THE HEMATOLOGIC SYSTEM

OVERVIEW OF ANATOMY AND PHYSIOLOGY

The structures of the hematologic or hematopoietic system include the blood, blood vessels, and blood-forming organs (bone marrow, spleen, liver, lymph nodes, and thymus gland). The major Junction of blood is to carry necessary materials (oxygen, nutrients) to cells and to remove carbon dioxide and metabolic waste products. The hematologic system also plays an important role in hormone transport, the inflammatory and immune responses, temperature regulation, flu id-electrolyte balance, and acid-base balance.

Bone Marrow

A. Contained inside all bones, occupies interior of spongy bones and center of 

long bones; collectively one of the largest organs of the body (4%—5% of total body weight)

B. Primary function is hematopoiesis (the formation of blood cells)

C. Two kinds of bone marrow: red and yellow

1. Red (functioning) marrow

a. Carries out hematopoiesis; production site of erythroid, myeloid, 

and thrombocytic components of blood; one source of lymphocytes and macrophages

 b. Found in ribs, vertebral column, other flat bones

2. Yellow marrow: red marrow that has changed to fat; found in long 

bones; does not contribute to hematopoiesis

D. All blood cells start as stem cells in the bone marrow; these mature into the 

different, specific types of cells, collectively referred to as formed elements of blood or blood components: erythrocytes, leukocyte and thrombocytes.

Spleen

A. Largest lymphatic organ: functions as blood filtration system and reservoir

B. Vascular, bean shaped; lies beneath the diaphragm, behind and to the left of 

the stomach; composed of a fibrous tissue capsule surrounding a network of fiber

C. Contains two types of pulp

I. Red pulp: located between the fibrous strands, composed of RBCs, 

WBCs, and macrophages

2. White pulp: scattered throughout the red pulp, produces lympbocytes 

and sequesters lymphocytes, macrophages, and antigens.

D. 1%—2% of red cell mass or 200 cc blood/minute stored in spleen; blood 

comes via the splenic artery to the pulp for cleansing, then passes into splenic venules that are lined with phagocytic cells, and finally to the splenic vein to the liver.

E. Important hematopoietic site in fetus; postnatally produces lymphocytes and 

monocytes

F. Important in phagocytosis; removes misshapen erythrocytes, unwanted parts 

of erythrocytes

G. Also involved in antibody production by plasma cells and iron metabolism (iron 

released from Hgb portion of destroyed erythrocytes returned to bone marrow)

H. In the adult, functions of the spleen can be taken over by the 

reticuloendothelial system.

Liver

A. Involved in bile production (via erythrocyte destruction and bilirubin production) 

and erythropoiesis (during fetal life and when bone marrow’production is insufficient).

B. Kupffer cells of liver have reticuloendothelial function as histiocytes; 

phagocytic activity and iron storage.

C. Liver also involved in synthesis of clotting factors, synthesis of antithrombins.

Blood

A. Composed of plasma (55%) and cellular components (45%)

B. Hematocrit

1. Reflects portion of blood composed of red blood cells

2. Centrifugation of blood results in separation into top layer of plasma, 

middle layer of leukocytes and platelets, and bottom layer of erythrocytes.

3. Majority of formed elements is erythrocytes;

volume of leukocytes and platelets is negligible.

C. Distribution

1. 1300 cc in pulmonary circulation

a. 400 cc arterial

b. .60 cc capillary

c. 840 cc venous 

2. 3000 c in systemic circulation

a. 550 cc arterial 

b. 300 cc capillary 

c. 2l50ccvenous

Plasma

A. Liquid part of blood; yellow in color because of pigments

B Consists of serum (liquid portion of plasma) and fibrinogen

C. Contains plasma proteins such as albumin, serum globulins, fibrinogen, 

prothrombin, plasminogen

1. Albumin: largest of plasma proteins, involved in regulation of intravascular 

plasma volume and maintenance of osmotic pressure

2. Serum globulins: alpha, beta, gamma

a. Alpha: role in transport of steroids, lipids, bilirubin

b. Beta: role in transport of iron and copper

c. Gamma: role in immune response, function of antibodies

3. Fibrinogen, prothrombin, plasminogen  

Cellular Components
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Cellular components or formed elements of blood are erythrocytes, red blood cells (RBCs), which are responsible for oxygen transport; leukocytes (white blood cells) which play a major role in defense against microorganisms; and thrombocytes (platelets), which function in hemostasis.

A. Erythrocytes

1. Bioconcave disc shape, no nucleus, chiefly sacs of hemoglobin

2. Cell membrane is highly diffusible to 02 and CO

3. RBCs are responsible for oxygen transport via hemoglobin (Hgb)

a. Two portions: iron carried on heme portion; second portion is 

protein

b. Normal blood contains 12—18 g Hgb/100 cc blood; higher (14-18 

g) in men than in women (12—14 g)

