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FIBRIN ACTIVATED PLATELETS

THROMBUS

Thrombus Formation

ENDOTHELIAL DAMAGE



Vasoconstriction

Å1st line of defense against bleeding

ÅOccurs in response to endothelial damage

ÅKey mediator: endothelins
ÅProteins

ÅPotent vasoconstrictors

ÅReleased by endothelial cells near site of damage

ÅEndothelin receptor blockers used in pulmonary hypertension



Coagulation Factors

ÅProteins synthesized in liver

ÅSoluble in plasma

ÅActivate when triggered by endothelial damage

ÅForm an insoluble protein: Fibrin

ÅFibrin mesh prevents blood loss



Coagulation Factors

ÅMost circulate as inactive enzymes (zymogens)

ÅMany activate to become serine proteases
ÅSerine: amino acid

ÅProtease: cleaves proteins

ÅSerine protease: protein cleavage enzyme, contains serine

Serine



Coagulation Cascade

ÅSequential activation of clotting factor zymogens

ÅConstant low level of activation in serum

ÅAmplification occurs with endothelial damage

ÅLeads to fibrin generation



Coagulation Cascade

Joe D/Wikipedia



Coagulation Cascade

ÅCenter of cascade is activation of X ĄXa

ÅXa converts prothrombin (II) Ą thrombin (IIa)

ÅThrombin (IIa): Fibrinogen (I) Ą fibrin (Ia)

ÅFibrin forms plug to stop bleeding

ÅActivation X Ą Xa makes fibrin

X Xa



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

Xainhibitors
Rivaroxaban

Apixaban
4ÈÒÏÍÂÉÎ

Direct Thrombin
Inhibitors (DTIs)

Hirudin
Lepirudin
Bivalirudin
Desirudin

Argatroban
Dabigatran (PO)

&ÉÂÒÉÎ



Tissue Factor
Thromboplastin

ÅGlycoprotein

ÅConstitutively expressed in sub-endothelial cells 

ÅNot expressed by endothelial cells

ÅNo significant contact of with circulating blood

ÅExposed by endothelial damage

ÅMajor activator of coagulation system

ÅBasis for Prothrombin Time and INR
ÅTissue factor added to blood sample

ÅTime to form clot = PT



Coagulation Cascade

ÅPrimary event: Exposure of tissue factor 

ÅInteracts with factor VIIĄVIIa

ÅTF:VIIa activates Xa

TF:VIIa



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

TF:VIIa

Endothelial
Damage



Thrombin

ÅThrombin (IIa) makes more thrombin

ÅCan activate cascade (positive feedback)
ÅFactor V ĄVa

ÅFactor XI ĄXIa

ÅFactor VIII ĄVIIIa

ÅFactor XIa activates IX Ą IXa
ÅIX uses VIIIa as a co-factor

ÅIXacan also activate Xa
ÅMore amplification

Xa

Fibrin

Va
VIIIa
XIa

IXa:VIIIa

Thrombin
IIa



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

Va
VIIIa
XIaTF:VIIa

Endothelial
Damage

Hemophilia

IXa:VIIIa



Factor VIII

ÅProduced in endothelial cells (not the liver)

ÅCirculates bound to von Willebrand Factor
ÅvWF critical for platelet aggregation

ÅvWF produced by endothelial cells and megakaryocytes

ÅBinding to vWF increases VIII plasma half life

ÅReleased from vWF in response to vascular injury
ÅVascular injury Ąᴻ thrombin Ą becomes VIIIa

VIIIɂvWF



Multicomponent Complexes

ÅTwo complexes for conversion X ĄXa

ÅThree components bound together:
ÅActive clotting factor functioning as enzyme

ÅCo-factor

ÅSubstrate

ÅRequire phospholipids and calcium 
ÅPhospholipid: Occur on surfaces of cells

ÅTF-bearing cells or platelets

ÅCalcium: Co-factor



Multicomponent Complexes

ÅExtrinsic Xase
ÅPhospholipid: TF-bearing cells

ÅEnzyme: Factor VIIa

ÅCo-factor: Tissue factor

ÅSubstrate: Factor X

Phospholipid

VIIa X

Ca+

TF

X

Xa



Multicomponent Complexes

ÅIntrinsic Xase 
ÅPhospholipid: Platelets

ÅEnzyme: Factor IXa

ÅCo-factor: Factor VIII (VIIIa)

ÅSubstrate: Factor X

Phospholipid

IX X

Ca+

VIIIa

X

Xa



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

Va
VIIIa
XIaTF:VIIa

Endothelial
Damage

IXa:VIIIa



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

Va
VIIIa
XIaTF:VIIa

Endothelial
Damage

Phospholipids
Calcium

IXa:VIIIa



Calcium

ÅFactor IV

ÅRequired for clot formation

ÅActivated platelets release calcium

ÅEDTA binds calcium in blood samples

ÅPrevents clotting

Tannim101/Wikipedia -



Factor XIII

ÅCrosslinks fibrin

ÅStabilizes fibrin plug

ÅAbsence of XIII Ą inadequate clot formation 

ÅRequires calcium as co-factor

ÅActivated by thrombin (IIa) formation



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

Va
VIIIa
XIaTF:VIIa

Endothelial
Damage

IXa:VIIIa



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

Va
VIIIa
XIaTF:VIIa

Endothelial
Damage

XIIIa
Ca++

IXa:VIIIa



Factor XII
Hageman factor

ÅCan activate factor XI (XIa)

ÅPhysiologic significance unclear

ÅImportant for testing of coagulation system

ÅActivated by contact with negatively charges

ÅFactor XII ĄXIIa via contact with silica

ÅBasis for partial thromboplastin time (PTT)

XII XIIa

XI XIa



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

Va
VIIIa
XIaTF:VIIa

Endothelial
Damage

XIIIa

IXa:VIIIa



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

VaTF:VIIa

IXa:VIIIa

Endothelial
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Coagulation Cascade
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Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)
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Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

Va
TF:VIIa

Endothelial
Damage

XIIIa

Prothrombin Time (PT)
Add Plasma to TF
Time to form clot



Intrinsic Pathway
Contact Pathway

ÅRequires kinins for normal function

ÅKinins = peptide hormones/signaling molecules

ÅShort half lives

ÅCirculate as inactive precursors: kininogens

ÅActivated by kallikreins

ÅKinins link coagulation with inflammation



Intrinsic Pathway
Kinin System

ÅBradykinin
ÅVasodilator

ÅIncreases vascular permeability

ÅPain

ÅDegraded by angiotensin converting enzyme (ACE)
ÅACE inhibitors can raise bradykinin levels

ÅDangerous side effect: angioedema

ÅAlso degraded by C1 inhibitor (complement system)
ÅC1 inhibitor deficiency Ą hereditary angioedema



Intrinsic Pathway 
Factor XII

ÅActivates clotting and produces bradykinin

ÅRequires PK, HMWK for normal function

XII XIIa

Prekallikrein (PK) Kallikrein

High molecular weight kininogen
HMWK

Bradykinin



Prekallikrein Deficiency 

ÅRare condition

ÅResults in markedly prolonged PTT

ÅXII cannot activate normally

ÅNo bleeding problems

XII XIIa

Prekallikrein (PK) Kallikrein

High molecular weight kininogen
HMWK

Bradykinin



Kinin System
Key Points

ÅActivated by factor XII

ÅLink between coagulation and inflammation

ÅBradykinin
ÅACE inhibitors

ÅHereditary angioedema

Å0ÒÅËÁÌÌÉËÒÅÉÎ $ÅÆÉÃÉÅÎÃÙȡ ᴻ044



Coagulation Inhibitors

ÅImportant deactivators of coagulation
ÅAntithrombin III

ÅProteins C and S

ÅTissue factor pathway inhibitor



Antithrombin III

ÅSerpin (inhibitor of serine proteases)

ÅInhibits serine proteases: factors II, VII, IX, X, XI, XII

ÅProduced by liver 

ÅActivated by endothelium
ÅEndothelium makes heparan sulfate molecules 

ÅActivate antithrombin

ÅBasis for role of heparin drug therapy

ÅDeficiency: Hypercoagulable state



Proteins C and S

ÅGlycoproteins synthesized in liver

ÅProtein C: zymogen

ÅActive form: activated protein C (APC)

ÅAPC primarily inactivates factors Va and VIIIa



Proteins C and S

ÅProtein C activated by thrombomodulin
ÅCell membrane protein

ÅFound on endothelial cells

ÅThrombomodulin binds thrombin
ÅComplex activates protein C to APC



Proteins C and S

ÅAPC requires protein S as co-factor

ÅProtein S circulates in active form (not a zymogen)

Protein C APC

Inactivation
Va, VIIIa

Protein
S

Thrombomodulin: Thrombin



TFPI
Tissue factor pathway inhibitor

ÅInactivates Xa via two mechanisms
ÅDirectly binds Xa

ÅBinds TF/FVIIacomplex Ą prevents X activation

ÅPlasma levels increased with heparin administration
ÅMay contribute to antithrombotic effect



Plasminogen and Plasmin

ÅPlasminogen synthesized by liver (zymogen)

ÅConverted to active enzyme: plasmin

ÅMain role of plasmin is breakdown of fibrin
ÅBroad substrate specificity

ÅAlso degrades clotting factors, fibrinogen



Plasminogen Activators

ÅTissue plasminogen activator ( tPA) and urokinase
ÅSynthesized by endothelial and other cells

ÅUsed as drug therapy for acute MI and stroke

ÅStreptokinase : Streptococcal protein; activates plasminogen



FDPs and D-dimer

Plasminogen Plasmin

Fibrin/Clot

Fibrin 
Degradation

Products 

tPA
Urokinase D-dimers



FDPs and D-dimer

ÅFibrinogen has two domains: E (central) and D (side)

ÅCrosslinking of fibrin (XIII) creates E linked two Ds

Mpt-matthew/Wikipedia



FDPs and D-dimer

ÅD-dimer is a special type of FDP

ÅPresence of D-dimers indicates clot breakdown
ÅBreakdown of crosslinked fibrin from XIII

ÅElevated D-dimer used for diagnosis of DVT/PE

Plasmin

D-dimers

Fibrin/Clot

FDPs



FDPs and D-dimer

Åᴻ  &$0Ó ÓÅÅÎ ÉÎ ÂÒÅÁËÄÏ×Î ÏÆ clot

ÅAlso seen in absence of clot from fibrinogen breakdown

ÅPlasmin can convert fibrinogen Ą FDPs

ÅFDPs indicate plasmin activity only 

ÅNot necessarily clot breakdown

Plasmin

Fibrinogen

FDPs
D-dimers

Fibrin/Clot

FDPs



Primary Fibrinolysis

ÅRarely phenomena: Plasmin overactive

ÅCauses  &$0 with normal D -dimer
ÅȰHyperfibrinolysisȱ

ÅPlasmin breakdown of fibrinogen (not fibrin) Ą FDPs

ÅNo clot or crosslinked fibrin ĄNo d-dimers

ÅPlasmin can deplete clotting factors 

ÅIncreased PT/PTT with bleeding (like DIC)

ÅProstate cancer: release of urokinase

ÅCirrhosis: Loss of alpha2 antiplasmin from liver



FDPs and D-dimer
Key Points

ÅClot breakdown : FDPs and D-dimers

ÅHyperfibrinolysis : FDPs with normal D-dimer levels

Åᴻ  $-dimer used to diagnosis thrombotic disorders

ÅElevated levels seen in DVT/PE
ÅSensitive but not specific

ÅElevated in many other disorders



Vitamin K

ÅRequired for synthesis of many clotting factors
ÅȰ6ÉÔÁÍÉÎ + ÄÅÐÅÎÄÅÎÔ ÃÌÏÔÔÉÎÇ ÆÁÃÔÏÒÓȱ

ÅVitamin K dependent factors: II, VII, IX, X, C, S

ÅVitamin K deficiency: bleeding

ÅWarfarin : Vitamin K antagonist

Gonegonegone/Wikipedia



ESR
Erythrocyte Sedimentation Rate

ÅRate of RBC sedimentation in test tube
ÅNormal 0-22 mm/ hr for men; 0-29 mm/ hr for women

ÅIncreased in inflammatory conditions

MechESR/Wikipedia



ESR
Erythrocyte Sedimentation Rate

ÅESR increased by ȰÁÃÕÔÅ ÐÈÁÓÅ ÒÅÁÃÔÁÎÔÓȱ in plasma
ÅSerum proteins that rise in inflammation or tissue injury

ÅDriven by cytokines

ÅMost come from liver

ÅKey acute phase reactants
ÅFibrinogen

ÅFerritin

ÅC-reactive protein (binds bacteria; activates complement)



Platelet Activation
Jason Ryan, MD, MPH



FIBRIN ACTIVATED PLATELETS

THROMBUS

Thrombus Formation

ENDOTHELIAL DAMAGE



Platelets

ÅSmall cells derived from megakaryocytes

ÅDo not contain a nucleus

ÅShort lifespan: about 8-10 days

ÅProduction regulated by thrombopoietin (TPO)
ÅGlycoprotein produced mostly in liver

Graham Beards/Wikipedia



Platelets

ÅAid in hemostasis after vascular injury 

Å#ÉÒÃÕÌÁÔÅ ÉÎ ȰÉÎÁÃÔÉÖÅȱ ÆÏÒÍ

Å#ÁÎ ȰÁÃÔÉÖÁÔÅȱ ÄÕÅ ÔÏȡ
ÅEndothelial injury

ÅStimuli from other activated platelets

ÅActivated platelets seal damaged vessels



Platelets Actions

ÅAdhesion to sub-endothelium

ÅAggregation : Platelet-platelet binding

ÅSecretion : Release of granule contents

ÅNet result: Seal openings in vascular tree

Exposed Subendothelium

Adhesion
Aggregation

Secretion
Platelets



Von Willebrand Factor

ÅLarge glycoprotein

ÅSynthesized by endothelial cells and megakaryocytes
ÅStored in WeibelɀPalade bodies in endothelial cells

ÅPresent in platelets (stored in alpha granules )

ÅSome found in plasma

ÅReleased on vascular injury
ÅActivated platelets degranulate

ÅEndothelial cells release vWF



Von Willebrand Factor

ÅSeveral roles in hemostasis

Å#1: Carrier protein for factor VIII
ÅFactor VIII released in presence of thrombin (VIIIa)

Å#2: Binds platelets to damaged endothelium

Å#3: Binds activated platelets together (aggregation)

VIIIɂvWF



Membrane Glycoproteins

ÅGlycoproteins (amino acids and glucose molecules)

ÅFound on surface of platelets

ÅInteract with other structures/molecules

ÅImportant for hemostasis

ÅGPIb, GPIIb/IIIa



Platelets Actions

ÅAdhesion to sub-endothelium

ÅAggregation : Platelet-platelet binding

ÅSecretion : Release of granule contents

Exposed Subendothelium

Adhesion
Aggregation

Secretion
Platelets



Platelet Adhesion

ÅVascular damage: exposure of collagen

ÅSubendothelial collagen binds vWF

ÅvWF binds GPIb on platelets

Subendothelial Collagen

GPIb

Subendothelial Collagen

vWF



Platelet Aggregation

ÅMediated by GPIIb/ IIIa receptor 
ÅMost abundant surface receptor on platelets

ÅPlatelet activation ĄGPIIb/ IIIa changes conformation
ÅBecomes capable of binding

ÅWill not bind when platelets are inactive

ÅȰ)ÎÓÉÄÅ-ÏÕÔȱ ÓÉÇÎÁÌÉÎÇ ɉÃÅÌÌ ÁÃÔÉÖÉÔÙ Ą altered receptor)

Inactive 
Platelet

Active Platelet

Active
IIB/IIIA



Platelet Aggregation

ÅGPIIb/ IIIa binds fibrinogen or vWF

ÅLinks platelets together (aggregation)

ÅBasis for IIB/IIIA receptor blocking drugs



Platelet Secretion

ÅPlatelets activated by:
ÅBinding to subendothelial collagen

ÅStimulation by activating substances

ÅSecretion of stored activators Ąmore activation

Secretion



Platelet Granules

ÅTwo types of platelet granules: alpha and dense

ÅContents promote hemostasis

ÅReleased on activation by:
ÅPlatelet binding to collagen

ÅGranule contents from other platelets

Dr Graham Beards/Wikipedia



Platelet Granules

ÅAlpha granules (most abundant)
ÅFibrinogen

Åvon Willebrand factor

Åplatelet factor 4

ÅDense granules
ÅADP

ÅCalcium

ÅSerotonin

Dr Graham Beards/Wikipedia



Platelet Factor 4
PF4

ÅReleased from alpha granules

ÅBinds to endothelial cells

ÅNumerous biologic effects described

ÅHeparin induced thrombocytopenia
ÅRare, life-threatening  effect of heparin administration

