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What is blood?What is blood?

Plasma (60%)Plasma (60%)
–– WaterWater
–– Dissolved ions and proteinDissolved ions and protein
Cellular components (40%)Cellular components (40%)
–– WBCsWBCs
–– RBCsRBCs
–– PlateletsPlatelets
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Erythrocyte DevelopmentErythrocyte Development
1.1. Stem cellStem cell
2.2. Early RBC progenitorEarly RBC progenitor
3.3. Late RBC progenitorLate RBC progenitor
4.4. PronormoblastPronormoblast
5.5. Basophilic normoblastBasophilic normoblast
6.6. PolychromatophilPolychromatophil
7.7. Orthochromatic normoblastOrthochromatic normoblast
8.8. Reticulocyte (large cell)Reticulocyte (large cell)
9.9. Mature RBCMature RBC
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What are reticulocytes?What are reticulocytes?

Adolescent RBCsAdolescent RBCs
1.1. Erythropoietin from kidneysErythropoietin from kidneys
2.2. Bone marrow respondsBone marrow responds
3.3. Reticulocytes are producedReticulocytes are produced
4.4. Released into circulationReleased into circulation

Accelerated RBC production             more reticulocytesAccelerated RBC production             more reticulocytes!!
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What accelerates RBC production?What accelerates RBC production?

1.1. HemolysisHemolysis
2.2. Blood lossBlood loss
3.3. Hemoglobin S diseaseHemoglobin S disease
4.4. CancerCancer
5.5. PregnancyPregnancy
6.6. Iron replacement in iron deficiency Iron replacement in iron deficiency 

anemiaanemia
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What if reticulocytes are What if reticulocytes are 
decreased?decreased?

NormalNormal
–– 11--2% of RBCs are reticulocytes2% of RBCs are reticulocytes
Decreased when bone marrow is not Decreased when bone marrow is not 
making RBCsmaking RBCs

–– Iron deficiencyIron deficiency
–– Aplastic anemiaAplastic anemia
–– Chronic infectionChronic infection
–– Untreated pernicious anemiaUntreated pernicious anemia
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What is hemoglobin?What is hemoglobin?

Oxygen carrying proteinOxygen carrying protein
2 pairs of polypeptide chains (globins)2 pairs of polypeptide chains (globins)
–– 2 alpha chains2 alpha chains
–– 2 beta chains2 beta chains
Each chain has heme moleculeEach chain has heme molecule
–– Heme = iron + protoporphyrinHeme = iron + protoporphyrin
HemoglobinopathyHemoglobinopathy
–– Abnormal hemoglobinAbnormal hemoglobin
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Types of Hemoglobin (Hb)Types of Hemoglobin (Hb)
Fetal hemoglobinFetal hemoglobin

–– Hb FHb F
Hb AHb A
–– Adult hemoglobinAdult hemoglobin
–– 2 alpha and 2 beta chains2 alpha and 2 beta chains

Hb AHb A1c1c
–– Hb A with glucoseHb A with glucose
–– 33--6 % normal6 % normal
–– Elevated with diabetesElevated with diabetes
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HemoglobinopathyHemoglobinopathy

Sickle cellSickle cell
–– Hb S Hb S –– beta chain mutationbeta chain mutation
–– Most common hemoglobinopathyMost common hemoglobinopathy
ThalassemiaThalassemia
–– Deletion or mutation of  chainDeletion or mutation of  chain
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Red Blood Cell IndicesRed Blood Cell Indices

RBCRBC
HgbHgb
HctHct
MCVMCV
MCHMCH
MCHCMCHC
RDW RDW 
ReticulocytesReticulocytes
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Red Blood Cell  Count (RBC)Red Blood Cell  Count (RBC)

Number of RBCs/cubic mlNumber of RBCs/cubic ml
3.63.6--5.0 x 10U/ml5.0 x 10U/ml
Lower in recumbent positionLower in recumbent position
Exercise/excitement increaseExercise/excitement increase
Dehydration increasesDehydration increases
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Hemoglobin (Hb)Hemoglobin (Hb)

Amount of hemoglobin in bloodAmount of hemoglobin in blood
30% of RBC is Hb30% of RBC is Hb
1212--16 g/dL16 g/dL
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Hematocrit (Hct)Hematocrit (Hct)

