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[bookmark: ANEMIA][bookmark: DEFINITION]DEFINITION

ANEMIA
Anemia is defined as the state in which the red cell mass of blood is decreased below the normal level for the age and sex of the patient. As a result of this the oxygen carrying capacity of blood is decreased. It is characterized by a decrease in hemoglobin, packed red cell volume (PCV) and red blood cell (RBC) count.
RED CELL INDICES- Red cell indices play a vital role in classification of anemia.
[bookmark: Global_magnitude_of_anemia]Global magnitude of anemia
Approximately one-third of the world’s population (32.9%) was estimated to suffer from anemia in 2010.The population groups most vulnerable to anemia include
(1) Children under 5 years of age (42% with anemia in 2016), particularly infants and children under 2 years of age.
(2)  	WRA (39% with anemia in 2016); and1

(3)  	Pregnant women (46% with anemia in 2016).
[image: ]Females were consistently at greater risk of anemia than men across almost all geographic regions and in most age groups.2 Other at-risk groups include the elderly, as the prevalence of anemia among adults over 50 years of age rises with advancing age,though data are limited.The prevalence of anemia also varies by geographic region. Sub-Saharan Africa, South Asia, the Caribbean, and Oceania had the highest anemia prevalence across all age groups and both sexes in 2010. At the country level, anemia among WRA and children under 5 years of age is a moderate-to-severe public health problem (20% or greater as defined by WHO) in the majority of WHO member states
Red cell indices
Red cell indices play a vital role in classification of anemia. In well equipped laboratories, these parameters are provided by the automated analyzers. Manual counting of cells and further calculation of the indices based on them is not accurate and is obsolete.
The important red cell indices are as follows:
· Mean Corpuscular Volume or MCV-MCV is defined as the volume of the average red blood cell expressed in femtoliters.
It is calculated by the formula: MCV (fL) = PCV (L/L) ÷ RBC (x 1012/L)
The normal MCV for men and women is 92 ± 9 fL In electronic counters the MCV is determined by pulse height analysis.
· [bookmark: Red_cell_indices]Mean Corpuscular Haemoglobin or MCH- MCH is the average mass of hemoglobin per red cell expressed in picograms. It is calculated by the formula: MCH (pg) = Hb (g/L)
÷ RBC (x 1012/L) The normal MCH for men and women is 29.5 ± 2.5 pg In electronic counters the MCH is a derived value based on the hemoglobin and the RBC count.
· Mean Corpuscular Haemoglobin Concentration or MCHC- MCHC is the measure of the concentration of hemoglobin in a given volume of packed red cells and is expressed as g/L MCHC (g/L) = Hb (g/L) ÷ PCV (L/L) ×1000 The normal MCHC for men and women is 330 ± 15 g/L In electronic counters this is a derived value from Hb and PCV (or MCV and RBC).
[bookmark: Red_Cell_Distribution_Width_or_RDW]Red Cell Distribution Width or RDW
· The RDW is a measure of variation of red cell size or anisocytosis.
· In electronic counters it is derived from the pulse height analysis and can be expressed either as a coefficient of variation (CV) (%) of the RBC volume or as the standard deviation (in fL).
· The normal RDW as coefficient of variation (CV) is 12.8 ± 1.2 % and as standard deviation SD is 42.5 ± 3.5 fl.
· The MCV and MCH are increased, MCHC is normal and the RDW is increased.
· The blood film shows large number of macrocytes which are well hemoglobinised.
· Macrocytic anemia is further divided into megaloblastic and nonmegaloblastic anemia.
· Examples of megaloblastic anemia are folic acid or vitamin B12 deficiency, inherited disorders
Classification of anemia
· Many different types of anemias exist, with many causes and manifestations. In an attempt to organize the anemias into understandable units, several classifi cation schemes have been proposed.
· These classifi cations group anemias based on erythrocyte morphology, physiology, or probable etiology.
· The method based on red cell morphology, which was originally proposed by Wintrobe, categorizes anemias by the size of the erythrocytes. Anemia also may be classifi ed by red cell morphology as macrocytic, normocytic, or microcytic. The major limitation of such classifcation is that it tells of DNA synthesis and drug induced disorders of DNA synthesis.
· Non megaloblastic anemia can be due to hypothyroidism, liver disease, alcoholism and aplastic anemia.