ÅAntibodies formed to PF4 complexed with heparin

ÅAntibodies bind PF4-heparin Ą platelet activation

ÅDiffuse thrombosis

ÅLow platelets from consumption



Serotonin

ÅStored in dense granules

ÅReleased on platelet activation

ÅBasis for serotonin release assay
ÅDiagnostic test for HIT

ÅDonor platelets radiolabeled with14C-serotonin

ÅPatient serum and heparin added

ÅHIT antibodies Ą excessive serotonin release



Adenosine Diphosphate
ADP

ÅReleased from dense granules

ÅAlso released by red blood cells when damaged

ÅBinds to two G-protein receptors: P2Y1 and P2Y12

Å"ÉÎÄÉÎÇ ÌÅÁÄÓ ÔÏ ᴽ cAMPformation 
Åᴻ cAMPblocks platelet activation

ÅPhosphodiesterase inhibitors Ąᴻ cAMP



Adenosine Diphosphate
ADP

ÅP2Y1

ÅCalcium release, change in platelet shape

ÅP2Y12

Å0ÌÁÔÅÌÅÔ ÄÅÇÒÁÎÕÌÁÔÉÏÎȟ ᴻ ÁÇÇÒÅÇÁÔÉÏÎ 

ÅMany P2Y12 receptor blocking drugs
ÅȰ!$0 ÒÅÃÅÐÔÏÒ ÂÌÏÃËÅÒÓȱ

ÅInhibit platelet activity

ÅClopidogrel,prasugrel, ticlopidine, ticagrelor



Thromboxane A2
TXA2

ÅPowerful platelet activator

ÅTXA2 receptors found on platelets

ÅBasis for aspirin therapy

Shizhao/Wikipedia



Thromboxane A2
TXA2

ÅLipids in cell membranes Ą arachidonic acid (AA)
ÅEnzyme: phospholipase A2

ÅOccurs in endothelial cells near damaged endothelium 

ÅAA released at sites of vascular injury

ÅAlso stored in platelets

ÅAA converted by platelets to TXA2 
ÅEnzyme: Cyclooxygenase (COX)

ÅAspirin : Inhibits COX Ąᴽ 48!ς Ą platelet activation



Bleeding Time

ÅTest of platelet function

Å3ÍÁÌÌ ÃÕÔ ÔÏ ÐÁÔÉÅÎÔȭÓ ÁÒÍ

ÅFilter paper applied/removed until bleeding stops

ÅRarely done in modern era

Crystal/Flikr



Hypercoagulable
States
Jason Ryan, MD, MPH



Hypercoagulable States

ÅPredisposition to venous or arterial thrombi

Å/ÆÔÅÎ $64Ⱦ0%Ó ɉȰ6ÅÎÏÕÓ ÔÈÒÏÍÂÏÅÍÂÏÌÉÓÍȱɊ

ÅSometimes arterial thrombosis
ÅStroke

ÅMyocardial infarction

ÅIschemic limb



6ÉÒÃÈÏ×ȭÓ 4ÒÉÁÄ

ÅEndothelial damage
ÅEndothelium makes numerous natural anticoagulants

ÅNitric oxide, prostaglandins, antithrombin , tPA, APC

ÅStasis of blood
ÅNormal blood flow prevents pooling of clotting factors

ÅHypercoagulability
ÅConditions that increase clot formation



Hypercoagulable States

ÅPost-op  
ÅHypercoagulable (inflammation from surgery)

ÅStasis (immobile)

ÅEndothelial damage (surgery)

ÅFall/Hip Fracture/Trauma
ÅHypercoagulable (inflammation from trauma)

ÅStasis (immobility)

ÅEndothelial damage (trauma)

ÅLong plane flights
ÅStasis (immobility)

Wikipedia/Public Domain



Hypercoagulable States

ÅMalignancy
ÅSome tumors produce pro-coagulants (i.e. tissue factor)

ÅAdenocarcinomas: some data that mucin is thrombogenic

ÅNormal cells may produce pro-coagulants
ÅReaction to presence/growth of tumor

ÅDecreased activity, surgery, bed rest

Public Domain



Hypercoagulable States

ÅPregnancy
ÅProbably evolved to protect against blood loss at delivery

ÅMany clotting factor levels change

ÅIncreased fibrinogen

ÅDecreased protein S

ÅFetus also obstructs venous return ĄDVTs common

ÅOral contraceptive pills (OCPs)
ÅEstrogen increases production coagulation factors



Hypercoagulable States

ÅElevated homocysteine (amino acid)

ÅAssociated with arterial and venous clots

ÅHigh levels may cause:
ÅEndothelial injury

ÅActivation of some clotting factors

ÅElevated levels caused by:
ÅFolate/B12/B6 deficiency

ÅHomocystinuria (cystathionine beta synthase deficiency)

ÅLevels lowered by folate
ÅMost clinical trials of folate did not show benefit



Hypercoagulable States

ÅNephrotic syndrome
ÅMultiple mechanisms

ÅLoss of anti-clotting factors in urine (ATIII)

Holly Fischer/Wikipedia



Hypercoagulable States

ÅSmoking
ÅAssociated with atherosclerosis and MI/Stroke

ÅSome data linking smoking to DVT/PE

ÅEvidence that smoking increases fibrinogen levels

Pixabay/Public Domain



Inherited Thrombophilia

ÅInherited hypercoagulable states

ÅGenetic tendencies to VTE

ÅMost involve coagulation pathway defects

ÅAll associated with venous clots (DVT/PE)



Factor V Leiden Mutation

ÅNamed for Leiden, Netherlands

ÅAbnormal factor V

ÅNot inactivated by activated protein C (APC)

ÅFactor V remains active longer Ą hypercoagulability

Protein
C

APC

Inactivation
Va, VIIIa

Protein
S

Thrombomodulin



Factor V Leiden Mutation

ÅPoint mutation in factor V gene
ÅGuanine to adenine change

ÅResult: Single amino acid change 
ÅArginine to glutamine substitution

ÅPosition 506 in factor V



Prothrombin Gene Mutation

ÅProthrombin 20210 gene mutation
ÅGuanine to adenine change in prothrombin gene

ÅOccurs at nucleotide 20210

Å(ÅÔÅÒÏÚÙÇÏÕÓ ÃÁÒÒÉÅÒÓȡ σπϷ ᴻ ÐÒÏÔÈÒÏÍÂÉÎ ÌÅÖÅÌÓ

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)



Antithrombin III Deficiency

ÅInherited deficiencies due to gene mutations

ÅAcquired deficiencies: 
ÅImpaired production (liver disease)

ÅProtein losses (nephrotic syndrome) 

ÅConsumption (DIC)

ÅClassically presents as heparin resistance
ÅEscalating dose of heparin

ÅNo/little change in PTT



Protein C or S Deficiency

ÅProtein C: associated with warfarin skin necrosis

ÅInitial warfarin therapy Ąᴽ ÐÒÏÔÅÉÎ # ɉÓÈÏÒÔ ÈÁÌÆ ÌÉÆÅɊ

ÅIf protein C deficient ĄÍÁÒËÅÄ ᴽ ÐÒÏÔÅÉÎ # 

ÅResult: thrombosis of skin tissue

ÅLarge dark, purple skin lesions

Protein
C

APC

Inactivation
Va, VIIIa

Protein
S

Thrombomodulin



Antiphospholipid Syndrome

ÅCaused by antiphospholipid antibodies

ÅOccur in association with lupus or as primary disease



Antiphospholipid Syndrome

ÅThree important clinical consequences of antibodies

ÅȰ!ÎÔÉÐÈÏÓÐÈÏÌÉÐÉÄ ÓÙÎÄÒÏÍÅȱ
Å#1: Increased risk of venous and arterial thrombosis

ÅMost commonly DVT

ÅAlso CNS: stroke

ÅRecurrent fetal loss 

Å#2: Increased PTT

Å#3: False positive syphilis (RPR/VDRL)



Antiphospholipid Syndrome

ÅAnti -cardiolipin
ÅFalse positive RPR/VDRL

ÅSyphilis also produces these antibodies

ÅȰ,ÕÐÕÓ ÁÎÔÉÃÏÁÇÕÌÁÎÔȱ
ÅInterferes with PTT test (silica activation of XII)

ÅFalse elevation

ÅAnti -ɼ2 glycoprotein



Antiphospholipid Syndrome
Antibody Detection

ÅAnti -cardiolipin, Anti -ɼ2 glycoprotein
ÅEnzyme-linked immunosorbent assay (ELISA) testing

ÅȰ,ÕÐÕÓ ÁÎÔÉÃÏÁÇÕÌÁÎÔȱ
ÅDetected indirectly through coagulation assays



Lupus Anticoagulant

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

VaTF:VIIa

IXa:VIIIa

Endothelial
Damage

XIIIa

IX

XIaXI

XIIaXII

VIII
T

T

Coagulation cascade
requires phospholipids



Lupus Anticoagulant
PTT Testing

ÅLupus anticoagulant binds phospholipid Ąᴻ 044

Patient
Serum

Contact Factor

Phospholipid
Calcium



Lupus Anticoagulant
Mixing Study

ÅCan show presence of lupus anticoagulant (inhibitor)

Inhibitor
Nl Clotting Factors

044

Normal 
Serum

Inhibitor
044

+

`
d`

d

`
d`

d



Lupus Anticoagulant
Mixing Study

ÅClotting factor deficiency: PTT corrects to normal

ÅClotting factors ~50% normal Ą normal PT/PTT

Hemophilia
ᴽ #ÌÏÔÔÉÎÇ &ÁÃÔÏÒÓ

 044

Normal 
Serum

50% VIII
Normal PTT

+



Lupus Anticoagulant
Other Tests

Å/ÎÌÙ ͯυπϷ ÐÁÔÉÅÎÔÓ ×ÉÔÈ ,! ÈÁÖÅ ᴻ044

ÅOther coagulation tests sometimes used
ÅDilute Russell viper venom time

ÅKaolin clotting time

ÅTime to clot will be prolonged if LA present

ÅTime to clot will not correct with mixing study



Antiphospholipid Antibodies
Testing

Blood Sample

ELISA

Anti-cardiolipin Anti- 2̡ glycoprotein

Clotting Test
Mixing Study

Lupus Anticoagulant



Antiphospholipid Syndrome

ÅSyndrome = one laboratory plus one clinical criteria

ÅLab criteria (2 positive results >12 weeks apart):
ÅLupus anticoagulant

ÅAnti-cardiolipin

ÅAnti-ɼ2-glycoprotein

ÅClinical criteria:
ÅArterial or venous thrombosis

ÅFetal death after 10 weeks of normal fetus

Å>=3 consecutive fetal losses before 10 weeks



Hypercoagulable Workup

ÅPanel of tests for hypercoagulable states

ÅSometimes performed in:
ÅUnprovoked DVT/PE

ÅStroke/MI at an early age

ÅControversial
ÅExpensive

ÅRarely changes management

ÅFew data on management of identified states

ÅRisk of bleeding with indefinite anticoagulation

ÅSome tests altered by thrombus or blood thinners



Hypercoagulable Workup

ÅAntithrombin level

ÅProtein C and S levels

ÅFactor V Leiden gene mutation

ÅProthrombin gene mutation

ÅAntiphospholipid antibodies

ÅCancer screening



Coagulopathies
Jason Ryan, MD, MPH



Bleeding Disorders

ÅAbnormal coagulation cascade
ÅHemophilia, Vitamin K deficiency

ÅAbnormal platelets
ÅBernard-Soulierȟ 'ÌÁÎÚÍÁÎÎȭÓ 4ÈÒÏÍÂÁÓÔÈÅÎÉÁ

ÅITP, TTP

ÅUremia

ÅMixed Disorders
ÅVon Willebrand Disease, DIC, Liver disease



Bleeding Time

ÅTest of platelet function

Å3ÍÁÌÌ ÃÕÔ ÔÏ ÐÁÔÉÅÎÔȭÓ ÁÒÍ

ÅFilter paper applied/removed until bleeding stops

ÅRarely done in modern era



PTT
Activated Partial Thromboplastin Time

Tissue Factor Silica

VII VIIa

X Xa

PT (II) Thrombin (IIa)
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Add Plasma to (-) charge

substance (silica)
Time to form clot

Normal ~30s



PT
Prothrombin Time
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Thrombin Time

Tissue Factor Silica

VII VIIa

X Xa

Intrinsic PathwayExtrinsic Pathway

XIIa XII

XIa XI

IXa IX Thrombin Time
Add Thrombin to sample

Time to form clot

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)



Type of Bleeding

ÅAbnormal platelets
ÅMucosal bleeding, skin bleeding, petechiae

ÅAbnormal coagulation factors
ÅJoint bleeding, deep tissue bleeding

Hektor/Wikipedia



Hemophilias

ÅX-linked recessive diseases

ÅGene mutations: Run in families; also occur de novo

ÅHemophilia A : Deficiency of factor VIII 

ÅHemophilia B : Deficiency of factor IX 
ÅAlso called Christmas disease

Alexei Nikolaevich



Hemophilias

ÅPresent with spontaneous or easy bruising

ÅRecurrent joint bleeds is common presentation

ÅScreening: PTT will be prolonged
ÅFactors VIII, IX both part of intrinsic pathway

ÅPT, bleeding time, platelet count all normal



Coagulation Cascade

X Xa

Prothrombin (II) Thrombin (IIa)

Fibrinogen (I) Fibrin (Ia)

VaTF:VIIa
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Endothelial
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XIIIa
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T
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IX X

Ca+
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Hemophilias
Treatment

ÅReplacement factor VIII and IX

Biggishben~commonswiki



Hemophilias
Treatment

ÅDesmopressin(dDAVP)
ÅUsed in mild hemophilia A 

ÅAnalogue of vasopressin (ADH) with no pressor activity 

ÅIncreases  vWF and factor VIII levels

ÅReleases VIII from Weibel -Palade bodies(endothelial cells)



Desmopressin

ÅAlso has vasodilating properties

ÅKey side effects: flushing, headache

ÅOther uses:
Åvon Willebrand disease

ÅCentral diabetes insipidus (mimics ADH)

ÅBedwetting (decreases urine volume)



Hemophilias
Treatment

ÅAminocaproic acid
ÅAntifibrinolytic drug

ÅInhibits plasminogen activation Ą plasmin

ÅLess breakdown of formed clots



Cryoprecipitate
ȰCryoȱ

ÅObsolete therapy for hemophilia A

ÅPrecipitate that forms when FFP is thawed 

ÅSeparated from plasma by centrifugation

ÅContains factor VIII, fibrinogen

ÅAlso factor XIII and von Willebrand factor (VWF) 

ÅOften used as source of fibrinogen 
ÅDIC 

ÅMassive trauma with blood transfusions



Coagulation Factor Inhibitors

ÅAntibodies 

ÅInhibit activity or increase clearance of clotting factor

ÅInhibitors of factor VIII most common

ÅOften occur in association with:
ÅMalignancy

ÅPost-partum 

ÅAutoimmune disorders

ÅCan be treated with prednisone

Martin Brändli/Wikipedia



Coagulation Factor Inhibitors

ÅCan present similar to hemophilia
ÅDeficient activity of VIII Ą bleeding

ÅProlonged PTT

ÅMixing study will differentiate from hemophilia A



Mixing Study

ÅClotting factors ~50% normal Ą normal PT/PTT

Hemophilia A
No VIII
 044

Normal 
Serum

50% VIII
Normal PTT

+



Mixing Study

ÅClotting factors ~50% normal Ą normal PT/PTT

Inhibitor
Normal VIII

044

Normal 
Serum

Inhibitor
044

+

`
d`

d

`
d`

d



Vitamin K Deficiency

ÅResults in bleeding

ÅDeficiency of vitamin K-dependent factors
ÅII, VII, IX, X

ÅKey lab findings:
ÅElevated PT/INR

ÅCan see elevated PTT (less sensitive)

ÅNormal bleeding time



Vitamin K Deficiency

ÅDietary deficiency rare

ÅGI bacteria produce sufficient quantities

ÅCommon causes:
ÅWarfarin

ÅAntibiotics (deplete GI bacteria)

ÅNewborns (sterile GI tract)

ÅMalabsorption (Vitamin K is fat soluble)



Blood Transfusion

ÅLarge volume transfusions Ą dilution clotting factors

ÅPacked RBCs: devoid of plasma/platelets
ÅRemoved after collection

ÅSaline or IVF: No clotting factors

ÅTreated with fresh frozen plasma

"Blausengallery 2014".
Wikiversity Journal of Medicine.



