
Lecture 1 Pathophysiology of Anemia Klassen 

 Erythrocytes: red blood cells  

 Structure 

 Non-nucleate 

 Biconcave disk 

 8 um diameter 

 Extremely 

flexible to 

squeeze 

through small 

capillaries  

Function 

 Oxygen transport 

 40-50% total blood 

volume 

 Cytoplasm contains 

hemoglobin (90%) 

 RBCs gave a lifespan 

of 120 days in 

circulation 

Hemoglobin: metalloprotein; 4 globin subunits 

 
Structure 

Adults:   

 Hb A (α2β2) 

 95%  

 Hb A2 (α2δ2) 

 

Fetus/infants:  

Hb F (α2γ2) 

Functions 

 Oxygen binding: O2 binds 

to Fe in 1 HEME group  

conformational change  

cooperative & easier 

binding of O2 to HEME in 

other chains  

 Oxygen release: in high 

CO2, blood acidity 

increases  protons & CO2 

binds to GLOBIN  forces 

release of O2 via 

conformational change  

NOTE: carbon 

monoxide (CO) 

competitive 

binds to HEME 

Erythropoiesis: blood cell production 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Location of synthesis 

 Fetus (to 3rd trimester): 

liver, spleen, lymph nodes 

 Children: most bone barrow 

is hematopoietic (elevated 

RBC requirements during 

growth/development) 

 Adults: bone marrow 

(vertebrae, ribs, sternum, 

clavicle, pelvic crest, long 

bones [femur, humerous]) 

Stimulus: blood hypoxia 

due to a reduced O2 

carrying capacity 

 Hemorrhage 

 Damage to bone 

marrow 

 Exposure to high 

altitude  

 Exercise 

 Hemolytic disease 

 Low hemoglobin 

levels  

Erythropoietin: glycoprotein hormone produced in kidney (adults) or 

liver (fetal) that regulates erythropoiesis  

  Mechanism: 

1. Kidney detects O2 

carrying capacity in 

blood and releases EPO 

2. EPO binds to receptors 

on progenitor surface 

3. Prevents apoptotic 

death of erythrocyte 

progenitor cells  

Functions of EPO: 

 Stimulate stem cell 

differentiation into 

progenitors 

 Increase mitotic rate (cell 

division increases) 

 Induces Hb production 

 Increased reticulocyte 

release from marrow  

Erythropoiesis: 4 day process  

1. HEMOCYTOBLASTS: pluripotent stem cell (in the bone marrow) 

2. MYELOID PROGENITOR: committed precursor erythroid burst 

forming unit (BFU) 

3. UNIPOTENT STEM CELL: lineage specific precursor colony 

forming unit (CFU) 

4. PROERYTHROBLASTS (pronormoblast): unipotent cell division 

& differentiation  

5. BASOPHILIC (EARLY) ERYTHROBLAST: Hb synthesis start 

6. LATE ERYTHROBLAST: accumulation of Hb 

7. NORMOBLAST: nucleus is extruded from the cell 

8. RETICULOCYTE: net-like appearance (reticulum) in cytoplasm 

 1% of circulating blood cells 

 Maturation in circulating blood stream 

 Indicator of bone marrow erythrocyte production  

9. MATURE erythrocytes: loss of ribosomes  

Hb content 

increases 

Nucleus 

shrinks 

Decreases 

in cell size  

EPO 

STIMULATED 
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Anemias: reduced oxygen carrying capacity in blood  

Characterization: BY EITHER 

 Low/abnormal erythrocytes 

(RBCs) 

 Low quantity of Hb (O2 

binding molecule) 

 

 Indicates an underlying 

disease  

 Diagnostic term includes 

pathogenic cause (“anemia 

secondary to ____”) 

Epidemiology 

 Common blood disorder  

o 25% worldwide  

 Majority are 

asymptomatic/unaware 

o Limited screening 

guidelines 

o Lack of unified definitions 

by health authorities 

 Chronic or acute 

 Mild or severe  

Common Sx: 