[bookmark: Etiological_Classification_Based_on_the_]Etiological Classification Based on the Cause of Anemia
Deficiency of building materials essential for the production of blood (a) Iron deficiency anemia
– red cells are unable to make normal amount of hemoglobin (b) Vitamin B12 and folic acid deficiency –results in abnormal DNA synthesis leading to megaloblastic anemia. (c) Anemia of protein calorie malnutrition – red cells are unable to make globin chains

[bookmark: Disease_of_the_bone_marrow_interfering_w]Disease of the bone marrow interfering with normal haematopoiesis
(a)  	Aplastic and hypoplastic anemia
(b) Leukemia/lymphoma – abnormal proliferating cells infiltrating marrow
(c) Fibrosis of the marrow – primary or secondary
Inflammatory conditions – Excessive blood loss
(a) Acute blood loss – accidents, trauma, surgery, hematemesis
(b) Chronic blood loss – gastrointestinal bleeding due to ulcers, cancer, piles, hookworm infestation, genitourinary due to repeated pregnancies, excessive periods.

[bookmark: Increased_red_cell_destruction]Increased red cell destruction
Haemolytic anemias these may be due to:
[bookmark: Defects_inside_the_RBC_(Intra_corpuscula]Defects inside the RBC (Intra corpuscular defects)
(d) tuberculosis, granuloma formation
(a) Red cell membrane defects - example Hereditary spherocytosis, elliptocytosis.
(b) Abnormalties of hemoglobin synthesis
(i) Decreased globin synthesis – quantitative defect (Example Thalassemias)
(ii) Abnormal globin synthesis – qualitative defects (Example Sickle cell anemia)
(c) Abnormalities of red cell enzymes – G6PD deficiency
B. 	Defects outside the RBC (Extra corpuscular defects)
(a) Immune haemolytic anemias- alloimmune, auto immune, drug induced
(b) Parasites – malaria
(c) Bacterial – Clostridia
(d) Venoms – eg snake venoms
(e) Red cell fragmentation seen in disseminated intravascular coagulation, haemolytic uremic syndrome, march haemoglobinuria, prosthetic heart valves etc.
Excessive blood loss – Haemorrhagic anemias like Acute blood loss, Chronic blood loss. „ Increased red cell destruction – Haemolytic anemias like Defects inside the RBC (Intra corpuscular defects) Defects outside the RBC (Extra corpuscular defects)
Morphologic classification subdivides anemia.
(1) Macrocytic anemia,
(2) Normocytic anemia,
(3) Microcytic hypochromic anemia.
Based on Morphology of Red Cells and the Red Cell indices
[bookmark: Normocytic_Normochromic_Anemia]Normocytic Normochromic Anemia
There is a decrease in hemoglobin, PCV and RBC count. The MCV, MCH, MCHC and RDW are normal The blood film shows decreased RBCs which appear normal in size and colour Examples are anemia due to acute blood loss, hemodilution, decreased erythropoietin secretion and anemia associated with impSSSaired marrow response.
Microcytic Hypo chromic Anemia
There is decrease in hemoglobin, PCV and RBC count The MCV, MCH and MCHC are decreased. RDW may or may not be increased The blood film shows small RBCs (microcytes) with increase in central pallor (hypochromic). Examples are iron deficiency anemia, anemia of chronic disorders, disorders of globin synthesis (beta thalassemia minor), sideroblastic anemia and lead intoxication.
Macrocytic Anemia
There is decrease in hemoglobin, PCV and the RBC count The MCV and MCH are increased, MCHC is normal and the RDW is increased. The blood film shows large number of macrocytes which are well hemoglobinised. Macrocytic anemia is further divided into megaloblastic and nonmegaloblastic anemia.
[bookmark: Classification_of_anemia][bookmark: Excessive_blood_loss][bookmark: Based_on_Morphology_of_Red_Cells_and_the][bookmark: IRON_DEFICIENCY_ANEMIA]IRON DEFICIENCY ANEMIA
Iron is an essential element in the synthesis of hemoglobin. Iron deficiency is a common form of anemia. Although iron deficiency is a well-defined category of anemia, confusing this type of anemia with other forms of anemia does occur.
Diagnosing and treating an iron-deficient patient correctly are especially important in high-risk populations. The failure to do so can produce a significant public health problem.
[bookmark: Early_Diagnosis]Early Diagnosis
Early diagnosis of iron deficiency is essential in nonanemic infants and toddlers (under 2 years of age).
Prevention of cognitive and psychomotor skills decline in young children relies on detection of iron deficiency before full manifestation of anemia is present in the circulating blood.
	In addition, a correct diagnosis is essential for proper treatment. Confusing iron
Deficiency with other forms of anemia impacts proper treatment. Early diagnosis of iron deficiency is equally important in pregnant women to reduce maternal fetal morbidity.
Etiology
Although an individual’s need for dietary iron is small and will only manifest itself after iron storage sites in the body have been depleted, IDA is one of the most frequently encountered types of anemias. Four pathophysiological categories can contribute to the development of IDA . IDA may result from various categories with multiple conditions in each category . The major categories that result in IDA are
1. Decreased iron intake. A deficiency of this type results when not enough iron is consumed to meet the normal, daily required amount of iron (e.g., fad diets and an imbalanced vegetarian diet).