Liver Disease

ÅLoss of clotting factors
ÅAdvanced liver disease Ąᴽ ÃÌÏÔÔÉÎÇ ÆÁÃÔÏÒ ÓÙÎÔÈÅÓÉÓ

ÅMost clotting factors produced in liver

ÅException: Factor VIII produced in endothelial cells

ÅPT more sensitive to liver disease (vitamin K) 

ÅThrombocytopenia also common
ÅDecreased hepatic synthesis of thrombopoietin

ÅPlatelet sequestration in spleen from portal hypertension



Platelet
Disorders
Jason Ryan, MD, MPH



Bleeding Disorders

ÅAbnormal coagulation
ÅHemophilia, Vitamin K deficiency

ÅAbnormal platelets
ÅBernard-Soulier

Å'ÌÁÎÚÍÁÎÎȭÓ Thrombasthenia

ÅITP, TTP

ÅUremia

ÅMixed Disorders
ÅVon Willebrand Disease, DIC 



Type of Bleeding

ÅAbnormal platelets
ÅMucosal bleeding, skin bleeding, petechiae

ÅAbnormal coagulation factors
ÅJoint bleeding, deep tissue bleeding

Hektor/Wikipedia



Bleeding Time

ÅTest of platelet function

Å3ÍÁÌÌ ÃÕÔ ÔÏ ÐÁÔÉÅÎÔȭÓ ÁÒÍ

ÅFilter paper applied/removed until bleeding stops

ÅRarely done in modern era



Inherited Platelet Disorders

'ÌÁÎÚÍÁÎȭÓ
Thrombasthenia

Deficiency IIB/IIIA
Bernard-Soulier

Deficiency IB

Wiscott-Aldrich
Immunodeficiency

Inherited
Platelet 

Disorders



'ÌÁÎÚÍÁÎÎȭÓ 4ÈÒÏÍÂÁÓÔÈÅÎÉÁ

ÅAutosomal recessive disorder

ÅFunctional deficiency of GPIIb/ IIIa receptors

ÅBleeding, often epistaxis 

ÅKey diagnostic finding:
ÅProlonged bleeding time

ÅBlood smear: Isolated platelets (no clumping)

ÅAbsent platelet aggregation in response to stimuli

ÅAbnormal platelet aggregometry

ÅPlatelets mixed with ADP, arachidonic acid



Bernard-SoulierSyndrome

ÅAutosomal recessive disorder

ÅDeficiency of GPIb platelet receptors

ÅPlatelets cannot bind vWF

ÅAlso results in large platelets

ÅBleeding, often epistaxis or menorrhagia

ÅKey lab findings:
ÅProlonged bleeding time

ÅThrombocytopenia

ÅLarge platelets on blood smear



Giant Platelets

ÅCan be seen in association with thrombocytopenia

ÅCaused by rare inherited disorders
ÅBernard-Soulier, others

Bobjgalindo/Wikipedia



Wiskott-Aldrich Syndrome

ÅImmunodeficiency syndrome of infants

ÅX linked disorder of WAS gene (WAS protein)
ÅNecessary for T-cell cytoskeleton maintenance

ÅTriad:
ÅImmune dysfunction

Å  ÐÌÁÔÅÌÅÔÓ

ÅEczema



ITP
Idiopathic thrombocytopenic purpura

ÅDisorder of decreased platelet survival

ÅCommonly caused by anti -GPIIB/IIIA antibodies

ÅConsumption splenic macrophages

Inactive 
Platelet

Active Platelet

Active
IIB/IIIA



ITP
Idiopathic thrombocytopenic purpura

ÅDiagnosis of exclusion
ÅRule out other causes of bone marrow suppression

ÅTreatment:
ÅSteroids

ÅIVIG (blocks Fc receptors in macrophages)

ÅSplenectomy



TTP
Thrombotic thrombocytopenic purpura

ÅDisorder of small vessel thrombus formation

ÅConsumes platelets Ą thrombocytopenia

ÅȢ  ÁÃÔÉÖÉÔÙ ÏÆ Ö7& ÃÌÅÁÖÉÎÇ ÐÒÏÔÅÁÓÅ ADAMTS13



Von Willebrand Factor
Multimers

ÅvWF synthesized a protein monomer
ÅOccurs in endothelial cells and megakaryocytes

ÅMonomers link in endoplasmic reticulum Ą dimers

ÅvWF dimers move to Golgi Ąmultimers 



Von Willebrand Factor
Multimers

ÅLarge multimers stored:
ÅEndothelial WeibelɀPalade bodies 

Å0ÌÁÔÅÌÅÔ ɻ-granules 

ÅLarge multimers can obstruct blood flow

ÅADAMTS13 prevents obstruction
ÅEnzyme (metalloprotease)

ÅBreaks down multimers of vWF

ÅPrevents thrombotic occlusion 



ADAMTS13

Platelet

vWF



TTP
Cause

ÅSevere ADAMTS13 deficiency 
ÅUsually <10% normal activity

ÅUsual cause: acquired autoantibody to ADAMTS13

ÅResult: vWF multimers in areas of high shear stress

ÅObstruction small vessels

ADAMTS13



MAHA
Microangiopathic hemolytic anemia

Å(ÅÍÏÌÙÔÉÃ ÁÎÅÍÉÁ ɉᴻ,$(ȟ ᴽ haptoglobin)

ÅCaused by shearing of RBCs as they pass through 
thrombi in small vessels

ÅBlood smear: schistocytes

ÅSeen in:
ÅTTP

ÅHUS

ÅDIC

Paulo Henrique Orlandi Mourao



TTP
Thrombotic thrombocytopenic purpura

ÅFever
ÅInflammation from small vessel occlusion and tissue damage

ÅNeurological symptoms
ÅHeadache, confusion, seizures

ÅRenal failure

ÅPetechiae and bleeding



TTP
Thrombotic thrombocytopenic purpura

ÅLab tests:
ÅHemolytic anemia

ÅThrombocytopenia

ÅSchistocytes on blood smear

ÅPT/PTT should be normal 
ÅContrast with DIC

ÅMay see elevated d-dimer



TTP
Treatment

ÅPlasma exchange: removes antibodies

ÅPlatelet counts monitored to determine efficacy

Mr Vacchi/Wikipedia



Hemolytic Uremic Syndrome
HUS

ÅMany similarities with TTP

ÅAlso caused by platelet-rich thrombi in small vessels

ÅMAHA, thrombocytopenia, acute kidney injury
ÅUsually no fever or CNS symptoms

ÅRenal thrombi Ą kidney injury

ÅCommonly seen in children

ÅCommonly follow GI infection E. Coli O157:H7
ÅShiga-like toxin causes microthrombi



DIC
Disseminated Intravascular Coagulation

ÅWidespread activation of clotting cascade

ÅDiffuse thrombi (platelets/fibrin) Ą ischemia

ÅConsumption of clotting factors and platelets

ÅDestruction of red blood cells Ą anemia



DIC
Disseminated Intravascular Coagulation

ÅOccurs secondary to another process

ÅObstetrical emergencies
ÅAmniotic fluid contains tissue factor

ÅDIC seen in conjunction with amniotic fluid embolism

ÅSepsis
ÅEndotoxin ɀ> activates coagulation cascade

ÅCytokines



DIC
Disseminated Intravascular Coagulation

ÅLeukemia
ÅEspecially acute promyelocytic leukemia (APML)

ÅCancer: well-described hypercoagulable state

ÅExcess coagulation: DIC

ÅRattlesnake bites
ÅThrombin -like glycoproteins within venom

ÅDiffuse activation of clotting

Andy king50/Wikipedia



DIC
Disseminated Intravascular Coagulation

ÅElevated PT/PTT/Thrombin time
ÅConsumption of factors

ÅLow platelets
ÅConsumption of platelets

ÅLow fibrinogen (consumption)

ÅMicroangiopathic hemolytic anemia
ÅLow RBC (anemia )

ÅSchistocytes on blood smear

ÅElevated D-dimer



DIC
Disseminated Intravascular Coagulation

ÅTreatment: underlying disorder

ÅFresh frozen plasma: replace clotting factors

ÅRBCs, platelets

ÅCryoprecipitate (for low fibrinogen )



ITP, TTP, HUS, DIC

ITP TTP HUS DIC

ᴽ 0ÌÁÔÅÌÅÔÓ+ + + +

Hemolytic 
Anemia -- + + +

ᴻ04Ⱦ044-- -- -- +

Fever
Confusion

Child
GI Illness

Platelet
Thrombi

Platelet/Fibrin
Thrombi



Uremia

ÅRenal dysfunction Ą bleeding

ÅPoor aggregation and adhesion of platelets

ÅCaused by uremic toxins in plasma
ÅUremic platelets work normally in normal serum

ÅProlonged bleeding time

ÅNormal platelet count

ÅNormal coagulation testing



Thrombocytopenia

ÅDecreased production of platelets
ÅChemotherapy, leukemia

ÅSepsis (bone marrow suppression)

ÅPlatelet sequestration 
ÅSplenomegaly

ÅPortal hypertension

ÅPlatelet destruction
ÅITP, TTP



Thrombocytopenia

ÅNormal platelet count: 150,000/ml to 400,000/ml

ÅBleeding occurs when <10,000

ÅTreatment: Platelet transfusions 



Von Willebrand Disease

ÅDeficient function of von Willebrand Factor
ÅLarge glycoprotein

ÅSynthesized by endothelial cells and megakaryocytes

ÅPresent in platelets

ÅTwo key roles in hemostasis
ÅCarrier of factor VIII (intrinsic coagulation pathway)

ÅBinds platelets to endothelium and other platelets



Von Willebrand Disease

ÅMost common inherited bleeding disorder
ÅAffects up to 1 percent of population

ÅGene mutations Ąᴽ level or function of vWF
ÅMost cases autosomal dominant (males=females)



Von Willebrand Disease

ÅUsually mild, non-life-threatening bleeding

ÅEasy bruising

ÅSkin bleeding

ÅProlonged bleeding from mucosal surfaces 
ÅSevere nosebleeds

ÅMenorrhagia



Von Willebrand Disease
Diagnosis

ÅNormal platelet count

ÅNormal PT

ÅIncreased PTT (depending on severity)
ÅUsually no joint/deep tissue bleeding

ÅIncreased bleeding time



Von Willebrand Disease
Diagnosis

ÅRistocetin cofactor activity assay

Å2ÉÓÔÏÃÅÔÉÎȡ ÁÎÔÉÂÉÏÔÉÃ ÏÆÆ ÍÁÒËÅÔ ÄÕÅ ÔÏ ᴽÐÌÁÔÅÌÅÔÓ

ÅBinds vWFand platelet glycoprotein Ib

ÅCauses platelet aggregation if vWF present

0ÁÔÉÅÎÔȭÓ
Serum

Ristocetin

Platelet
Aggregometry

Normal
vWF active

Abnormal
vWF defective



Von Willebrand Disease
Treatment

ÅvWF concentrate

ÅDesmopressin
ÅIncreases  vWF and factor VIII levels

ÅReleases vWF from endothelial cells

ÅAminocaproic acid
ÅAntifibrinolytic drug

ÅInhibits plasminogen activation Ą plasmin

ÅLess breakdown of formed clots



(ÅÙÄÅȭÓ 3ÙÎÄÒÏÍÅ

ÅGI bleeding associated with aortic stenosis

ÅAngiodysplasia
ÅVascular malformations of GI tract

ÅProne to bleeding

ÅCommonly occur in aortic stenosis patients

ÅDeficiency of von Willebrand factor
ÅHigh shearing force caused by aortic stenosis 

ÅUncoiling of  vWF multimers 

ÅExposes cleavage site for ADAMTS13

ÅImproves after aortic valve surgery



Antiplatelets
Jason Ryan, MD, MPH



FIBRIN ACTIVATED PLATELETS

THROMBUS

Thrombus Formation



Heparin
Warfarin

Direct Thrombin 
Inhibitors

Factor Xainhibitors

Aspirin
ADP Blockers

IIB/IIIA Inhibitors
Phosphodiesterase Inhibitors

tPA
Urokinase

Streptokinase

Anticoagulants
Antiplatelets

Thrombolytics

Thrombus Formation

FIBRIN ACTIVATED PLATELETS

THROMBUS



Antiplatelets

De-activated
Platelet

Activated
Platelet

Thromboxane (from arachidonic acid)
Adenosine diphosphate (ADP)

cAMP (via ADP)

IIB/IIIA



Aspirin

Lipids (cell membranes)

Arachidonic acid

Thromboxane A2

Cyclooxygenase

Phospholipase A2

Platelet Activation

Aspirin
X



Aspirin

ÅInhibits COX-1 and COX-2
ÅBoth found in platelets

ÅBlunts conversion of AA to TXA2

Å  ÐÌÁÔÅÌÅÔ ÁÃÔÉÖÉÔÙ

ÅAlso inhibits production of prostaglandins



Eicosanoids

Lipids (cell membranes)

Arachidonicacid

Leukotrienes

Lipoxygenase

Thromboxanes

Prostaglandins

Cyclooxygenase

Phospholipase A2



Eicosanoids

Ricciotti E, FitzGerald G; Prostaglandins and Inflammation
Arterioscler Thromb VascBiol. 2011 May; 31(5): 986ɀ1000.



NSAIDs
Ibuprofen, naproxen, indomethacin, ketorolac, diclofenac

ÅAspirin is technically NSAID

ÅNSAIDS reversibly inhibit COX-1 and COX-2

ÅAspirin irreversibly inhibits COX-1 and COX-2

ÅDecreases activity for lifetime of platelet (7-10days)

ÅAll NSAIDs may cause bleeding

Å!ÌÌ .3!)$Ó ÒÅÄÕÃÅ ÐÁÉÎȟ ÉÎÆÌÁÍÍÁÔÉÏÎ ÖÉÁ ᴽ 0'Ó



Aspirin
Common antiplatelet uses

ÅCoronary disease
ÅAcute myocardial infarction/unstable angina

ÅSecondary prevention

ÅStroke
ÅAcute ischemic stroke

ÅSecondary prevention



Aspirin
Adverse Effects

ÅBleeding

ÅGastritis/Ulcers
ÅCOX important for maintenance of GI mucosa

ÅTinnitus
ÅCaused by salicylate (aspirin metabolite: salicylic acid)

ÅAlters cochlear nerve function

ÅRare: Usually occurs with very high doses

ÅResolves with discontinuation



Aspirin
Adverse Effects

Å2ÅÙÅȭÓ ÓÙÎÄÒÏÍÅ
ÅLiver failure and encephalopathy

ÅAssociated with aspirin use in children

ÅAspirin not generally used in kids (exception: Kawasaki)



Thienopyridines
Ticlopidine, clopidogrel, prasugrel

ÅIrreversible P2Y12 receptor blockers

ÅBlock effects of ADP on platelets

ÅUsed in aspirin allergy

ÅAdded to aspirin for prevention of MI, Stroke

ÅMajor adverse effect is bleeding

ÅRare, dangerous adverse effect: TTP

Ticlopidine



TTP
Thrombotic Thrombocytopenic Purpura

ÅAssociated with thienopyridine drugs

ÅSevere thrombocytopenia

ÅMicroangiopathic hemolytic anemia

ÅNeurologic abnormalities

ÅDeficient activity of ADAMTS13

ÅAntibodies to ADAMTS13



Ticagrelor

ÅCyclo-pentyl-triazolo-pyrimidine (CPTP)
ÅNOT a thienopyridine

ÅReversible antagonist to P2Y12 receptor

ÅUnique side effect: Dyspnea
ÅMechanism unclear



Phosphodiesterase Inhibitors
PDE Inhibitors

ÅInhibit phosphodiesterase III in platelets

ÅPDE breaks down cAMP

Åᴻ  cAMPĄᴽ ÐÌÁÔÅÌÅÔ ÁÃÔÉÖÁÔÉÏÎ

ÅTwo drugs in class: dipyridamole, cilostazol



Dipyridamole

ÅPDEIII inhibitor 

ÅInhibits platelet activation

ÅAlso blocks adenosine uptake by cells
ÅAdenosine = vasodilator

ÅRaises adenosine levels Ą vasodilation

ÅUsed with aspirin for stroke prevention (antiplatelet)

