Edited Book of Pathophysiology
ISBN: 978-93-6252-682-3

1P Series, Chapter- 7
HAEMATOLOGICAL DISEASE-I

HAEMATOLOGICAL DISEASE-I

Abstract Author

Hematological diseases encompass a wide Mr. Abu Tahir
range of disorders affecting blood Assistant Professor
components, including red and white blood Rajiv Gandhi Institute of Pharmacy
cells, platelets, and the coagulation system. Faculty of Pharmaceutical Science &
Iron deficiency anemia (IDA) and Technology
megaloblastic anemia are two common types AKS University Satna, (M.P.)
of hematological disorders. lron deficiency

anemia occurs when there is insufficient iron

to produce hemoglobin, leading to reduced

oxygen-carrying capacity of the blood. The

pathophysiology involves depleted iron

stores due to inadequate dietary intake,

malabsorption, or chronic blood loss.
Epidemiologically, IDA is the most common

nutritional deficiency worldwide, particularly

affecting women and children. Symptoms

include fatigue, pallor, shortness of breath,

and dizziness. Diagnosis is made through

blood tests showing low hemoglobin,

hematocrit, and serum ferritin  levels.

Treatment involves iron supplementation and

addressing the underlying cause.

Complications of untreated IDA can include

heart problems and developmental delays in

children. Prevention focuses on adequate

dietary iron intake and early intervention in

at-risk populations. Megaloblastic anemia, on

the other hand, is caused by deficiencies in

vitamin B12 or folic acid, leading to impaired

DNA synthesis and the production of

abnormally large red blood cells. The

pathophysiology involves insufficient intake,

malabsorption, or increased requirements of

these vitamins. Epidemiologically, it is

prevalent in populations with poor nutrition,

the elderly, and individuals  with

malabsorption syndromes. Symptoms include

fatigue, weakness, pallor, and neurological

deficits such as numbness and cognitive

changes in vitamin B12 deficiency.

Diagnosis is confirmed through blood tests

showing megaloblastic changes in red blood

cells and low levels of vitamin B12 or folic

acid. Treatment includes supplementation
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with the deficient vitamin and managing the
underlying cause. Complications can include
severe neurological damage in untreated
vitamin B12 deficiency and increased risk of
cardiovascular diseases. Prevention involves
ensuring adequate dietary intake of vitamin
B12 and folic acid, particularly in vulnerable
groups such as vegetarians, pregnant women,
and the elderly.
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INTRODUCTION

Hematological Diseases

Hematological diseases affect the blood, bone marrow, and lymphatic systems. They can
impact the production, function, and quality of blood cells and can be broadly classified into
several categories:

1.

Anemias: Conditions characterized by a deficiency in the number or quality of red blood

cells (RBCs) or hemoglobin, leading to reduced oxygen delivery to tissues. Examples

include:

a. lron Deficiency Anemia: Caused by a lack of iron, which is crucial for hemoglobin
production.

b. Vitamin B12 and Folate Deficiency Anemia: Resulting from insufficient vitamin
B12 or folate, essential for RBC production.

c. Aplastic Anemia: A condition where the bone marrow fails to produce adequate
amounts of blood cells.

Leukemias: Cancers of the blood and bone marrow characterized by the overproduction

of abnormal white blood cells (WBCs). Types include:

a. Acute Lymphoblastic Leukemia (ALL): A rapid-growing leukemia affecting
lymphoblasts.

b. Acute Myeloid Leukemia (AML): Affects myeloid cells and progresses quickly.

c. Chronic Lymphocytic Leukemia (CLL): A slow-growing leukemia affecting B
lymphocytes.

d. Chronic Myeloid Leukemia (CML): Affects myeloid cells and is characterized by
the presence of the Philadelphia chromosome.

Lymphomas: Cancers that originate in the lymphatic system. Major types are:

a. Hodgkin Lymphoma: Characterized by the presence of Reed-Sternberg cells.

b. Non-Hodgkin Lymphoma: A diverse group of blood cancers that includes various
subtypes, such as diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma.

Myeloma: Cancer of plasma cells in the bone marrow, leading to the production of
abnormal antibodies. Multiple Myeloma is the most common form, characterized by
bone pain, anemia, and kidney dysfunction.