Volume of RBCsVolume of RBCs
Immediate acute lossImmediate acute loss
–– Equilibrium occursEquilibrium occurs
–– HCT will not reflect  blood lossHCT will not reflect  blood loss
3737--47% by venipuncture47% by venipuncture
4242--44% by finger stick44% by finger stick
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Mean Corpuscular Volume Mean Corpuscular Volume 
(MCV)(MCV)

Average volume of single RBCAverage volume of single RBC
Classifies anemiaClassifies anemia
–– MicrocyticMicrocytic
–– NormocyticNormocytic
–– MacrocyticMacrocytic
8080--100 (107) fl/L100 (107) fl/L
8080--83 low normal83 low normal
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Mean Corpuscular Hemoglobin Mean Corpuscular Hemoglobin 
(MCH)(MCH)

Average weight for each RBCAverage weight for each RBC
PicogramsPicograms
2626--34 pg34 pg
Not used as much as others Not used as much as others 
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Mean Corpuscular Hemoglobin Mean Corpuscular Hemoglobin 
Concentration (MCHC)Concentration (MCHC)

Average hemoglobin Average hemoglobin 
concentrationconcentration
31 g/31 g/-- 37 dL37 dL
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Red Cell Distribution Width Red Cell Distribution Width 
(RDW)(RDW)

Coefficient of Coefficient of 
variation of red cellsvariation of red cells
AnisocytosisAnisocytosis
–– Variation in cell sizeVariation in cell size

Normal 11.5Normal 11.5--14.514.5
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ReticulocytesReticulocytes

Number of immature RBCsNumber of immature RBCs
May increase MCV (large cells)May increase MCV (large cells)
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Other RBC IndicesOther RBC Indices

Serum FerritinSerum Ferritin
Serum IronSerum Iron
Total Iron Binding CapacityTotal Iron Binding Capacity
Transferrin SaturationTransferrin Saturation
Serum FolateSerum Folate
Serum Vitamin BSerum Vitamin B--1212
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Serum FerritinSerum Ferritin
Body’s Storage of IronBody’s Storage of Iron

Low serum ferritinLow serum ferritin
–– Iron deficiencyIron deficiency
–– First abnormal indice with iron deficiencyFirst abnormal indice with iron deficiency
Normal serum ferritinNormal serum ferritin
–– Chronic diseaseChronic disease
Increased serum ferritinIncreased serum ferritin
–– Iron overloadIron overload
–– Inflammatory diseasesInflammatory diseases
–– AlcoholismAlcoholism
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Iron IndicesIron Indices

TransferrinTransferrin
–– Protein that transports ironProtein that transports iron
–– Measured by total iron binding capacity Measured by total iron binding capacity 

(TIBC)(TIBC)
Serum IronSerum Iron
–– Amount of iron bound to transferrinAmount of iron bound to transferrin
Transferrin saturationTransferrin saturation
–– Percentage of serum iron to TIBCPercentage of serum iron to TIBC
–– 2020--50%50%
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Red Blood Cell FolateRed Blood Cell Folate

Diagnose macrocytic anemiaDiagnose macrocytic anemia
Low folateLow folate
–– Folate deficiencyFolate deficiency
–– Must be low for > 20 weeks to change cellsMust be low for > 20 weeks to change cells
–– Pancytopenia ?Pancytopenia ?
Low RBC folateLow RBC folate
–– Specific for folic acid deficiencySpecific for folic acid deficiency



2323

Serum BSerum B--1212

Low BLow B--1212
Diagnose macrocytic Diagnose macrocytic 
anemiaanemia



2424

Classification of Anemia by Classification of Anemia by 
EtiologyEtiology

Decreased healthy Decreased healthy 
RBC productionRBC production
–– Bone marrow does not Bone marrow does not 

produce enough cellsproduce enough cells
–– Maturational defect in Maturational defect in 

cellscells
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Classification of Anemia by EtiologyClassification of Anemia by Etiology

Increased RBC lossIncreased RBC loss
–– Blood lossBlood loss

RBC destructionRBC destruction
–– Intrinsic (sickle cell)Intrinsic (sickle cell)
–– Extrinsic (mechanical Extrinsic (mechanical 

cardiac valve)cardiac valve)
Combination of aboveCombination of above
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Classification by RBC Classification by RBC 
MorphologyMorphology

SizeSize
–– Microcytic: decreased MCVMicrocytic: decreased MCV
–– Normocytic: normal MCVNormocytic: normal MCV
–– Macrocytic: increased MCVMacrocytic: increased MCV
ColorColor
–– NormochromicNormochromic
–– HypochromicHypochromic
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Microcytic AnemiasMicrocytic Anemias