ÅUsed in chemical cardiac stress testing (vasodilator)



Cilostazol

ÅPDEIII inhibitor 

ÅInhibits platelet activation

ÅAlso raises cAMPin vascular smooth muscle

ÅVasodilator

ÅRarely used for anti-platelet effects

ÅUsed in peripheral arterial disease



Phosphodiesterase Inhibitors
Dipyridamole, Cilostazol

ÅMany side effects related to vasodilation
ÅHeadache

ÅFlushing

ÅHypotension



IIB/IIIA Receptor Blockers

ÅAbciximab, eptifibatide, tirofiban

ÅBind and block IIB/IIIA receptors

ÅAbciximab: Fab fragment of antibody to IIB/IIIA

ÅIV drugs used in acute coronary syndromes/stenting

TirofibanEptifibatide



IIB/IIIA Receptor Blockers

ÅMain adverse effect is bleeding

ÅCan cause thrombocytopenia
ÅMay occur within hours of administration

ÅMechanism  poorly understood

ÅMust monitor platelet count after administration



Antiplatelet Drugs

Inactive 
Platelet

Active Platelet

Aspirin (TXA2)
ADP Blockers

0$% )ÎÈÉÂÉÔÏÒÓ ɉᴻcAMP)

X

IIB/IIIA
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X



Anticoagulant Drugs
Jason Ryan, MD, MPH



Thrombus Disorders

Disease

ÅAtrial Fibrillation

ÅMyocardial Infarction

ÅDVT/PE

ÅStroke

ÅCritical Limb Ischemia

Thrombus Location

ÅLeft atrial appendage

ÅCoronary artery

ÅDeep vein/pulm artery

ÅCNS circulation

ÅPeripheral circulation



Antithrombotic Drugs

ÅAcute therapy: Help eliminate clot already formed

ÅPrevention: Lower risk of clot in high risk patients



FIBRIN ACTIVATED PLATELETS

ThrombusFormation

THROMBUS



FIBRIN ACTIVATED PLATELETS

THROMBUS

Heparin
Warfarin

Direct Thrombin Inhibitors
Factor Xa inhibitors

Aspirin
ADP Blockers

IIb/ IIIa Inhibitors
Phosphodiesterase Inhibitors

tPA

Anticoagulants
Antiplatelets

Thrombolytics

Blood thinners



Bleeding

ÅThrombus formation very beneficial 

ÅPrevents/stops bleeding

ÅBLEEDING: common side effect

ÅCan occur with all antithrombotic/antiplatelet drugs



Clotting versus Bleeding

Myocardial Infarction
Pulmonary Embolism
Deep Vein Thrombosis

Stroke
GI Bleeding
CNS Bleeding
Bruising



Coagulation Cascade
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PTT
Activated Partial Thromboplastin Time
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PT
Prothrombin Time
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Thrombin Time

Tissue Factor Silica

VII VIIa

X Xa

PT (II) Thrombin (IIa)

Fibrin/Clot

Intrinsic PathwayExtrinsic Pathway

XIIa XII

XIa XI
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Fibrinogen

Thrombin Time
Add Thrombin to sample

Time to form clot



Heparin

ÅPolymer (glycosaminoglycan)

ÅOccurs naturally (found in mast cells )

ÅMolecules with varying chain lengths

ÅUsed in two forms:
ÅUnfractionated : widely varying polymer chain lengths

ÅLow molecular weight : Smaller polymers only



Unfractionated Heparin

Tissue Factor

VII VII

X Xa

PT Thrombin

Intrinsic PathwayExtrinsic Pathway

UF Heparin
Activates ATIII

Silica

XIIa XII

XIa XI

IXa IX

ATIII

UF Heparin

Fibrin/ClotFibrinogen



Unfractionated Heparin (UFH)

ÅGiven IV or SQ Ą acute onset

ÅIncreases PTT
ÅEffects many components of intrinsic pathway

ÅHeparIN = INtrinsic (PTT)

ÅWill also increase thrombin time

ÅCan increase PT at high dosages

ÅLots of binding to plasma proteins, cells 
ÅHighly variable response from patient to patient

ÅDose must be adjusted to reach goal PTT



Protamine

ÅReversal agent for unfractionated heparin
ÅLess effective with LMWH

ÅBinds heparin Ą neutralizes drug

ÅUsed in heparin overdose

ÅUsed in cardiac surgery
ÅHigh dose heparin administered for heart-lung bypass

ÅQuick reversal at completion of case



Unfractionated Heparin (UFH)

ÅUses:
ÅAcute management: DVT/PE, MI, Stroke

ÅProphylaxis for DVT in hospitalized patients (SQ)



Unfractionated Heparin (UFH)

ÅSide Effects
ÅMainly bleeding and thrombocytopenia

ÅOsteoporosis (long term use)

ÅElevated AST/ALT (mild)



Heparin and Thrombocytopenia

ÅMany patients Ąmild (10-ςπϷɊ ᴽ ÐÌÁÔÅÌÅÔÓ
ÅȰ.ÏÎ-ÉÍÍÕÎÅȱ ÔÈÒÏÍÂÏÃÙÔÏÐÅÎÉÁ

ÅDirect suppressive effect platelet production  

ÅHeparin-induced thrombocytopenia (HIT)
ÅImmune-mediated reaction

ÅImmune complexes bind platelet factor 4 -heparin

ÅType II hypersensitivity reaction



Heparin -PF4

IgG antibodies
Hep-PF4 

IgG-Hep-PF4
Complexes

Binding to
Platelet Surface

Platelet
Aggregation/Activation

Thrombosis

Removal by
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Macrophages

0ÌÁÔÅÌÅÔÓ
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HIT
Heparin-induced thrombocytopenia

Å5-10 days after exposure to heparin

ÅAbrupt fall in platelets (>50%)

ÅArterial/vein thrombosis

ÅRare: 0.2 ɀ5% Heparin patients

ÅPatients with HIT must use alternative drugs
ÅLepirudin, Bivalirudin (direct thrombin inhibitors)



HIT
Heparin-induced thrombocytopenia

ÅPresumptive diagnosis: 
ÅSignificant drop in platelet count

ÅThrombosis formation

ÅDefinitive diagnosis: HIT antibody testing
ÅAutoantibodies to platelet factor 4 complexed with heparin



Low Molecular Weight Heparin 
Enoxaparin
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Low Molecular Weight Heparin 
Enoxaparin

Tissue Factor

VII VII

X Xa

PT Thrombin
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Low Molecular Weight Heparin 
Enoxaparin

ÅDose based on weight ɀno titrating
ÅReduced binding to plasma proteins and cells 

ÅGiven SQ

ÅLower incidence of HIT (but may still cause!)



Low Molecular Weight Heparin 
Enoxaparin

ÅWill not affect thrombin time (like UF heparin)

ÅPTT not sensitive to LMWH-induced changes
ÅUnlike UF heparin, only factor X effected

Plasma Concentration

P
T

T

UFH

LMWH



Low Molecular Weight Heparin 
Enoxaparin

ÅIf monitoring required, must check anti Xa levels
ÅLimited/insensitive affect on PTT

ÅStandard dose based on weight

ÅUsually no monitoring used

ÅExceptions: Obesity and renal failure



Anti-XaLevel

Xa Substrate cromophore

Sample

Low Xa activity High Xa activity



Factor Xa Inhibitors

Tissue Factor

VII VII

X Xa

PT Thrombin

Fibrin/Clot

Direct inhibitors
Rivaroxaban

Apixaban
Indirect inhibitors (ATIII)

Unfractionated Heparin
LMWH



Factor Xa Inhibitors

ÅRivaroxaban, Apixaban

ÅUsed in atrial fibrillation as alternatives to warfarin
ÅDo not require monitoring of PT/INR

ÅStandard dosing 

ÅCan increase PT and PTT (Xa in both pathways)

ÅWill not affect thrombin time



Direct Thrombin Inhibitors

Tissue Factor

VII VII

X Xa

PT Thrombin

Fibrin/Clot

Direct Thrombin Inhibitors (DTIs)
Hirudin

Lepirudin
Bivalirudin
Desirudin

Argatroban
Dabigatran (PO)

Fibrinogen Fibrin



Direct Thrombin Inhibitors
Uses

ÅCan prolong PT, PTT, and thrombin time

ÅThrombin activity common to all tests

ÅOnly UF heparin and DTIs prolong thrombin time
ÅRequires an inhibitor of thrombin function

ÅUF Heparin: ATIII

ÅDTIs: Direct drug effect



Direct Thrombin Inhibitors
Uses

ÅPatients with HIT
ÅHirudin, lepirudin, bivalirudin, desirudin, argatroban

ÅStop heparin, start DTI

ÅPTT often monitored

ÅAcute coronary syndromes, coronary interventions
ÅBivalirudin

ÅAtrial fibrillation 
ÅDabigatran (oral)

ÅStandard dosing: does not require PT/INR monitoring 



Warfarin

ÅVitamin K Factors: II, VII, IX, and X

ÅWarfarin: Antagonist to vitamin K

ÅȢ  ÌÅÖÅÌÓ ÏÆ ÁÌÌ ÖÉÔÁÍÉÎ + ÄÅÐÅÎÄÅÎÔ ÆÁÃÔÏÒÓ



Vitamin K

ÅForms ɾ-carboxyglutamate (Gla) residues

NɂCH2ɂC

CH2 O

CH2

COO-

NɂCH2ɂC

CH2 O

CH

-OOC COO-
CO2

ɾcarbon

Glutamate
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Activated Clotting
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Residue

+
ɾcarboxylation



Vitamin K

ÅFound in green, leafy vegetables (K1 form)
ÅCabbage, kale, spinach

ÅAlso egg yolk, liver

ÅAlso synthesized by GI bacteria (K2 form)



Warfarin
Vitamin K Antagonist
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Warfarin

ÅTakes days to achieve its effects
ÅTime required for clotting factor levels to fall

ÅDose adjusted to reach target PT/INR
ÅDrugs effect varies with diet (vitamin K)

Å!ÎÔÉÂÉÏÔÉÃÓ ÍÁÙ ᴽ ') ÂÁÃÔÅÒÉÁ Ąᴽ ÖÉÔÁÍÉÎ +Ąᴻ ).2

ÅSome drugs interfere with metabolism



Vitamin K Dependent Factors

Tissue Factor

VII VII

X Xa

PT Thrombin

Intrinsic PathwayExtrinsic Pathway Silica
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Fibrin/ClotFibrinogen



Vitamin K Dependent Factors

ÅFactor VII has shortest half life
ÅFirst level to fall after Warfarin administration

ÅOnly PT captures factor VII activity

ÅPTT less sensitive to Warfarin

ÅThrombin time normal



Warfarin
Prothrombotic Effects

ÅProtein C: anti-clotting factor with short half -life

ÅAlso vitamin K dependent

ÅInitial warfarin Rx Ą protein C deficient
ÅThis is pro-thrombotic

Å"ÒÉÅÆȣÅÖÅÎÔÕÁÌÌÙ ÏÔÈÅÒ ÆÁÃÔÏÒÓ ÆÁÌÌĄ antithrombotic



Warfarin
Prothrombotic Effects

ÅShould you start another drug (heparin) anytime you 
start warfarin?
ÅYes, but this is usually not an issue

ÅFor clot disorders (DVT/PE) heparin used for acute onset 

ÅHeparin Ą anticoagulation during initial warfarin therapy

ÅOne exception: Atrial fibrillation
ÅNo active clot; just risk of clot

ÅOften start warfarin without heparin 

ÅBrief increase in risk of clot is very low



Warfarin
Adverse Effects

ÅCrosses placenta
ÅAvoided in pregnancy

ÅFetal warfarin syndrome: abnormal fetal development

ÅUnfractionated heparin often used (does not cross)

ÅSide Effects:
ÅMainly bleeding

ÅSkin necrosis



Warfarin Skin Necrosis

ÅRare complication of therapy

ÅOccurs in patients with protein C deficiency

ÅCan also occur with very high dosages

ÅInitial exposure to warfarin Ąᴽ ÐÒÏÔÅÉÎ #

ÅResult: thrombosis of skin tissue

ÅLarge dark, purple skin lesions



Warfarin
Uses

ÅStroke prevention atrial fibrillation

ÅMechanical heart valves

ÅDVT/PE



Chronic Oral Anticoagulation

ÅSeveral Indications
ÅAtrial Fibrillation

ÅMechanical heart valve

ÅPrior DVT or PE

ÅPrior Standard: Warfarin
ÅOral drug, Low Cost 

ÅDownside: Requires INR checks (monthly blood draw)



Novel Oral Anticoagulants (NOACs)
Alternatives to Warfarin

ÅFactor Xa inhibitors
Å#1: Rivaroxaban

Å#2: Apixaban

ÅDirect Thrombin inhibitors
Å#3: Dabigatran

Å5ÐÓÉÄÅȡ .Ï ).2 ÃÈÅÃËÓȣÃÏÎÓÉÓÔÅÎÔ ÄÏÓÅ

ÅDownsides
ÅCost $$

ÅReversal agents - Idarucizumab



Thrombolysis

Plasminogen Plasmin

Fibrin

Fibrin 
Degradation

Products 
tPA

Streptokinase
Urokinase

Clots

D-dimers

0Ï×ÅÒÆÕÌȟ ȰÃÌÏÔ ÂÕÓÔÅÒÓȱ
Used in acute MI, stroke

MAJORbleeding risk



Reversal of drugs

ÅFresh Frozen Plasma (FFP)
ÅPlasma after removal of RBC, WBC, and Plt

ÅFrozen for storage

ÅOnce thawed, must be used within 24hrs

ÅClotting factors degrade

ÅCorrects deficiencies of any clotting factor

ÅPT/PTT will normalize after infusion



Reversal of drugs

ÅVitamin K
ÅReverses warfarin

Å5ÓÅÄ ×ÉÔÈ ᴻ ).2 ÉÎ ÁÂÓÅÎÃÅ ÏÆ ÓÅÒÉÏÕÓ ÂÌÅÅÄÉÎÇ

ÅGiven PO or IV 

ÅIV can cause anaphylaxis

ÅINR 3-5: Hold warfarin

ÅINR 5-9: Hold warfarin, Oral vitamin K

ÅINR >9: Consider IV vitamin K, FFP

3ÅÖÅÒÅ ÂÌÅÅÄÉÎÇ Ϲ ).2 Ѐ ÁÄÍÉÎÉÓÔÅÒ &&0



Hemolysis Basics
Jason Ryan, MD, MPH



Hemolysis

ÅDestruction of red blood cells

ÅCauses a normocytic anemia

Hemolysis
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Hemolysis
Extrinsic versus Intrinsic

ÅExtrinsic cause
ÅCause is extrinsic to the red cell

ÅAntibodies

ÅMechanical trauma (narrow vessels)

ÅRBC infection

ÅIntrinsic cause
ÅCause is intrinsic to red blood cells

ÅFailure of membrane, hemoglobin, or enzymes

ÅMembrane: Hereditary spherocytosis

ÅEnzyme: G6PD deficiency

ÅHemoglobin: Sickle cell anemia (Abnormal Hgb)



Normocytic Anemias
Normocytic Anemia
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Hemolysis
Consequences

ÅNormocytic anemia

ÅElevated plasma LDH
ÅLactate dehydrogenase

ÅGlycolysis enzyme

ÅConverts pyruvate Ą lactate

ÅSpills out of RBCs

Phosphoenolpyruvate

Pyruvate

ATP

Pyruvate
Kinase

TCA Cycle

Lactate Acetyl-CoA

LDH

NAD+



Reticulocytes

ÅImmature red blood cells

ÅUsually about 1-2% of RBCs in peripheral blood

ÅIncreased reticulocyte count: Hallmark of hemolysis

Hemolysis

ᴻ %0/

 2ÅÔÉÃÕÌÏÃÙÔÅ



Reticulocyte Count

Åᴻ  ÒÅÔÉÃÕÌÏÃÙÔÅÓȡ ÎÏÒÍÁÌ ÍÁÒÒÏ× ÒÅÓÐÏÎÓÅ ÔÏ ÁÎÅÍÉÁ

ÅKey blood test in normocytic anemias

Å.ÏÒÍÏÃÙÔÉÃ ÁÎÅÍÉÁȡ ᴽ ÐÒÏÄÕÃÔÉÏÎ ÏÒ ᴻ ÄÅÓÔÒÕÃÔÉÏÎ

ÅReticulocyte count differentiates between causes
ÅLow retic count: Underproduction