Bleeding Disorders: Conditions that impair blood clotting, leading to excessive bleeding

or bruising. Examples include:

a. Hemophilia: A genetic disorder resulting in insufficient clotting factors.

b. Von Willebrand Disease: A bleeding disorder caused by a deficiency or dysfunction
of von Willebrand factor.

Polycythemia: Conditions characterized by an overproduction of red blood cells.
Polycythemia Vera is a primary form associated with JAK2 mutation.

Endocrine System

The endocrine system is responsible for producing and regulating hormones that control
various physiological processes. Key components include:
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Hypothalamus: Regulates the pituitary gland and controls the release of hormones that

influence growth, metabolism, and stress responses.

Pituitary Gland: Known as the "master gland,” it secretes hormones that regulate other

endocrine glands. It has two main lobes:

a. Anterior Pituitary: Produces hormones like growth hormone (GH),
adrenocorticotropic  hormone (ACTH), thyroid-stimulating hormone (TSH),
luteinizing hormone (LH), and follicle-stimulating hormone (FSH).

b. Posterior Pituitary: Releases hormones such as oxytocin and antidiuretic hormone
(ADH) produced by the hypothalamus.

Thyroid Gland: Produces thyroid hormones (thyroxine T4 and triiodothyronine T3) that

regulate metabolism, energy levels, and growth.

Parathyroid Glands: Secrete parathyroid hormone (PTH), which regulates calcium and

phosphate levels in the blood and bones.

Adrenal Glands: Located on top of the kidneys, they produce hormones such as cortisol

(involved in stress response), aldosterone (regulates blood pressure), and adrenal

androgens.

Pancreas: Functions as both an endocrine and exocrine gland. The endocrine component

produces insulin and glucagon, which regulate blood sugar levels.

Gonads

a. Ovaries: Produce estrogen and progesterone, which regulate reproductive functions
and secondary sexual characteristics.

b. Testes: Produce testosterone, which regulates sperm production and secondary sexual
characteristics.

Pineal Gland: Produces melatonin, which regulates sleep-wake cycles.

Interactions between Hematological Diseases and the Endocrine System

1.

Endocrine Disorders and Blood Cell Production: Conditions like hypothyroidism or
hyperthyroidism can affect red and white blood cell production. For example,
hypothyroidism can lead to anemia, while hyperthyroidism might cause increased red cell
turnover.

Adrenal Disorders: Diseases such as Addison's disease (adrenal insufficiency) or
Cushing's syndrome (excess cortisol) can impact various blood parameters, including
blood pressure and glucose levels.

Diabetes and Hematological Health: Chronic diabetes can lead to various hematological
complications, including an increased risk of infections due to impaired immune function.

HEMATOLOGICAL DISEASES

Iron deficiency

Introduction

Iron deficiency is one of the most common nutritional deficiencies worldwide, impacting
various aspects of hematological and endocrine health. Iron is crucial for producing
hemoglobin, which transports oxygen in the blood. Iron deficiency can lead to anemia and
various systemic issues, impacting overall health and quality of life.
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Pathophysiology

Iron deficiency impairs hemoglobin production due to insufficient iron availability.
Hemoglobin is essential for oxygen transport in the blood, and low iron levels reduce its
synthesis, leading to decreased oxygen delivery to tissues.

The pathophysiology of iron deficiency anemia (IDA) involves:

1. Reduced Hemoglobin Production: Low iron levels limit the synthesis of hemoglobin,
leading to smaller and fewer red blood cells (RBCs).

2. Impaired Oxygen Transport: Anemia reduces the blood’s oxygen-carrying capacity,
affecting cellular metabolism and function.

3. Increased Erythropoiesis: The body tries to compensate by increasing red blood cell
production, which may not be effective without adequate iron.

Epidemiology

Iron deficiency is prevalent globally and can affect any age group. The incidence varies by

region and demographic factors:

1. Infants and Children: Rapid growth and increased iron requirements make them
vulnerable. Iron deficiency is common in developing countries due to poor diet and
inadequate breastfeeding.

2. Pregnant Women: Increased iron needs due to fetal development and blood volume

expansion.

Women of Reproductive Age: Menstrual blood loss can contribute to iron deficiency.

