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Approach to anemias and more

Approach to anemia
Cases

– Iron deficiency anemia
– Anemia of inflammation
– Megaloblastic anemia (B12/folate)
– Hemolytic anemias
– Thalassemia and sickle cell anemia
– Aplastic anemia

Normal hematopoiesis and erythropoiesis

Evaluation of polycythemia
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Normal hematopoiesis

Bone marrow aspirate & biopsy
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Normal blood smear
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Reticulocytes = New RBCs

Normal (nonanemic)
• 1% of circulating RBCs

• Absolute Retic. Count:
20,000 – 60,000 / L

Automated hematology instrumentation
Measured parameters
• RBC #
• WBC # and differential
• Platelet #
• Hemoglobin (gm/dL)
• MCV (calculate RDW)
• Reticulocyte count

Calculated parameters
• HCT    = RBC x MCV
• MCH   = HGB / RBC
• MCHC = HGB x 100 /HCT
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Definition of Anemia
Hematocrit

– Percent of the blood volume 
occupied by RBCs 

– Normal adult man 38-50%; woman 
36-45%

Hemoglobin (Hgb)
– Direct measurement

WHO Definition of anemia = Hgb
< 13 g/dL for men
< 12 for females

Approach to anemia

• What is the clinical history/exam?
• Laboratory assessment (3 questions).

– Are the red blood cells produced appropriately? (absolute or 
corrected reticulocyte count)

– If the retic is low - what is the size of the RBC (MCV)?

– Are any other cell lines decreased (WBCs, platelets)?

• Look at the peripheral smear
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Approach to anemia
• What is the clinical history/exam?
• Laboratory assessment (3 questions).

– Are the red blood cells produced appropriately? (absolute or 
corrected reticulocyte count)

– If the retic is low - what is the size of the RBC (MCV)?
– Are any other cell lines decreased (WBCs, platelets)?

• Look at the peripheral smear.

Clinical history/exam: signs and symptoms of anemia
Shortness of breath
Palpitations
Fatigue/weakness
Light-headedness/ headache
Angina; claudication; confusion (elderly)
Pallor or jaundice

Petechiae, infection
Adenopathy, organomegaly
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Approach to anemia

• What is the clinical history/exam?
• Laboratory assessment (3 questions).

– Are the red blood cells produced appropriately? (absolute or 
corrected reticulocyte count)

– If the retic is low - what is the size of the RBC (MCV)?
– Are any other cell lines decreased (WBCs, platelets)?

• Look at the peripheral smear.

1.  Are the RBCs produced appropriately?

% reticulocytes      X
Corrected 
Reticulocyte
Count

Patient’s HCT / normal HCT

Absolute
Reticulocyte 
Count

% reticulocytes       X     RBC# / 100

Normal absolute reticulocyte count = 20,000-60,000/ul

< 3%  anemia with decreased RBC production (hypoproliferative)
 3%  anemia with increased RBC production (hyperproliferative)
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Normal Retic Response to Anemia

• 7 – 10 days for full response
• Corrected Retic Ct (> 3%)

Abs Retic Count (> 120,000/ L)
• Need a “healthy” marrow & nutrients 

(iron, vit B12, folate) & normal 
erythropoietin (EPO)

Decreased MCV (<80) Normal MCV Increased MCV (>100)
Iron Def Anemia

Anemia of Chronic Disease (30%)
Thalassemia

Sideroblastic anemia

Anemia Chronic Dis
Aplastic anemia

Low EPO
Multiple myeloma
Acute bleeding

Vit B12 def
Folate def

Myelodysplasia
Liver disease

Drugs
Hypothyroidism

Anemias with decreased RBC production
(low corrected reticulocyte count)

2. What is the size of the cells ( MCV )?
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Anemias with increased RBC production 
(high corrected reticulocyte count,  3%) 

Hemolysis

Caveat: 20% of hemolytic 
anemia cases will have a 
low reticulocyte count

Blood loss with sufficient 
folate, iron, B12

Marrow is recovering 
from a recent insult

Laboratory testing
Haptoglobin, LDH, indirect Bili, peripheral smear

3.  Are the other cell lines decreased?

Approach to anemia (cont.)