Iron deficiencyIron deficiency
ThalassemiaThalassemia
Anemia of chronic diseaseAnemia of chronic disease
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Macrocytic AnemiasMacrocytic Anemias

MegaloblasticMegaloblastic
–– Vitamin BVitamin B--12 deficiency12 deficiency
–– Folate deficiencyFolate deficiency
Non megaloblasticNon megaloblastic
–– ChemotherapyChemotherapy
–– Liver disease Liver disease 
–– Reticulocytosis Reticulocytosis –– excess of immature cellsexcess of immature cells
–– Myxedema  Myxedema  -- chronic hypothyroidismchronic hypothyroidism
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Normocytic AnemiasNormocytic Anemias

Acute blood lossAcute blood loss
Anemia of chronic diseaseAnemia of chronic disease
InfectionInfection
MedicationsMedications
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Signs and Symptoms of AnemiaSigns and Symptoms of Anemia

Often asymptomaticOften asymptomatic
Systolic murmurSystolic murmur
HypotensionHypotension
GlossitisGlossitis
ChilitisChilitis
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Signs and Symptoms of AnemiaSigns and Symptoms of Anemia

Dry skinDry skin
Thin hairThin hair
PallorPallor
Nail ridgesNail ridges
Pale conjunctivaPale conjunctiva
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Microcytic AnemiaMicrocytic Anemia
Iron Deficiency AnemiaIron Deficiency Anemia

Most common anemiaMost common anemia
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Normal Iron MetabolismNormal Iron Metabolism

Ferritin: stored ironFerritin: stored iron
–– 30% of total body iron30% of total body iron
–– Found in liver,spleen, and bone marrowFound in liver,spleen, and bone marrow
TransferrinTransferrin
–– Transfers iron from storage to functional poolTransfers iron from storage to functional pool
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Normal Iron MetabolismNormal Iron Metabolism

Transferrin recognized by target tissues Transferrin recognized by target tissues 
via a specific receptorvia a specific receptor
Cells with greater iron need express Cells with greater iron need express 
greater number of receptors greater number of receptors 
Iron internalized by endocytosisIron internalized by endocytosis
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Normal Iron MetabolismNormal Iron Metabolism

Apoferritin traps iron Apoferritin traps iron 
as part of storage as part of storage 
complex (ferritin)complex (ferritin)
Erythropoietin Erythropoietin 
secreted by kidneys secreted by kidneys 
–– Stimulates RBC Stimulates RBC 

productionproduction
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Lab FindingsLab Findings

B12 Folate Iron Chronic
Disease

Hgb ↓ ↓ ↓ ↓

Hct ↓ ↓ ↓ ↓

MCV ↑ ↑ ↓ ↓/→

MCH ↑ ↑ ↓ ↓/→

MCHC → → ↓ ↓/→

Size macrocytic macrocytic microcytic normocytic
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Lab ValuesLab Values

SmearSmear
–– HypochromicHypochromic
–– MicrocyticMicrocytic
–– AnisocytosisAnisocytosis

Ani Ani –– Greek for unequal Greek for unequal 
Abnormal sizes of RBCsAbnormal sizes of RBCs

–– PoikilocytosisPoikilocytosis
Poikolo Poikolo –– Greek for irregularGreek for irregular
Abnormal shapes of RBCsAbnormal shapes of RBCs
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Lab ValuesLab Values

Serum ferritinSerum ferritin
–– <15 mcg/L<15 mcg/L

TIBCTIBC
–– RisesRises

Serum ironSerum iron
–– <30 mcg/dL<30 mcg/dL

MCVMCV
–– <80<80

MCHCMCHC
–– <30<30

RDWRDW
–– ElevatedElevated
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Evaluation of Iron StatusEvaluation of Iron Status

Serum FerritinSerum Ferritin
–– Indicates total body iron storesIndicates total body iron stores
–– < 15 mcg/L deficiency< 15 mcg/L deficiency
–– IncreaseIncrease

Systemic inflammationSystemic inflammation
InfectionInfection
Liver disease Liver disease 
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Evaluation of Iron StatusEvaluation of Iron Status

Transferrin SaturationTransferrin Saturation
–– (Serum iron)/ total iron (Serum iron)/ total iron 

binding capacity binding capacity 
(TIBC)(TIBC)

–– Saturation < 20% Saturation < 20% 
indicates deficiencyindicates deficiency
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Signs and SymptomsSigns and Symptoms

