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▪ Defined as the decrease in oxygen carrying 
capacity of the blood due to less than normal 
amounts of Hb, Hct or RBC’s

▪ When the body is unable to properly adjust 
oxygen content due to an anemia, cardiac output 
increases resulting in tachycardia, tachypnea and 
orthostasis

▪ Pallor and fatigue are caused by poor tissue 
perfusion

What is Anemia?



▪ Classified according to: 

▪ RBC morphology determined by: MCV (mean corpuscular volume)

▪ Microcytic: abnormally small in size (MCV < 80 fl)

▪ Normocytic: MCV 80-100 fl

▪ Macrocytic: abnormally large in size (MCV > 100 fl)

▪ RBC’s can also be evaluated based upon their depth of staining on the 
peripheral smear

▪ Hypochromic: light with large central pallor 

▪ Normochromic

▪ Hyperchromic: darker with less central pallor

Anemia Classification



▪ Normocytic Macrocytic

▪ Microcytic

RBC morphology



Hypochromic: light with large central pallor (less hemoglobin in each RBC) 
Microcytic (smaller size of each RBC)
Anisocytosis (variation in size/measured by RDW) 
Poikilocytosis (variation in shape)

Hyperchromic:
darker with less 
central pallor

Anemia: depth of staining



▪ Can also be classified based upon the causal mechanism

▪ Blood loss

▪ Increased destruction of RBC’s

▪ Decreased production of RBC’s

Anemia



Common Causes of Anemia by MCV

Microcytic Anemia

(MCV < 80 fl)

Normocytic Anemia

(MCV 80-100 fl)

Macrocytic Anemia

(MCV > 100 fl)

Iron Deficiency 

(chronic GI blood loss or 
dietary deficiency

Early Iron Deficiency B12 or Folate Deficiency 
(Malabsorption/ inadequate 
diet)

Thalassemia 

(genetic Hb alteration)

Chronic Disease 

(infection, inflammation or 
malignancy)

Liver Disease

Lead poisoning Hemolysis Alcoholism

Bone Marrow Suppression 
(drugs or leukemia)

Hypothyroidism



▪ Anemia in Men: Hb < 13 g/dl or Hct < 41%

▪ Anemia in Women: Hb < 12 g/dl and Hct < 36%

▪ Symptoms usually do not occur until Hb < 8 g/dl

▪ RDW (red cell distribution width) is a measure of 
anisocytosis (abnormal variation in the RBC size) 
▪ RDW range is 11-15% and is viewed only as normal or high

Values you need to know:



▪ Reticulocytes are immature RBC’s, a normal retic is 0.5-
1.5%.  If the retic is greater than 3%, the bone marrow 
is working hard to make up for a low RBC count caused 
by hemolysis or blood loss 

▪ Transferrin: a protein that binds to iron and mediates its 
uptake into the RBC, it is often measured as: Total Iron 
Binding Capacity (TIBC)

▪ Serum Ferritin: iron storage protein and it’s value remains 
proportional to serum iron levels
▪ *Caveat: Acute phase reactant that can be elevated when the body 

is stressed with illness

Other Values of Interest:



▪ Iron is necessary for the formation of heme, if 
there is little or no iron, little or no heme can be 
made and therefore no heme-o-globin can be 
produced

▪ The most common type of anemia

Iron Deficiency Anemia



▪ Causes: 
▪ Decreased intake: infants (<6 mo), in adults dietary insufficiency is a Dx

of exclusion

▪ Increased demand: children/adolescents (rapid growth), pregnant 
women, breastfeeding

▪ Decreased absorption: Celiac Disease intolerance to gluten (found in 
wheat barley rye) leads to inflammation and destruction of cells in the 
duodenum

▪ Gastrectomy (decreased stomach acid which is essential for converting iron 
into a form that is more easily absorbable: also seen in chronic PPI therapy) 
Problem with the duodenum

▪ Increased loss: Women: menorrhagia, Men: GI blood loss, PUD, Elderly: 
colon cancer/polyps, chronic rectal bleed, AVM’s, Developing countries: 
hookworm, Other causes: blood donation, chronic hemoglobinuria