Yes: WBC count platelet ct
Vit B12 deficiency
Folate deficiency
Myelodysplasia (preleukemia)
Liver disease – splenic sequestration
Drugs
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Approach to anemia
• What is the clinical history/exam?
• Laboratory assessment (3 questions).

– Are the red blood cells produced appropriately? (absolute or 
corrected reticulocyte count)

– If the retic is low - what is the size of the RBC (MCV)?
– Are any other cell lines decreased (WBCs, platelets)?

• Look at the peripheral smear.
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Anemia case 1
55 yo artist presents to his primary care physician with generalized 
fatigue and muscle weakness. He also notes he craves ice. Physical exam 
reveals pale conjunctiva.

Labs
HGB 6.8 g/dl (13-18)
HCT 21% (38-50%)
MCV 68 fl (81-98)
WBC normal
Plts 490,000/ul (150-400), 
Retic count 3% corrected = 3 X 21/45 = 1.4%

How do you approach this case?

Note: Anemia & increased platelets and then characterize his anemia

Microcytic with decreased RBC production
(hypoproliferative anemia)

Iron Deficiency Anemia
Anemia of Chronic Disease (30% of cases)
Thalassemia
Sideroblastic anemia

Microcytosis is due to 
either heme or globin deficiency

Anemia (Menon), NWGEC Spring 2015 11



Case 1 Peripheral Blood Smear
Additional labs
Fe     25 ug/dl (60-150) 
TIBC 460 ug/dl   (300-360)
Transferrin Satn 5% (15 – 45)
Ferritin 10 ng/ml (40-200)
MCH  24 pg (27.3-33.6) 

Hypochromic cells (low hemoglobin content)
[Mean cell hemoglobin (MCH) = Chromasia]

Diagnosis:  Iron deficiency anemia

Iron deficiency anemia: clinical
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Systemic iron homeostasis

Cellular iron homeostasis
duodenal cell macrophage
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Regulation of iron balance

Stores regulator
Erythropoietic regulator
Inflammatory regulator Hepcidin

KO mouse has increased iron absorption and liver iron and decreased RE iron
Overexpression causes severe iron deficiency in mice

Binds to Ferroportin and induces its internalization/degradation1,2

Decreases intestinal iron absorption & decreases release of iron from 
macrophages and liver

• All the  hereditary hemochromatoses are due to inappropriately low Hepcidin

.

Inflammation (IL-6) increases hepcidin expression.
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Hepcidin affects Ferroportin-mediated iron export
enterocyte macrophage

Iron Deficiency Anemia Diagnosis

Smear
Hypochromic and microcytic (MCV<80)
Platelet count is often elevated

Ferritin (normal 40-200 ng/ml)
Measures total body stores 
Ferritin is an acute phase reactant ( in 

infection/inflammation)
< 15ng/ml (sensitivity 59%, specificity 99%)

Serum iron (not reliable by itself)

Stores empty make small cells 
(microcytosis)

Anemia
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TIBC (transferrin)
Elevated in pregnancy and OCP use
Iron Saturation (Fe/TIBC ratio)
Indicates low ‘circulating’ iron (bound to transferrin) 
Can be borderline low in infection/inflammation 
<15% is sensitive for IDA but not specific

Treatment: Trial of oral iron
If no response with Fe repletion may need BM biopsy
Might be difficult to differentiate from anemia of 
chronic disease (or be mixed picture) 

Iron Deficiency Anemia Diagnosis

Anemia of chronic disease
aka anemia of inflammation

High hepcidin (traps iron in stores)
Normo- or microcytic anemia
Low serum iron
Low serum TIBC
Low/normal transferrin sat’n
Normal or increased ferritin
Bone marrow RE iron-loading 
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Calculating the Iron Deficit