FatigueFatigue
TachycardiaTachycardia
Shortness of breathShortness of breath
Left ventricular Left ventricular 
hypertrophyhypertrophy
AnginaAngina
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Iron Deficiency AnemiaIron Deficiency Anemia
30% of Diagnosed Anemia30% of Diagnosed Anemia

Inadequate intakeInadequate intake
MalabsorptionMalabsorption
Excessive blood lossExcessive blood loss
–– MenstrualMenstrual
–– GIGI
Increased requirementsIncreased requirements
–– Pregnancy or lactationPregnancy or lactation
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Differential DiagnosisDifferential Diagnosis

Anemia of chronic diseaseAnemia of chronic disease
–– Normal or elevated ferritinNormal or elevated ferritin

ThalassemiaThalassemia
–– More microcytosisMore microcytosis
–– Normal iron parametersNormal iron parameters

Iron deficiency responds to iron therapyIron deficiency responds to iron therapy
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Oral Iron TherapyOral Iron Therapy

Iron dose (adults)Iron dose (adults)
–– Recommended dose = 200mg/dayRecommended dose = 200mg/day
–– Duration = 3 monthsDuration = 3 months
–– Will respond in 10 Will respond in 10 -- 21 days21 days
Ferrous sulfate  preferredFerrous sulfate  preferred
–– Adverse effectsAdverse effects

GI complaintsGI complaints
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Comparison of Oral ProductsComparison of Oral Products

Product % Iron Daily dose Fe/day

Ferrous
sulfate

20% 325mg tid 195mg

Ferrous
fumarate

33% 200mg tid 198mg

Ferrous
gluconate

11% 600mg tid 198mg
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Administration of Oral IronAdministration of Oral Iron

Empty stomach if no Empty stomach if no 
GI distressGI distress
Administer with meat, Administer with meat, 
fish, or Vitamin C fish, or Vitamin C 
foodsfoods
Keep out of reach of Keep out of reach of 
childrenchildren
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Parenteral Iron TherapyParenteral Iron Therapy
(Iron Dextran)(Iron Dextran)

Noncompliance or malabsorptionNoncompliance or malabsorption
Single dose IVSingle dose IV
–– Dose: 500Dose: 500--3000 mg3000 mg
–– Iron content = 50mg/mlIron content = 50mg/ml
–– Total mg Iron=[0.0442 x (desired HgbTotal mg Iron=[0.0442 x (desired Hgb--Obs Obs 

Hgb) x IBW + (0.26 x IBW)] x 50Hgb) x IBW + (0.26 x IBW)] x 50
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IronIron--Rich FoodsRich Foods

Animal protein Animal protein 
–– Heme ironHeme iron

Deep green Deep green 
vegetablesvegetables
IronIron--fortified cerealsfortified cereals
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Parenteral Iron Therapy Parenteral Iron Therapy 
(Iron Dextran)(Iron Dextran)

Side effects Side effects -- anaphylaxisanaphylaxis
–– ArthralgiaArthralgia
–– MyalgiaMyalgia
–– FlushingFlushing
–– MalaiseMalaise
–– FeverFever
–– Allergy/anaphylaxisAllergy/anaphylaxis
Give test dose: 25mg (0.5ml)Give test dose: 25mg (0.5ml)
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FollowFollow--UpUp

Repeat CBC 2Repeat CBC 2--4 weeks after therapy 4 weeks after therapy 
initiatedinitiated
If no responseIf no response
–– Evaluate for other anemiaEvaluate for other anemia
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Anemia of Chronic DiseaseAnemia of Chronic Disease

Microcytic anemiaMicrocytic anemia
Normocytic/normochrNormocytic/normochr
omic anemiaomic anemia
25% of all diagnosed 25% of all diagnosed 
anemiaanemia
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Chronic Diseases Causing Chronic Diseases Causing 
AnemiaAnemia

Chronic infection or inflammationChronic infection or inflammation
HIVHIV
Cancer/malignancyCancer/malignancy
Liver failureLiver failure
Chronic renal failureChronic renal failure
–– Decreased erythropoietinDecreased erythropoietin
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Clinical FindingsClinical Findings

Signs and symptoms of anemiaSigns and symptoms of anemia
LabsLabs

1.1. Low serum ironLow serum iron
2.2. Low TIBCLow TIBC
3.3. Normal or increased serum ferritinNormal or increased serum ferritin
DialysisDialysis