Iron Deficiency Anemia



 Signs and Symptoms:

 fatigue, pallor, dizziness, SOB, tachycardia, palpitations, spooning of nails 
(koilonychia), brittle nails, PICA (craving dirt, clay, laundry starch, ice), smooth 
tongue

 Labs:

 low H & H, RBC can be low, MCV: normocytic early advancing to 
microcytic/hypochromic, retic can be normal to low

 Dx:

 the single best test for IDA is a low serum ferritin, 

 also low serum iron and a high TIBC (body makes more transferrin to bind to 
more iron), increased RDW

 Tx:

 Oral iron supplementation for 4-6 mo.  This should be taken with OJ or Vit C to 
increase Fe uptake

Iron Deficiency Anemia



▪ 1. Thalassemia (can be confused with IDA)

▪ 2. Sickle Cell Anemia

Hemoglobin Abnormalities



▪ Genetic disorder (autosomal recessive) caused by 
a decrease or lack of synthesis of a or b -globin 
chains of normal Hb
▪ Hb normally has 2 of each forming a tetramer

▪ Thalassemia is an inherited form of hemolytic anemia 

▪ a- thalassemia can be mild to severe 
▪ African, Asian populations

▪ Can have 1, 2, 3 or 4 mutations on the a globin allele

▪ hydrops fetalis (stillborn) is common

▪ defect in all 4 a genes

Thalassemia



 b-thalassemia minor (1 allele is defective) is usually asymptomatic, b globin gene 
has 2 alleles on Chromosome 11 

 Thalassemia minor blood smear from an individual with thalassemia shows small 
(microcytic) pale (hypochromic), variously-shaped (poikilocytosis) red blood cells which 
carry less oxygen than normal RBCs.

 b- Thal Major (2 defective alleles): Cooley’s Anemia

 Mediterranean populations, rarely in African and Asian

 b-thalassemia major is severe, unpaired a globins accumulate and form toxic 
inclusion bodies that kill preerythroblasts causing severe hemolytic anemia

 if not lethal in utero, the life expectancy is short

Thalassemia



 Signs and Symptoms:

 Lethal vs asymptomatic, may have splenomegaly, heart failure due to iron 
deposits, bone deformities (making more RBCs), osteoporosis, slower growth 
rate in infants

 Labs:

 MCV is severely decreased out of proportion to Hct reduction, retic is 
increased

 Dx:

 Hb electrophoresis; 98% of adult Hb is HbA; in B-thal Hb A2 >4.5% (HbF can 
also be present), A-thal minor is a dx of exclusion since there in no change in Hb
A, Hb A2 and Hb F, RDW nl

 Tx:

 Usually nothing however, transfusions (if severe), iron chelation is under 
investigation to prevent iron overload, BMT, (note that iron replacement should 
never be given to thalassemia pts)  Also genetic counseling should be given

Thalassemia



▪ Most common type of anemia in hospitalized 
patients

▪ Can be seen in pts with
▪ infections

▪ malignancy and metastatic disease

▪ chronic inflammatory diseases

▪ chronic disease like diabetes, CHF, liver disease

▪ renal failure (anemia usually more severe)

Anemia of Chronic Disease



▪ Signs and Symptoms:

▪ Fatigue, pallor, dizziness, SOB

▪ Labs:

▪ H & H, RBC are decreased, MCV usually normocytic but can be microcytic, retic is 
normal, RDW nl

▪ Dx:

▪ Low serum Fe, TIBC and transferrin,(decreased production of transferrin in order 
to decrease binding to iron) 

▪ Ferritin can be high (acute phase reactant)* if ferritin is low the pt can have a 
coexisting IDA

▪ Tx:

▪ Treat the underlying disorder, erythropoetin injections (Procrit q wk-prn, Aranesp
q 2 wks-prn), transfusions

Anemia of Chronic Disease



Disorder Serum Ferritin Serum Fe TIBC

IDA Low Low High

Thalassemia Normal Normal Normal

Anemia of 

Chronic Disease

High Normal Low



▪ Most commonly caused by Vitamin B12 or Folate deficiency (B9)

▪ Other causes: 

▪ drugs (6-MP and other chemotherapy agents) 

▪ liver disease especially in alcoholic patients

▪ Myelodysplasia

▪ Myxedema

Megaloblastic/ Macrocytic Anemia



▪ Pernicious anemia (hereditary) caused by 
insufficient intrinsic factor (protein secreted by 
gastric parietal cells) and vit B12 cannot be 
absorbed by the gut

▪ Other causes: 
▪ malabsorption in Crohn’s ds, Celiac ds, GI surgery 

▪ strict vegans since Vitamin B12 is primarily found in animal-derived products 
such as meat, seafood and dairy products.