4. Elderly: Chronic diseases, poor dietary intake, and gastrointestinal bleeding can lead to
iron deficiency.

5. Athletes: Increased iron loss through sweat and high demand can result in deficiency.

w

Symptoms and Complications

Symptoms of Iron Deficiency

1. Fatigue and Weakness: Due to reduced oxygen delivery to tissues.

2. Paleness: Due to low hemoglobin levels.

3. Shortness of Breath and Dizziness: Especially during physical activity.

4. Cold Hands and Feet: Due to poor circulation.

5. Brittle Nails and Hair Loss: Reflecting poor cellular function.

6. Pica: Craving for non-nutritive substances like ice, dirt, or starch.

Complications

1. Severe Anemia: Can lead to cardiovascular complications, including heart failure.

2. Pregnancy Complications: Increased risk of preterm birth, low birth weight, and
postpartum depression.

3. Impaired Cognitive and Developmental Function: In children, iron deficiency can

affect cognitive development and academic performance.
Diagnosis

Diagnostic Tests
1. Complete Blood Count (CBC): To evaluate red blood cell count, hemoglobin levels, and
hematocrit.
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2. Serum Ferritin: Measures the amount of stored iron in the body. Low levels indicate
iron deficiency.

3. Serum lIron: Measures the amount of circulating iron. Low levels can indicate
deficiency.

4. Total Iron-Binding Capacity (TIBC): Elevated in iron deficiency; measures the blood’s
ability to bind iron.

5. Transferrin Saturation: Low percentage indicates iron deficiency.

Additional Tests

1. Peripheral Blood Smear: To observe red blood cell morphology (e.g., microcytic,
hypochromic cells).

2. Bone Marrow Aspiration: In some cases, to evaluate iron stores if the diagnosis is
unclear.

Treatment

Iron Supplementation

1. Oral Iron Supplements: Ferrous sulfate, ferrous gluconate, or ferrous fumarate are
commonly used. Usually prescribed at a dose of 100-200 mg of elemental iron per day.

2. Intravenous lron: For patients who cannot tolerate oral iron or have severe deficiency.
Examples include iron sucrose, ferric gluconate, and iron dextran.

Dietary Changes

1. Iron-Rich Foods: Incorporate sources like red meat, poultry, fish, lentils, beans, and
fortified cereals.

2. Vitamin C: Enhances iron absorption. Include citrus fruits, tomatoes, and peppers in the
diet.

Addressing Underlying Causes

1. Gastrointestinal Disorders: Treat conditions like peptic ulcers or celiac disease that may
contribute to iron deficiency.

2. Menstrual Issues: Address heavy menstrual bleeding with appropriate treatments.

Prevention

General Recommendations

1. Balanced Diet: Ensure adequate intake of iron-rich foods, particularly in high-risk
populations.

2. lron Supplementation: For at-risk groups such as pregnant women, infants, and
individuals with chronic conditions.

3. Regular Screening: For populations at risk (e.g., pregnant women, children, and the
elderly) to detect iron deficiency early.

4. Education and Awareness: Promote dietary diversity and awareness of iron-rich foods
and proper supplement use.

Specific Interventions
1. Pregnant Women: Routine iron supplementation during pregnancy.
2. Infants and Children: Supplementation and dietary guidance to prevent deficiency.
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Effective management of iron deficiency involves a combination of appropriate treatment,
addressing underlying causes, and preventive measures to ensure optimal health outcomes.

Megaloblastic anemia (Vit B1, and folic acid):
Introduction

Megaloblastic anemia is a type of anemia characterized by the presence of abnormally large
and immature red blood cells (megaloblasts) in the bone marrow and peripheral blood. It is
primarily caused by deficiencies in vitamin B12 (cobalamin) or folic acid (vitamin B9), both
of which are essential for proper DNA synthesis and red blood cell maturation.

Pathophysiology
1. Vitamin B12 Deficiency
a. Impaired DNA Synthesis: Vitamin B12 is essential for DNA synthesis and cell
division. Its deficiency leads to impaired DNA replication, resulting in the production
of large, immature red blood cells.
b. Neurological Effects: Vitamin B12 is also crucial for maintaining myelin sheaths in
nerves. Deficiency can lead to neurological symptoms due to demyelination.

2. Folic Acid Deficiency
a. Impaired Cell Division: Folic acid is vital for DNA synthesis and cell division.
Deficiency leads to the production of large, dysfunctional red blood cells.
b. Effect on Rapidly Dividing Cells: Folic acid deficiency affects rapidly dividing
cells, including those in the bone marrow, leading to megaloblastic anemia.