Deficit (mg) = Body Weight X (14.0 – patient’s hemoglobin) X 2.145

Iron absorption

Ferric iron is solubilized and 
chelated in the acidic stomach

Uptake in duodenum & upper jejunum
10% of non-heme iron is absorbed
>30% of heme-iron is absorbed

Western diet contains
12-18 mg of elemental iron

• Iron should not be given with food (and not with
calcium supplements)

• It should be given two hours before or after antacids
• Ascorbic acid (250 mg) increases absorption

What dietary factors
can affect absorption?
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Iron replacement
Oral preparations
Ferrous sulfate (65 mg elemental iron/325 mg tablet) 
Ferrous gluconate (28-36 mg/324 mg tablet)
GI distress related to amount of elemental Fe (avoid enteric coated)
Ferrous sulfate elixir (44 mg/ml) is sometimes better tolerated

IV preparations
Iron sucrose (Venofer) 20mg/ml
Iron gluconate (Ferrlecit) 12.5 mg/ml
Iron dextran 50 mg/ml (can replace deficit in single administration)

Check reticulocyte count in 7-10 days
Check hemoglobin in 14 days

How long to treat?

Anemia of Chronic Disease: Treatment

Treat chronic disease (r/o bleeding, other)
Consider trial of Fe (if unable to differentiate an 
element of iron deficiency)
Avoid marrow suppressive drugs
Consider Epo injections ( Fe supplement
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9.5 frozen pints of artist s blood 
taken over 5 months

Case 1: Self by Mark Quinn 1991

Anemia case 1 - take home points
Iron deficiency is common (30% of menstruating woman are 
iron deficient)

Microcytic, hypoproliferative anemia in a menstruating woman 
can be treated with a trial of medicinal iron supplement

Hepcidin is the principle iron regulatory protein in the body 
and high hepcidin contributes to the anemia of chronic 
disease (most common cause of anemia in elderly)
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Anemia case 2
41 yo previously healthy woman presents with fatigue and easy bruising that
has worsened over the past 8 months.  Her past medical history is significant 
for  gastric bypass surgery for obesity 12 months ago. On exam, she is
tachycardic and on neurologic exam, she has mild loss of
position and vibratory senses in both of her feet.

HGB 6.5 g/dl   (11.5-15.5)
HCT 24 % (36-45
MCV 120 fl (81-98)
WBC 2000       (4300 - 10,000/ul)

Low neutrophil count
Plts  40,000/ul (150-400)

Anemia Case 2

Retic Ct  1.2% (corrected)  40,000 / L (absolute)
Folate 10  (Nl) B12    169 ( ) 
TSH 1.2 (Nl)     
Methylmalonic acid   0.40 mmole/L ( )

Most likely diagnosis?  Next steps?  Tx options?
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Megaloblastic anemia: B12/folate deficiency

B12 Folate
Source Animal (meat, fish, eggs) Vegetables
Absorp. Ileum (R binder, IF) Jejunum
Stores 3 – 5 yrs Several wks
Heme MCV, anemia, retics Same

hyperseg PMN Same
pancytopenia Same

Neuro CNS, sensory None

Megaloblastic anemias: diagnosis 

B12 Folate

Low serum B12 (<200)   Normal serum B12

Normal serum folate (>4)            Low serum folate (<2)

MMA (methylmalonic acid)** Normal MMA

Homocysteine Homocysteine

Anti-parietal cell & anti-IF Abs (PA)

** If B12 and folate are equivocal send methylmalonic acid  & homocysteinie
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Megaloblastic anemias: therapy

B12 Folate

Parenteral B12 (+ neurol sx s)             PO folate 1 – 5 mg/d

Q d x 5d q wk x 4wk q mo - Assess response

monthly maintenance
Oral B12 (1 mg/d) if no neurologic signs

- Assess response: Signs/sxs and good F/U 

Anemia case 2 - take home points
B12 deficiency is common in elderly (15 - 44%)

MMA with B12 deficiency, not folate deficiency
R/O pernicious anemia, malabsorption
Use parenteral B12 tx with neurol deficit.  Long-standing (> 3mos) 
peripheral neuropathy & dense cognitive deficits may be 
irreversible
Oral B12 (1 mg/day) may be adequate (confirm response and 
compliance)
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Anemia Case 3
58 yo woman with chest pain and “dark urine”
PMH:  Hypertension, type II DM, Raynaud’s phenomenon
Meds:  Simvastatin, captopril, ibuprofen
PE: Jaundiced eyes and skin; pale conjunctiva; shotty

lymphadenopathy; palpable spleen 
Concerns?  Differential diagnosis? Lab W/U?