▪ Overuse of antacids—PPI’s

Vitamin B12 Deficiency



 Signs and Symptoms:

 Symmetric paresthesias, loss of proprioception and ataxia, 
glossitis (neuropsych changes often precede heme changes)

 Labs:

 Serum B12 is low, folate is normal, MCV high, RDW high

 Dx:

 Schillings test (radioactively labeled B12 measured in urinary 
excretion), peripheral smear shows hypersegmented
neutrophils

 Tx:

 Monthly Vit B 12 injections IM

Vitamin B12 Deficiency



▪ hypersegmented neutrophil that is present with megaloblastic 

anemias (Here are 8 lobes instead of the usual 3 or 4)

Megaloblastic Anemia



▪ Caused by inadequate diet in alcoholics, elderly or in pregnancy

▪ Can be caused by certain drugs like:

▪ phenytoin

▪ sulfasalazine

▪ colchicine

Folate Deficiency



▪ Signs and Symptoms:

▪ General symptoms without neurological complaints

▪ Labs:

▪ H & H, RBC, serum folate are low, MCV high, RDW high

▪ Dx:

▪ Peripheral blood smear shows hypersegmented neutrophils

▪ Tx:

▪ Oral folate supplements

Folate Deficiency



Lab findings in Common Anemias; 
Summary, Table 2

Anemia MCV RDW Other Dx tests/findings

Iron Deficiency Microcytic High Hypochromic cells, low ferritin, target cells, 
low/norm retic, high TIBC, r/o GI bleed

Thalassemia Severely Microcytic Normal a-Thal: target cells, b-Thal: basophilic 
stippling, nucleated RBC’s, anisocytosis, 
poikilocytosis Definitive dx: Hb
electrophoresis

Anemia of 
Chronic Disease

Normocytic to 
Microcytic

Normal Elevated C-reactive protein (acute phase 
reactant), retic- wnl, ferritin- high, iron and 
transferrin- low

Vit B12 
Deficiency

Macrocytic High Positive Schillings test, megaloblastosis, 
hypersegmented neutrophils, high 
homocysteine

Folate Deficiency Macrocytic High Howell-Jolly bodies, megaloblastosis, 
hypersegmented neutrophils, high 
homocysteine



▪ Aplastic Anemia

▪ Hemolytic Anemia

▪ Autoimmune

▪ Hereditary spherocytosis

▪ G6PD

▪ Sickle Cell Anemia

Other types of anemia



▪ Pancytopenia (lack of RBC’s: anemia WBC’s: neutropenia and platelets: 
thrombocytopenia) resulting from bone marrow failure

▪ Most common causes:

▪ Idiopathic

▪ Chemotherapy

▪ XRT (radiation therapy)

▪ drugs like phenytoin, chloramphenicol, sulfonamides

▪ Parvovirus, Epstein Barr virus, CMV, Varicella, HIV, Hep B/C

▪ Chemical exposure: benzene, insecticide

▪ Familial: Fanconi’s Anemia

Aplastic Anemia



 Signs and Symptoms:

 Anemia: Fatigue, weakness, SOB, pallor, 

 Neutropenia: persistent infections 

 Thrombocytopenia: abnormal mucosal bleeding, petechia

 Acute Leukemia

 Labs:

 Pancytopenia, normocytic/chromic anemia, bone marrow 
biopsy shows hypocellularity

 Tx:

 Supportive care transfusions, immunosuppressive drugs 
(cyclosporine, ATG) BMT, remove the causative agent