1.1. Low folateLow folate
GI blood lossGI blood loss

1.1. Positive guaiacPositive guaiac
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Further Lab FindingsFurther Lab Findings

1.1. Hct rarely below 25%Hct rarely below 25%
(Except with renal failure)(Except with renal failure)

2.2. MCV normal or slightly lowMCV normal or slightly low
3.3. RBC morphology normalRBC morphology normal
4.4. Reticulocytes normal/lowReticulocytes normal/low
5.5. Serum ferritin normal/lowSerum ferritin normal/low
6.6. Serum iron lowSerum iron low
7.7. Transferrin saturation very lowTransferrin saturation very low
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Common FeaturesCommon Features

HypoHypo--proliferative proliferative 
bone marrowbone marrow
Low serum Low serum 
erythropoietinerythropoietin
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Goals of TherapyGoals of Therapy

Increase Hct to target Increase Hct to target 
30% to 36%30% to 36%
Decrease morbidity Decrease morbidity 
and mortalityand mortality
Decrease transfusion Decrease transfusion 
requirementsrequirements
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ErythropoietinErythropoietin

5050--100U/kg TIW, IV or SC100U/kg TIW, IV or SC
Reduce dose when: Reduce dose when: 

1.1. HCT approaches 36% HCT approaches 36% 
2.2. HCT increases > 4 points in 2 weeksHCT increases > 4 points in 2 weeks
Increase dose when:  Increase dose when:  

1.1. Hct does not increase > 5Hct does not increase > 5--6 points after 8 6 points after 8 
weeksweeks

2.2. Hct is below targetHct is below target



5858

Side EffectsSide Effects

Hypertension (25%)Hypertension (25%)
ArthralgiaArthralgia
NauseaNausea
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Factors Decreasing Response Factors Decreasing Response 
to Therapyto Therapy

Iron deficiencyIron deficiency
Blood lossBlood loss
InfectionInfection
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Iron Supplementation with Iron Supplementation with 
ErythropoietinErythropoietin

May be PO or IVMay be PO or IV
–– PO: 200mg elemental iron dailyPO: 200mg elemental iron daily
–– IV: 100mg for 10 consecutive treatmentsIV: 100mg for 10 consecutive treatments
Avoid entericAvoid enteric--coated formulationscoated formulations
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Lead Poisoning Lead Poisoning 

Microcytic AnemiaMicrocytic Anemia



6262

Lab FindingsLab Findings

Hb 8Hb 8--13 or lower 13 or lower 
HCT 20HCT 20--30%30%
Low MCVLow MCV
Low MCHCLow MCHC
Slightly elevated Slightly elevated 
reticulocytesreticulocytes

Smear dimorphicSmear dimorphic
–– Normal cellsNormal cells
–– Hypochromic cellsHypochromic cells
–– Coarse basophilic Coarse basophilic 

stipplingstippling

Elevated lead levelsElevated lead levels



6363

Symptoms Chronic Toxicity:Symptoms Chronic Toxicity:
Serum Lead 25Serum Lead 25--50 mcg/dl50 mcg/dl

Dark line (lead Dark line (lead 
sulfide)sulfide)
–– Gums around the Gums around the 

teethteeth

Abdominal painAbdominal pain
ConstipationConstipation
VomitingVomiting
Peripheral neuropathy Peripheral neuropathy 
Muscle weaknessMuscle weakness
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Legal AspectsLegal Aspects

Notify OSHA and remove workerNotify OSHA and remove worker
1.1. Serum lead > 60Serum lead > 60
2.2. Serum lead > 50 x 3Serum lead > 50 x 3
Severe poisoningSevere poisoning

1.1. ComaComa
2.2. ConvulsionsConvulsions
3.3. Serum lead > 70Serum lead > 70
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ThalassemiaThalassemia

Autosomal Recessive Autosomal Recessive 
DisorderDisorder
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Thalassemia Thalassemia 

Microcytosis out of proportion to degree of Microcytosis out of proportion to degree of 
anemiaanemia
LifelongLifelong
Family historyFamily history
Abnormal RBC morphologyAbnormal RBC morphology
–– MicrocytesMicrocytes
–– AcanthocytesAcanthocytes
–– Target cellsTarget cells
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ThalassemiaThalassemia

Alpha and beta thalassemiaAlpha and beta thalassemia
Genetic mutations Genetic mutations 
Occur in areas where malaria was Occur in areas where malaria was 
endemicendemic
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Alpha ThalassemiaAlpha Thalassemia

