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       الصيدلة السريرية/النظري/المرحلة الرابعة      

                                     ANEMIA                                            . مهند ياسر الرديفد

• Anemia is a reduction in the concentration of hemoglobin (Hgb) that results in 

reduced oxygen-carrying capacity of the blood.  

• Some patients with anemia may be asymptomatic initially, but eventually, the lack 

of oxygen to tissues results in fatigue, lethargy, shortness of breath, headache, edema, 

and tachycardia.  

• Common causes of anemia include blood loss, decreased red blood cell (RBC) 

production, increased RBC destruction, or a combination of these events. 

Determination of the underlying cause of anemia is essential for successful 

management. Appropriate treatment of anemia will result in an increase in Hgb, with 

a corresponding increase in oxygen carrying capacity and reduction in symptoms. 

ETIOLOGY 

• Causes of anemia can be divided into three main categories: decreased production, 

increased destruction, and blood loss. 

• A decrease in erythrocyte production can be multifactorial. Nutritional deficiencies 

(iron, vitamin B12, and folic acid) are common causes and often easily treatable.  

• Patients with cancer or CKD are at risk for developing anemia caused by 

dysregulation of iron and erythropoietin (EPO) hemostasis. 

• Patients with chronic immune-related diseases such as rheumatoid arthritis and 

systemic lupus erythematosus are also at increased risk to develop anemia as a 

complication of their disease. Anemia related to these chronic inflammatory 

conditions is termed anemia of chronic disease (ACD). 

PATHOPHYSIOLOGY 

►Erythropoiesis 

• Erythropoiesis is a process that begins with a pluripotent stem cell in the bone 

marrow undergoing differentiation and ends with the appearance of erythrocytes 

(RBCs) in peripheral blood.  

• The production of RBCs is stimulated by EPO, a hormone that is secreted by the 

kidney in response to detection of decreased oxygen-carrying capacity of blood. EPO 

stimulates RBC production by stimulating differentiation of RBC precursors in the 

bone marrow to become reticulocytes. Reticulocytes become erythrocytes after 1 to 2 

days in the bloodstream. 
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►Decreased-Production Anemias 

Nutritional Deficiencies 

• Deficiencies in nutrients such as folic acid and vitamin B12 may hinder the process 

of erythrocyte maturation. Folic acid and vitamin B12 are required for the formation 

of DNA. Significant decreases in the amount of these nutrients inhibits DNA 

synthesis and consequently RBC production. 

• Patients with pernicious anemia are unable to absorb B12 due to inadequate 

production of intrinsic factor, a glycoprotein produced by gastric parietal cells that 

binds to vitamin B12 and facilitates its absorption in the ileum. This condition results 

in B12 deficiency despite adequate dietary B12 intake. 

• Iron is another nutrient essential for production of RBCs. It is required for 

formation of Hgb. Lack of iron leads to a decrease in Hgb synthesis and decreased 

RBC production.  

• Iron-deficiency anemia typically occurs because of inadequate absorption of iron or 

excessive blood loss. Inadequate absorption may occur in patients who have 

congenital or acquired intestinal conditions, such as inflammatory bowel disease, 

celiac disease, or bowel resection. Achlorhydria and diets poor in iron also may 

contribute to iron deficiency states. Iron deficiency also may occur in patients 

following excessive rates of iron loss from the body. Common etiologies include 

excessive menstruation, ulcers or neoplastic lesions in the gastrointestinal tract, and 

excessive bleeding following surgery or trauma. 
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CLINICAL PRESENTATION AND DIAGNOSIS 

Signs and Symptoms 

• Generally, the signs and symptoms of anemia are nonspecific and may include the 

following: 

 Fatigue, lethargy, dizziness 

 Shortness of breath 

 Headache 

 Edema 

 Tachycardia 

• Other findings that may be present in some patients include: 

 Dry skin, chapped (dry) lips 

 Nail brittleness 

 Hunger for ice, starch, or clay (termed pica which is characterized by an appetite 

for substances that are largely non-nutritive). 

History 

• When evaluating a patient for the diagnosis of anemia, histories should include:  

(a) past and current Hgb or hematocrit (the volume percentage of RBCs in blood 

which is normally 45% for men and 40% for women) values;  

(b) transfusion history;  

(c) family history, as longstanding anemias can indicate hereditary disorders;  

(d) occupational, environmental, and social histories; and  

(e) medication history, to eliminate drug reactions or interactions as the cause of the 

anemia. 

Laboratory Evaluation 

• The cornerstone of this evaluation is the complete blood count (CBC). Other 

evaluations assessing nutritional deficiencies, including iron studies, vitamin B12, 

and folate, as well as EPO levels may also provide insight into the cause of anemia. 