 General: fatigue, dizziness 

  Insufficient O2 for 

body processes  

 Skin: pale, cool, yellow 

 Vasoconstricted 

 Retain blood for vital 

organs 

 Respiration: elevated 

 SOB; no Hb for O2 

 Heart rate: increased  

 Compensate/ 

maintain O2 to organs 

 Can lead to chest 

pain, heart failure, 

heart attack 

Rare Sx: 

 Angular chelitis: cracking/splitting of 

corners of lips 

 Malnutrition – B12/ folate 

deficiency  

 Glossitis: swelling, color & texture 

change of tongue 

 Iron deficiency: depapilled shiny 

appearance 

 B12 deficiency: beefy or fiery red 

& sore w/ linear/ patchy lesions 

 Koilonchynia: spoon nails 

 Iron deficiency: nails become flat 

or concave in shape  

 Pica: appetite for non-food substances  

 Eating chalk, dirt, clay, coins 

 Iron deficiency in children  

Main causes 

1) Blood loss: most common short or long-term blood loss  body loses red 

blood cells  

 Heavy menstrual periods; internal bleeding (digestive/ urinary 

tract); surgery/trauma 

2) Lack of RBC production   

a. Acquired 

 Poor diet or gastric by-pass : folic acid, B12, iron 

 Pregnancy: low iron, folic acid 

b. Inherited: abnormal (EPO) production 

 Aplastic anemia: inadequate synthesis of RBCs by BM 

3) High rates of RBC destruction  

 Acquired or genetic 

 Enlarged or disease spleen  increased/abnormal clearing of 

RBCs 

 Hemolytic anemia: premature destruction and clearing of blood 

cells (destroyed before lifespan complete  BM cannot 

compensate w/ increased hematopoiesis)  

Classification 

 Morphology: shape/size of 

cells 

 Etiology: cause 

o Vitamin deficiencies 

o Bone marrow function 

o Bleeding 

 Pathophysiology 

o Blood cell destruction 

o Hemorrhage 

o Hereditary disorders  
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Laboratory testing/evaluations 

 HB RANGE: amount of Hb in blood volume 

 Indicative of total RBC/quantity of Hb per RBC 

 

 HEMATOCRIT (Hct): volume RBCs in unit volume 

 Indicative of change in size/number of RBC 

 

 MEAN CORPUSCULAR VOLUME (MCV): average RBC volume 

= total hematocrit/ # of actual RBCs  

 Indicative of change in RBC cell size 

 

 MEAN CORPUSCULAR Hb (MCH): average mass of Hb per RBC 

= Hb / # of RBC  

 Decreased in microcytic & hypochromic cells 

 

 MEAN CORPUSCUALR Hb CONCENTRATION (MCHC): average 

concentration Hb per RBC 

= Hb/total Hct 

 Decreased in hypochromic anemia 

 

 TOTAL IRON BINDING CAPACITY (TIBC): indirect measure of iron 

binding in blood 

 Increases when iron is low = more binding spots on 

transferrin available 

 

 SERUM IRON: concentration of iron directly bound to transferrin 

 High variability (during the day and day-to-day) 

 Interpret with TIBC 

 

 SERUM FERRITIN: value correlates to body stories  

 Ferritin (intracellular protein with iron core) controls iron 

release (low serum ferritin = depleted iron) 

 

 RBC count: number of RBC in blood volume 

 

 RBC distribution width (RDW): range of RBC diameters  

 Higher number = broader distribution = more varied RBC 

diameters  

 

 SCHILLING TEST: test for pernicious anemia  

 Tests for lack of intrinsic factor from gastric parietal cells 

1. Non-radioactive B12 saturating dose given IM 

2. Radioactive B12 given orally 

3. If B12 absorbed in gut = radioactive urine >10% of total 

dose in 24h 

4. If pernicious anemia = < 5% of isotope dose in urine 

across 24 h 

Morphological classification: shape/ 

size of blood cells 

 Normochromic/normocytic 

anemia: 

 Normal color of blood  

 Normal Hb amounts 

 Normal size of cells – 8 um  

 Causes 

o Chronic disease (most 

common) 

o Blood loss 

o Hemolysis 

o Renal failure  

o Autoimmune/ endocrine 

disease 

Microcytic/hypochromic anemia: 