2. Increased iron utilization. An increased demand for iron that is not met, such as during pregnancy, then growth years, or periods of increased blood regeneration.
3. Excessive loss of iron (physiological or pathological iron deficiency). An excessive loss of iron can result from acute or chronic hemorrhage or heavy menstruation.
4. Faulty or incomplete iron absorption (physiological iron deficiency). Conditions of faulty or incomplete iron absorption can be caused by achlorhydria in certain disorders or following gastric resection; or chronic diarrhea.
If a gastroenterologic evaluation fails to disclose a likely cause of IDA, or in patients refractory to oral iron treatment, screening for celiac disease, autoimmune gastritis, and Helicobacter pylori is recommended. Twenty to twenty-seven percent of patients with unexplained ID
Epidemiology
Although a high prevalence of iron deficiency existed in the 1960s in the American population, intensified efforts to combat iron deficiency in this country appear to have successfully reduced anemia in some vulnerable age subgroups, such as infants.
In the most recent survey in the United States, iron deficiency continues to be common in toddlers, adolescent girls, and women of childbearing age hj. In adults, the prevalence of anemia rises rapidly after age 50.
Physiology
· Humans have 35 to 50 mg of iron per kilogram of body weight.
· The average adult has 3.5 to 5.0 g of total iron. Normal iron loss is very small, amounting to less than 1 mg/day. Iron is lost from the body through exfoliation of intestinal epithelial and skin cells, the bile, and urinary excretion.
· To compensate for this loss, the adult male has a replacement iron need of 1 mg/day.
· However, additional iron is needed during the growth years, pregnancy, and lactation. Some women require supplementary iron because of heavy menstrual blood loss.
· Operational iron consists of iron used for oxygen binding and biochemical reactions. In humans, most operational iron is found in the heme portion of hemoglobin or myoglobin. Most operational iron is incorporated into the hemoglobin molecules of erythrocytes and is recycled. In normal adults, hemoglobin contains two thirds of the iron present in the body.
[bookmark: Dietary__Iron]Dietary Iron
There are two broad types of dietary iron. Approximately 90% of iron from food is in the form of iron salts and is referred to as non haemiron.
The extent to which this type of iron is absorbed is highly variable and depends both on the person’s iron status and on the other components of the diet.
The other 10% of dietary iron is in the form of heme iron, which is derived primarily from the hemoglobin and myoglobin of meat.

Heme iron is well absorbed, and its absorption is less strongly influenced by the person’s iron stores or the other constituents of the diet.
There is little meat in the diet of most infants; therefore, most of their dietary iron is nonheme, and their intake is highly influenced by other dietary factors. Ascorbic acid enhances the absorption of nonheme iron, as do meat, fish, and poultry.
[bookmark: Iron_metabolism]Iron metabolism
· Following the oral intake of iron in the ferric (Fe3+) state, stomach secretions reduce the iron to the ferrous (Fe2+) state. These stomach secretions, referred to as reducing agents, include glutathione, ascorbic acid, and sulfhydryl groups of proteins and digestion products.
· Gastric juice plays an important but poorly understood role in promoting absorption.
· The low pH of gastric juice makes iron available from hemoglobin-containing meat in the diet and other sources. However, very little iron is absorbed by the stomach.
· [bookmark: _Iron_Absorption]Iron Absorption
Most of the iron passes from the stomach to the duodenum and upper jejunum, where it can be absorbed readily.
Absorption by the GI epithelial cells is finely tuned to admit just enough iron to cover losses, without permitting either excess or deficiency of body iron to develop. Absorption normally admits approximately 5% to 10% of a total dietary intake of 10 to 20 mg/day.
Transportation of iron
· Most absorbed iron becomes attached to the plasma protein transferrin, which is formed in the liver.
· Transferrin, a beta globulin, is a glycoprotein. Transferrin chelates iron within the intestinal lumen and shuttles it into the mucosal cells of the small intestine.
· The internal iron transport of most mammals consists ofn transferrin transport of iron between donating tissues and transmembrane transferrin receptors, designed to procure iron for the cell.
· The cellular uptake of iron begins with the binding of the transferrin-iron complex to a specific receptor.
· Under normal circumstances, the iron required for cellular metabolism is acquired via transferrin receptors.
· Cells of different organ systems show considerable differences in the concentration of cellular transferrin receptors, the highest concentrations being found in cells of organs with the highest requirements, such as the hemoglobin synthesizing erythroid bone marrow cells and placental trophoblasts.
· [bookmark: Transportation_of_iron]When iron stores decline, serum ferritin concentrations drop until iron stores are depleted, at which time the ferritin concentration falls below the lower limit of the reference interval.