4. Production

a. Start in bone marrow as stem cells, released as reticulocytes 

(immature cells), mature into erythrocytes

b. Erythropoietin stimulates differentiation; produced by kidneys 

and stimulated by hypoxia

c. Iron, vitamin B folic acid, pyridoxine (vitamin B and other factors 

required for erythropoiesis

5. Hemolysis (destruction)

a. Average life span 120 days

b. Immature. RBCs destroyed in either bone marrow or other 

reticuloendothelial organs (blood connective tissue, spleen, liver, lungs, and lymph nodes)

c. Mature cells removed chiefly by liver and spleen

d. Bilirubin: byproduct of Hgb released when RBCs destroyed, 

excreted in bile

e. Iron: freed from Hgb during bilirubin formation; transported to 

bone marrow via transferrin and rec!aimed for new Hgb 

production

f. Premature destruction: may be caused by RBC membrane 

abnormalities, Hgb abnormalities, extrinsic physical factors 

(such as the enzyme defects found in G6PD)

g. Normal age RBCs may be destroyed by gross damage as in 

trauma or extravascular

hemolysis (in spleen, liver, bone marrow)

B. Leukocytes: granulocytes and mononuclear cells:

involved in protection from bacteria and other foreign substances

1. Granulocytes: eosinophils, basophils, and neutrophils

a. Eosinophils: involved in phagocytosis and allergic reactions

b. Basophils: involved in prevention of clotting in microcirculation and allergic 

reactions

c. Eosinophils and basophils are reservoirs of histamine, serotonin, and heparin

d. Neutrophils: involved in short-term phagocytosis

1) mature neutrophils: polymorphonuclear leukocytes

2) immature neutrophils: band cells (bacterial infection usually produces 

increased numbers of band cells)

2. Mononuclear cells: monocytes and lymphocytes: large nucleated cells

a. Monocytes: involved in long-term phagocytosis; play a 

role in immune response

1) largest leukocyte

2) produced by bone marrow: give rise to histiocytes  (Kupffer cells of. liver), 

macrophages, and other components of reticuloendothelial system

b. Lymphocytes: immune. cells; produce substances against 

foreign cells; produced primarily in lymph tissue (B 

cells) and thymus (T cells) 

C. Thrombocytes (platelets)

1. Fragments of megakaryocytes formed in bone marrow

2. Production regulated by thrombopoietin

3. Essential factor in coagulation via adhesion, aggregation, and plug formation

4. Release substances involved in coagulation

Blood Groups

A. Erythrocytes carry antigens, which determine the different blood groups.

B. Blood-typing systems are based on the many possible antigens, but the most 

important are the antigens of the ABO and Rh blood groups because they are most likely to be involved in transfusion reactions.

1. ABO typing

a. Antigens of system are labeled A and B.

b. Absence of both antigens results in type 0 blood.

c. Presence of both antigens is type AB.

d. Presence of either A or B results in type A and type B 

respectively.

e. Nearly half the population is type 0, the universal donor.

f. Antibodies are automatically formed against the ABO antigens 

not on person’s own RBCs; transfusion with mismatched or incompatible blood results in a transfusion reaction.

2., Rh typing

a. Identifies presence or absence of Rh antigen (Rh positive or Rh 

negative).

b. Anti-Rh antibodies not automatically formed in Rh-negative 

person, but if Rh-positive blood is given, antibody formation 

starts and a second exposure to Rh antigen will trigger a transfusion reaction.

c. Important for Rh-negative woman carying Rh-positive baby; first 

pregnancy not affected, but in a subsequent pregnancy with an Rh-positive baby, mother’s antibodies attack baby’s RBCs

Blood Coagulation

Conversion of fluid blood to a solid clot to reduce blood loss when blood vessels are ruptured

Clotting Factors:

I
Fibrinogen

II
Prothrombin

III
Tissue thromboplastin

IV
Calcium

V
Labile

VII
Stable factor

VIII
Antihemophilic factor

IX
Christmas factor

X
Stuart- Power factor

Xl
Plasma thromboplastin (antecedent)

XII
Hageman factor

XIII
Fibrin-stabilizing factor

A. Systems that initiate clotting

1. intrinsic system: initiated by contact activation following endothelial 

injury (“intrinsic” to vessel itself)

a. Factor XII initiates as contact made between damaged vessel 

and plasma protein

b. Factors VIII, IX, and XI activated

2. Extrinsic system

a. Initiated by tissue thromboplastins, released from injured vessels 

(“extrinsic” to vessel)

b. Factor V activated

B: Common pathway: activated by either intrinsic or extrinsic pathways

1. Platelet factor 3 (PF3) and calcium react with factors X and V.

2. Prothrombin converted to thrombin via tbromboplastin.

3. Thrombin acts on fibrinogen, forming soluble fibrin.

4. Soluble fibrin polymerized by factor XIII to produce a stable, insoluble 

fibrin clot.

C. Clot resolution: take place via fibrinolytic system by plasmin and proteolytic 

enzymes; clot dissolves as tissue repairs.
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NORMAL VALUES

RBCs
Hematocrit (Het)
Hemoglobin (Hgb)

Mean corpuscular vol-
ume (MCV)

Mean corpuscular Hgb
concentration
(MCHC)

WBCs
Neutrophils
Eosinophils
Basophils
Monocytes
Lymphocytes

Platelets

Male: 4.6-6.1 million/mm®
Female: 4.0-5.4 million/mm?

Male: 45%-52%
Female: 37% -48%

Male: 13-18 g/100 ml
Female: 12-16 g/100 mi
80-95 pm?*

32%-36%

5000-10,000/ mm?

55% -70%
;ZZ :‘:: Differential blood cett
2%.6% count—totals 100%
25% -40%

150,000/ mm?