ÅHigh retic count: Increased destruction (hemolysis)



Reticulocyte Count

ÅNormal: 1 to 2 %

ÅAnemia: 4-5%

ÅMust be corrected for degree of anemia

ÅIf <2% Ą inadequate bone marrow response

Hct 45 (normal)
Retic 1% (normal)

Hct 11
Retic 8%

Corrected RC = 8% * (11/45) = 2%



Reticulocyte Production Index

ÅNormal reticulocytes circulate ~1day 

ÅIn anemia Ą premature release of reticulocytes

ÅCan live longer Ą circulate longer

ÅRPI corrects for longer life of reticulocytes in anemia

ÅRPI < 2% seen with bone marrow failure

RPI =
Maturation

Time

Corrected
Retic %



Hemolysis
Consequences

ÅElevated unconjugated (indirect) bilirubin

ÅNot water soluble

ÅBound to albumin in plasma

Bilirubin
Heme



Jaundice

James Heilman, MD



Gallstones

Åᴻ  ÒÉÓË ÉÎ ÈÅÍÏÌÙÓÉÓ

ÅPigment stones
ÅContain bilirubin

ÅLess common type of gallstone (more common: cholesterol)

Emmanuelm/Wikipedia



Hemolysis
Intravascular versus Extravascular

ÅIntravascular hemolysis 
ÅOccurs inside blood vessels

ÅExtravascular hemolysis
ÅOccurs in liver and spleen

Å"ÏÔÈ ÃÁÕÓÅ ÎÏÒÍÏÃÙÔÉÃ ÁÎÅÍÉÁ  ÁÎÄ ᴻ ÒÅÔÉÃ ÃÏÕÎÔ



Extravascular Hemolysis

ÅLiver
ÅReceives large portion cardiac output

ÅCan remove severely damaged RBCs

ÅSpleen
ÅDestroys poorly deformable RBCs 

ÅCords of Billroth : Vascular channels that end blindly

ÅFound in red pulp of spleen

ÅRBCs must deform to pass through slits in walls of cords 

Å/ÌÄ ɉȰÓÅÎÅÓÃÅÎÔȱɊ ÏÒ ÄÁÍÁÇÅÄ 2"#Ó ÒÅÍÁÉÎ ÉÎ ÔÈÅ ÃÏÒÄÓ 

ÅPhagocytosed by the macrophages

ÅHemolysis disorders Ąᴻ ÓÐÌÅÎÉÃ ÒÅÍÏÖÁÌ ÏÆ 2"#Ó



Spleen

Artery

Red Pulp



Intravascular Hemolysis

ÅDestruction of RBCs inside blood vessels
ÅOutside of spleen

ÅMechanical trauma
ÅNarrowed vessels

Å3ÍÁÌÌ ÖÅÓÓÅÌÓȡ ÔÈÒÏÍÂÕÓ ɉȰmicroangiopathicȱɊ

ÅLarge vessels: mechanical heart valves



Haptoglobin

ÅPlasma protein

ÅBinds free hemoglobin

ÅHaptoglobin-hemoglobincomplexremoved by liver

Å  ÓÅÒÕÍ ÈÁÐÔÏÇÌÏÂÉÎ ×ÉÔÈ ÈÅÍÏÌÙÉÓÉÓ



Haptoglobin

ÅIntravascular: Hgb released directly into plasma
ÅHaptoglobin very low or undetectable

ÅExtravascular: Some Hgb released from spleen
ÅHaptoglobin can be low or normal

ÅClassically taught as low in intravascular only

ÅStudies show can be low in both types

Kormoczi G. Influence of clinical factors on the haemolysis marker haptoglobin . 
Eur J Clin Invest 2006 Mar;36(3)



Haptoglobin

ÅProduced by the liver

ÅAcute phase reactant

ÅIncreased levels with inflammation

ÅDecreased levels in cirrhosis



Hemolyisis
Urine findings

ÅNo bilirubin
ÅUnconjugated bilirubin not water soluble

ÅCannot pass into urine



Hemolyisis
Urine findings

ÅIntravascular hemolyisis
ÅHaptoglobin saturation Ą free excess hemoglobin 

ÅȰHemoglobinemiaȱ

ÅFiltered in kidneys Ą hemoglobinuria

ÅSome reabsorbed in proximal tubules 

ÅIron converted into ferritin Ą hemosiderin in tubular cells

ÅTubular cells slough into urine 

ÅPrussian blue stain on sediment shows hemosiderinuria



Hemolyisis
Urine findings

ÅHemoglobin part of urine dipstick

ÅHgb may turn urine red/brown
ÅAlso occurs in rhabdomyolysis

ÅMyoglobin from muscle damage

ÅNo red cells plus + Hgb

James Heilman, MD-



Hemolysis
Classic Findings

ÅNormocytic anemia

Åᴻ  ,$(

Åᴻ  )ÎÄÉÒÅÃÔ ÂÉÌÉÒÕÂÉÎ

Åᴻ  2ÅÔÉÃÕÌÏÃÙÔÅ ÃÏÕÎÔ

ÅȢ  (ÁÐÔÏÇÌÏÂÉÎ ɉÌÏ×ÅÒ ÉÎ ÉÎÔÒÁÖÁÓÃÕÌÁÒɊ

ÅUrine Hgband hemosiderin (intravascular)



Parvovirus B19

ÅDNA virus

ÅReplicates in RBC progenitor cells 

ÅȢ erythropoiesis



Parvovirus B19

ÅHealthy patients:
ÅRBC production returns 10 to 14 days; mild/no anemia

ÅHemolysis patients
ÅIncreased RBC turnover

ÅLack of erythropoiesis leads to severe anemia 

ÅPallor, weakness, and lethargy



Parvovirus B19

ÅȰ!ÐÌÁÓÔÉÃ #ÒÉÓÉÓȱ ÉÎ ÐÁÔÉÅÎÔÓ ×ÉÔÈ ÃÈÒÏÎÉÃ ÈÅÍÏÌÙÓÉÓ
ÅSickle cell anemia

ÅHereditary spherocytosis

ÅBeta thalassemia major

ÅClassic scenario:
ÅWorsening anemia with LOW reticulocyte count



Back and Abdominal Pain

ÅSeen in some hemolytic syndromes

ÅAbdominal pain can be caused by splenomegaly

ÅMay be due to smooth muscle spasm 

ÅNitric oxide : scavenged by free hemoglobin

ÅCommon in some hemolytic disorders
ÅParoxysmal nocturnal hemoglobinuria

ÅG6PD deficiency



Extrinsic Hemolysis
Jason Ryan, MD, MPH
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Extrinsic Hemolysis

ÅAntibodies

ÅTrauma/shearing

ÅRed cell infections



AIHA
Autoimmune Hemolytic Anemia

ÅRed cell destruction from autoantibodies

ÅResults in extravascular hemolysis

ÅRed cell membrane removed in pieces by spleen

Å#ÁÎ ÂÅ Ȱ×ÁÒÍȱ ÏÒ ȰÃÏÌÄȱ



Warm AIHA

ÅMost common type of AIHA

ÅAntibodies bind at body temp 37 oC ɉȰ×ÁÒÍȱɊ

ÅIgG antibodies against RBC surface antigens



Warm AIHA
Signs and symptoms

ÅAnemia
ÅFatigue

ÅPallor (pale skin)

ÅDyspnea

ÅTachycardia 

ÅExtravascular hemolysis
ÅJaundice

ÅSplenomegaly



Warm AIHA
Diagnostic Findings

ÅSpherocytes
ÅSmaller than normal RBCs

ÅSpherical

Ed Uthman



Direct Antiglobulin Test
DAT or Coombs Test

ÅTest for red blood cell antibodies

ÅPatient RBCs plus anti IgG antiserum

ÅPositive if agglutination occurs

Å)ÎÄÉÃÁÔÅÓ ÐÁÔÉÅÎÔȭÓ RBCs covered with IgG



Direct Antiglobulin Test
DAT or Coombs Test

+

Positive
IgG on RBCs
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No IgG on RBCs

Patient
RBCs

Anti-IgG
Antibodies



Indirect Antiglobulin Test 
Indirect Coombs

ÅAlso a test for red blood cell antibodies

ÅNot generally used in warm/cold AIHA

ÅTests for antibodies in the serum

Å0ÁÔÉÅÎÔȭÓ ÓÅÒÕÍ ɉÎÏÔ 2"#ÓɊ ÔÅÓÔÅÄ

ÅAdded to RBCs

ÅIndicates antibodies to RBC components



Indirect Antiglobulin Test
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Antiglobulin Tests

ÅDirect antiglobulin test
ÅTest for antibodies bound to RBCs

ÅCommonly used in hemolytic anemias

ÅIndirect antiglobulin test
ÅTest for antibodies in serum

ÅWill serum react with RBCs?



Warm AIHA
Associated Conditions

ÅMost cases idiopathic

ÅAssociated with:
ÅLupus

ÅNon-Hodgkin lymphoma

ÅChronic lymphocytic leukemia (CLL)



Methyldopa
ɻ ÍÅÔÈÙÌÄÏÐÁ

ÅAntihypertensive drug of choice in pregnancy
ÅAgonists to CNS ɻ2 receptors

ÅSynapses believe too much sympathetic outflow

ÅDecrease sympathetic tone in body

ÅAssociated with warm AIHA

ØyvindHolmstad/Wikipedia



Methyldopa
ɻ ÍÅÔÈÙÌÄÏÐÁ

ÅTriggers production of RBC antibodies
ÅUnclear mechanism

ÅDrug may alter Rh antigens on red cells

ÅRed cells bind antibody in absence of drug

ÅDirect Coombs test: positive



Penicillin

ÅHigh doses can lead to hemolytic anemia

Å0#. ÂÉÎÄÓ ÔÏ ÓÕÒÆÁÃÅ 2"#Ó ɉȰhaptenȱɊ
ÅElicits immune response only when bound

ÅAntibodies against PCN bound to RBCs

ÅDirect Coombs test: positive



Warm AIHA
Treatment

ÅGlucocorticoids

ÅImmunosuppressants

ÅSplenectomy



Cold AIHA

ÅLess common type of AIHA

ÅAntibodies bind at <30o# ɉȰÃÏÌÄȱɊ
ÅOccurs in limbs

ÅAlso fingertips, toes, nose, ears

ÅMay present with painful fingers/toes 
ÅPurple discoloration 

ÅSymptoms associated with cold exposure



Cold AIHA
Cold Agglutinin Disease

ÅCaused by IgM antibodies  that agglutinate RBCs

ÅRBCs warmed in central organs Ą IgM lost 

ÅLeaves bound C3 on RBCs

ÅDAT positive only for C3

Martin Brändli/Wikipedia



Direct Antiglobulin Test
DAT or Coombs Test
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Cold AIHA
Cold Agglutinin Disease

ÅUsually causes extravascular hemolyisis 
ÅC3 coated RBCs removed by spleen

ÅOften engulfed whole

ÅSpherocytosis less common than in warm AIHA

ÅIntravascular hemolysis rarely occurs
ÅComplement usually does not activate

ÅRBCs: complement inhibitory molecules (CD55/CD59)

ÅComplement must be significantly activated to lyse cells



Cold AIHA
Associated conditions

ÅCan be seen in chronic lymphocytic leukemia (CLL)

ÅOften occurs secondary to infection
ÅMycoplasma pneumonia

ÅEpsteinɀBarr virus (Infectious mononucleosis )



Cold AIHA
Treatment

ÅAvoid cold (stay warm!)

ÅImmunosuppressants

Public Domain/Wikipedia



MAHA
Microangiopathic hemolytic anemia

ÅShearing of RBCs in small blood vessels

ÅThrombi in microvasculature Ą narrowing

ÅBlood smear: schistocytes

ÅSeen in:
ÅTTP

ÅHUS

ÅDIC

Paulo Henrique Orlandi Mourao



Malignant Hypertension

ÅAssociated with MAHA

ÅEndothelial injury Ą thrombus formation

ÅImproved with BP control

Public Domain



Mechanical Hemolysis

ÅShear forces destroy RBCs in large blood vessels

ÅSeen in:
ÅAortic stenosis

ÅMechanical heart valves

ÅLeft ventricular assist devices

ÅHemolytic anemia may occur

ÅSchistocytes can be seen on blood smear



Red Blood Cell Infections

ÅMay cause hemolytic anemia

ÅClassic infectious agents:  Malaria, Babesia

CDC/Public Domain

Malaria
Trophozoite Ring

Babesia
Ring Forms



Intrinsic Hemolysis
Jason Ryan, MD, MPH
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PNH
Paroxysmal Nocturnal Hemoglobinuria

ÅRBC destruction via complement system

ÅLoss of protective proteins in RBC membrane
ÅDecay Accelerating Factor (DAF/CD55)

ÅMAC inhibitory protein (CD59)

ÅPredominantly intravascular hemolysis

ÅSome extravascular hemolysis
ÅMacrophage destruction of RBCs opsonized with C3 fragments



PNH
Paroxysmal Nocturnal Hemoglobinuria

ÅAcquired genetic mutation in stem cell
ÅLoss of glycosylphosphatidylinositol (GPI) anchor 

ÅAttaches proteins to cell surface 

ÅLead to loss of DAF/CD59 on RBC cell membranes

ÅPlatelets/WBCs may also have lysis



PNH
Paroxysmal Nocturnal Hemoglobinuria

ÅClassically causes sudden hemolysis at night
ÅSlowing of respiratory rate with sleep 

ÅAlso shallow breathing

Å-ÉÌÄ ᴻ#/ς Ąmild resp. acidosis Ąᴻ ÃÏÍÐÌÅÍÅÎÔ ÁÃÔÉÖÉÔÙ

ÅFatigue, dyspnea
ÅAnemia from hemolysis

ÅMay also lose iron in urine 

ÅIron -deficiency is common



PNH
Paroxysmal Nocturnal Hemoglobinuria

ÅAbdominal pain (smooth muscle tension)

ÅThrombosis
ÅLeading cause of death

ÅUsually venous clots

ÅUnusual locations: portal, mesenteric, cerebral veins

ÅSome patients develop acute myeloid leukemia (AML)
ÅStem cell mutation progresses to acute leukemia

ÅLifetime risk: 5 percent or less



PNH
Paroxysmal Nocturnal Hemoglobinuria

Hemolysis
Anemia

Hemoglobinuria

Free plasma Hgb

Thrombosis

Binds 
Nitric Oxide

NO depletion

ᴻ 3ÍÏÏÔÈ -ÕÓÃÌÅ
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PNH
Diagnosis

ÅSuspected with hemolysis, unexplained thrombosis

ÅLabs may show evidence of hemolysis
ÅLDH, Low haptoglobin

ÅUrine hemoglobin or hemosiderin

ÅDirect antibody testing (Coombs) will be negative

ÅFlow cytometry confirms diagnosis
ÅMonoclonal antibodies to GPI-anchored proteins

ÅCells will be deficient in GPI-anchored proteins



Eculizumab

ÅAnti -complement therapy

ÅAntibody that binds to complement component C5
ÅPrevents cleavage to C5a and C5b

ÅBlocks formation of membrane attack complex (MAC)

ÅProtects against intravascular hemolysis

ÅDoes not protect against extravascular hemolysis
ÅC3 fragments still bind RBCs Ą spleen