• The morphologic appearance of the RBC provides useful information about the 

nature of the anemia. This information can be found in RBC indices (mean cell 

volume [MCV], mean cell Hgb [MCH], mean cell Hgb concentration [MCHC]), 

which are included as part of the CBC.  

• Microscopic evaluation of the peripheral blood smear can detect the presence of 

macrocytic (large) RBCs, which are associated with vitamin B12 or folic acid 

deficiency, and microcytic (small) RBCs, typically associated with iron deficiency 

anemia. Acute blood loss generally is associated with normocytic cells. 
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Physical Examination 

• On physical examination of a patient with anemia, pallor is most easily observed in 

the conjunctiva, mucous membranes, nail beds, and palmar creases of the hand.  

• In addition, postural hypotension and tachycardia can be seen when hypovolemia 

(acute blood loss) is the primary cause of anemia.  

• Patients with vitamin B12 deficiency may exhibit neurologic findings, which 

include changes in deep tendon reflexes, ataxia, and loss of vibration and position 

sense; all are consistent with nerve fiber demyelination.  

• Patients with anemia from hemolysis may be slightly jaundiced from bilirubin 

release. Manifestations of hemorrhage can include petechiae, ecchymoses, 

hematomas, epistaxis, bleeding gums, and blood in the urine or the stool. 

TREATMENT 

Desired Outcomes 

• The goal of anemia therapy is to increase Hgb to levels that improve red cell 

oxygen-carrying capacity, alleviate symptoms, and prevent complication from 

anemia.  

• Normal Hgb values are 14.0 to 17.5 g/dL (140 to 175 g/L or 8.69 to 10.9 mmol/L) 

for males and 12.3 to 15.3 g/dL (123 to 153 g/L or 7.63 to 9.50 mmol/L) for females. 

It is important to note that continuation of a patient’s therapy should be assessed 

primarily by resolution of clinical signs and symptoms. 

Nonpharmacologic Therapy 

• The most important nonpharmacologic treatment of anemia is transfusion of RBCs. 

Safety concerns, cost, and the limited availability of this therapy support efforts to 

establish the “optimum” threshold for administering RBC transfusions. 
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Pharmacologic Therapy 

Iron-Deficiency Anemia 

• Iron deficiency is a state of negative iron balance in which the daily iron intake and 

stores are unable to meet the RBC and other body tissue needs. The body contains 

approximately 3.5 g of iron, of which 2.5 g are found in Hgb. A significant amount of 

iron is stored as ferritin or aggregated ferritin (hemosiderin) in the reticuloendothelial 

cells of the liver, spleen, and bone marrow and by hepatocytes. Ferritin circulates at 

concentrations that reflect total iron body stores. Only a small fraction of iron is 

found in plasma (100 to 150 mcg/dL), and most is bound to transferrin, the transport 

protein. 

• Iron is absorbed from the duodenum and upper jejunum by an active transport 

mechanism. Dietary iron exists primarily in the ferric state and is converted to the 

more readily absorbed ferrous form in the acid environment of the stomach. The 

ferrous form binds to transferrin for transport to the bone marrow, where it is 

incorporated into the Hgb of mature erythrocytes. 

 

►Iron Therapy 

ORAL IRON DOSING 

• The usual adult dose of ferrous sulfate is 325 mg (one tablet) administered two to 

three times daily, between meals. Iron therapy should be continued for 3 to 6 months 

after the Hgb is normalized to replete iron stores. 

• The ferrous form of iron is absorbed three times more readily than the ferric form. 

Although ferrous sulfate, ferrous gluconate, and ferrous fumarate are absorbed almost 

equally, each contains a different amount of elemental iron that is available for 

absorption. 

• Gastric side effects, which occur in 5% to 20% of patients, include nausea, 

epigastric pain, constipation, abdominal cramps, and diarrhea. Constipation does not 

appear to be dose-related, but side effects (e.g., nausea and epigastric pain) occur 

more frequently as the quantity of soluble elemental iron in contact with the stomach 

and duodenum increases.  
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• To minimize gastric intolerance, oral iron therapy can be initiated with a single 

tablet of ferrous sulfate 325 mg/day; the dose is increased by increments of one tablet 

per day every 2 to 3 days until the full therapeutic dose of ferrous sulfate, 325 mg 

three times daily, can be administered. 

PARENTERAL IRON THERAPY 

• Iron can be given parenterally in the form of ferric gluconate, iron dextran, iron 

sucrose, and ferumoxytol. 

• Iron dextran, the oldest of the parenteral iron agents, is US FDA-approved for the 

treatment of iron deficiency when oral supplementation is impossible or ineffective.  

• In this particular formulation, iron is a complex of ferric hydroxide and dextran.  