DISORDERS OF THE HEMATOLOGIC SYSTEM

ANEMIA

A. MICROCYTIC ANEMAI (Low MCV )
· Iron deficiency 
· Anemia of chronic disease (can also be normocytic) 
· Sideroblastic 
· Thalassemia 
B. MACROCYTIC ANEMIA(High MCV)
· Vitamin B12 deficiency 
· Folate deficiency 
· Alcohol 
· Drug toxicity
C. NORMOCYTIC ANEMIA(Normal MCV)
· Hemolytic anemia
· Aplastic anemia
A. MICROCYTIC ANEMIA (Low MCV )
Iron Studies:
· Iron deficiency: low ferritin, high iron binding capacity 
· Chronic disease: high ferritin, low iron binding capacity 
· Sideroblastic: high serum iron 
· Thalassemia: normal iron studies 
Most accurate diagnostic test:

· Iron deficiency:High red cell distribution of width (RDW)
· Sideroblastic :Prussian blue stain for ringed sideroblasts
· Thalassemia:Hemoglobin electrophoresis
Best Therapy:

· Iron deficiency: Iron replacement, Ferrous sulfate tablets 
· Chronic disease: Correct the underlying disease 
· Sideroblastic:Pyridoxine
· Thalassemia:No therapy 
Iron-Deficiency Anemia

A. General information

1. Chronic microcytic, hypochromic anemia caused by either inadequate 

absorption or excessive loss of iron

2. Acute or chronic bleeding principal cause in adults (chiefly from trauma, 

excessive menses, and Gl bleeding)

3. May also be caused by inadequate intake of iron- rich foods or by 

inadequate absorption of iron (from chronic diarrhea malabsórption syndromes, high cereal-product intake with low animal protein ingestion, partial or complete gastrectomy, pica)

4. Incidence related to geographic location, economic class, age group, 

and sex

a. More common in developing countries and tropical zones (blood-

sucking parasites)

b. Women between ages 15—45 and children affected more 

frequently, as are the poor

5. In iron-deficiency states, iron stores are depleted first, followed by a 

reduction in Hgb formation.

B. Assessment findings

1. Mild cases usually asymptomatic

2. Palpitations, dizziness, and cold sensitivity

3. Brittleness of hair and nails; pallor

4. Dysphagia, stomatitis, and atrophic glossitis

5. Dyspnea, weakness

6. Laboratory findings

a. RBCs small (microcytic) and pale (hypochromic)

b. Hgb markedly decreased

c. Hct moderately decreased

d. Serum iron markedly decreased

e. Hemosiderin absent from bone marrow

f. Serum ferritin decreased

g. Reticulocyte count decreased

C. Nursing interventions

1. Monitor for signs and symptoms of bleeding through hematest of all 

elimination including stool, urine, and gastric contents.

2. Provide for adequate rest: plan activities so as not to overtire.

3. Provide a thorough explanation of all diagnostic tests used to determine 

sources of possible bleeding (helps allay anxiety and ensure cooperation).

4. Administer iron preparations as ordered.

a. Oral iron preparations: route of choice

1) give following meals or a snack.

2) dilute liquid preparations well and administer using a 

straw to prevent staining teeth.

3) when possible administer with orange juice as vitamin C 

(ascorbic acid) enhances iron absorption.

4) warn clients that iron preparations will change stool color 

and consistency (dark and tarry) and may cause constipation.

b. Parenteral: used in clients intolerant to oral preparations, who 

are noncompliant with therapy, or who have continuing blood losses.

1) use one needle to withdraw and another to administer iron 

preparations as tissue staining and irritation are a problem.

2) use the Z-track injection technique to prevent leakage into 

tissues  

3) do not massage injection site but encourage ambulation as 

this will enhance absorption; advise against vigorous exercise and constricting garments.

4) observe for local signs of complications:

pain at the injection site, development of sterile abscesses, lymphadenitis as well as fever, headache, urticaria, hypotension, or anaphylactic shock.

5. Provide dietary teaching regarding foods high in iron.

6. Encourage ingestion of roughage and increase fluid intake to 

prevent constipation if oral iron preparations are being taken.

B. MACROCYTIC ANEMIA (High MCV)
Best initial test:

· Vitamin B12 deficiency:hypersegmented neutrophils and a low B12 level
· Folate deficiency: hypersegmented neutrophils and a low folate level 
· Alcohol/Drug toxicity: hypersegmented neutrophils and to exclude the B12 and folate deficiency
Best therapy:

· B12 deficiency: Replace the B12 
· Folate deficiency: Replace the folate 
· Drug/Alcohol toxicity: Stop the drug/alcohol 
Pernicious Anemia

A. General information

1. Chronic progressive, macrocytic anemia caused by a deficiency of 

intrinsic factor; the result is abnormally large erythrocytes and hypochlorhydria (a deficiency of hydrochloric acid in gastric secretions)

2. Characterized by neurologic and Gl symptoms; death usually results if 

untreated

3. Lack of intrinsic factor is caused by gastric mucosal atrophy (possibly 

due to heredity, prolonged iron deficiency, or an autoimmune disorder); can also result in clients who have had a total gastrectomy if vitamin B not administered

4. Usually occurs in men and women over age 50, with an increase in 

blue-eyed persons of Scandinavian descent

5. Pathophysiology

a. Intrinsic factor is necessary for the absorption of vitamin B into 

the small intestine.

b. B deficiency diminishes DNA synthesis, which results in 

defective maturation of cells (particularly rapidly dividing cells such as blood cells and Cl tract cells).

c. B deficiency can alter structure and function of peripheral nerves, 

spinal cord, and the brain.