China, Philippines China, Philippines 
Malaysia, Thailand, Malaysia, Thailand, 
Cambodia, Laos, Cambodia, Laos, 
Vietnam, Burma, Vietnam, Burma, 
India, Sri Lanka, India, Sri Lanka, 
African and American African and American 
blacksblacks
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Alpha ThalassemiaAlpha Thalassemia

Silent carrierSilent carrier
Thalassemia minorThalassemia minor
Hemoglobin H diseaseHemoglobin H disease
Hydrops fetalisHydrops fetalis
–– Incompatible with lifeIncompatible with life
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Silent CarrierSilent Carrier

3 alpha globulin genes, 1 alpha globulin 3 alpha globulin genes, 1 alpha globulin 
gene affectedgene affected
Normal hematocritNormal hematocrit
No clinical or hemoglobin abnormalityNo clinical or hemoglobin abnormality
Can only be detected by DNA studiesCan only be detected by DNA studies
No treatmentNo treatment
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Alpha Thalassemia Minor (Trait)Alpha Thalassemia Minor (Trait)

2 alpha globulin genes normal2 alpha globulin genes normal
2 alpha globulin genes affected2 alpha globulin genes affected
Hct 32Hct 32--40%40%
Hgb normal or decreasedHgb normal or decreased
RBC normal or increasedRBC normal or increased
MCV below 80MCV below 80
MCH below 26MCH below 26
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Alpha Thalassemia MinorAlpha Thalassemia Minor

Normal hemoglobin electrophoresisNormal hemoglobin electrophoresis
RBC morphologyRBC morphology
–– MicrocytosisMicrocytosis
–– HypochromicHypochromic
–– Aniso/poilokocytosisAniso/poilokocytosis
Iron studies normalIron studies normal
Remember may have a combination of Remember may have a combination of 
anemias!anemias!
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Alpha Thalassemia Minor in Alpha Thalassemia Minor in 
PregnancyPregnancy

NonNon--blackblack
–– Screen father of the babyScreen father of the baby
Black populationBlack population
–– Alpha thalassemia major not possibleAlpha thalassemia major not possible
Consult for maternal Hb below 10Consult for maternal Hb below 10
If present in both parentsIf present in both parents
–– Refer for genetic counselingRefer for genetic counseling
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Hemoglobin H DiseaseHemoglobin H Disease

One alpha globulin One alpha globulin 
gene normalgene normal
Three alpha globulin Three alpha globulin 
genes affectedgenes affected
Hct 22Hct 22--3232
Hgb 7Hgb 7--1010
MCV <26MCV <26
MCH<80MCH<80

Reticulocytosis Reticulocytosis 
–– 55--10%10%

MicrocytosisMicrocytosis
HypochromiaHypochromia
TargetingTargeting
Misshapen red cellsMisshapen red cells
Hgb electrophoresisHgb electrophoresis
–– 55--30% Hgb H30% Hgb H
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Symptoms of Hb H DiseaseSymptoms of Hb H Disease

HepatosplenomegalyHepatosplenomegaly
GallstonesGallstones
TransfusionTransfusion--dependentdependent
Milder in blacksMilder in blacks
Anemia worse during pregnancyAnemia worse during pregnancy
Refer to physicianRefer to physician
Counseling neededCounseling needed
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Alpha Thalassemia MajorAlpha Thalassemia Major

No alpha globin No alpha globin 
genes are normalgenes are normal
Hydrops fetalis Hydrops fetalis 
presentpresent
Does not surviveDoes not survive
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Beta ThalassemiaBeta Thalassemia

Point mutations rather than large deletionsPoint mutations rather than large deletions
Beta0 or Beta+Beta0 or Beta+
Alpha chains unstableAlpha chains unstable
People of Mediterranean originPeople of Mediterranean origin
–– Greeks  1:10Greeks  1:10
–– Italians 1:10Italians 1:10
–– Asians 1:25Asians 1:25
–– American blacks 1:50American blacks 1:50
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Beta ThalassemiaBeta Thalassemia

Thalassemia majorThalassemia major
–– Homozygous B0 or B+Homozygous B0 or B+
–– <10% Hgb A<10% Hgb A

Thalassemia Thalassemia 
intermediaintermedia
–– Mild Homozygous B+Mild Homozygous B+
–– < 30% Hgb A< 30% Hgb A

Thalassemia minorThalassemia minor
–– Heterozygous B0Heterozygous B0
–– Heterozygous B+Heterozygous B+
–– 8080--95% Hgb A95% Hgb A
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Thalassemia MajorThalassemia Major

