Chapter 14 The Hematopoietic and Lymphatic Systems

Composition and Function of Human Blood

COMPOSITION

Five quarts of blood in adult male.

Contains formed elements suspended in plasma.

NORMAL HEMATOPOIESIS

Marrow comparable to manufacturing plant.

Requires raw materials: iron, vitamin B12, folic acid, and protein.

Erythropoiesis regulated by erythropoietin.
Anemia

ETIOLOGIC CLASSIFICATION

Inadequate raw materials.

“Factory” damaged or inoperative.

Excessive loss of red cells.

MORPHOLOGIC CLASSIFICATION

Normocytic anemia: normal-sized cells.

Macrocytic anemia: larger than normal cells.

Hypochromic microcytic anemia: small cells with reduced hemoglobin content.

IRON METABOLISM AND HEMATOPOIESIS

Iron is absorbed from the duodenum, transported by transferrin, and stored as ferritin.

Iron uptake normally is regulated by content of iron in the body.

About 75 percent of body iron is contained in hemoglobin.

The iron from the hemoglobin in worn-out red cells that are removed from the circulation is recycled to make hemoglobin for newly produced red cells.

Iron-Deficiency Anemia

PATHOGENESIS

Inadequate iron intake.

Depletion of iron stores: external blood loss.

TREATMENT

Establish cause and correct.

Supply supplementary iron.

Folic Acid Deficiency

PATHOGENESIS

As a result of inadequate diet or poor absorption caused by intestinal disease.

Occasionally occurs in pregnancy.

TREATMENT

Establish cause and correct.

Supply supplementary folic acid.

Vitamin B12 Deficiency

MECHANISM OF VITAMIN B12 ABSORPTION

Vitamin B12 in food combines with intrinsic factor in gastric juice.

Vitamin B12-intrinsic factor complex absorbed in ileum.

Pernicious anemia: lack of intrinsic factor.

Gastric resection/bypass: lack of intrinsic factor.

Distal small bowel resection or disease: impaired absorption of B12-intrinsic factor complex.

TREATMENT

Supply vitamin B12 intramuscularly.

Bone Marrow Suppression, Damage, or Infiltration

PATHOGENESIS

Anemia of chronic disease.

Marrow injured by drugs or chemicals.

Marrow infiltrated by tumor.

Marrow replaced by fibrous tissue.

TREATMENT

Blood transfusions.

No specific treatment in many cases.

Severe aplastic anemia treated by immunosuppressive agents or bone marrow transplant.

Acute Blood Loss or Accelerated Blood Destruction

ACUTE BLOOD LOSS

Usually the result of massive bleeding from gastrointestinal tract or uterus.

Lost blood regenerated if iron stores adequate.

HEMOLYTIC ANEMIA

Hereditary hemolytic anemia: genetic abnormality in red cells prevents normal survival.

Shape abnormalities: hereditary spherocytosis and ovalocytosis.

Abnormal hemoglobins: sickle cell anemia.

Defective hemoglobin synthesis: thalassemia.

Enzyme defects: glucose-6-phosphate dehydrogenase deficiency predisposes to episodes of acute hemolysis.

Acquired hemolytic anemia.

Caused by antibodies.

As a result of mechanical trauma: associated with marked splenomegaly or artificial heart valves.

Diagnostic Evaluation of Anemia

APPROACH

History and physical examination.

Complete blood count.

Morphologic classification of anemia: clue to etiology.

Reticulocyte count: measures red cell regeneration.

Bone marrow study: may be required to evaluate hematopoiesis.

Evaluation of blood loss from gastrointestinal tract:

Stool examination.

X-ray studies of gastrointestinal tract.

Other diagnostic procedures as indicated.

Polycythemia

SECONDARY POLYCYTHEMIA

Decreased arterial oxygen saturation leads to compensatory increase in red cells.

Chronic lung disease.

Some types of congenital heart disease.

Increased erythropoietin production by renal tumor.

PRIMARY POLYCYTHEMIA

Diffuse marrow hyperplasia of unknown cause.

Overproduction of white cells, platelets, and red cells.

Some cases evolve into granulocytic leukemia.

COMPLICATIONS

As a result of increased blood viscosity.

Increased tendency to thromboses.

TREATMENT

Primary polycythemia treated by drugs that suppress marrow function.

Secondary polycythemia treated by periodic removal of excess blood.

Iron Overload: Hemochromatosis

A common genetic disease transmitted as a Mendelian recessive trait.

Body becomes overloaded with iron, leading to secondary organ damage.

Asymptomatic person can be identified by laboratory tests.

Treatment by phlebotomy prevents late complications of iron excess.

Thrombocytopenia

CLASSIFICATION

Secondary: as a result of marrow damage or infiltration.

Primary: usually associated with antiplatelet autoantibodies.

Structure and Function of the Lymphatic System

LYMPH NODES

Function as filters.

Grouped where lymph channels converge.

Clear foreign material from lymph.

SPLEEN

Specialized to filter blood.

Phagocytosis of worn-out red cells.

THYMUS

Located at base of heart.

Concerned with prenatal development of the lymphatic system.

DEVELOPMENT OF THE LYMPHATIC SYSTEM

T and B lymphocytes formed from precursors in bone marrow.

T lymphocyte precursors processed by thymus.

T and B lymphocytes populate spleen, lymph nodes, and other lymphoid tissues.

Diseases of the Lymphatic System
LYMPHADENITIS

Infection spreads to regional lymph nodes.

Nodes become enlarged and tender.

INFECTIOUS MONONUCLEOSIS

Caused by EB virus.

Causes enlargement and tenderness of nodes.

Virus infects B lymphocytes; T lymphocytes and antibodies destroy virus.

Excessive B-cell proliferation in an immunocompromised person may cause B-cell lymphoma.

NEOPLASMS

Metastatic carcinoma: tumor spreads from primary sites to regional nodes.

Malignant lymphoma: see Chapter 10.

Lymphatic leukemia: see Chapter 10.

Alteration of Immune Reactions in Diseases of the Lymphatic System

ABNORMAL IMMUNE RESPONSE

Autoantibodies formed against red cells, white cells, and platelets.

Loss of cell-mediated or humoral immunity or both.

The Enlarged Lymph Node as a Diagnostic Problem

DIAGNOSTIC POSSIBILITIES

Localized infection.

Systemic infection.

Lymphoma.

Metastatic tumor.

INVESTIGATION

Clinical evaluation.

Laboratory studies.

Lymph node biopsy.

Role of the Spleen in Protection Against Systemic Infection

FUNCTIONS OF THE SPLEEN

Phagocytosis.

Antibody formation.

REASONS FOR SPLENECTOMY

Traumatic injury.

Patients with Hodgkin’s disease prior to treatment.

EFFECTS OF SPLENECTOMY

Less-efficient elimination of bacteria from bloodstream.

Impaired production of antibodies.

Predisposition to systemic bloodstream infection.

TREATMENT OF SPLENECTOMIZED

PATIENTS

Immunize with antibacterial vaccines.

Antibiotic prophylaxis.