B. Medical management

1. Drug therapy

a. Vitamin B injections: monthly maintenance

b. Iron preparations (if Hgb level inadequate to meet increased 

numbers of erythrocytes)

c. Folic acid

1) controversial

2) reverses anemia and GI symptoms but may intensify 

neurologic symptoms

3) may be safe if given in small amounts in addition to vitamin B12

2. Transfusion therapy

C. Assessment findings

1. Anemia, weakness, pallor, dyspnea, palpitations, fatigue

2. GI symptoms: sore mouth; smooth, beefy, red tongue; weight loss; 

dyspepsia; constipation or diarrhea; jaundice

3. CNS symptoms; tingling, paresthesias of hands and feet, paralysis, 

depression, psychosis

4. Laboratory tests

a. Erythrocyte count decreased

b. Blood smear: oval, macrocytic erythrocytes with a proportionate 

amount of Hgb

c. Bone marrow

1) increased megaloblasts (abnormal erythrocytes)

2) few normoblasts or maturing erythrocytes

3) defective leukocyte maturation

d. Bilirubin (indirect): elevated unconjugated fraction

e. Serum LDH elevated

f. Positive Schilling test

1) measures absorption of radioactive vitamin B both before 

and after parenteral administration of intrinsic factor

2) definitive test for pernicious anemia

3) used to detect lack of intrinsic factor

g. Gastric analysis: decreased free hydrochloric acid

h. Large numbers of reticulocytes in the blood following parenteral 

vitamin B administration

D. Nursing interventions

1. Provide a nutritious diet high in iron, protein, and vitamins (fish, meat, 

milk/milk products, and eggs).

2. Avoid highly seasoned, coarse, or very hot foods if client has mouth 

sores.

3. Provide mouth care before and after meals using a soft toothbrush and 

nonirritating rinses.

4. Bed rest may be necessary if anemia is severe.

5. Provide safety when ambulating (especially if carrying hot items, etc.)

6. Provide client teaching and discharge planning concerning

a. Dietary instruction

b. Importance of lifelong vitamin B therapy

c. Rehabilitation and physical therapy for neurologic deficits, as well 

as instruction regarding safety

C. NORMOCYTIC ANEMIA (Normal MCV)
Clues in the history which will tell you the type of hemolytic anemia:  

· Autoimmune: Lupus, lymphoma, leukemia, rheumatoid arthritis, viral infections, penicillin or quinidine use 
· Glucose 6 phosphate dehydrogenase deficiency (G6PD): Very sudden onset, current infection, oxidant stress from drugs (eg, dapsone, primaquine, or sulfa) or fava bean ingestion 
· Paroxysmal nocturnal hemoglobinuria (PNH): Dark morning urine, major 
venous thrombosis such as the portal vein 
· Hemolytic uremic syndrome (HUS): Renal failure and thrombocytopenia 
· Thrombotic thrombocytopenic purpura (TTP): Renal failure and 
thrombocytopenia and neurological symptoms and fever 
· Hereditary spherocytosis: Splenomegaly
Most specific tests:
· Autoimmune: Coombs test 
· G6PD: G6PD level 
· PNH: Sugar-water and Ham’s test 
· HUS: Finding renal failure and thrombocytopenia with hemolysis; no 
specific test 
· TTP:Finding renal failure, thrombocytopenia, and neurological symptoms and fever with hemolysis; no specific test 
· Hereditary spherocytosis:Spherocytes on the smear AND an osmotic 
fragility test 
Best intitial therapy and most definitive therapy:

· Autoimmune: Initially, steroids; with life-threatening hemolysis, IV immunoglobulin; recurrent, splenectomy 
· G6PD:Avoid the oxidant stress 
· PNH:Steroids 
· HUS:Initially, spontaneous resolution; with life-threatening disease, plasmapheresis 
· TTP:Plasmapheresis 
· Hereditary spherocytosis:Splenectomy 
Hemolytlc Anemia

A. General information

1. A category of diseases in which there is an increased rate of RBC 

destruction.

2. May be congenital or acquired.

a. Congenital: includes hereditary spherocytosis, G6PD deficiency, 

sickle cell anemia, thalassemia 

b. Acquired: includes transfusion incompatibilities, thrombotic 

thrombocytopenic purpura, disseminated intravascular clotting, spur cell anemia

3. Cause often unknown, but erythrocyte life span is shortened and 

hemolysis occurs at a rate that the bone marrow cannot compensate for.

4. The degree of anemia is determined by the lag between erythrocyte 

hemolysis and the rate of bone marrow erythropoiesis.

5. Diagnosis is based on laboratory evidence of an increased rate of 

erythrocyte destruction and a corresponding compensatory effort by bone marrow to increase production.

B. Medical management

1. ldentify and eliminate (if possible) causative factors

2. Drug therapy

a. Corticosteroids in autoimmune types of anemia

b. Folic acid supplements

3. Blood transfusion therapy

4. Splenectomy (see below)

C. Assessment findings

I. Clinical manifestations vary depending on severity of anemia and the 

rate of onset (acute vs chronic)

2. Pallor, scleral icterus, and slight jaundice (chronic)

3. Chills, fever, irritability, precordial spasm, and pain (acute)

4. Abdominal pain and nausea, vomiting, diarrhea, melena

5. Hematuria, marked jaundice, and dyspnea

6. Splenomegaly and symptoms of cholelithiasis, hepatomegaly

7. Laboratory tests

a. Hgb and hct decreased

b. Reticulocyte count elevated (compensatory)

c. Coombs’ test (direct): positive if autoimmune features present

d. Bilirubin (indirect): elevated unconjugated fraction

D. Nursing interventions

1. monitor for signs and symptoms of hypoxia including confusion, 

cyanosis, shortness of breath, tachycardia, and palpitations.