Severe hemolytic anemiaSevere hemolytic anemia
Regular transfusion programRegular transfusion program
Iron overload (hemosiderosis) commonIron overload (hemosiderosis) common
Shortened life spanShortened life span
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Thalassemia IntermediaThalassemia Intermedia

Blacks may have milder clinical courseBlacks may have milder clinical course
Refer to physician for careRefer to physician for care
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Thalassemia MinorThalassemia Minor

HeterozygoticHeterozygotic
Lifelong microcytic, Lifelong microcytic, 
hypochromic anemiahypochromic anemia
Severe anemia Severe anemia 
unusualunusual
May be asymptomaticMay be asymptomatic
Splenomegaly?Splenomegaly?
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Thalassemia MinorThalassemia Minor

MCV<80 MCV<80 
MCH<26MCH<26
Abnormal peripheral smearAbnormal peripheral smear
Elevated Hgb F?Elevated Hgb F?
No treatment neededNo treatment needed
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Thalassemia MinorThalassemia Minor

If pregnant, screen father of babyIf pregnant, screen father of baby
Genetic referral if father has Genetic referral if father has 
hemoglobinopathyhemoglobinopathy
If coexistent iron deficiencyIf coexistent iron deficiency
–– Treat according to protocolTreat according to protocol
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Sideroblastic AnemiasSideroblastic Anemias

““Sidero” is Greek for IronSidero” is Greek for Iron
“Blast” is an immature cell“Blast” is an immature cell

RBCs without IronRBCs without Iron
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Sideroblastic AnemiasSideroblastic Anemias
Can not incorporate iron into RBCCan not incorporate iron into RBC
Lack enzymeLack enzyme
Genetic, idiopathic, or acquiredGenetic, idiopathic, or acquired
–– Drugs or ToxinsDrugs or Toxins

Ringed sideroblasts present in marrowRinged sideroblasts present in marrow
(Nucleated, immature  RBC with iron granules)(Nucleated, immature  RBC with iron granules)

Hgb 6Hgb 6--1010
Microcytic, normochromic or normocytic, Microcytic, normochromic or normocytic, 
normochromicnormochromic
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BB1212 and Folate Deficiencyand Folate Deficiency

Macrocytic AnemiasMacrocytic Anemias
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Vitamin BVitamin B12 12 

Only source is dietOnly source is diet
33--5 years before deficiency apparent5 years before deficiency apparent
–– Diet deficiency seen only in vegansDiet deficiency seen only in vegans
Bound to intrinsic factorBound to intrinsic factor
Transported to plasmaTransported to plasma
Transcobalamin II needed to reach cellsTranscobalamin II needed to reach cells
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Vitamin BVitamin B12 12 DeficiencyDeficiency

Decreased production Decreased production 
of intrinsic factorof intrinsic factor
–– Pernicious anemiaPernicious anemia
–– GastrectomyGastrectomy



8989

Vitamin BVitamin B12 12 DeficiencyDeficiency

Decreased absorption of BDecreased absorption of B--1212
–– Fish tapewormFish tapeworm
–– Blind loop syndromeBlind loop syndrome
–– Surgical resectionSurgical resection
–– Cohn's diseaseCohn's disease
–– Pancreatic deficiencyPancreatic deficiency
Inadequate intake (rare)Inadequate intake (rare)



9090

Clinical FindingsClinical Findings

WeaknessWeakness
Weight lossWeight loss
Beefy red tongue Beefy red tongue 
(glossitis)(glossitis)
NumbnessNumbness
AtaxiaAtaxia
Memory lossMemory loss

PallorPallor
ParesthesiasParesthesias
Decrease reflexesDecrease reflexes
DepressionDepression
Decreased vibration Decreased vibration 
or position senseor position sense
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DiagnosisDiagnosis

MCV 110MCV 110--140 140 
MCV may be normal in presence of MCV may be normal in presence of 
another microcytic anemiaanother microcytic anemia
MacroMacro--ovalocytes, multiovalocytes, multi--lobed neutrophilslobed neutrophils
Diagnosed through serum BDiagnosed through serum B--12<100 pg/L12<100 pg/L
–– Shilling testShilling test

Decreased absorption of BDecreased absorption of B--1212

Differentiate from folate deficiencyDifferentiate from folate deficiency
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BB1212 DeficiencyDeficiency