Anemia Case 3

Hgb 5.8 gm/dL Hct 17%        MCV  105 fl
WBC  5,800 / L Diff  Nl Plt Ct   160,000 / L
BUN   18 Creat 0.8
U/A   Heme (–); Bili (+); RBC 0/hi power field

Next steps in the work-up?
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Case 3 (cont.)
Additional Labs
Troponin elevated
Type and cross (+) antibody screen

How do you work-up the anemia? 

Reticulocyte count 10% (corrected 18/45 X 10 = 4%)
Hyperproliferative anemia
Platelets and WBC/differential normal

Anemias with Increased RBC Production 
(high reticulocyte count, corrected  3%) 

Hemolysis Blood loss with sufficient 
folate, iron, B12

Marrow is recovering 
from a recent insult

Case 3 hemolysis labs
Direct Antiglobulin (Coombs) Test  Positive for IgG on RBCs

LDH 489 u/L (80-190)
Total bilirubin 3.8 mg/dL (0.2-1.3)
Haptoglobin < 20 mg/dL (100-300)

What additional tests (hemolysis labs) do you want?
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DAT (Coomb s) test ?

Negative Positive
(autoimmune)

Extrinsic 
RBC defect

Vessel Valve

Toxin

Intrinsic 
RBC defect

Membrane

Hemoglobin
Cytoplasm

warm
cold 

agglutinin
paroxysmal cold 
hemoglobinuria

Hemolytic anemia work-up

Extrinsic RBC Defect

fragmentation hemolysis 
(aka microangiopathic hemolytic anemia)
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Autoimmune Hemolytic Anemia

Hoffbrand & Pettit Color Atlas of Clinical Hematology;  © Harcourt, 2000

IgM - Cold Agglutination

IgG – Warm Ab Hemolysis

Autoimmune hemolysis: causes

Warm Type (IgG) >80%
Idiopathic (60%)

Secondary

– Lymphoproliferative disorders

– Drugs 

– Nonlymphoid malignancies

– Allogeneic HSCT or solid tumor 

transplant

Cold Type (IgM)
Idiopathic (40%)
Secondary

– Lymphoproliferative disorders 
(chronic lymph leuk; lymphoma) 

– Infections (mycoplasma, mono-
nucleosis)

– Drugs
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Autoimmune hemolysis: therapy
Warm Type (IgG)

Prednisone
Splenectomy (steroid failure; 
vaccinate first)

Salvage (cytoxan, IVIg, pulse 
steroids, Rituxan)
*Folate supplement*

Cold Type (IgM)

Avoid the cold
Plasmapheresis
Cytoxan (other chemo)

Splenectomy & steroids not 
helpful
*Folate supplement*

Classification of Hemolytic Anemia
(site of RBC destruction/clearance)

Extravascular (RES)
Immune – IgG/IgM
Membrane defect
Hgb defect
Metabolic/enzyme
defect

Intravascular
Immune – IgM (+ C )
Fragmentation
DIC; TTP; valve

Infection (Clostridia)

PNH (paroxysmal nocturnal 
hemoglobinuria)
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Anemia case 3 - take home points
Suspect autoimmune hemolysis with acute presentation +/– hx
viral infection, drugs (remember: lymph malignancies - elderly)
DAT (Direct Coombs test)

+ IgG (+/– C )  =  warm antibody
+ Complement (C ) only  =  IgM (cold antibody)