2. Note that the presence of jaundice may make assessment of skin color 

in hypoxia unreliable.

3. If jaundice and associated pruritus are present, avoid soap during 

bathing and use cool or tepid water.

4. Frequent turning and meticulous skin care are important as skin friability 

is increased.

5. Teach clients about the nature of the disease and identification of 

factors that predispose to episodes of hemolytic crisis.

Sickle Cell Anemia

A. General information  

1. Most common inherited disorder in U.S. African American population; 

sickle cell trait found in 10% of African Americans

2. Autosomal recessive inheritance pattern

3. Individuals who are homozygous for the sickle cell gene have the disease 

(more than 80% of their hemoglobin is abnormal)

4. Those who are heterozygous for the gene have sickle cell trait (normal 

hemoglobin predominates, may have 25%—50% HgbS). Although sickle cell trait is not a disease, carriers may exhibit symptoms under periods of severe anoxia or dehydration.

5. In this disease, the structure of hemoglobin is changed; the sixth ring of 

the beta chain changes glutamine for valine.

6. HgbS (abnormal Hgb), which has reduced oxygen-carrying capacity, 

replaces all or part of the hemoglobin in the RBCs.

7. When oxygen is released, the shape of the RBCs changes from round and 

pliable to crescent shaped, rigid, and inflexible.

8. Local hypoxia and continued sickling lead to plugging of vessels.

9. Sickled RBCs live for 6—20 days instead of 120, causing hemolytic 

anemia.

10. Usually no symptoms prior to age 6 months; presence of increased level 

of fetal hemoglobin tends to inhibit sickling.

11. Death often occurs in early adulthood due to occlusion or infection.

12. Sickle cell crisis

a. Vaso-occlusive (thrombocytic) crisis: most common type

1) crescent-shaped RBCs clump together; agglutination causes 

blockage of small blood vessels.

2) blockage causes the blood viscosity to increase, producing 

sludging and resulting in further hypoxia and increased sickling.

b. Splenic sequestration: often seen in toddler/ preschooler

1) sickled cells block outflow tract resulting in sudden and massive 

collection of sickled cells in spleen.

2) blockage leads to hypovolemia and severe decrease in 

hemoglobin and blood pressure, leading to shock.

B. Medical management: sickle cell crisis

1. Drug therapy

a. Urea: interferes with hydrophobic bonds of the HgbS molecules

b. Analgesics/narcotics to control pain

c. Antibiotics to control infection

2. Exchange transfusions

3. Hydration: oral and IV

4. Bed rest

5. Surgery: splenectorny 

C. Assessment findings

1. First sign in infancy may be “colic” due to abdominal pain (abdominal 

infarct)

2. Infants may have dactylitis (hand-foot syndrome): symmetrical painful soft 

tissue swelling of hands and feet in absence of trauma (aseptic, self- limiting)

3. Splenomegaly: initially due to hemolysis and phagocytosis; later due to 

fibrosis from repeated infarct to spleen

4. Weak bones or spinal defects due to hyperplasia of marrow and 

osteoporosis

5. Frequent infections, especially with H. influenzae and D. pneumoniae

6. Leg ulcers, especially in adolescents, due to blockage of blood supply to 

skin of legs 

7. Delayed growth and development, especially delay in sexual development 

8. CVA infarct in the CNS

9. Renal failure: difficulty concentrating urine due to infarcts; enuresis

10. Heart failure due to hemosiderosis 

11. Priapism: may result in impotence 

12. Pain wherever vaso-occlusive crisis occurs 

13. Development of collateral circulation

14. Diagnostic tests

a. Hgb indicates anemia, usually 6—9 g/dl

b. Sickling tests

1) sickle cell test: deoxygenation of a drop of blood on a slide with a 

cover slip; takes several hours for results to be read; false negatives for the trait possible.

2) Sickledex: a drop of blood from a finger stick is mixed with a 

solution; mixture turns cloudy in presence of HgbS; results available within a few minutes; false negatives in anemic clients or young infants possible.

c. Hgb electrophoresis: diagnostic for the disease and the trait; provides 

accurate, fast results.