· With further iron loss, and as iron-deficient erythropoiesis begins, circulating transferrin receptor concentrations begin to increase and continue to do so as the severity of iron-defi cient erythropoiesis increases, reflecting the increasing number of receptors on the erythroid cells of the bone marrow.
· The ratio of transferring receptor to ferritin displays an inverse linear relationship to iron status, covering the spectrum from usual iron stores in health to substantial functional iron deficiency.

[bookmark: Iron_storage]Iron storage
· Most storage iron is found in hepatocytes and macrophages, where it is sequestered in ferritin.
· If the amount of apoferritin is insuffi cient, the remaining iron will be deposited and stored in tissues as hemosiderin.
· Iron is taken from these storage deposits and transported back to erythroid precursors by transferrin.
· The first line of iron supply is the mononuclear phagocyte system.
In iron defi ciency, any increase in iron supply must come from the GI tract, because body tissues are already depleted of storage iron.
· At the time that iron has been depleted from these iron stores, an iron defi ciency will manifest itself.
[bookmark: Pathophysiology]Pathophysiology
· An IDA does not develop rapidly in most cases.
· Three sequential phases evolve until the manifestation of clinical signs and symptoms become apparent. Each phase is associated with specifi c characteristics .
· The phases are stores in health to substantial functional iron deficiency.
· The measurement of transferrin receptors is especially valuable in physiological conditions in which iron stores are depleted, making it diffi cult to clearly distinguish iron-deficient erythropoiesis from depleted iron stores. Such situations are commonly encountered in childhood and adolescence and during pregnancy, when iron stores are uniformly low to absent but iron deficiency erythropoiesis is not necessarily present.
· Intracellular migration of transferrin-iron complexes produces an invagination of the cell membrane that results in a vacuole. Iron is subsequently released, and the transferrin is returned to the plasma to resume iron transport once again.
· Any remaining iron is retained in the cells, where it combines with the protein apoferritin to form ferritin. Storage iron is the second largest iron compartment in the body.
· Most storage iron is found in hepatocytes and macrophages, where it is sequestered in ferritin.
· If the amount of apoferritin is insufficient, the remaining iron will be deposited and stored in tissues as hemosiderin. Iron is taken from these storage deposits and transported back to erythroid precursors by transferrin. The fi rst line of iron supply is the mononuclear phagocyte system.

· In iron defi ciency, any increase in iron supply must come from the GI tract, because body tissues are already depleted of storage iron. At the time that iron has been depleted from these iron stores, an iron deficiency will manifest itself.
Clinical Signs and Symptoms
· The history and physical presentation are the typical initial observations in the diagnostic workup of a patient with symptoms of paleness, fatigue, and/or weakness.
· Papilledema may be caused by IDA.
· The mechanism may be related to abnormal hemodynamics, as in other states of increased blood flow to the brain. Anemia may lead to reversible bulging of the fontanelles in infants with iron deficiency rather than papilledema.
· Patients with IDA and headache should undergo a careful examination of the optic fundi to rule out papilledema because this can lead to visual loss if left untreated.
· IDA in children is associated with psychomotor and mental impairment in the fi rst 2 years of life. Currently, more than one third of children in the United States demonstrate evidence of iron insuffi ciency, 7% have iron defi ciency without anemia, and 10% have IDA.
· Pica, the compulsive ingestion of nonnutritive substances has a well documented association with iron deficiency.
· It may be a habit that induces iron defi ciency by replacing dietar iron sources or inhibiting the absorption or iron.
· However, considerable evidence suggests that iron deficiency is usually the primary event and pica a consequence. Pica may occur in as many as half of iron defi cient patients.
[bookmark: Laboratory_Characteristics]Laboratory Characteristics
· The first step in laboratory evaluation is a complete blood count including observation of the peripheral blood smear and a platelet count.
· The red blood cell parameters of hemoglobin, microhematocrit and red blood cell count, are the cornerstones for calculation of the red blood cell indices MCV, MCH, MCHC.
· The platelet count and white blood cell count should be noted.
· The MCV can separate macrocytic, normocytic, and microcytic red blood cell presentations.
· When searching for an IDA, normochromic, normocytic as well as microcytic, and hypochromic presentations can be encountered.
· Approximately, one third of patients with iron deficiency will present with normal red blood cell morphology because they are in an early phase of iron depletion.
· Another evaluation of mature erythrocyte indices as a new marker of iron status is the percentage of hypochromic red blood cells (% HYPO).
MEGALOBLASTIC ANEMIAS
Megaloblastic anemias can be classifi ed into two major categories based on etiology. The major divisions are vitamin B12 (cobalamin, Cbl) defi ciency and folic acid defi ciency. The term megaloblastic refers to the abnormal marrow erythrocyte precursor seen in processes, such as pernicious anemia, associated with altered DNA synthesis. Macrocytes can occur in the absence of a megaloblastic process. For example, an increased mean corpuscular volume (MCV) can result simply from an increase in the number of circulating reticulocytes, which are larger than mature erythrocytes.