Gradual development over 1Gradual development over 1--3 years3 years
Treatment (Cyanocobalamin)Treatment (Cyanocobalamin)
–– LD: 100mcg/d IM x 3LD: 100mcg/d IM x 3--5 days5 days
–– MD: 100mcg IM q2MD: 100mcg IM q2--4 weeks4 weeks
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BB1212 DeficiencyDeficiency

Response rateResponse rate
–– Reticulocytes and RBCsReticulocytes and RBCs

Similar to iron deficiencySimilar to iron deficiency

–– Neurologic signs and symptomsNeurologic signs and symptoms
66--12 months (If less than 6 months duration)12 months (If less than 6 months duration)

–– Other signs and symptoms Other signs and symptoms 
11--2 weeks2 weeks
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Folate DeficiencyFolate Deficiency

Clinical findings: similar to B12 deficiencyClinical findings: similar to B12 deficiency
No neurologic findingsNo neurologic findings
MacroMacro--ovalocytesovalocytes
Hypersegmented neutrophilsHypersegmented neutrophils
Normal serum BNormal serum B12 12 

Reduced folateReduced folate
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Folate DeficiencyFolate Deficiency
Daily requirementsDaily requirements
–– 5050--100 mcg100 mcg

Dietary deficiency most common causeDietary deficiency most common cause
DiagnosisDiagnosis
–– RBC folate test of choiceRBC folate test of choice

Gradual development of anemiaGradual development of anemia
–– 11--5 months5 months

TreatmentTreatment
–– 1mg/day po x 21mg/day po x 2--3 weeks3 weeks
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Causes of Folate DeficiencyCauses of Folate Deficiency

Dietary deficiencyDietary deficiency
Decrease absorptionDecrease absorption
–– Topical sprueTopical sprue
–– DrugsDrugs

Phenytoin, SulfasPhenytoin, Sulfas
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Causes of Folate DeficiencyCauses of Folate Deficiency

Increased requirementIncreased requirement
–– Chronic hemolytic anemiaChronic hemolytic anemia
–– Pregnancy Pregnancy 
–– Exfoliative skin diseaseExfoliative skin disease
Loss of folateLoss of folate
–– DialysisDialysis
Inhibition of reduction to active formInhibition of reduction to active form
–– MethotrexateMethotrexate
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Other Causes of MacrocytosisOther Causes of Macrocytosis

HIV treated with zidovudineHIV treated with zidovudine
HypothyroidismHypothyroidism
–– Mild macrocytosisMild macrocytosis
AlcoholismAlcoholism
–– Folate deficiency and liver diseaseFolate deficiency and liver disease
–– Target cells in peripheral bloodTarget cells in peripheral blood
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Sickle Cell TraitSickle Cell Trait

Autosomal Dominant AnemiaAutosomal Dominant Anemia
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Sickle Cell TraitSickle Cell Trait

One gene normal hemoglobinOne gene normal hemoglobin
One gene for hemoglobin SOne gene for hemoglobin S
3434--54% hemoglobin S54% hemoglobin S
Rarely anemicRarely anemic
Blacks Blacks -- 8%8%
Also in Africans, Italians, IndiansAlso in Africans, Italians, Indians
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Associated ConditionsAssociated Conditions

BacteruriaBacteruria
HematuriaHematuria
HypostheniaHyposthenia
–– Diminished strengthDiminished strength

Splenic infarction Splenic infarction 
–– High altitudeHigh altitude
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SymptomsSymptoms

Generally asymptomaticGenerally asymptomatic
History of bladder/kidney infectionsHistory of bladder/kidney infections
May confuse diagnosis of other coexisting May confuse diagnosis of other coexisting 
anemiaanemia
Diagnosed by Hb electrophoresisDiagnosed by Hb electrophoresis
–– 3434--54% Hb S54% Hb S
–– Sickledex positiveSickledex positive
–– Normal iron studiesNormal iron studies
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Plan of CarePlan of Care

1.1. Screen all black pregnant womenScreen all black pregnant women
–– If positive for trait, screen father of babyIf positive for trait, screen father of baby

2.2. No treatment needed for trait aloneNo treatment needed for trait alone
3.3. Pregnant women with sickle cell traitPregnant women with sickle cell trait

–– Urinalysis and culture each trimesterUrinalysis and culture each trimester
–– Educated on S/S UTIEducated on S/S UTI
–– Genetic counseling if father has Genetic counseling if father has 

hemoglobinopathyhemoglobinopathy
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