D. Nursing interventions: sickle cell crisis

1. Keep child well hydrated and oxygenated.

2. Avoid tight clothing that could impair circulation.

3. Keep wounds clean and dry.

4. Provide bed rest to decrease energy expenditure and oxygen use.

5. Correct metabolic acidosis.

6. Administer medications as ordered.

a. Analgesics: acetaminophen, meperidine, morphine (avoid aspirin as it 

enhances acidosis, which promotes sickling)

b. Avoid anticoagulants (sludging is not due to clotting)

c. Antibiotics

7. Administer blood transfusions as ordered.

8. Keep arms and legs from becoming cold.

9. Decrease emotional• stress.

10. Provide good skin care, especially to legs.

11. Test siblings for presence of sickle cell trait disease.

12. Provide client teaching and discharge planning concerning

a. Pre-op teaching for splenectomy if needed

b. Genetic counseling

c. Need to avoid activities that interfere with oxygenation, such as 

mountain climbing, flying in unpressurized planes

Aplastic Anemia

A. General information

1. Pancytopenia or depression of granulocyte, platelet, and erythrocyte 

production due to fatty replacement of the bone marrow

2. Bone marrow destruction may be idiopathic or secondary

3. Secondary aplastic anemia may be caused by 

a. Chemical toxins (e.g., benzene)

b. Drugs (e.g., chloramphenicol, cytotoxic drugs)

c. Radiation

d. Immunologic injury

B. Medical management

1 Blood transfusions: key to therapy until client’s own  marrrow begins to produce 

blood cells

2. Aggressive treatment of infections

3. Bone marrow transplantation

4. Drug therapy

a. Corticosteroids and/or androgens to stimulate bone marrow 

function and to increase capillary resistance (effective in children but usually not in adults)

b. Estrogen and/or progesterone to prevent amenorrhea in female 

clients

5. Identification and withdrawal of offending agent or drug

C. Assessment findings

1. Fatigue, dyspnea, pallor

2. Increased susceptibility to infection

3. Bleeding tendencies and hemorrhage

4. Laboratory findings: normocytic anemia, granulocytopenia, 

thrombocytopenia

5. Bone marrow biopsy: marrow is fatty and contains very few developing 

cells.

D. Nursing interventions

1. Administer blood transfusions as ordered.

2. Provide nursing care for client with bone marrow transplantation.

3. Administer medications as ordered.

4. Monitor for signs of infection and provide care to minimize risk.

a. Maintain neutropenic precautions.

b. Encourage high-protein, high-Vitamin diet to help reduce 

incidence of infection.

c. Provide mouth care before and after meals.

5. Monitor for signs of bleeding and provide measures to minimize risk.

a. Use a soft toothbrush and electric razor.

b. Avoid intramuscular injections.

c. Hematest urine and stool.

d. Observe for oozing from gums, petechiae, or ecchymoses.

6. Provide client teaching and discharge planning concerning

a. Self-care regimen

b. Identification of offending agent and importance of avoiding it (if 

possible) in future

Disorders of Platelets and Clotting Mechanism 

Disseminated Intravascular Coagulation (DIC)

A. General information

1. Diffuse fibrin deposition within arterioles and capillaries with widespread 

coagulation all over the body and subsequent depletion of clotting factors.

2. Hemorrhage from kidneys, brain, adrenals, heart, and other organs.

3. Cause unknown

4. Clients are usually critically ill with an obstetric, surgical, hemolytic, or 

neoplastic disease.

5. May be linked with entry of thromboplastic substances into the blood.

6. Pathophysiology

a. Underlying disease (e.g., toxemia of pregnancy, cancer) causes 

release of thromboplastic substances that promote the deposition of fibrin throughout the microcirculation.

b. Microthrombi form in many causing microinfarcts and tissue 

necrosis.

c. RBCs are trapped in fibrin strands and are hemolysed.

d. Platelets, prothrombin, and other clotting factors are destroyed, 

leading to bleeding.

e. Excessive clotting activates the fibrinolytic system, which inhibits 

platelet function, causing further bleeding.

7. Mortality rate is high, usually because underlying disease cannot be 

corrected.

B. Medical management

1. Identification arid control of underlying disease is key

2. Blood transfusions: include whole blood, packed RBCs, platelets, plasma, 

cryoprecipitates, and volume expanders

3. Heparin administration

a. Somewhat controversial

b. Inhibits thrombin thus preventing further clot formation, allowing 

coagulation factors to accumulate

C. Assessment findings

1. Petechiae and ecchymoses on the skin, mucous membranes, heart, lungs, 

and other organs

2. Prolonged bleeding from breaks in the skin (e.g., IV or venipuncture sites)

3. Severe and uncontrollable hemorrhage during childbirth or surgical 

procedures

4. Oliguria and acute renal failure

5. Convulsions,coma, death

6. Laboratory findings

a. PT prolonged

b. P11’ usually prolonged

c. Thrombin time usually prolonged

d. Fibrinogen level usually depressed

e. Platelet count usually depressed

f. Fibrin split products elevated

g. Protamine sulfate test strongly positive

h. Factor assays (II, V, VII) depressed

D. Nursing interventions

1. Monitor blood loss and attempt to quantify.

2. Observe for signs of additional bleeding or thrombus formation.

3. Monitor appropriate laboratory data.

4. Prevent further injury.

a. Avoid IM injections.

b. Apply pressure to bleeding sites.

c. Turn and position client frequently a gently.

d. Provide frequent nontraumatic mouth care (e.g., soft toothbrush or 

gauze sponge).

5. Provide emotional support to client and significant others.

6. Administer blood transfusions and medications as ordered.

Hemophilia

A. General information

1. A group of bleeding disorders where there is a deficit of one of several 

factors in clotting mechanism

2. Sex-linked, inherited disorder; classic form affects males only

3. Types

a. Hemophilia A.’ factor VIII deficiency (75% of alt hemophilia)

b. Hemophilia B (Christmas disease).’ factor IX deficiency (10%—12% of 

all hemophilia)

c. Hemophilia C: factor Xl deficiency (autosomal recessive, affects both 

sexes)

4. Only the intrinsic system is involved; platelets are not affected, but fibrin 

clot does not always form; bleeding from minor cuts may be stopped by platelets.