Etiology
[bookmark: MEGALOBLASTIC_ANEMIAS]Megaloblastic anemia caused by vitamin B12 deficiency is associated with 1.Increased utilization of vitamin B12 because of parasitic infections such as D. latum
[bookmark: Etiology] 	(tapeworm) and pathogenic bacteria in disorders such as diverticulitis and small bowel Structure.
2. Malabsorption syndrome caused by gastric resection, gastric carcinoma, and some forms of celiac disease or sprue.
3. Nutritional defi ciency or diminished supply of vitamin B12. Cobalamin is synthesized by bacteria and is found in soil and in contaminated water. Foods of animal origin (e.g., meat, eggs, and milk) are the primary dietary sources. The amount of cobalamin in the average Western diet (5 to 15 mg/day) is more than suffi cient to meet normal requirements.
Clinical Signs and Symptoms
· Pernicious anemia is frequently seen in those of Northern European ancestry, with clinical presentation during the fourth or fi fth decade of life.
· Acquired megaloblastic anemias tend to have a very insidious onset, with symptoms that may have been present for years before the diagnosis is made.
· Because of the pivotal role of cobalamin in metabolism, multiple organ systems can be affected in pernicious anemia. Patients may note changes in their skin color to a lemon- yellow appearance. The nail beds, skin creases, and
[bookmark: Epidemiology]Epidemiology
Research studies have recently documented that 1.9% of persons older than 60 years have undiagnosed pernicious anemia. Earlier studies suggested that pernicious anemia is restricted to Northern Europeans; however, newer studies report the disease in both blacks and Latin Americans. The median age at diagnosis is 60 years. Slightly more women than men are affected. Although the disease is silent for a span of 20 to 30 years until the end stage, the underlying gastric lesion can be predicted many years before anemia develops.
[bookmark: Physiology]Physiology
· Normal red cell maturation is dependent on many hematological factors, two of which are the vitamin B12 coenzymes (also called cobalamin) and folates.
· Megaloblastic dyspoiesis occurs when one of these factors is absent. Vitamin B12 and a variety of structurally similar compounds, known as cobalamin analogues, that lack the functional coenzyme activity of the vitamin occur in nature as a product of certain microorganisms.
· It becomes available to humans through the food chain. About one third of the body’s average total of 5,000 mg is stored in the liver.
· The average loss of vitamin B12 is approximately 5 mg/day. An adult requires about 5 mg of vitamin B12 per day to balance this loss, with a greater need during unusual sssperiods such as pregnancy. A normal diet contains 5 to 30 mg.
· Folates are abundant in yeast, many leafy vegetables, and organ meats such as liver and kidneys. An ample amount of folate is present in most well-balanced diets containing vegetables, fruits, dairy products, and cereals. The human body stores little folic acid.
· Storage amounts would last about 3 to 4 months if a complete absence of dietary folates existed. However, a chronically inadequate diet can produce folic acid defi ciency
anemia. In addition to a poor diet, alcohol is the most common pharmacological cause of folic acid deficiency.
· However, folic acid antagonists, such as certain drugs to treat leukemias and oral contraceptives, appear to
· reduce the absorption of folic acid.
[bookmark: Vitamin_B12_(Cobalamin)_Transport]Vitamin B12 (Cobalamin) Transport
Cobalamin transport is mediated by three different binding proteins that are capable of binding the vitamin at its required physiological concentrations:
1. intrinsic factor (IF),
2. transcobalamin II (TC II), and
3. R proteins.
[bookmark: Intrinsic_Factor]Intrinsic Factor
· IF, a glycoprotein, is synthesized and secreted by the parietal cells of the mucosa in the fundus region of the stomach in several mammalian species, including humans.
· In health, the amounts of IF secreted by the stomach greatly exceed the quantities required to bind ingested cobalamin in its coenzyme forms.
· At a very acidic pH, cobalamin splits from dietary protein and combines with IF to form a vitamin-IF complex . Binding by IF is extraordinarily specific and is lost with even slight changes in the cobalamin molecule.
· This complex is stable and remains unabsorbed until it reaches the ileum. In the ileum, the vitamin-IF complex attaches to specifi c receptor sites present only on the outer surface of microvillus membranes of ileal enterocytes.
[bookmark: Transcobalamine_II]Transcobalamine II
· The release of this complex from the mucosal cells with subsequent transport to the tissues depends on TC II. TC II is a plasma polypeptide synthesized by the liver and probably several other tissues.
· Like IF, TC II, which turns over very rapidly in the plasma, acts as the acceptor and principal carrier of the vitamin to the liver and other tissues.