ÅTreated patients may still have mild anemia

ÅResults in stable Hgb levels, fewer transfusions



Pyruvate Kinase Deficiency

ÅDeficiency of pyruvate kinase

ÅKey enzyme in glycolysis

ÅRBCsmost effected
ÅNo mitochondria

ÅRequire PK for anaerobic metabolism

ÅMembrane failure Ą phagocytosis in spleen

Phosphoenolpyruvate

Pyruvate
Kinase

Pyruvate

TCA CycleLactate



Pyruvate Kinase Deficiency

ÅAutosomal recessive disorder

ÅUsually presents as newborn

ÅExtravascular hemolysis

ÅSplenomegaly

ÅDisease severity ranges based on enzyme activity



G6PD Deficiency
Glucose-6-Phosphate Dehydrogenase

ÅKey enzyme in HMP shunt

ÅHMP shunt necessary for generation of NADPH

ÅNADPH protects RBCs from oxidative damage



G6PD Deficiency
Glucose-6-Phosphate Dehydrogenase

ÅH2O2 toxic to RBCs

ÅH2O2 generation triggered by:
ÅInfections

ÅDrugs

ÅFava beans

ÅNeed NADPH to degrade H2O2

ÅAbsence of  required NADPH Ą hemolysis



G6PD Deficiency
Glucose-6-Phosphate Dehydrogenase

ÅX-linked recessive disorder (males)

ÅMost common human enzyme disorder

ÅRecurrent hemolysis after exposure to trigger
ÅRed cells become rigid 

ÅConsumed by splenic macrophages (extravascular )

ÅSome lysis in blood vessels (intravascular)

Exposure 
to

Trigger

Hemolysis



G6PD Deficiency
Triggers

ÅInfection: Macrophages generate free radicals

ÅFava beans: Contain oxidants

ÅDrugs:
ÅAntibiotics (sulfa drugs , dapsone, nitrofurantoin, INH)

ÅAnti -malarials (primaquine, quinidine)

ÅAspirin, acetaminophen (rare)



G6PD Deficiency
Glucose-6-Phosphate Dehydrogenase

ÅHigh prevalence in Africa, Asia, the Mediterranean
ÅMay protect against malaria

Cappelllini, Fiorelli, Lancet 2008; 371: 64-74



G6PD Deficiency
Classic presentation

ÅPatient from Africa

ÅJaundice, dark urine, anemia 

ÅMay have back pain (free Hgb)

ÅOnset after exposure to trigger



G6PD Deficiency
Glucose-6-Phosphate Dehydrogenase

ÅClassic findings: Heinz bodies and bite cells

ÅHeinz bodies: oxidized Hgb precipitated in RBCs
Å3ÅÅÎ ×ÉÔÈ (ÅÉÎÚ ÂÏÄÙ ÓÔÁÉÎ ɉȰ(ÅÉÎÚ ÂÏÄÙ ÐÒÅÐÁÒÁÔÉÏÎȱɊ

ÅBite cells: phagocytic removal by splenic macrophages

Bite cellsHeinz bodies



G6PD Deficiency
Diagnosis and Treatment

ÅDiagnosis:
ÅFluorescent spot test 

ÅDetects generation of NADPH from NADP

ÅAdd glucose-6-phosphate and NADP to red cells

ÅPositive test if blood spot fails to fluoresce under UV light

ÅMust test outside of acute attack
ÅTriggers Ą destruction of enzyme-poor cells

ÅRemaining cells may have normal enzyme levels

ÅTreatment:
ÅAvoidance of triggers



Hereditary Spherocytosis

ÅHereditary disorder
ÅCan be autosomal dominant or recessive

ÅResults in spherocytes
ÅSlightly smaller than normal RBCs

ÅSpherical shape

ÅLacks central pallor

Ed Uthman



Hereditary Spherocytosis

ÅCytoskeleton abnormality
ÅAbnormal proteins that tie cytoskeleton to RBC membrane

ÅCommon involves spectrin 

ÅOther proteins: ankyrin, band 3, band 4.2

Public Domain



Hereditary Spherocytosis

ÅO2 carrying function of spherocytes normal

ÅDisease from chronic destruction in spleen
ÅSplenomegaly (growthof splenic macrophages)

ÅIncreased bilirubin

ÅJaundice

ÅBilirubin gallstones



Hereditary Spherocytosis

ÅProgressive loss of cell membrane

ÅOver time, more and more membrane lost

ÅResults in a high RDW
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Hereditary Spherocytosis

ÅVolume does not change over time

ÅResults in a high MCHC

ÅMCV usually normal or low
ÅSpherocytes: low MCV

ÅReticulocytes: high MCV

Same Vol.
Smaller Cell
ᴻ-#(#

Normal Spherocyte



Hereditary Spherocytosis

ÅLoss of membrane flexibility Ąmore rigid cells

ÅHigh resistance to blood flow in small vessels

= ɝP

Q
= 

8 ʂ(viscosity) L (length)

ɩr (radius) 4
R

Poiseuille'sLaw



Hereditary Spherocytosis

ÅRisk of aplastic crisis with parvovirus B19 infection
ÅPatients dependent on marrow to replace hemolyzed cells

ÅInitial presentation may be a child with infection
ÅHemolysis compensated until B19 exposure

ÅSpherocytosis seen on blood smear

Å$ÏÎȭÔ ÃÏÎÆÕÓÅ ×ÉÔÈ 'φ0$



Hereditary Spherocytosis
Diagnosis

ÅOsmotic fragility test

ÅSpherocytes: susceptible to osmotic lysis 
ÅPoor ability to swell like normal RBCs

ÅWill lyse in hypotonic solution

ÅMeasure Hgb release in hypotonic solution

Å/ÓÍÏÔÉÃ ÆÒÁÇÉÌÉÔÙ ×ÉÌÌ ÂÅ ᴻ ÉÆ ÓÐÈÅÒÏÃÙÔÏÓÉÓ ÐÒÅÓÅÎÔ



Hereditary Spherocytosis

ÅTreatment: Splenectomy

ÅSpherocytes will persist but hemolysis resolves

ÅHowellɀJolly bodies appear
ÅSome RBCs leave marrow with nuclear remnants

ÅNormally cleared by spleen

ÅPresence in peripheral blood indicates splenic dysfunction

ÅClassic finding: spherocytes and Howell-Jolly bodies
ÅIndicates patient post-splenectomy for spherocytosis



Howell-Jolly Bodies

Paulo Henrique Orlandi Mourao /Mikael Häggström



Microcytic Anemias
Jason Ryan, MD, MPH



Red Blood Cell Measurements

ÅRBC count
ÅPart of CBC with white cell count and platelets

ÅHemoglobin
ÅConcentration in g/dl

ÅHematocrit
ÅVolume % of red cells

MesserWoland/Wikipedia



Rule of 3

ÅHgb = 3 x Red Blood Cell Count

ÅHct  = 3 x Hgb

Normal Values
RBC = 5 million cells/ul

Hgb = 15g/dl
Hct = 45%



RBC Indices

ÅMeasured by automated blood counters

ÅMeasures of mean characteristics of RBCs

ÅUsed in evaluation of anemias



RBC Indices

ÅMean corpuscular volume (MCV)
ÅNormal range: 80 to 100 femtoliters

ÅMean corpuscular hemoglobin (MCH)
ÅAmount (mass) of hemoglobin per red cell

ÅUsually reported in picograms(per cell)

ÅMean corpuscular Hgb concentration (MCHC)
ÅConcentration of Hgb in red cells

ÅUsually reported g/dL



Anemia Classification

ÅMCV commonly used to classify anemias



Microcytic Anemias

ÅUsually due to  ÈÅÍÏÇÌÏÂÉÎ in red cells

Å5ÓÕÁÌÌÙ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ᴽ -#( ÁÎÄ -#(#

ÅLow hemoglobin Ą hypochromic RBCs on smear

Roberto J. Galindo



Hemoglobin

ÅGlobin chains
ÅProteins

Å4 chains in 2 pairs

ÅProtoporphyrin

ÅIron

ÅMicrocytic anemia
ÅLoss of iron

ÅLoss of globins (thalassemia)

ÅLoss of heme (lead, sideroblastic)

Richard Wheeler and Zephyris

Heme



Iron Absorption

ÅHeme iron
ÅFound in meats

ÅEasily absorbed

ÅNon-heme iron
ÅAbsorbed in Fe2+ state

ÅAided by vitamin C

Duodenal
Epithelial 

Cell

Fe2+
Heme

Fe3+

Vitamin C



Iron Metabolism

ÅIron consumed in diet

ÅUptake to plasma regulated by enterocytes
ÅIron transporter: ferroportin

ÅTransports iron out of enterocytes and other cells

ÅFew mechanisms to excrete excess iron
ÅSmall amount in sweat, sloughing of skin/GI cells

ÅWomen lose iron from menstruation

Duodenal
Epithelial 

Cell

Heme
Fe2+

FP
Fe2+



Iron Metabolism

ÅIron always bound to a protein

ÅTransport protein: transferrin
ÅTransported in blood via transferrin

Åᴻ ÔÒÁÎÓÆÅÒÒÉÎ ×ÈÅÎ ÉÒÏÎ ÓÔÏÒÅÓ ÁÒÅ ÌÏ×

ÅStorage protein: ferritin
ÅStored intracellularly as ferritin

ÅStored in macrophages of liver and bone



Clinical Iron Measurements



Iron Deficiency

ÅLack of iron from gut

ÅLoss of iron (usually as blood) 



Iron Deficiency
Inadequate GI uptake

ÅBabies
ÅIron stores depleted ~ 6months

ÅRecommendation: add iron-containing foods

ÅExclusive breast feeding Ą iron deficiency

Achoubey/Wikipedia



Iron Deficiency
Inadequate GI uptake

ÅMalabsorption
ÅAny disease affecting duodenum or acid production

ÅLoss of acid Ąmore Fe3+

ÅStatus post gastrectomy

ÅProton pump inhibitors

ÅRarely malnutrition



Iron Deficiency
Loss of iron

ÅBleeding
ÅMenorrhagia

ÅPeptic ulcers

ÅColon cancer

ÅAdult or post -menopausal female with iron 
deficiency must have work -up for colon cancer



Iron Deficiency
Other causes

ÅPregnancy
ÅȰ.ÅÇÁÔÉÖÅ ÉÒÏÎ ÂÁÌÁÎÃÅȱ ÉÎ ÐÒÅÇÎÁÎÃÙ

ÅExpansion in mothers Hgb mass 

Åᴻ ÄÅÍÁÎÄ ÏÆ ÆÅÔÁÌ ÇÒÏ×ÔÈ

ÅPrenatal vitamins often contain iron and folate
ØyvindHolmstad/Wikipedia



Pregnancy/OCPs

ÅIncrease plasma transferrin

ÅPercent saturation may be low

ÅLow ferritin often used to diagnose iron deficiency 

Iron 
TIBC

Ceridwen/Wikipedia

% Sat =



Iron Deficiency
Rare causes

ÅHookworms
ÅConsume blood in intestines

ÅAncylostoma duodenale

ÅNecator americanus

ÅPlummerɀVinson syndrome
ÅRare condition; poorly understood cause

ÅIron deficiency anemia, beefy red tongue, esophageal webs

Pixabay/Public Domain



Iron Deficiency



Iron Deficiency Anemia

ÅMicrocytic, hypochromic anemia
Åᴽ 2"#Ó ɉÁÎÅÍÉÁɊ

ÅSmall cells 

ÅHypochromic (low hemoglobin)

Åᴽ -#6ȟ -#(ȟ -#(#

ÅInitially may be normocytic
ÅMarrow makes fewer RBCs; maintains Hgb



Red Cell Distribution Width
RDW

ÅSpectrum of RBC size

ÅOften wider in iron, B12/Folate deficiency
ÅNormal RDW makes iron deficiency unlikely

ÅCan be normal in mild thalassemia

RBC Size
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Protoporphyrin

ÅHeme = Iron + protoporphyrin

ÅErythrocyte protoporphyrin level
ÅRarely used blood test

ÅWill be elevated in iron deficiency

ÅNo Fe for protoporphyrin to bind with

ÅAlso elevated in lead poisoning
ÅInhibits addition of iron to protoporphyrin

ÅMajor uses: screening 
ÅIron deficiency or lead poisoning



Iron Deficiency Anemia
Treatment

ÅIron supplementation

ÅUsually oral therapy

ÅRarely IV iron can be used



Anemia of Chronic Disease

ÅAnemia in association with inflammation
ÅCommon in rheumatoid arthritis, lymphoma

ÅMany other chronic conditions

ÅUsually a mild anemia (Hgb > 10g/dL)

ÅSymptoms from anemia are rare



Anemia of Chronic Disease
Mechanisms

ÅTriggered by cytokines

ÅMild decrease in RBC survival

ÅInadequate EPO level/response
ÅLower EPO than expected for degree of anemia

ÅLess increase in RBC production by EPO

ÅLack of availability of iron 
ÅTrapped in storage form

ÅKey mediator: hepcidin



Hepcidin

ÅAcute phase protein 
ÅProduced in liver

ÅHas anti-bacterial properties

ÅAffects iron metabolism
ÅInhibits iron transport 

ÅBinds to ferroportin in enterocytes, macrophages

ÅIron trapped in cells as ferritin

ÅContributes to anemia of chronic disease

ÅKey finding ACD:  ÆÅÒÒÉÔÉÎ



Anemia of Chronic Disease

ÅUsually normocytic/normochromic

ÅMicrocytic/hypochromic in about 25% cases
ÅLow iron availability may lead to small red cells

ÅMCV usually mildly decreased (70-80)

ÅImportant to distinguish from iron deficiency
ÅDoes not respond to iron 

ÅFirst line therapy: treat underlying disease



Anemia of Chronic Disease
Diagnosis

ÅSerum iron is low
ÅThought to be protective

ÅBacteria may use iron for growth/metabolism

ÅFerritin is usually increased
ÅIron trapped in storage form

ÅFerritin is acute phase reactant 

ÅIncrease may not represent increased storage iron

ÅTransferrin (TIBC) is usually decreased
ÅTransferrin rises when total body iron low

Å% saturation usually normal



Iron Studies

Elevated 
when body 
storage iron 

is low



Lead Poisoning

ÅExposure to lead:
ÅAdults: Inhalation from industrial work (battery factory)

ÅChildren: Eating lead paint (old house)

ÅInhibits heme synthesis via two enzymes in RBCs
ÅDelta-aminolevulinic acid (ɿ-ALA) dehydratase 

ÅFerrochelatase

ÅȢ  ÈÅÍÅ ÓÙÎÔÈÅÓÉÓ Ąmicrocytic, hypochromic anemia

ÅIron studies: normal or low 



Heme Synthesis

Succinyl-CoA

Glycine

ɿ-ALA Porphobilinogen Protoporphyrin

Fe2+

Heme

ɿ-ALA
dehydratase 

Ferrochelatase

ALA Synthase: Rate-limiting Step
ᴽ (ÅÍÅ Ąᴻ !,! 3ÙÎÔÈÁÓÅ

Build up of: ɿ-ALA, Protoporphyrin

ɿ-ALA
Synthase



Lead Poisoning
Diagnosis

ÅPlasma lead level

Åᴻ  ÄÅÌÔÁ-aminolevulinic acid (ɿ-ALA) 

Åᴻ  ÅÒÙÔÈÒÏÃÙÔÅ ÐÒÏÔÏÐÏÒÐÈÙÒÉÎ 



Lead Poisoning
Diagnosis

ÅBlood smear: basophilic stippling
ÅBlue granules in cytoplasm of red cells

Å,ÅÁÄ ÉÎÈÉÂÉÔÓ ÐÙÒÉÍÉÄÉÎÅ υȭ ÎÕÃÌÅÏÔÉÄÁÓÅ 

ÅNormally digests pyrimidines in ribosomes/RNA

ÅLeads to accumulation of pyrimidines/RNA in RBCs

ÅAlso seen in thalassemia, other anemias

isis325/ Flikr



Lead Poisoning
Symptoms

ÅAbdominal pain ɉȰÌÅÁÄ ÃÏÌÉÃȱɊ

ÅConstipation

ÅHeadache

ÅȰ,ÅÁÄ ÌÉÎÅÓͼ 
ÅBlue pigment at gum-tooth line

ÅCaused by reaction of lead with dental plaque

ÅNephropathy
ÅInjury to proximal tubules (Fanconi-type syndrome)

ÅGlucose, amino acids, and phosphate wasting

ÅNeuropathy
ÅCommon symptom: Drop wrist and foot



Lead Poisoning
Symptoms

ÅChildren may have prominent neurologic effects
ÅBehavioral issues 

ÅDevelopmental delay

ÅFailure to reach milestones (i.e. language)

ÅMany states screen children with lead level testing
ÅUsually at 1-2 years of age



Lead Poisoning
Treatment

ÅRemoval of exposure to lead 

ÅChelation therapy
ÅDimercaprol (2,3-dimercapto-1-propanol) 