5. If individual has less than 20%—30% of factor VIII or IX, there is an 

impairment of clotting and clot is jelly-like.

6. Bleeding in neck, mouth, and thorax requires immediate professional care.

B. Assessment findings

1. Prolonged bleeding after minor injury

a. At birth after cutting of cord

b. Following circumcision

c. Following IM immunizations

d. Following loss of baby teeth

e. Increased bruising as child learns to crawl and walk

2. Bruising and hematomas but no petechiae

3. Peripheral neuropathies (due to bleeding near peripheral nerves): pain, 

paresthesias, muscle atrophy

4. Hemarthrosis

a. Repeated bleeding into a joint results in a swollen and painful joint 

with limited mobility

b. May result in contractures and possible degeneration of joint

c. Knees, ankles, elbows, wrists most often affected

5. Diagnostic tests

a. Platelet count normal

b. Prolonged coagulation time: PU increased

c. Anemia

C. Nursing interventions

1. Control acute bleeding episode.

a. Apply ice compress for vasoconstriction.

b. Immobilize area to prevent clots from being dislodged.

c. Elevate affected extremity above heart level.

d. Provide manual pressure or pressure dressing for 15 minutes; do not 

keep lifting dressing to check for bleeding status.

e. Maintain calm environment to decrease pulse.

f. Avoid sutures, cauterization, aspirin: all exacerbate bleeding.

g. Administer hemostatic agents as ordered. 

1) fibrin foam

2) topical application of adrenalin/ epinephrine to promote 

vasoconstriction

2. Provide care for hemarthrosis.

a. Immobilize joint and control acute bleeding.

b. Elevate joint in a slightly flexed position.

c. Avoid excessive handling of joint.

d. Administer analgesics as ordered; pain relief will minimize increases in 

pulse rate and blood loss.

e. Aspirin should not he given because it inhibits platelet function.

f. Instruct to avoid weight bearing for 48 hours after bleeding episode if 

bleeding is in lower extremities.

g. Provide active or passive ROM exercises after bleeding has been 

controlled (48 hours), as long as exercises do not cause pain or 

irritate trauma site.

3. Administer cryoprecipitate (frozen factor VIII) as ordered.

a. Thaw slowly.

b. Gently rotate bottle; shaking deteriorates antihemophilic factor.

c. Infuse immediately when thawed; factor VIII deteriorates at room 

temperature.

4. Provide client teaching and discharge planning concerning

a. Prevention of trauma (see Idiopathic Thrombocytopenic Purpura)

b. Genetic counseling

1) when mother is carrier: 50% chance with each pregnancy for sons 

to have hemophilia, 50% chance with each pregnancy for daughters to be carriers

2) when father has hemophilia, mother is normal: no chance for 

children to have disease, but all daughters will be carriers

c. Availability of support/counseling agencies

Idiopathic Thrombocytopenic Purpura(ITP)

A. General information

1. Increased destruction of platelets with resultant platelet count of less than 

100,000 1 characterized by petechiae and ecchymoses of the skin

2. Exact cause unknown; may be an autoimmune mechanism; onset sudden, often 

preceded by a viral illness

3. The spleen is the site for destruction of platelets; spleen is not enlarged

B. Medical management

1. Drug therapy: steroids and immunosuppressive agents

2. Platelet transfusion

3. Surgery: splenectomy

C. Assessment findings

1. Petechiae: spider-web appearance of bleeding under skin due to small size of platelets

2. Ecchymosis

3. Blood in any body secretions, bleeding from mucous membranes, nosebleeds

4. Diagnostic tests: platelet count decreases, anemia

D. Nursing interventions

1. Control bleeding

a. Administer platelet transfusions as ordered.

b. Apply pressure to bleeding sites as needed.

c. Position bleeding part above heart level if possible.

2. Prevent bruising.

3. Provide support to client and be sensitive to change in body image.

4. Protect from infection.

5. Measure normal circumference of extremities for baseline.

6. Administer medications orally, rectally, or IV, rather than IM; if 

administering immunizations, give subcutaneously (SC) and hold pressure on site for 5 minutes.

7. Administer analgesics (acetaminophen) as ordered; avoid aspirin.

8. Provide care for the client with a splenectomy (see page 212).

9. Provide client teaching and discharge planning concerning

a. Pad crib and playpen, use rugs wherever possible.

b. Provide soft toys.

c. Sew pads in knees and elbows of clothing.

d. Provide protective headgear during toddlerhood.

e. Use soft Toothettes instead of bristle toothbrushes.

f. Keep weight to low normal to decrease extra stress on joints.

g. Use stool softeners to prevent straining.

h. Avoid contact sports; suggest swimming, biking, golf, pool.

Polycythemia Vera

A. General information

1. An increase in both the number of circulating erythrocytes and the 

concentration of Hgb within the blood

2. Three forms: polycythemia vera, secondary polycythemia, and relative 

polycythemia

3. Classified as a myeloproliferative disorder (bone marrow overgrowth)

4. Cause unknown, but thought to be a form of malignancy similar to 

leukemia

5. Usually develops in middle age, common in Jewish men

6. Pathophysiology

a. A pronounced increase in the production of erythrocytes accompanied 

by an increase in the production of myelocytes (leukocytes within bone marrow) and thrombocytes.

b. The consequences of this overproduction are an increase in blood 

viscosity, an increase in total blood volume (2—3 times greater than normal), and severe congestion of all tissues and organs with blood.