· Receptors for TC II are observed on the plasma membranes of a wide variety of cells. TC II is also capable of binding a few unusual cobalamin analogues, and it stimulates cobalamin uptake by reticulocytes.
[bookmark: R_protein]R protein
· The R proteins comprise an antigenically cross-reactive group of cobalamin-binding glycoproteins. The R proteins bind cobalamin and various cobalamin analogues.
· Their function is unknown, but they appear to serve as storage sites and as a means of eliminating excess cobalamin and unwanted analogues from the blood circulation through receptor sites on liver cells.
· R proteins are produced by leukocytes and perhaps other tissues. They are present in plasma as TC I and TC III as well as in saliva, milk, and other body fluids.
Potential Causes of Folate Deficiency
· Inadequate intake Increased demands, e.g., pregnancy, infancy Malabsorption disorders, e.g., sprue Biologic competition for dietary folate, e.g., bacterial overgrowth in the intestine
· Medications (inhibitors), e.g., anticonvulsants, chemotherapy agents, methotrexate Alcohol
· conditions of either dietary inadequacy, medications acting as inhibitors, or malabsorption syndromes.
· In pernicious anemia, the defi ciency is caused by reduced IF secondary to gastric atrophy.
· In the majority of cases of pernicious anemia, anti-IFs or antibodies to parietal cells have been reported.
· Most authorities consider the demonstration of these antibodies to support the theory that pernicious anemia is an autoimmune disorder.
· The presence of IF-blocking antibodies is diagnostic of pernicious anemia.
[bookmark: Potential_Causes_of_Folate_Deficiency][bookmark: Gastric_Pathological_Findings]Gastric Pathological Findings
There are three regions of the stomach: the fundus and the body, both of which contain acid- secreting gastric parietal cells and pepsinogen-secreting zymogenic cells, and the antrum, which contains gastrin-producing cells. Autoimmune gastritis, associated with pernicious anemia, involves the fundus and the body of the stomach only. The pathological process associated with autoimmune gastritis appears to be directed toward the gastric parietal cells.
Autoantibodies to parietal cells bind to both the a and b subunits of gastric H+/K+-ATPase, the antigen recognized by
parietal cell autoantibodies .







[image: ]
· Gastric parietal cell H+/K+-ATPase as the molecular target in autoimmune gastritis with pernicious anemia.
· The top panel represents a gastric gland, showing the location of parietal cells in relation to zymogenic cells, immature cells, and surface mucous cells.
· The middle fi gure represents a stimulated gastric parietal cell, showing the lining membrane of the secretory canaliculus on which gastric
· H+/K+-ATPase is located. The bottom panel represents the catalytic a and glycoprotein b subunits of gastric H+/K+-ATPase, showing their orientation in the lining membrane of the secretory canaliculus of the parietal cell. N, N-terminal of protein; C, C-terminal of protein.
Clinical Signs and Symptoms
· Pernicious anemia is frequently seen in those of Northern European ancestry, with clinical presentation during the fourth or fi fth decade of life.
· Acquired megaloblastic anemias tend to have a very insidious onset, with symptoms that may have been present for years before the diagnosis is made.
· Because of the pivotal role of cobalamin in metabolism, multiple organ systems can be affected in pernicious anemia. Patients may note changes in their skin color to lemon- yellow appearance.
Laboratory Findings
· Pernicious anemia, the most common megaloblastic anemia, is a prototype of the entire group.
· [bookmark: Clinical_Signs_and_Symptoms][bookmark: Laboratory_Findings]The hematological picture is the same whether the cause is vitamin B12 or folic acid deficiency.
· However, supporting laboratory assays will differ for the various megaloblastic anemias.
· The hemoglobin and red cell counts are usually extremely low in this anemia. However, the microhematocrit (packed cell volume) may not refl ect the actual decrease in erythrocytes because of the enlarged size of the red cells.
· This increase in red cell size is typically refl ected in the mean corpuscular volume
(MCV), which may be as high as 130 fL.
· The mean corpuscular hemoglobin (MCH) varies but is usually increased in 90% of cases. Concurrent conditions that decrease the MCV, such as thalassemia or iron defi ciency, may cause the MCV to be normal. The mean corpuscular hemoglobin concentration (MCHC) is usually normal.
· In this anemia, platelet counts are usually moderately decreased. The total white blood cell count will classically demonstrate a leukopenia, particularly a neutropenia.
· Examination of a peripheral blood smear reveals a moderate to signifi cant anisocytosis and poikilocytosis with many macrocytic, ovalocytic red cells
· Erythroid precursors, notably metarubricytes, may also be observed. Red cell inclusions such as basophilic stippling, Howell-Jolly bodies, and Cabot rings may be observed.
· Abnormalities in leukocytes may include hypersegmented (more than four lobes) neutrophils and an increase in the percentage of eosinophils (eosinophilia). Platelets are also typically decreased in number.
