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