What is the pathology behind the three classifications of anaemia?

Anaemia is a reduction in the total number of circulating erythrocytes or a decrease in the quality or quantity of haemoglobin in the blood (McCance & Huether, 2006). Anaemias commonly result from impaired erythrocyte production, blood loss (chronic or acute), increased erythrocyte destruction, or a combination of all (McCance & Huether). Anaemias are classified according to their aetiology or by their morphology (McCance & Huether). Morphologic classification is most commonly used and is based upon two cellular characteristics: size of cell and haemoglobin content (McCance & Huether; Fauci, Braunwald, Kasper, et al., 2008). Cellular size is identified by the term ‘cytic’, and the haemoglobin content is identified by the term ‘chromic’ (McCance & Huether, p. 927). 
According to morphological classification, there are three types of anaemia: macrocytic-normochromic anaemia, microcytic-hypochromic anaemia, and normocytic-normochromic anaemia (McCance & Huether, 2006). Each of these anaemic classifications is subdivided into anaemic conditions based upon aetiology and mechanism. The most common physiologic manifestation of anaemia is a reduced oxygen carrying capacity of the blood, therefore resulting in tissue hypoxia (Fauci, et al., 2008). Clinical symptoms of anaemia will vary in severity depending upon the body’s ability to compensate for hypoxia (McCance & Huether; Fauci, et al.). 
Macrocytic-normochromic anaemia is classified by large, abnormally shaped erythrocytes with a normal haemoglobin concentration (McCance & Huether, 2006). This type of anaemia may also be referred to as megaloblastic anaemia, and is characterized by defective DNA synthesis that results in ineffective erythrocyte formation manifested by large stem cells (megaloblasts) in the bone marrow that mature into large stem cells (macrocytes) in the circulating blood (McCance & Huether; Fauci, et al., 2008). In addition to an increase in cellular size, the thickness and volume of the erythrocyte also increases with macrocytic anaemias (McCance & Huether). Defective DNA synthesis that is responsible for macrocytic anaemias is caused by a deficiency in vitamin B-12 or folate; these vitamins act as coenzymes that are required for nuclear maturation and DNA synthesis of the erythrocyte (McCance & Huether). Haemoglobin increases in proportion to the size of the erythrocyte cell; therefore, the haemoglobin concentration remains normal. Hence, persons with macrocytic anaemias are normochromic in the absence of complications (Fauci, et al.). Briefly, Pernicious Anaemia and Folate Deficiency Anaemia are the most common forms of Macrocytic anaemia. Pernicious anaemia is manifested by an absence of intrinsic factor, an enzyme required for absorption of dietary vitamin B-12, which promotes nuclear maturation and DNA synthesis in the erythrocyte (McCance & Huether). Folate deficiency anaemia is manifested by a lack of folic acid. Folic acid is an essential vitamin required for erythrocyte production and maturation. Absorption of folate occurs primarily in the upper small intestine and does not depend on the presence of any other factors. Thus, folate deficiency results from chronic malnutrition and/or alcoholism, as alcohol interferes with folate metabolism in the liver, thereby causing a profound depletion of folate stores (McCance & Huether; Fauci, et al.). 

Microcytic-hypochromic anaemias are characterized by abnormally small erythrocytes with reduced amounts of haemoglobin (McCance & Huether, 2006). According to McCance and Huether, microcytic-hypochromic anaemias result from a variety of conditions related to, disorders of iron metabolism, disorders of porphyrin and haeme synthesis, or disorders of globin synthesis (McCance & Huether; Fauci, et al., 2008). Iron is an essential component of haemoglobin and is used in normal erythropoiesis (Fauci, et al.). Specific microcytic-hypochromic anaemias include iron deficiency anaemia, sideroblastic anaemia, and thalassaemia (McCance & Huether). Iron deficiency anaemia is the most common form of anaemia, and is present when the demand for iron exceeds the supply (Fauci, et al.). Iron deficiency anaemia is associated with pregnancy, chronic blood loss, and insufficient dietary intake of iron (McCance & Huether; Fauci, et al.). The most common causes of iron deficiency anaemia in developed countries, such as Canada, are pregnancy and chronic blood loss (McCance & Huether). Blood loss of two to four millilitres per day is sufficient to cause iron deficiency and may be the result of chronic gastric and duodenal ulcers, colon adenomas, and cancers (McCance & Huether). Related causes of iron deficiency anaemia are, medications that cause gastrointestinal bleeding (i.e. NSAIDS), surgical procedures that decrease stomach capacity, acidity, intestinal transit time, absorption (i.e. gastric bypass), insufficient dietary iron intake, and eating disorders (McCance & Huether).