· The reticulocyte count is less than 1% in untreated pernicious anemia and is low for the degree of anemia.
However, subsequent to vitamin B12 treatment, assuming that the patient does not have antibodies HEMOLYTIC ANEMIAS
The common denominator in hemolytic anemia is an increase in erythrocyte destruction initiated primarily by trapping of cells in sinuses of the spleen or liver and producing a decrease in the normal average life span of the erythrocyte. Increased bone marrow activity may compensate temporarily for this reduction. When the bone marrow fails to increase the production of erythrocytes to offset the loss of cells caused by hemolysis, anemia develops. Most anemias have a hemolytic component, and even in the anemias of marrow failure, the erythrocyte is somewhat defective.
[bookmark: Etiology_of_Hemolytic_Anemia]Etiology of Hemolytic Anemia
Hemolysis can be classified according to whether the hemolysis is
Extrinsic: From a source outside the red cell; disorders extrinsic to the RBC are usually acquired.
Intrinsic: Due to an defect within the red cell; intrinsic RBC abnormalities (see table Hemolytic Anemias) are usually inherited.
[bookmark: Disorders_extrinsic_to_the_red_blood_cel]Disorders extrinsic to the red blood cell
Causes of disorders extrinsic to the RBC include Drugs (eg, quinine, quinidine, penicillins, methyldopa, ticlopidine, clopidogrel)
Immunologic abnormalities (eg, autoimmune hemolytic anemia, thrombotic thrombocytopenic purpura)
Infections
Mechanical injury (eg, microangiopathic hemolytic anemia) Reticuloendothelial hyperactivity (hypersplenism)
Infectious organisms may cause hemolytic anemia through the direct action of toxins
(eg, Clostridium perfringens, alpha- or beta-hemolytic streptococci, meningococci), by invasion and destruction of the RBC by the organism
· against IF, the reticulocyte count can increase up to 25% in 5 to 8 days.
(eg, Plasmodium species, Bartonella species,Babesia species) or by antibody production (eg, Epstein-Barr virus, mycoplasma).
[bookmark: Intrinsic_red_blood_cell_abnormalities]Intrinsic red blood cell abnormalities
Defects intrinsic to the RBC that can cause hemolysis involve abnormalities of the RBC membrane, cell metabolism, or hemoglobin structure.
Abnormalities include hereditary cell membrane disorders (eg, hereditary spherocytosis), acquired cell membrane disorders (eg, paroxysmal nocturnal hemoglobinuria), disorders of RBC metabolism (eg, glucose-6-phosphate dehydrogenase (G6PD) deficiency),
and hemoglobinopathies (eg, sickle cell disease, thalassemias). Quantitative and functional abnormalities of certain RBC membrane proteins (alpha- and beta-spectrin, protein 4.1, F-actin, ankyrin) cause hemolytic anemias.
Pathophysiology of Hemolytic Anemia
Hemolysis maybe Acute
Chronic Episodic
Hemolysis may also be Extravascular Intravascular Both

[bookmark: Normal_red_blood_cell_processing]Normal red blood cell processing
Senescent RBCs lose membrane and are cleared from the circulation largely by the phagocytic cells of the spleen, liver, bone marrow, and reticuloendothelial system.
Hemoglobin is broken down in these cells primarily by the heme oxygenase system. The iron is conserved and reutilized, and heme is degraded to bilirubin, which is conjugated in the liver to bilirubin glucuronide and excreted in the bile.
[bookmark: Pathophysiology_of_Hemolytic_Anemia][bookmark: Extravascular_hemolysis]Extravascular hemolysis
· Most pathologic hemolysis is extravascular and occurs when damaged or abnormal RBCs are cleared from the circulation by the spleen and liver.
· The spleen usually contributes to hemolysis by destroying mildly abnormal RBCs or cells coated with warm antibodies.
· An enlarged spleen may sequester even normal RBCs. Severely abnormal RBCs or RBCs coated with cold antibodies or complement (C3) are destroyed within the circulation and in the liver, which (because of its large blood flow) can remove damaged cells efficiently.
· In extravascular hemolysis, the peripheral smear will show microspherocytes or with cold agglutinins, erythrocyte agglutination if the blood is not warmed upon collection.