IgG hemolysis: D/C drugs; prednisone/folate
IgM hemolysis: Mycoplasma & infectious mono; avoid cold; 
prednisone not helpful
Many causes of nonimmune hemolysis (intrinsic vs. extrinsic to 
red cell)

Quick case
A 28 yo African American complains of fever, shaking chills and 
productive cough.  Two days ago, he was given Bactrim for 
bronchitis and since that time he developed flank pain, dark urine, 
and yellow eyes.  His father had jaundice attacks prior to dying of 
complications following a cholecystectomy.  On exam, temp was 
38.5o, BP was 95/55, pulse was 110.  The sclera were icteric, chest 
exam revealed rales and consolidative changes in the right lung, and 
the spleen was palpable three fingerbreadths below the left costal 
margin.  Hct is 24%, MCV is 102, retic count is 10% (absolute retic
# is 300,000), WBC is 15,500 with predominantly PMNs and bands, 
plt count is pending.  Bilirubin (total) is 2.8, indirect bilirubin is 1.9, 
urine dipstick is positive for hemoglobin.  What next? 
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Quick case - G6PD deficiency
• Acute non-immune hemolytic anemia due to G6PD deficiency 

(clues are ethnic background and gender)

• Most common enzymatic disorder of RBCs
• May see bite cells on peripheral smear
• Defect in hexose monophosphate shunt 

(required to regenerate reduced 
glutathione)

• X-linked disease
• Enzyme variants

• G6PDA (primaquine sensitivity)
• G6PD Mediterranean (favism)

Anemia case 4
30 yo woman needs employment PE. No c/o s
PMH: G2P2.  Recent immigrant from Thailand
Meds: Acetaminophen prn
PE: Mildly obese, no lymphadenopathy, thyromegaly or  organomegaly

Hgb 11.8 gm/dL (13-15) 
Hct 35%           (38-50)  
MCV 68 fl          (81-98)
WBC, Diff, platelet Normal   

How do you work-up the anemia? 
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Anemia case 4 (cont.)
Retic Ct 3% (corrected 35/45 X 2 = 1.5%)
Fe 90 g/dL (Nl)
TIBC 250 g/dL (Nl) 
Transf. Sat n 36% (Nl) 
Ferritin 90 ng/mL (Nl) 

Next steps?

Hemoglobinopathies & Thalassemias
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Normal Hemoglobin Production

Hoffbrand & Pettit Color Atlas of Clinical Hematology;  © Harcourt, 2000

Normal Adult Hgb A Tetramer
2 chains + 2 chains

Normal & Abnormal Hemoglobin Production

Hemoglobin electrophoresis
Normal adult hemoglobin

> 95%     A       alpha2beta2

1.5-3.5% A2      alpha2delta2

<2%  Fetal    alpha2gamma2
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Thalassemia Syndromes
(low  or  chain production)

Mild Disorders
Alpha-Thalassemia trait:   /  or  /  
Beta-Thalassemia trait:   + or 
Hgb E disease or (5 – 30% SE Asians)

MCV; anemia, splenomegaly; Fe absorp.
Hgb electrophoresis/thal screen (in Fe replete state)
Recognize & don’t misdiagnose as iron deficiency
Family planning issues

Risk of Severe Thalassemia in Child

Thalassemia Syndromes
(low  or  chain production)

Intermediate/Severe Disorders
Hgb H disease:   /   
Thalassemia intermedia: + +; + or others
Severe homozygote: + or 

MCV; anemia, organomegaly; bony deformities; Fe 
overload, pulmonary hypertension
Aggressive supportive tx at young age
Stem cell transplantation for severe children
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Severe  thalassemia: clinical

Hoffbrand & Pettit Color Atlas of Clinical Hematology;  © Harcourt, 2000 and image provided by Pam Becker

Anemia case 4 - take home points

Suspect thalassemia trait with mild anemia and significant 
microcytosis in common ethnic group
Differentiate from Fe deficiency (  thalassemia trait may be 
masked by Fe deficiency)

Avoid unmonitored Fe replacement therapy (mild  thalassemias
may lead to iron overload)
Genetic counseling risk of severe thalassemia or sickle cell 
syndrome to children with carrier partner
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Anemia case 5

31 yo African American man complains of rib, back, and knee pain 
triggered by a cold

PMH: Sickle cell disease; right hip arthroplasty; porta-cath in 
place for blood draws & RBC txf

Meds: Hydroxyurea, folate, oxycodone
PE: Temp. 38.5o; icteric sclera; tender porta cath in left chest; 

full-thickness skin ulcer left ankle

Concerns?  Further W/U?