 Microcytic: smaller than 

normal RBCs 

 Hypochromic: light blood color 

 Lower Hb levels 

 Causes:  

o Iron deficiency (most 

common) 

o Long-lasting chronic 

disease 

o Thalassemia – autosomal 

recessive disorder 

(malproduction of Hb/ 

RBCs) 

Macrocytic anemia: larger than 

normal RBCs 

 Causes: 

o B12 deficiency 

o Folic acid deficiency 

o Premicious anemia – 

atrophic gastritis  

 Loss of gastric parietal 

cells = loss of intrinsic 

factor = low/no B12 

uptake  
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Iron deficient anemia: imbalance in iron stores and iron intake vs. demand  

General causes: 

 Diet: malnutrition/nutrition 

deficiency 

 Blood loss: GI/urinary bleeds, 

menses, cancer, trauma 

 Decreased absorption (low 

iron uptake): gastrectomy, 

celiac, crohns, drugs 

(tetracycline) 

 Increased demand (high iron 

use in body tissues): growth/ 

development (infants), 

puberty, pregnancy, lactation  

Three stages of iron deficiency 

1. Iron depletion: prelatent iron deficiency 

 Loss of stored iron – insufficient intake to meet demand 

 Serum iron remains normal due to store dumping 

 Generally asymptomatic 

 No overt effect on erythropoiesis  

 Diagnostics: only serum ferratin levels low (reduced stores) 

2. Iron deficient erythropoiesis: latent iron deficiency 

 Low iron stores 

 Hb synthesis reduced (Hb in circulation above diagnostic limit) 

 Diagnostics: increased total iron binding capacity  

3. Iron deficiency anemia: no iron for Hb level maintenance  

 Microcytic and hypochromic anemia 

 Diagnostics: low Hb and hct values 

o Increased RDW and decreased MCV 

Macrocytic anemia: abnormal DNA metabolism (B12 or folate deficiency)  

 DNA synthesis is slower than normal  cells accumulate in synthesis (S) phase of cell cycle 

 Doesn’t undergo mitosis  MACROCYTE = cell growth without cell division  

 Consequences: permanent neurological damage (numbness, tremors, memory loss, psychosis) 

B12 deficient anemia: general causes 

1) Decreased intake (rare cause) 

a. Strict vegetarians/vegans: no ambient 

uptake through animal products 

b. Alcohols: poor diet 

c. Elderly: tea and toast diet 

2) Decreased absorption (common cause) 

a. Pernicious anemia: lack of intrinsic 

factor for B12 uptake 

b. Severe Chrohns disease: 

malabsorption of nutrients  

c. Prolonged use of acid suppression 

therapy: acid required for B12 

absorption 

d. H. pylori gastritis: acidic environment/ 

damaged stomach cells 

e. Surgical removal of ileum: loss of 

absorbent surface area  

Folate deficiency anemia: general causes 

1) Decreased intake 

a. Poor diet: alcoholics, elderly, anorexia 

b.  Poor cooks: overcooking/method of cooking 

changes retention in food 

2) Decreased absorption 

a. Sprue: flattening absorptive villi in small 

intestine 

i. Coeloic: gluten induced autoimmune  

ii. Tropical: parasite/infection 

b. Drugs (phenytoin, phenobarbital): disrupt folate 

uptake/utilization 

c. Alcohol: interferes with absorption/ decrease 

folate stores in liver 

3) Increased demand: increase in dividing cells (DNA 

demand increases) 

a. Pregnancy 

b. Skin disease 

c. Growth/development infants/child  

Anemia in chronic disease: hyperproliferation (reduction of RBCs)  normocytic/normochromic anemias  

 deficiency EPO 

 diminished response to EPO 

 Caused by: infection, 

inflammation, malignancy  

 

Mechanisms: 

1) Shortened erythrocyte survival 

2) Inadequate EPO response in 

bone marrow 

3) Disruption iron metabolism (block 

release of iron from cells; cytokines can 

inhibit production/action of EPO) 