Sideroblastic anaemia is another subgroup of microcytic-hypochromic anaemia. Sideroblastic anaemias are a heterogenous group of disorders characterized by anaemia of varying severity caused “by a deviation in mitochondrial metabolism” (McCance & Huether, 2006, p. 936). This alteration in mitochondrial metabolism causes ineffective iron uptake, thereby resulting in dysfunctional haemoglobin synthesis (Fauci et al.; McCance & Huether). Sideroblastic anaemias have multiple aetiologies, but do share a common characteristic—altered haeme synthesis in the bone marrow (Fauci, et al., 2008). 
The third morphological classification is normocytic-normochromic anaemia. These anaemias are characterized by erythrocytes of normal size and haemoglobin content, but occur in insufficient number (Fauci et al., 2008). This classification has no common aetiology, pathological mechanism, or morphological characteristic. Normocytic-normmochromic anaemias may be subdivided into five subgroups: aplastic, post-hemorrhagic, haemolytic, sickle cell, and anaemia of chronic inflammation (McCance & Huether, 2006). Briefly, aplastic anaemia is a characteristic of hypocellular bone marrow which results in pancytopenia, a reduction in ALL blood cell types (McCance & Huether; Fauci, et al.). This hypocellular feature may be as a result of disease, chemical agents, and/or radiation exposure (Fauci et al.). Post-hemorrhagic anaemia results from acute blood loss from the vascular system (McCance & Huether). The manifestations of post-hemorrhagic anaemia are due to loss of blood volume rather than loss of haemoglobin itself (Fauci et al.). Haemolytic anaemia results from the premature, and accelerated destruction of erythrocytes; this may occur either episodically or chronically (Fauci, et al., 2008), and may be caused by intrinsic or extrinsic factors. Intrinsic factors include hereditary abnormalities that impair cellular, enzyme, and haemoglobin synthesis, structure, and function (McCance & Huether). Extracellular factors that may induce haemolytic anaemia are infection, chemical agents, trauma, radiation, or abnormal immune responses (McCance & Huether). Anaemia of chronic disease is usually restricted to those individuals with chronic inflammatory disorders such as rheumatoid arthritis, lupus, malignancies, and chronic hepatic or renal failure (McCance & Huether; Fauci, et al.). Characteristics of anaemia of chronic disease include decreased erythrocyte life span, ineffective bone marrow response to erythropoietin, and altered iron metabolism (McCance & Heuther). Initially anaemia of chronic disease is normocytic-normochromic; however, as the condition progresses, microcytic-hypochromic anaemia often ensues (McCance & Huether). Sickle cell anaemia itself is an inherited disorder; it is a disorder of the blood caused by abnormal haemoglobin that distorts red blood cells and makes them fragile and prone to rupture (McCance & Huether). When an excessive number of red blood cells rupture, anaemia occurs (Fauci, et al.). 
What kind of anaemia do you suspect Mr. D has?

Knowing that Mr. D has recently undergone gastric-bypass surgery and is chronically taking antacids, we suspect that his anaemia is of the microcytic-hypochromic, iron deficiency classification. Mr D’s chronic use of antacids suggests that he may be suffering from a gastric or duodenal ulcer that may result in slow and chronic blood loss. “Blood loss of two to four millilitres per day is sufficient to cause an iron deficiency” (McCance & Huether, 2006, p. 934). The chronic use of antacids will also decrease stomach acidity, which impairs iron absorption by the stomach (Fauci, et al., 2008). Furthermore, gastric bypass surgery will alter the absorptive capabilities of the stomach and decrease gastric-intestinal transit time, thereby resulting in decreased iron absorption from the GI tract. Mr. D may also have strict dietary restrictions due to his surgery and therefore, may be suffering from an insufficient dietary intake of iron. One or more of these factors may combine to be the cause of Mr. D’s anaemia.   
~Paige and Sarah
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