Aplastic Anemia



▪ Increased destruction of RBC’s beyond what can 
be replaced by normal bone marrow production

▪ Signs and Symptoms: organomegaly, abd pain, 
jaundice, brown colored urine

▪ There are 3 types:
▪ 1. Defects external to the RBC: immune, mechanical hemolysis (prosthetic 

heart valve), hemolytic disease of the newborn

▪ 2. Defects of the RBC membrane: Hereditary Spherocytosis

▪ 3. Defects of the RBC interior: G6PD deficiency

▪ Can also be classified as Intrinsic (Sickle cell, Thalassemia, Hereditary 
spherocytosis, elliptocytosis , G6PD) and Extrinsic (Autoimmune, mechanical)

Hemolytic Anemia



▪ Anti RBC IgG antibodies that attach above 31 degrees C (warm reacting 
antibodies) get sequestered in the spleen
▪ Cold reacting antibodies: form RBC complexes below 31 degress C. IgM

antibodies can cause hemolysis and infarction in cooler areas (fingers and 
toes) of the body.  This can occur in Mycoplasma pneumoniae, malaria and 
EBV infections and is called Cold Agglutinin Ds

▪ Causes: 50% idiopathic, drug induced (PCN, Quinidine, methyldopa), diseases 
like Lupus, CLL, mycoplasma, mono, malaria, incompatible blood transfusions, 
hemolytic disease of newborn, TTP, DIC

▪ Dx: positive Coombs test
▪ direct Coombs test tests the presence of IgG antibody or complement on the 

RBC membrane, micro- Coombs is now available and is very sensitive (indirect 
Coombs looks for unbound circulating antibodies)

▪ Tx: Remove the offending drug, give corticosteroids or other 
immunosuppressives, may require a splenectomy to control hemolysis

1. Autoimmune Hemolytic Anemia



 Autosomal Dominant inherited trait

 Functionally normal RBC but spherically shaped which causes 
them to be trapped in the spleen, where hemolysis takes place

 Dx: Coombs test negative

 Tx: May require a splenectomy, to remove the site of 
hemolysis but will not cure

2.Hereditary Spherocytosis



▪ X-Linked recessive disorder in African, 
Mediterranean and Middle Eastern decent with 
100 inherited variants

▪ More common in men (in women only if both 
parents are affected)

▪ Lack the G6PD RBC enzyme that helps to protect 
it from oxidative damages
▪ Many types of this enzyme that vary with race. Those with this disorder have 

G6PD A- enzyme that declines rapidly as the RBC ages

▪ Offending drugs: antimalarials, sulfa drugs, ASA, 
nitrofurantoin, NSAIDs

3. Glucose-6-Phosphate 
Dehydrogenase Deficiency



▪ Signs and Symptoms:

▪ Jaundice, splenomegaly, palpitations, SOB, dizziness

▪ Labs:

▪ Heinz bodies, bite cells seen on peripheral smear, increased retic and 
indirect bilirubin

▪ Dx:

▪ Specific enzyme assay done weeks after the episode to confirm 
diagnosis

▪ Tx:

▪ D/C offending drug and avoid lifelong, may need a transfusion

3. Glucose-6-Phosphate 
Dehydrogenase Deficiency



▪ 1. Thalassemia (can be confused with IDA)

▪ 2. Sickle Cell Anemia

Hemoglobin Abnormalities



▪ Caused by a point mutation that changes the amino acid 
glutamine to valine resulting in misshapen RBCs

▪ Recessively inherited trait predominately in the African 
pop. 1:500 In which the B chain is altered leading to HbS
formation instead of HbA

▪ HbS reacts differently than Hb A when exposed to low O2 
environments, acidosis, infection, cold or dehydration; 
sickling occurs

▪ Carriers of the gene have Sickle Cell Trait and are at 
risk under extreme conditions only

▪ All carriers and affected individuals are resistant to 
Malaria

Sickle Cell Anemia



▪ Signs & Symptoms:

▪ Susceptible to Strep pneumo sepsis and Salmonella
osteomyelitis

▪ Chronic anemia cause by destruction of sickled cells: 
Head to Toe: acute painful crisis, acute chest syndrome, 
CVA, osteonecrosis, pulmonary HTN