[bookmark: Intravascular_hemolysis]Intravascular hemolysis
Intravascular hemolysis is an important reason for premature RBC destruction and usually occurs when the cell membrane has been severely damaged by any of a number of different mechanisms, including
· Autoimmune phenomena
· Direct trauma (eg, march hemoglobinuria)
· Shear stress (eg, defective mechanical heart valves)
· Disseminated intravascular coagulation (DIC)
· Toxins (eg, clostridial toxins, venomous snake bite)
Intravascular hemolysis results in hemoglobinemia when the amount of hemoglobin released into plasma exceeds the hemoglobin-binding capacity of the plasma-binding protein haptoglobin, a protein normally present in concentrations of about 100 mg/dL (1.0 g/L) in plasma, resulting in the reduction of unbound plasma haptoglobin. With hemoglobinemia, unbound hemoglobin dimers are filtered into the urine and reabsorbed by renal tubular cells; hemoglobinuria results when reabsorptive capacity is exceeded. Iron is released from catabolized hemoglobin and embedded in hemosiderin within the tubular cells; some of the iron is assimilated for reutilization and some reaches the urine when the tubular cells slough.
[bookmark: Consequences_of_hemolysis]Consequences of hemolysis
Unconjugated (indirect) hyperbilirubinemia and jaundice occur when the conversion of hemoglobin to bilirubin exceeds the liver’s capacity to conjugate and excrete bilirubin.
Bilirubin catabolism causes increased stercobilin in the stool and urobilinogen in the urine and sometimes cholelithiasis.
The bone marrow responds to the excess loss of RBCs by accelerating production and release of RBCs, resulting in a reticulocytosis due to increased production of erythropoietin by the kidneys in response to the ensuing anemia.
Symptoms and Signs of Hemolytic Anemia
Systemic manifestations of hemolytic anemias resemble those of other anemias and include pallor, fatigue, dizziness, and possible hypotension. Scleral icterus and/or jaundice may occur, and the spleen may enlarge.
Hemolytic crisis (acute, severe hemolysis) is uncommon; it may be accompanied by chills, fever, pain in the back and abdomen, prostration, and shock. Hemoglobinuria causes red or reddish-brown urine.
[bookmark: Diagnosis_of_Hemolytic_Anemia]Diagnosis of Hemolytic Anemia
· Peripheral smear and reticulocyte count
· Serum bilirubin, lactic dehydrogenase (LDH), haptoglobin, and alanine aminotransferase (ALT)
· Antiglobulin (Coombs) test and/or hemoglobinopathy screen
· Hemolysis is suspected in patients with anemia and reticulocytosis. If hemolysis is suspected, a peripheral smear is examined and serum bilirubin, LDH, haptoglobin, and ALT are measured.
· The peripheral smear and reticulocyte count are the most important tests to diagnose hemolysis.
· Antiglobulin testing or hemoglobinopathy screening (eg, high-performance liquid chromatography [HPLC]) can help identify the cause of hemolysis.

[bookmark: Direct_Antiglobulin_(Direct_Coombs)_Test]Direct Antiglobulin (Direct Coombs) Test
[image: ]The direct Coombs' test is used to determine whether RBC-binding antibody (IgG) or complement (C3) is prese RBC membranes. The patient's RBCs are incubated with antibodies to human IgG and C3. If IgG or C3 is boun RBC membranes, agglutination occurs–a positive result. A positive result suggests the presence of autoantibodie RBCs if the patient has not received a transfusion in the last 3 mo, alloantibodies to transfused RBCs (usually se acute or delayed hemolytic reaction), or drug-dependent or drug-induced antibodies against RBCs.

[bookmark: Indirect_Antiglobulin_(Indirect_Coombs)_]Indirect Antiglobulin (Indirect Coombs) Test
The indirect Coombs' test is used to detect IgG antibodies against RBCs in a patient's serum. The patient's serum incubated with reagent RBCs; then Coombs' serum (antibodies to human IgG, or human anti-IgG) is added. If agglutination occurs, IgG antibodies (autoantibodies or alloantibodies) against RBCs are present. This test is als to determine the specificity of an alloantibody.
[bookmark: HEMOLYTIC_ANEMIAS][bookmark: Symptoms_and_Signs_of_Hemolytic_Anemia][image: ]

Although some tests can help differentiate intravascular from extra vascular hemolysis, making the distinction is sometimes difficult. During increased RBC destruction, both types are commonly involved, although to differing degrees.
[bookmark: Treatment_of_Hemolytic_Anemia]Treatment of Hemolytic Anemia
· Treatment depends on the specific mechanism of hemolysis.
· Corticosteroids are helpful in the initial treatment of warm antibody autoimmune hemolysis. Transfusions are used in patients with symptomatic anemia, but long-term transfusion therapy may cause excessive iron accumulation, necessitating chelation therapy.
· Splenectomy is beneficial in some situations, particularly when splenic sequestration is the major cause of RBC destruction. If possible, splenectomy is delayed until 2 weeks safter vaccination with the following:
· Pneumococcal vaccine
· Haemophilus influenzae vaccine
· Meningococcal vaccine
· In cold agglutinin disease, avoidance of cold is recommended, and blood will need to be warmed before transfusion. Folate replacement is needed for patients with ongoing long- term hemolysis.
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