In both deficiencies, the bone marrow produces large, immature red blood cells that are
released into the bloodstream, where they cannot function effectively.

Epidemiology
1. Vitamin B12 Deficiency
a. More common in older adults due to decreased absorption in the gastrointestinal tract.
b. Higher prevalence in individuals with gastrointestinal disorders (e.g., Crohn's disease,
pernicious anemia) or those undergoing gastric surgery.
c. Vegetarians and vegans are at higher risk due to the absence of vitamin B12 in plant-
based diets.

2. Folic Acid Deficiency
a. Common in pregnant women due to increased demand.
b. Higher incidence in individuals with poor dietary intake, alcoholism, or malabsorption
issues (e.g., celiac disease).
c. Certain medications (e.g., methotrexate, antiepileptics) can interfere with folic acid
metabolism.
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Symptoms and Complications

Symptoms
1. General Anemia Symptoms: Fatigue, weakness, pallor, and shortness of breath.
2. Vitamin B12 Deficiency Symptoms
a. Neurological Symptoms: Numbness or tingling in extremities, difficulty walking,
and memory loss.
b. Glossitis: Inflammation of the tongue.
c. Mood Changes: Depression or irritability.

3. Folic Acid Deficiency Symptoms
a. Glossitis and Mouth Ulcers: Inflammation and sores in the mouth.
b. Diarrhea: Gastrointestinal discomfort.
c. Pregnancy Complications: Neural tube defects in the fetus if deficiency occurs
during pregnancy.

Complications

1. Neurological Damage: Irreversible neurological damage if vitamin B12 deficiency is not
treated promptly.

2. Pregnancy Complications: Increased risk of birth defects, including neural tube defects
in the baby.

3. Impaired Immune Function: Both deficiencies can impact immune system function,
leading to increased susceptibility to infections.

Diagnosis

Diagnostic Tests
1. Complete Blood Count (CBC): Shows macrocytic anemia with high mean

corpuscular volume (MCV).

Peripheral Blood Smear: Reveals megaloblasts and hypersegmented neutrophils.

Serum Vitamin B12 Levels: Low levels indicate deficiency.

Serum Folate Levels: Low levels indicate deficiency.

Methylmalonic Acid (MMA): Elevated in vitamin B12 deficiency.

Homocysteine Levels: Elevated in both vitamin B12 and folic acid deficiencies, but

more specific to vitamin B12 deficiency.

Additional Tests

1. Intrinsic Factor Antibodies: To diagnose pernicious anemia (a common cause of
vitamin B12 deficiency).

2. Bone Marrow Biopsy: In some cases, to assess for megaloblasts and rule out other
causes of anemia.

ok wn

Treatment

Vitamin B12 Deficiency

1. Oral Supplements: Typically prescribed at 1,000-2,000 upg daily if absorption is
adequate.

2. Intramuscular Injections: 1,000 pg of vitamin B12 administered intramuscularly
weekly or monthly, depending on the severity and cause of the deficiency.
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Folic Acid Deficiency

1. Oral Supplements: Typically prescribed at 1 mg daily.

2. Dietary Changes: Increase intake of folate-rich foods such as leafy greens, legumes, and
fortified cereals.

Addressing Underlying Causes

1. Vitamin B12 Malabsorption: Treat underlying conditions like pernicious anemia or
gastrointestinal issues.

2. Folic Acid Absorption Issues: Address any underlying causes, such as malabsorption
syndromes or drug interactions.

Complications

1. Neurological Damage: Especially in vitamin B12 deficiency, if treatment is delayed.

2. Persistent Anemia: If the underlying cause is not addressed, anemia may persist or recur.

3. Pregnancy Complications: Inadequate folic acid intake during pregnancy can lead to
serious fetal developmental issues.

Prevention

General Recommendations

1. Balanced Diet: Ensure adequate intake of vitamin B12 and folic acid through a varied
diet.

2. Supplements: For individuals at risk, such as the elderly, pregnant women, and those
with malabsorption issues.

Specific Interventions

1. Pregnant Women: Routine supplementation of folic acid to prevent neural tube defects.
2. Vegetarians and Vegans: Regular vitamin B12 supplementation or fortified foods.

3. Elderly Individuals: Regular screening and supplementation if needed.
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