▪ There are 4 types of Sickle Cell crisis:
▪ Vasoocclusive

▪ Hyperhemolytic: Intravascularly or Extravascular (spleen)

▪ Aplastic: can be triggered by an infection

▪ Splenic sequestration: may cause multiple infarcts

Sickle Cell Anemia



▪ Hemolysis leads to fatigue and pallor due to low RBC

▪ Vaso-occlusion of arteries in brain: stroke common in children

▪ High output cardiac failure due to chronic anemia leading to poor 

oxygenation of vital organs and tissues and the hart is trying to 

compensate by pumping more blood (increasing cardiac output) 

which will cause cardiomegaly which will lead to HF

▪ Acute Chest syndrome, MCC death in SCD caused by an infection 

and low O2 in pulm arteries, will present with pulm symptoms, 

fever, chest pain, cough, SOB

▪ Hemolysis leads to uncongugated bili which will cause gallstones 

and jaundice

▪ Vaso-occlusion of splenic vessels and the acid/hypoxic 

envirnomnet of the slpeen:hyposlenia

Head to Toe Symptoms



▪ Vulnerable to infection

▪ Strepococcus pneumoniae: 

▪ Haemophilus influenzae: bacteremia

▪ Salmonella paratyphi: osteomyelitis

▪ GU: Priaprism

▪ Stasis, hypoxia, and acidosis of venous blood during an erection result in 
RBC sickling and occlude venous outflow

▪ Vaso-occlusion of vessels in renal medulla which also has low O2 

and high osmolality leading to dehydrated RBS’c: gross hematuria, 

proteinuria

▪ Bone: Dactylitis: vessels of hands and feet occlude causing 

extreme pain: mcc of hospitalizations



▪ Bone: Sickle cell crisis, Avascular necrosis particularly in weight 

bearing joints like the femoral head.

▪ Aplastic crisis Parvovirus B19 infects erythroid progenitor cells in the 

marrow leading to an acute fall in Hb and reticulocytes 



▪ Systemic: fatigue, pain

▪ Neuro: stroke

▪ Cardiac: High output Cardiac failure

▪ Pulmonary: Acute chest syndrome

▪ GI: gall stones, splenic sequestration

▪ GU: priapism, renal papillary necrosis

▪ Bone: Dactylitis, Pain crisis, Avascular necrosis

Summary



▪ Labs:

▪ Sickle Cell Prep will show sickled cells (a peripheral smear may look 
normal, Hct is 20-30%, retic is high 10-25% (except in Aplastic crisis), 
indirect bilirubin is high

▪ Dx:

▪ Gold standard is Hb electrophoresis which will show HbS without HbA

▪ Tx:

▪ O2, hydration, analgesics, possibly transfusions.  Prevention is key, 
prophylactic PCN is given to ward off Strep pneumo

Sickle Cell Anemia



▪ A 64 yr old man presents for his annual physical. He denies any 

changes since last year. He is 5’11, 175 lbs, maintains optimal lipids 

and exercises daily. He has a well balanced diet and eats red 

meat 3 -5 times weekly. He is on ASA, MVI and is up to date on 

immunizations and health maintenance.  CBC reveals Hb 10, Hct

30.2, WBC 8.7, platelets 364, MCV 73. Chem: Na 140, K 3.6, HCO3 

25, BUN 21, Cr 1.4. Peripheral smear shows hypochromic RBC’s. 

Which is the next best step in the management of this patient?

▪ A. CT abdomen

▪ B. Stool guiac test

▪ C. Colonoscopy

▪ D. Iron Supplementation

▪ E. Hold the ASA
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▪ A 58 year old African American woman presents with complaints 

in her PIP joints, MCP joints as well as both knees. She says she has 

had these symptoms for a couple of years and they are gradually 

worsening. Pain is worse in the morning, otherwise she sates she 

has been reasonably healthy, her only surgery was a TAH for PCOS 

10 yrs ago. She is a non-smoker. She has not yet had a 

colonoscopy. Her labs reveal Hb 8.7, Hct 26.1, MCV 87, Ferritin 165 

(18-160), serum iron 48 (50-170), TIBC 200 (250-370). Which of the 

following is the most likely reason for her anemia?