ÅCalcium disodium EDTA (ethylenediaminetetraacetate)

ÅDMSA(2,3-dimercaptosuccinic acid; succimer)



Sideroblastic Anemia

ÅRing Sideroblasts:
ÅNucleated red cell precursors 

ÅIron -loaded mitochondria seen with Prussian blue stain

ÅPerinuclear ring of blue granules

ÅSideroblasticanemia
ÅUsually microcytic anemia

ÅRing sideroblastsin marrow

Paulo Henrique Orlandi Mourao



Sideroblastic Anemia

ÅFailure to make protoporphyrin

ÅIron cannot bind Ą heme

ÅIron accumulation in mitochondria

Succinyl-CoA

Glycine

ɿ-ALA

Heme

Protoporphyrin

Fe2+



Sideroblastic Anemia

ÅUsually secondary to a toxin
ÅAlcohol (mitochondrial poison)

ÅVitamin B6 deficiency (Isoniazid)

ÅLead poisoning (controversial)

Succinyl-CoA

Glycine

ɿ-ALAɿ-ALA
Synthase

B6 Heme



Sideroblastic Anemia

ÅX-linked sideroblastic anemia
ÅRare, inherited deficiency of ALA synthase

ÅMost common hereditary sideroblastic anemia

ÅOften responds to treatment with vitamin B6

Succinyl-CoA

Glycine

ɿ-ALAɿ-ALA
Synthase

HemeB6



Sideroblastic Anemia
Lab Findings

ÅMicrocytic, hypochromic anemia

ÅIron studies show iron overload
Åᴻ ÓÅÒÕÍ ÉÒÏÎ

Åᴻ ÆÅÒÒÉÔÉÎ

Åᴽ 4)"# ɉÔÒÁÎÓÆÅÒÒÉÎɊ

ÅLow erythrocyte protoporphyrin levels



Microcytic Anemias

Microcytic Anemia

 )ÒÏÎ  'ÌÏÂÉÎ  (ÅÍÅ

Iron Deficiency
Anemia Chronic Disease

(also normocytic)

Lead Poisoning

ᴽ ɻ ᴽ ɼ

ɻthalassemia ɼthalassemia

Sideroblastic



Thalassemias
Jason Ryan, MD, MPH



Anemia Classification

ÅMCV commonly used to classify anemias

Microcytic
MCV<80

Normocytic
MCV80-100

Macrocytic
MCV>100

Iron deficiency
Anemia ChronicDisease

Thalassemia
Lead poisoning

Sideroblastic Anemia

Iron deficiency
Anemia ChronicDisease

Hemolysis
Aplastic anemia
Kidney disease

Folate/B12 deficiency
Orotic Aciduria
Liver disease
Alcoholism

Reticulocytosis



Microcytic Anemias

ÅUsually due to  ÈÅÍÏÇÌÏÂÉÎ in red cells

Å5ÓÕÁÌÌÙ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ᴽ -#( ÁÎÄ -#(#

ÅLow hemoglobin Ą hypochromic RBCs on smear

Roberto J. Galindo



Thalassemia

ÅDecreased or absent production of globin chains
ÅAlpha thalassemia: alpha globin

ÅBeta thalassemia: beta globin



Globins and Hemoglobin

Alpha (ɻ)

Beta (ɼ)

Gamma (ɾ)

Delta (ɿ)

Hemoglobin A
(95%)
ɻ2 ɼ2

Hemoglobin A2
(<5%)
ɻ2 ɿ2

Hemoglobin F
Fetal
ɻ2 ɾ2

All Hgb has two alpha globins
Other chain determines type



Globins and Hemoglobin

Alpha (ɻ)

Beta (ɼ)

Gamma (ɾ)

Delta (ɿ)

Hemoglobin A
(95%)
ɻ2 ɼ2

Hemoglobin A2
(<5%)
ɻ2 ɿ2

Hemoglobin F
Fetal
ɻ2 ɾ2

All Hgb has two alpha globins
Other pair determines type



Globins and Hemoglobin

Alpha (ɻ)

Beta (ɼ)

Gamma (ɾ)

Delta (ɿ)

Hemoglobin A
(95%)
ɻ2 ɼ2

Hemoglobin A2
(<5%)
ɻ2 ɿ2

Hemoglobin F
Fetal
ɻ2 ɾ2

All Hgb has two alpha globins
Other pair determines type



Hgb Electrophoresis

ÅElectrical charge applied to sample on gel

ÅDifferent hemoglobin Ą different distances moved

ÅDetermines HgbA, HgbA2, HgbF, HgbS

ÅUsed to diagnose hemoglobinopathies
ÅThalassemia

ÅSickle cell disease

Mnolf/Wikipedia



Thalassemia

ÅSpectrum of severity

ÅThalassemia minor
ÅOften asymptomatic

ÅIdentified on routine blood testing or blood smear

ÅThalassemia major
ÅSevere loss of globin production

ÅLifelong transfusions or death



Alpha Thalassemia

ÅFour genes code for alpha chains
ÅTwo on each copy of chromosome 16

ÅGene deletions Ą ɻȢchains Ą alpha thalassemia

ʰʰ

ʰʰ

ʰʰ

ʰʰ

ʰʰ

ʰʰ

ʰʰ

ʰʰ

ʰʰ

ʰʰ

ɻ-/ɻɻ --/ɻɻ
-ɻ/ -ɻ

--/ -ɻ --/ --

ɻɻ/ɻɻ



Alpha Thalassemia Minima

ÅNormal red cells

ÅNo symptoms

ÅCarrier state

ʰʰ

ʰʰ

ɻ-/ɻɻ



Alpha Thalassemia Minor
Alpha Thalassemia Trait

ÅNo symptoms

ÅCan have normal red cells

ÅSometimes mild anemia 
Åᴽ -#6Ⱦ-#(Ⱦ-#(#

ʰʰ

ʰʰ

--/ɻɻ
-ɻ/ -ɻ



Alpha Thalassemia Minor
Alpha Thalassemia Trait

ÅCommon among Asians and Africans

ÅAlpha minor can be cis (ɻɻ/ --) or trans (ɻ-/ɻ-) 

ÅAsians more commonly have cis type

ÅAfricans: trans

ʰʰ

ʰʰ

--/ɻɻ

ʰʰ

ʰʰ

-ɻ/ -ɻ

ASIANS AFRICANS

More risk
to offspring



HbH Disease

ÅVery little alpha globin production

ÅExcess beta globin

ÅHbH forms: 4 beta chains
ÅEasily damaged

ÅAffinity for oxygen 10x HbA

ÅUseless for oxygen delivery 

ÅHbH forms after birth
ÅNo ɼchains in HbF

ÅMore ɼproduced ĄHbH

ʰʰ

ʰʰ

--/ -ɻ



HbH Disease

ÅHypochromic, microcytic anemia

ÅLow MCV, MCH, MCHC ʰʰ

ʰʰ

--/ -ɻ



HbH Disease

ÅAbnormal RBC deformability

ÅExtravascular hemolysis
ÅSplenomegaly

ÅIndirect hyperbilirubinemia

ÅElevated LDH

ÅHBH easily oxidized
ÅRisk for intravascular hemolysis 

ÅOccurs with oxidant stressors (infection, drugs)

ÅSimilar glucose-6-phosphate dehydrogenase deficiency

ʰʰ

ʰʰ

--/ -ɻ



HbH Disease

ÅDiagnosis: DNA testing

ÅElectrophoresis insensitive
ÅSome production A and A2

ÅMay see HbH depending on amount

ʰʰ

ʰʰ

--/ -ɻ



HbH Disease

ÅTreatment:
ÅSplenectomy 

ÅTransfusions

ÅLong term risk: iron overload

ʰʰ

ʰʰ

--/ -ɻ

Public Domain



Hgb Barts

ÅNo ɻglobin

ÅCannot form HbF

ÅHgb Barts forms in utero
ÅFour gamma globin chains

ÅCannot release oxygen to tissues 
ÅAffinity for oxygen 10x HbA

ÅHydrops fetalis
ÅMassive total body edema 

ÅHigh output heart failure

ÅFetal death usually occurs or death hours after birth

ʰʰ

ʰʰ

--/ --



Beta Thalassemia

ÅȢ  ɼglobin chain synthesis

ÅTwo genes code for beta chains

ÅOne on each copy of chromosome 11

ʲ

ʲ



Beta Thalassemia

ÅOften caused by mutations (NOT deletions)

ÅWide spectrum of disease depending on mutation
ÅɼoЀ ÎÏ ÆÕÎÃÔÉÏÎȠ ɼ1 = some function

o̡,1

+/ -

ʲ

ʲ

ʲ

o̡,1

-/ -

o̡,1

Beta Thalassemia 
Minor

Beta Thalassemia 
Major



Beta Thalassemia

TurkeyGreeceItaly

Spain

Africa

France



Beta Thalassemia Minor

ÅAlso called beta thalassemia trait

ÅHeterozygotes: single abnormal gene 

ÅReduced ɼglobin production

ÅAsymptomatic

ÅMay see mild anemia on routine blood work

ÅDiagnosis by electrophoresis
Å  (ÇÂ!ς ɉɻ2ɿ2 ɀno beta chains)

ÅNormal <5%

ʲ

+/ -

ʲ

Beta Thalassemia 
Minor



Beta Thalassemia Major
#ÏÏÌÅÙȭÓ !ÎÅÍÉÁ

ÅNo or severely limited ɼglobin production

ÅAnemia beginning 1st year of life
ÅHgbF(ɻ2ɾ2) production wanes 

ÅIneffective erythropoiesis
ÅAlpha chains form tetramers

ÅPrecipitate ĄRBC damage

ÅFailure to produce RBCs

ÅSplenomegaly
ÅSpleen clears any abnormal RBCs in plasma

o̡,1

-/ -

o̡,1



Beta Thalassemia Major
#ÏÏÌÅÙȭÓ !ÎÅÍÉÁ

ÅHypochromic, microcytic anemia

ÅAbnormal red blood cells shapes

ÅErythroid hyperplasia

ÅExtramedullary hematopoiesis o̡,1

-/ -

o̡,1



RBC Abnormalities

ÅMicrocytosis (small RBCs)

ÅHypochromia (loss of Hgb)

ÅAnisocytosis
ÅWide variation in sizes of RBCs

ÅIncreased red cell distribution width (RDW)

ÅPoikilocytosis (abnormal shapes)

ÅBasophilic stippling

ÅNucleated RBCs

ÅTarget cells



Basophilic Stippling

ÅResidual RNA  in red cells

ÅOften seen with nucleated RBC

ÅSeen in thalassemia

ÅAlso lead poisoning

isis325/ FlikrPrasad CSBR



Target Cells

ÅTarget formed in center of RBC
ÅSmall dark area in center of cell

ÅDue to  ÓÕÒÆÁÃÅ ÁÒÅÁ-to-volume ratio 

ÅExtra cell membrane Ą target appearance

DrGraham Beards



Target Cells

ÅDecreased cell volume
ÅThalassemia 

ÅCan be seen in iron deficiency

ÅIncreased cell membrane
Å,ÉÖÅÒ ÄÉÓÅÁÓÅ ɉᴻ ÃÈÏÌÅÓÔÅÒÏÌ ÉÎ ÍÅÍÂÒÁÎÅɊ

Å3ÐÌÅÎÉÃ ÄÙÓÆÕÎÃÔÉÏÎ ɉᴽ ÒÅÍÏÖÁÌ ÅØÃÅÓÓ ÍÅÍÂÒÁÎÅÓɊ



Erythroid Hyperplasia

ÅMassive expansion of bone marrow

Åᴻ ᴻ %0/ ×ÉÔÈÏÕÔ ÎÏÒÍÁÌ ÒÅÓÐÏÎÓÅ

ÅConsequence of severe anemia in beta major disease

ÅAbnormalities of skull and facial bones
ÅȰ#ÈÉÐÍÕÎË ÆÁÃÉÅÓȱ 

ÅCrew cut appearance of skull on x-ray

ÅDelayed skeletal maturation

ÅWidening of marrow spaces Ą osteoporosis



Extramedullary hematopoiesis

ÅHematopoiesis outside of bone marrow

ÅConsequence of severe anemia in beta major disease

ÅLiver and spleen produce RBCs

ÅHepatosplenomegaly

ÅOften produces nucleated RBCs



Parvovirus B19

ÅInfection may cause aplastic crisis

ÅBeta major patients highly dependent bone marrow

B19



Beta Thalassemia Major
#ÏÏÌÅÙȭÓ !ÎÅÍÉÁ

ÅDiagnosis: Electrophoresis

ÅIncreased Hgb forms that do not require beta chains

ÅȢ  ÏÒ ÁÂÓÅÎÔ HbA (ɻ2ɼ2)

Åᴻ  (Â!ς ɉɻ2ɿ2)

Åᴻ  HbF(ɻ2ɾ2)



Beta Thalassemia Major
#ÏÏÌÅÙȭÓ !ÎÅÍÉÁ

ÅTreatment: Blood transfusions

ÅLong term risk: iron overload

Public Domain



Beta Thalassemia Intermedia

ÅSymptomatic beta thalassemia 

ÅDoes not require transfusions

ÅChronic hemolytic anemia 

ÅBone marrow expansion

ÅHepatosplenomegaly



Malaria

ÅAlpha and beta thalassemia protective vs. malaria

ÅȢ  ÇÒÏ×ÔÈ ÉÎ 2"#Ó ÏÆ plasmodium falciparum

Trophozoite Ring

CDC/Public Domain



Red Cell Distribution Width
RDW

ÅSpectrum of RBC size

ÅWider in iron deficiency

ÅCan be normal in mild thalassemia

ÅNormal RDW makes iron deficiency unlikely

RBC Size
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Thalassemia
Key Points

Microcytic, Hypochromic
Anemia

Low Iron
Iron Deficiency
Chronic Disease

Lead Poisoning
Sideroblastic Anemia Suspect

Thalassemia

HbH
Hgb Barts

ᴻ (ÇÂ!ς
ᴻ HgbF

ɼThalassemiaɻThalassemia



Sickle Cell Anemia
Jason Ryan, MD, MPH



Normocytic Anemias
Normocytic Anemia

MCV 80-100

Hemolytic
(Increased Destruction)

Non-hemolytic
(Low Production)

Low Iron Low EPO
Abnormal
Marrow

Aplastic
Anemia

Renal 
Failure

ᴽ )ÒÏÎ
ACD

Intrinsic
PNH
PK

G6PD
Spherocytosis

Sickle Cell
HbC

Extrinsic
AIHA
MAHA

Mechanical
Infection



Sickle Cell Anemia

ÅAutosomal recessive disorder

ÅAbnormal ɼhemoglobin chains
ÅBeta chains found in hemoglobin A (ɻ2 ɼ2)

ÅMakes up 95% of Hgb



Sickle Cell Anemia

ÅRoot cause is abnormal beta globin gene

ÅSingle base substitution 6thÃÏÄÏÎ ÏÆ ɼ ÇÅÎÅ

ÅAdenine changed to thymine

ÅAbnormal genes produce HbS

ʲ

ʲ

S̡

ʲ

S̡

S̡

Sickle Cell
Trait

Sickle Cell
Disease

HbA (ɻ2ɼ2)

HbS (ɻ2S2)

HbS (ɻ2S2)



Sickle Cell Anemia

ÅSubstitution of valine for glutamate in beta chains
ÅGlutamate: polar (hydrophilic)

ÅValine: non-polar (hydrophobic)

ÅAlters shape of beta chains

Valine
(HbS)

Glutamate
(Normal Hgb)

-O



Globins and Hemoglobin

Alpha (ɻ)

Beta (ɼ)

Gamma (ɾ)

Delta (ɿ)

Hemoglobin A
(95%)
ɻ2 ɼ2

Hemoglobin A2
(<5%)
ɻ2 ɿ2

Hemoglobin F
Fetal
ɻ2 ɾ2

)Î ÕÔÅÒÏ ÁÎÄ ÁÔ ÂÉÒÔÈȡ  (Â&  (Â!