B. Assessment findings

1. Ruddy complexion and duskiness of mucosa secondary to capillary 

congestion in the skin and mucous membranes

2. Hypertension associated with vertigo, headache, and “fullness” in the head 

secondary to increased blood volume

3. Symptoms of CHF secondary to overwork of the heart

4. Thrombus formation: CVA, Ml, gangrene of the extremities, DVT, and 

pulmonary embolism can occur

5. Bleeding and hemorrhage secondary to congestion and overdistension of 

capillaries and venules

6. Hepatomegaly and splenomegaly

7. Peptic ulcer secondary to increased gastric secretions

8. Gout secondary to increased uric acid released by nucleoprotein 

breakdown

9. Laboratory tests

a. CBC: increase in all mature cell forms erythrocytes, leukocytes, and 

platelets)

b. Hct: increased

c. Bone marrow: increase in immature cell forms

d. Bilirubin (indirect): increase in unconjugated fraction

e. Liver enzymes may be increased

f. Uric acid increased

g. Hematuria and melena possible

C. Nursing interventions

1. Monitor for signs and symptoms of bleeding complications.

2. Force fluids and record l&O.

3. Prevent development of DVT.

4. Monitor for signs and symptoms of CHF.

5. Provide care for the client having a phlebotomy.

6. Prevent/provide care for bleeding or infection complications.

7. Administer medications as ordered. 

a, Radioactive phosphorus C reduction of erythrocyte production, 

produces a remission of 6 months to 2 years

b. Nitrogen mustard, busulfan (Myleran), chlorambucil, 

cyclophosphamide to effect myelosuppression

c. Antigout and peptic ulcer drugs as needed.

8. Provide client teaching and discharge planning concerning

a. Decrease in activity tolerance, need to space activity with periods of 

rest

b. Phlebotomy regimens: outpatient frequency is determined by hct; 

importance of long- term therapy

c. High fluid intake

d. Avoidance of iron-rich foods to avoid counteracting the therapeutic 

effects of phlebotomy

e. Recognition and reporting of bleeding

f. Need -to avoid persons with infections, especially in leukopenic clients.

WBC DISORDER

LEUKEMIA

· These are malignant disorders of blood-forming tissues characterized by uncontrollable proliferation of WBCs in the bone marrow replacing normal marrow elements, liver spleen, lymph nodes and other organs

· These disorders are classified according to the specific cell type involved:

· Lymphocyte lineage= LYMPHOCYTIC

· Myelocyte (granulocyte) lineage = MYELOCYTIC

· Monocyte lineage= MONOCYTIC

· It can also be classified as:

· Acute Leukemia= if the neoplastic blood cells are IMMATURE (BLAST) or Undifferentiated

· Chronic Leukemai= if the neoplastic blood cells are DIFFERENTIATED

· Leukemia can be:

· ACUTE MYELOGENOUS (Myeloblastic) leukemia

· ACUTE LYMPHIOCYTIC (Lymphobalstic) leukemia

· CHRONIC MYELOGENOUS leukemia

· CHRONIC LYMPHOCYTIC leukemia

· Etiologic causes

· Usually unknown but predisposing factors can be = exposure to radiation, hereditary or genetic variables, exposure to chemical agents and infectious viral agents

PATHOPHYSIOLOGY

· The acute leukemias are rapidly progressive disorders where immature blasts proliferate in the bone marrow and peripheral tissues. The cells of the granulocytic, monocytic, megakaryocytic and erythrocytic are affects in acute myelogenous leukemia. The acute lymphocytic leukemia affects the lymphoid-committed stem cell lines 

· The chronic leukemias develop insidiously and have milder symptoms with normal looking cell lines (differentiated cells)  Chronic myelocytic leukemia involves the myeloid lines and the chronic lymphocytic leukemia involves the lymphoid cells. 

ASSESSMENT FINDINGS

· The acute Leukemias have:
· Pallor, fatigue and dyspnea

· Organomegaly- spleen, liver and lymph nodes due to the tissue invasion by the neoplastic blood cells

· Headache, bone pain and arthralgias

· Fever due to depressed WBC function

· Bruising, hemorrhages

· The Chronic leukemias have:

· Lesser signs and symptoms

· Splenomegaly can occur

· There can be anemia, infection, enlarged lymph nodes

LABORATORY FINDINGS:
1. Peripheral blood WBC count (10,000 to more than 100,000) varies widely but contains immature blasts (for acute leukemias)

2. Bone marrow specimen may reveal numerous BLASTS with reduced precursors of mature cells (acute)

3. For chronic= elevated WBC count exceeding 100,000. CBC may show decreased RBC, platelets and granulocytes. Leukocyte alkaline phosphatase is LOW

NURISNG MANAGEMENT

1. Prevent and control infection

· The nurse monitors the temperature, utilize aseptic techniques, obtain specimen for culture studies , administer prophylactic antibiotics , report early signs of infection and maintain a protective environment 

2. Maintain skin integrity

3. Monitor for bleeding episode3s and institute measures to arrest bleeding like direct pressure, extremity elevation

4. Provide pain relief by administering analgesics

5. Provide information as to treatment options like Bone marrow transplant, chemotherapy and radiotherapy.

6. Promote positive coping mechanisms