▪ A. Iron Deficiency

▪ B. Vitamin B 15 Deficiency

▪ C. Anemia of Chronic disease

▪ D. Occult blood loss

▪ E. Thalassemia major
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 37 yo male Normal Values

 RBC 5.11 4.2-5.8

 Hgb 11.6 g/DL L 13.2-17.1

 Hct 35.4% L 38.5-50.0

 MCV 69.2 fl L 80-100

 RDW 19.2 % H 11-15

 Plt 313 140-400

 Serum iron 15 mcg/DL L 40-190

 TIBC 508 mcg/DL H 250-400

 % saturation 3% L 15-50

 Retic 1.2 % 0.5-3.0

 Ferritin 2 ng/mL L 20-345

Diagnose this Anemia



A. Iron Deficiency Anemia 

B. Pernicious Anemia

C. Hemolytic Anemia

D. Thalassemia Anemia

E. Hereditary Spherocytosis



A. Iron Deficiency Anemia 
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 50 yo male

 RBC 5.24

 Hgb 13.0 g/DL L

 Hct 37.8% L

 MCV 72.1 fl L

 RDW 19.7 % H

 Plt 307

 Serum iron 52 mcg/DL

 TIBC 416 mcg/DL H

 % saturation 13% L

 Ferritin 10 ng/Ml L

Diagnose this Anemia



A. Iron Deficiency anemia

B. Pernicious anemia

C. Hemolytic anemia

D. Thalassemia Anemia

E. Hereditary Spherocytosis



A. Iron Deficiency anemia
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D. Thalassemia Anemia

E. Hereditary Spherocytosis



 78 yo female

 RBC 4.56

 Hgb 10.5 g/DL L

 Hct 33.2% L

 MCV 66 fl L

 RDW 15.0 % N

 Plt 207

 Serum iron 101 mcg/DL

 TIBC 235 mcg/DL L

 % saturation 42%

 Retic 2.7 %

 Ferritin 766 ng/Ml H

Diagnose this Anemia



▪ Hgb Electrophoresis Normal

▪ Hgb A 93.5% 94-98

▪ Hgb S 0 % 0

▪ Hgb C 0 % 0

▪ Hgb A2 5.5 % 0.7-3.1

▪ Hgb F 1 % 0

Diagnose this Anemia



A. Iron deficiency anemia

B. Macrocytic anemia

C. Hemolytic anemia

D. Thalassemia anemia

E. Anemia of Chronic disease
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 95 yo male

 RBC 3.6 L

 Hgb 11.5 g/DL L

 Hct 36.2% L

 MCV 97.9 fl

 RDW 14 %

 Plt 207

 Serum iron 47 mcg/DL

 TIBC 208 mcg/DL L

 % saturation 23%

 Ferritin 395 ng/Ml H

 CRE 6.5 MG/DL 0.7-1.2

Diagnose this Anemia



A. Iron deficiency Anemia

B. Hemolytic anemia

C. Anemia of Chronic disease

D. B12 deficiency

E. Thalassemia anemia
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 84 yo male

 RBC 5.24

 Hgb 12.8 g/DL L

 Hct 36.8% L

 MCV 103.2 fl H

 RDW 17 % H

 Plt 300

 Serum iron 52 mcg/DL

 TIBC 300 mcg/DL

 % saturation 25%

 Ferritin 78 ng/Ml

Diagnose this Anemia



A. B12 or folate deficiency

B. Iron deficiency

C. Thalassemia

D. Anemia of chronic disease

E. Hemolytic anemia
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E. Hemolytic anemia



▪ A patient presents for a routine evaluation. 

CBC reveals Hgb 10.1 MCV 67, ferritin, serum 

iron, TIBC, iron saturation are all normal. 

Reticulocyte count 2.3%. Which test is the 

most appropriate to perform?
▪ A. Hemoglobin electrophoresis

▪ B. Schilling test

▪ C. Bone marrow Biopsy

▪ D. Stool Guiac

▪ E. Direct and Indirect Coombs test

Board Question
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