Anemia case 5

Hgb 8.8 gm/dL Hct 20%           MCV 108fl

WBC 15.8/ L Diff ANC     Plt Ct 460,000/ L

BUN 18 Creat 0.8 Bili(T) 3.5 ( ) 

U/A Heme (–); Bili (+); WBC  0 - 5/high power field   

Next steps in the work-up?
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Anemia Case 5

Retic Ct 5.4% (corrected);  250,000/ L (abs)

Bili (Indirect) 2.8 ( )     LFTs transaminases

LDH 469 ( ) Hgb S 70% Hgb F 25% 

Culture through Porta cath: gm + cocci

Management approach?

Sickle Cell Disease
Defective  globin (Hgb S) 2o

to point mutation
Carrier state = Hgb S + nl Hgb
A (i.e. Hgb AS)
5-8% of African Americans = 
Hgb AS (aka sickle trait)
Hgb AS: nonpathologic, normal 
lifespan
Genetic counseling

Hoffbrand & Pettit Color Atlas of Clinical Hematology;  © Harcourt, 2000
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Sickle Cell Disease: Pathogenesis
• Homozygous Hgb S (i.e. SS) or 

heterozygote w/other abnl Hgb (i.e. Hgb
SC or S/thal)

• 0.2% U.S. newborns (all races)
• Hgb S polymerizes in deoxy-genated RBC 

irreversible sickling hemolysis
• Vaso-occlusion complications
• Hyperviscosity complications
• Bone, liver, spleen, CNS, retinae, lungs, 

kidneys (chronic damage) Hgb SC (target cells)

Sickle Cell Disease:  Clinical

Hoffbrand & Pettit Color Atlas of 
Clinical Hematology; © Harcourt, 2000

Ankle skin ulcer

Avascular necrosis of the hips

Axial MRI
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Sickle Cell Disease:  Clinical

Hoffbrand & Pettit Color Atlas of 
Clinical Hematology; © Harcourt, 2000

Acute chest syndrome
Retinopathy

Sickle cell pain crisis
Acute episodes of musculoskeletal pain

Precipitated by physiological stress (infection, trauma, 
surgery, childbirth), exertion, dehydration, cold, idiopathic

Increased sickling vaso-occlusion ischemia & 
microinfarction pain

Variable frequency: weekly yearly

May occur w/severe crisis: chest, liver, stroke
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Sickle cell disease: management
Pain crisis:  Narcotics, hydration, r/o infection
Hemolysis:  Folate, rarely RBC transfusions (selected indications, special 
considerations)
Chronic prophylactic therapy:  Hydroxyurea

Induces production of fetal Hgb (Hgb F) with inhibits Hgb S polymerization 
& prevents sickling 
Decreases number of pain crises and likely improves overall survival

Severe, acute or chronic complication:  Transfusion therapy with manual or 
automated whole blood exchange (to achieve Hgb S < 30% & Hct = 30%)
Vaccinations (encapsulated organisms)
Annual eye exams

Anemia Case 5 - take home points
Sickle cell patients are best managed with multidisciplinary 
approach (hematology, ophthalmology, pain management)
Daily folic acid; annual ophthalmology exam
Hydroxyurea reduces frequency of pain crises, but must be 
appropriately monitored 
Simple or exchange transfusions should only be used for 
specific indications to avoid alloimmunization and Fe overload
Encourage incentive spirometry after surgeries
Genetic counseling; prenatal screening
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A 19-yo college student comes to see you with a chief complaint of
fatigue and easy bruising for 3 months. Two months ago he had a
chest infection for which he received an unknown antibiotic.