• Iron dextran can be administered undiluted very slowly as an intravenous (IV) 

injection at a rate not to exceed 50mg (i.e., 1mL) per minute. Although not included 

in the labeling approved by the FDA, iron dextran injection is commonly diluted in 

250 to 1,000 mL of 0.9% NaCl and administered by IV infusion. 

• Some formulations of iron dextran may be given IM, and in a few instances, IM 

iron dextran is the preferred treatment (e.g., patients with limited IV access). In these 

cases, undiluted drug should be administered using a Z-track technique to avoid 

staining the skin. (The skin should be pulled laterally before injection; then the drug 

is injected and the skin is released to avoid leakage of dextran into the subcutaneous 

tissue.) 

 

• Anaphylactoid reactions occur in less than 1% of patients treated with parenteral 

iron therapy and are more commonly associated with iron dextran than with ferric 

gluconate and iron sucrose. 

Megaloblastic Anemias 

• The megaloblastic anemias are macrocytic anemias (raised MCV). There is an 

abnormality in the maturation of hematopoietic cells in the bone marrow. In addition 

to abnormal red cells, the white cells and platelets may be affected. 

• The two major causes are folate deficiency and vitamin B12 deficiency. Pernicious 

anemia is a specific autoimmune disease that causes malabsorption of vitamin B12 

due to a lack of intrinsic factor. 
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FOLATE DEFICIENCY ANEMIA 

• Folate deficiency is usually managed by replacement therapy. The duration of the 

treatment depends on the cause of the deficiency. Changes in dietary habits or 

removal of any precipitating factor should also be considered. 

• The normal daily requirement of folic acid is approximately 100 μcg a day; despite 

this, the usual treatment doses given are 5–15 mg a day.  

• Even in malabsorption states, because of these large doses, sufficient folate is 

usually absorbed. Therefore, parenteral folic acid treatment is not normally required. 

• Treatment for 4 months will normally be sufficient to ensure that folate deficient red 

cells are replaced. 

Pregnancy: 

• Prophylaxis with folate (350–500 μcg daily) is now frequently given in pregnancy, 

often in combination with iron, starting before conception and during the first 12 

weeks of pregnancy. It is important that these products with low doses of folate are 

not used to treat megaloblastic anemia. 

• Although this low-dose folate should be started before conception to prevent a first 

occurrence of neural tube defect, higher doses (5 mg daily) are required in women 

with a history of neural tube defects and again continued until week 12. 

VITAMIN B12 DEFICIENCY ANEMIA 

• The majority of patients with vitamin B12 deficiency require lifelong replacement 

therapy. 

• For most patients, a definite diagnosis is made before treatment is started. The 

standard treatment is hydroxocobalamin 1 mg intramuscularly three times a week for 

2 weeks then 1 mg every 3 months. Where there is neurological involvement, a 

slightly higher dose regimen is recommended, 1 mg on alternate days, until no further 

improvement then 1 mg every 2 months.  

• In the UK, hydroxocobalamin is the treatment of choice. It is retained in the body 

longer than cyanocobalamin, and reactions to it are very rare. US texts recommend 

cyanocobalamin rather than hydroxocobalamin because of the fear that some patients 

appear to develop antibodies to the vitamin B12 transport protein complex in the 

serum. 

Hemolytic Anemias 

• In the hemolytic anemias, there is a reduced life span of the erythrocytes. Anemia 

occurs when the rate of destruction of the erythrocytes exceeds their rate of 

production. There are a wide range of hemolytic anemias with both genetic and 

acquired disorders. Hemolytic anemias account for approximately 5% of all anemias. 
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GLUCOSE-6-PHOSPHATE DEHYDROGENASE DEFICIENCY 

ETIOLOGY 

• There are a large number of variants of G6PD activity found in different 

populations and ethnic groups. G6PD is an erythrocyte enzyme that is indirectly 

involved in the production of reduced glutathione. Glutathione is produced in 

response to, and protects red cells from, oxidizing reagents. 

• G6PD is essential for the production of (NADPH) in erythrocytes. If there is a 

deficiency in G6PD, this decreases the production of NADPH which is needed to 

keep glutathione in a reduced form. Reduced glutathione helps erythrocytes deal with 

oxidative stress. Hence, in G6PD deficiency, if the erythrocytes are exposed to an 

oxidizing agent, the cell membrane becomes damaged; the hemoglobin becomes 

oxidized and forms what are known as Heinz bodies. Some of the red cells hemolyse 

and others have their Heinz bodies removed by the spleen to form ‘bite cells’. 

TREATMENT 

• There is no specific drug treatment. During acute episodes, the patient should be 

kept well hydrated to ensure good urine output to prevent hemoglobin damaging the 

kidney. 

• Blood transfusions may be necessary.  

• Vitamin E (an antioxidant) appears to have little clinical benefit in preventing 

hemolysis. 

 