Anemia case 6

Mucocutaneous bleeding

PE:  Pale young man retinal hemorrhages; petechiae on the soft palate

Retinal hemorrhage

Anemia Case 6

Hgb 5.8 gm/dL Hct 22%        MCV 102fl

WBC 1.8/ L;     Absolute Neut ct 250   Plt Ct 18,000/ L

BUN 14 Creat 0.6 LFTs Normal

Next steps in the work-up?
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Anemia Case 6

Retic Ct  0.4% (corrected) 20,000/ L (abs)
Folate 10  (Nl) Vit B12    269 (Nl) 
Fe 145 mg/dL ( ) TIBC 200mg/dL ( )
Transf. Sat’n 73% ( ) Ferritin 510mg/dL ( )

Most likely diagnosis?  Next steps?  

Call a Hematologist!!

Differential diagnosis of pancytopenia
• Normocellular bone marrow

– Viral suppression 
– B12 def / folate def (megaloblastic changes)

• Hypercellular marrow (something crowding or replacing marrow)
– Myelodysplasia (preleukemia) with ineffective mature cell production 
– Tumor (hematologic or solid); granulomatous disease (sarcoid, Tb)

• Hypocellular marrow (marrow space is empty)
– Aplastic anemia
– Hypoplastic myelodysplastic syndrome
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Marrow infiltrative disorders 
that can cause pancytopenia

Hoffbrand & Pettit Color Atlas of Clinical Hematology;  © Harcourt, 2000

CarcinomaMyeloma NonHodgkin Lymphoma

Aplastic Anemia Marrow Biopsy

Hoffbrand & Pettit Color Atlas of Clinical Hematology;  © Harcourt, 2000

Normal marrow

Aplastic
(empty)
marrow
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Aplastic anemia
• Bone marrow failure state

• Idiopathic or secondary (drugs, chemicals, radiation, virus)
– Damage to marrow microenvironment and/or stem cells

– Immunologic attack against the marrow stem cells

• Congenital (for example, Fanconi anemia)

• Severe acquired, idiopathic aplastic anemia is treated with 
anti-thymocyte globulin (ATG) + cyclosporine 
(immunosuppression) or bone marrow transplant

Anemia Case 6 - take home points
Persistent or severe pancytopenia r/o B12/folate def; 
quickly proceed to marrow studies
Aplastic anemia (idiopathic, drugs, infection, toxin)
Other causes of pancytopenia myelodysplastic syndrome, 
marrow replaced, crowded, or empty
Transfuse with CMV-negative or leukoreduced products (to 
avoid alloimmunization and CMV infection in potential marrow 
transplant recipients) and irradiated products in patients with 
hematologic malignancies to avoid transfusion-associated GVHD
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Polycythemia case
• 56 yo woman presents with new onset headaches, 

flushing, and itching after she takes a shower.  She 
has no history of cardiopulmonary disease.

• PE:  Hepatosplenomegaly
• CBC

– WBC 17,200/uL (4-11,000)
– HCT 58% (36-45) 
– Platelets 624,000/ L (150-350,000)

Maintenance of tissue oxygenation
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Primary vs. secondary Polycythemia
(High RBC mass)

Primary (polycythemia vera)
Stem cell disorder (one of the 
myeloproliferative neoplasms)
Elevated WBC, Hct, Plts

Epo (autonomous RBC production)
Increased risk of bleeding/clotting

Increased risk of leukemia and 
myelofibrosis
Treatment: phlebotomy, cytoreductive
agents (hydroxyurea)

Secondary
Tissue hypoxia
Inappropriate Epo
Only Hct
Normal or Epo
Treat underlying condition

Patnaik M, et al. Leukemia 2009 (23)

Epo receptor signalling & JAK2

Mutations in JAK2 
present in >95%  of 
polycythemia vera
patients
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Primary polycythemia (P vera) suspected

Primary polycythemia (P Vera) suspected
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