Sickle Cell Anemia

ÅDeoxygenated HbS is poorly soluble 

ÅPolymerization when O2 low
ÅAlso in dehydration, acidosis

ÅRed blood cells form crescents 

ÅAppearance of a sickle

Å#ÁÕÓÅÓ Á ᴽ %32

Madboy74

Scooterdmu/Flikr



Sickle Cell Anemia

ÅTwo major problems result from sickle cells

Å#1: Hemolytic anemia

Å#2: Vaso-occlusion of small blood vessels



Sickle Cell Anemia
Hemolysis

ÅSickling is reversible

ÅCells continuously sickle/de-sickle in circulation

ÅOver time this leads to RBC membrane damage

ÅResults in extravascular hemolysis
ÅAnemia

ÅJaundice

ÅElevated unconjugated bilirubin

ÅPigment gallstones

ÅSome intravascular hemolysis may also occur



Sickle Cell Anemia
Erythroid Hyperplasia

Åᴻ ᴻ %0/ 

ÅMassive expansion of bone marrow

ÅConsequence of severe anemia:
ÅAlso seen in beta thalassemia major

ÅAbnormalities of skull and facial bones
ÅȰ#ÈÉÐÍÕÎË ÆÁÃÉÅÓȱ 

ÅCrew cut appearance of skull on x-ray

ÅDelayed skeletal maturation

ÅWidening of marrow spaces Ą osteoporosis



Sickle Cell Anemia 
Parvovirus B19

ÅInfection may cause aplastic crisis

ÅCrisis also seen in spherocytosis, thalassemia

B19



Sickle Cell Anemia
Vaso-occlusion

ÅSickle cells may occlude microvasculature

ÅMay affect any organ

ÅClassic clinical manifestation:
Å3×ÏÌÌÅÎ ÈÁÎÄÓ ɉȰÄÁÃÔÙÌÉÔÉÓȱɊ

ÅAcute pain crises

ÅSpleen failure Ą infections

ÅAcute chest syndrome

ÅRenal dysfunction



Sickle Cell Anemia
Dactylitis

ÅPain/swelling in hands or feet

Å&ÉÎÇÅÒÓ ÍÁÙ ÌÏÏË ÌÉËÅ ȰÓÁÕÓÁÇÅȱ ÄÉÇÉÔÓ

ÅCommon initial symptom among children



Sickle Cell Anemia
Avascular Necrosis

ÅBone collapse

ÅMost commonly femoral head

ÅAlso associated with long term steroid use

Jmarchn/Wikipedia



Sickle Cell Anemia
Pain Crises

Å%ÐÉÓÏÄÅÓ ÏÆ ÁÃÕÔÅ ÐÁÉÎ ɉȰÓÉÃËÌÅ ÃÅÌÌ ÃÒÉÓÉÓȱɊ
ÅSudden onset of pain

ÅMost common type of vaso-occlusive event

ÅMay affect any part of body
ÅAbdomen, bones, joints, soft tissue, fingers, toes

ÅSwollen hands and/or feet especially in children

ÅTreatment: Hydration and pain medications



Sickle Cell Anemia
Splenic Failure

ÅRepeated splenic infarctions Ą functional asplenia
ÅEarly in disease: splenomegaly (macrophage hyperplasia)

ÅLate in disease: Fibrosis and atrophy

ÅHowell-Jolly bodies will appear in peripheral blood

Paulo Henrique Orlandi Mourao /Mikael Häggström



Sickle Cell Anemia
Splenic Failure

ÅIncreased risk of infections by encapsulated bacteria

ÅStrep pneumoniae and H influenza
ÅBacteremia/sepsis from S. Pneumoniae

ÅPatients must be vaccinated 

ÅOsteomyelitis from Salmonella species
ÅInfection of infarcted bones

ÅMost common cause SCA is Salmonella (usually S. Aureus)



Sickle Cell Anemia
Splenic Sequestration Crisis

ÅVaso-occlusion in spleen Ą pooling of red cells

ÅMarked fall in hemoglobin level

ÅRapidly enlarging spleen

ÅRisk of hypovolemic shock especially in children
ÅOccurs in spleens yet to develop fibrosis

ÅMay occur before sickle cell disease is diagnosed



Sickle Cell Anemia
Chest Syndrome

ÅLeading cause of death in adults with SCD

ÅVaso-occlusion of pulmonary microvasculature

ÅOften triggered by infection (pneumonia)
ÅIncreased sickling in lungs

ÅOnce begun Ą inflammation/acidosis Ąmore sickling



Sickle Cell Anemia
Chest Syndrome

ÅChest pain and shortness of breath

ÅInfiltrate on chest x-ray

ÅLooks like pneumonia

ÅTreatment:
ÅFluids and pain medication (similar to pain crisis)

ÅAntibiotics, oxygen, bronchodilators

ÅTransfusions as needed



Sickle Cell Anemia
Renal Dysfunction

ÅOcclusion of vasa recta in renal medulla
ÅMedulla has low oxygen and high osmolality 

ÅPromotes sickling

ÅMay impair concentrating ability 
ÅCannot raise urine osmolality even with H20 deprivation

ÅCauses nocturia and polyuria



The Nephron

Cortex

Outer Medulla

Inner Medulla

300mOsm

600mOsm

1200mOsm



Sickle Cell Anemia
Renal Dysfunction

ÅPapillary necrosis
ÅSloughing of renal papilla due to renal vaso-occlusion

ÅUsually painless

ÅGross hematuria and proteinuria

Image courtesy of Piotr-ÉÃÈÁčJaworski



Sickle Cell Anemia
Treatment

ÅImmunizations

ÅHydroxyurea
ÅRaises amount of HbF

ÅMechanism unclear

ÅTransfusions
ÅIron overload may develop

ÅBone marrow transplant is curative

ÅMedian survival 42-48 years



Sickle Cell Trait

ÅOne mutated beta globin gene

ÅUsually no sickling
ÅNormal beta gene more effective Ą >50% beta globins

ÅNeed >50% HbS for sickling

ÅOne exception: Renal medulla
ÅMay see loss of concentrating ability

Åᴻ ÒÉÓË ÏÆ renal medullary carcinoma (> than sickle disease)

S̡

ʲ

Sickle Cell
Trait

HbA (ɻ2ɼ2)

HbS (ɻ2S2)



Sickle Cell Diagnosis
Disease or Trait

ÅElectrophoresis 
ÅWill show presence of HbS

ÅDifferent amounts disease versus trait

ÅSickling Test
ÅSodium metabisulphite reduces the oxygen tension

ÅHbS becomes insoluble 

ÅForms a turbid suspension Ą easily visualized

ÅOther hemoglobin types remain in solution

ÅPositive if any amount HbS present (disease or trait)



Electrophoresis



Malaria

ÅSickle trait protective against p. falciparum
ÅCells sickle when infected Ąᴻ ÃÌÅÁÒÁÎÃÅ

ÅDoes not protect against infection

ÅWhen infection does occur it is milder

ÅPatients still need malaria prophylaxis

ÅAfrican Americans: 8 to 10%  have sickle cell trait

ÅSub-Saharan Africa: ~30%



Sickle Cell/Beta Thalassemia

ÅOne beta gene: sickle cell

ÅOne beta gene: beta thalassemia

ÅClinical manifestations similar to sickle cell
ÅVary depending on beta thalassemia gene function

Åɼo: Similar to sickle cell disease

Åɼ1: Less severe

S̡

o̡,1 (Â! ×ÉÔÈ ᴽ ÂÅÔÁ globins

HbS (ɻ2S2)



Hemoglobin C

ÅRare mutation of beta gene (different from SCA)

ÅGlutamic acid replaced by lysine (not valine)

ÅHeterozygotes: Mild anemia (extravascular hemolysis)

Lysine
Glutamate

-O



Hemoglobin C

ÅPresence of HbCcrystals on smear

ÅInduces red cell dehydration:  -#(#

Isis325/ Flikr



Hemoglobin SC 

ÅOne HbS gene plus one HbCgene

ÅMore common than homozygous HbCdisease

ÅAt risk for same complications as sickle cell disease

ÅLower frequency of complications



Other Anemias
Jason Ryan, MD, MPH



Anemias

ÅMicrocytic 

ÅNormocytic, hemolytic

ÅNormocytic, non-hemolytic

ÅMacrocytic



Normocytic Anemias
Normocytic Anemia

MCV 80-100

Hemolytic
(Increased Destruction)

Non-hemolytic
(Low Production)

Low Iron Low EPO
Abnormal
Marrow

Aplastic
Anemia

Renal 
Failure

ᴽ )ÒÏÎ
ACD

Intrinsic
PNH
PK

G6PD
Spherocytosis

Sickle Cell
HbC

Extrinsic
AIHA
MAHA

Mechanical
Infection



EPO
Erythropoietin

ÅSynthesized in the kidney
ÅInterstitial cells peritubular capillary 

ÅFound in cortex of the kidney

ÅReleased in response to hypoxia

ÅDecreased production in renal failure

ÅResults in a normocytic anemia

Madhero88/Wikipedia



Kidney Anatomy

Image courtesy of BruceBlaus



EPO Injections

ÅDarbepoetinalfa (Aranesp)

ÅEpoetin alfa (Epogen)

ÅUsed to treat anemia of chronic kidney disease

ÅFDA Black Box warning

ÅGenerally reserved for patients with severe anemia



Aplastic Anemia 

ÅLoss of hematopoietic precursors in bone marrow

ÅResults in pancytopenia
Åᴽ 7"#ȟ ᴽ 0ÌÁÔÅÌÅÔÓȟ ᴽ 2"#



Vocabulary

ÅȰ!ÐÌÁÓÉÁȱȡ $ÅÆÅÃÔÉÖÅ ÏÒ ÁÂÓÅÎÔ ÄÅÖÅÌÏÐÍÅÎÔ 

ÅBone marrow failure
ÅBone marrow cannot produce cells

ÅResults in pancytopenia

ÅMany causes: fibrosis, tumors

ÅȰ-ÙÅÌÏÐÈÔÈÉÓÉÓȡȱ ÄÉÓÐÌÁÃÅÍÅÎÔ ÏÆ ÂÏÎÅ-marrow tissue

ÅAplastic anemia:
ÅSpecific type of bone marrow failure

ÅDefective stem cells Ą acellular/ hypocellular bone marrow



Aplastic Anemia
Hallmarks

ÅPancytopenia

ÅAcellular or hypocellular bone marrow 
ÅBone marrow biopsy for diagnosis

ÅAbsence of cells/replacement with fat

ChalinDrosera



Aplastic Anemia
Symptoms

ÅPancytopenia (normal cells but not enough)

ÅAnemia
ÅFatigue, pallor

ÅThrombocytopenia
ÅBleeding

ÅLeukopenia
ÅInfections



Aplastic Anemia
Causes

ÅMost commonly idiopathic

ÅRadiation

ÅDrugs

ÅViruses

ÅInherited (Fanconi anemia)



Aplastic Anemia
Idiopathic

ÅUnknown trigger

ÅStrong evidence for immune mediated mechanism

ÅT-cell mediated destruction of stem cells



Aplastic Anemia
Idiopathic

ÅCan be treated with immunosuppression

ÅAntithymocyte globulin 
ÅAnimal-derived antibodies against humanT cells

ÅUsually from rabbits or horses

ÅAlso can be used in kidney transplant patients

ÅCyclosporine



Aplastic Anemia
Radiation

ÅWell-described cause of aplastic anemia

ÅRadiation Ą damage to stem cells Ą aplastic anemia

Public Domain



Aplastic Anemia
Chemicals

ÅBenzene: well-described cause of aplastic anemia

ÅRubber factories, shoe repair shops

ÅOften with poor ventilation



Aplastic Anemia
Drugs

ÅMost cancer therapies
ÅAnticipated effect

ÅChloramphenicol
ÅRarely used antibiotic (bacterial protein synthesis inhibitor)

ÅPhenylbutazone
ÅOld NSAID

ÅPulled from market due to cases of aplastic anemia

ÅMethimazole, Propylthiouracil (PTU)
ÅAplastic anemia cases reported (monitor WBCs)



Aplastic Anemia
Viruses

ÅParvovirus B19
ÅInfects proerythroblasts 

Å5ÓÕÁÌÌÙ ÃÁÕÓÅÓ ᴽ 2"#Ó ɉȰÒÅÄ ÃÅÌÌ ÁÐÌÁÓÉÁȱɊ

ÅPancytopenia can occur 

Åᴻ ÒÉÓËȡ ÉÍÍÕÎÏÃÏÍÐÒÏÍÉÓÅÄ



Aplastic Anemia
Viruses

ÅAcute Viral Hepatitis
ÅCan cause aplastic anemia

ÅReported after infection with HAV, HBV, HCV, HDV, and HEV

ÅOften affects boys and young adult males

ÅAplasia develops weeks to months after acutehepatitis

ÅOthers: HIV, EBV, CMV

ÅAll probably NOT caused directly by virus

ÅEvidence suggests T-cell activation



Fanconi Anemia

ÅInherited aplastic anemia

ÅAutosomal recessive or X-linked 

ÅUsually presents in children <16 years old

ÅMore than half of patients have physical deformities
ÅShort stature

ÅCafe-au-lait spots

ÅMalformed thumbs

ÅHeart, renal, eye abnormalities described



Fanconi Anemia

ÅMore than 13 genetic abnormalities identified

ÅMany involve DNA repair enzymes
ÅHypersensitivity to DNA damage

ÅEspecially vulnerable to abnormal DNA strand cross-links

ÅIncreased risk of malignancies
ÅMyelodysplastic syndrome (MDS)

ÅAcute myeloid leukemia(AML)

ÅSquamous cell carcinoma of head, neck or vulva



Aplastic Anemia
Treatment

ÅStop offending agent

ÅTransfusions (red cells, platelets)

ÅBone marrow stimulation
ÅEPO, GM-CSF, G-CSF

ÅImmunosuppression
ÅAntithymocyte globulin 

ÅCyclosporine

ÅBone marrow transplant



Pure Red Cell Aplasia

ÅAbsence of erythroid precursors in bone marrow

ÅMarked reduction in reticulocytes

ÅNormal granulocytes, platelets

ÅUsually idiopathic

ÅAssociated with some drugs, viral infections

ÅKey association: Thymoma
ÅPresent in 5 percent of PRCA cases



Macrocytic Anemias

ÅMCV > 100

ÅAbnormal DNA synthesis
ÅȰ-ÅÇÁÌÏÂÌÁÓÔÉÃ ÁÎÅÍÉÁÓȱ

ÅOther
ÅLiver disease, alcohol, reticulocytosis



Megaloblastic anemias

ÅRed blood cell precursors grow but cannot divide
ÅContrast with microcytic anemias: divide too much

ÅResults from abnormal DNA synthesis
ÅCells cannot efficiently make DNA for cellular division



Megaloblastic Anemias

Å!ÎÅÍÉÁ ɉᴽHct)

Å,ÁÒÇÅ 2"#Ó ɉᴻ-#6Ɋ

ÅHypersegmented neutrophils
Å7"#Ó ÁÌÓÏ ÃÁÎÎÏÔ ÄÉÖÉÄÅ ÅÆÆÅÃÔÉÖÅÌÙ ÄÕÅ ÔÏ ᴽ$.! ÓÙÎÔÈÅÓÉÓ

ÅResult: hypersegmentation of nucleus (>5 lobes)

Wikipedia/Public Domain



Megaloblastic Anemias

ÅCauses of defective DNA production 
ÅFolate deficiency

ÅB12 

ÅOrotic aciduria

ÅDrugs (MTX, 5-FU, hydroxyurea)

ÅZidovudine (HIV NRTIs)

Wikipedia/Public Domain



Macrocytic Anemias
Non-megaloblastic

ÅMacrocytosis without impaired DNA synthesis

ÅLiver disease
ÅExact mechanism not known 

ÅIncreased lipids seen in red cell membranes

ÅAlcoholism
ÅCommon cause of macrocytosis

ÅAcetaldehyde may induce membrane changes in RBCs

Alcohol
DehydrogenaseEthanol Acetaldehyde



Reticulocytosis

ÅReticulocytes have MCV of 103 to 126fl

ÅNormal RBCs: 80 to 96 fL

ÅIn theory may cause macrocytosis
ÅBut only about 20% bigger than normal cells

ÅNeed LOTS of reticulocytes to raise average MCV >100

ÅUsually raise average MCV but should not reach >100



Blood Groups
Jason Ryan, MD, MPH



Blood Groups

ÅAntibodies form to RBC antigens

ÅȰ"ÌÏÏÄ ÇÒÏÕÐȱ ÄÅÆÉÎÅÄ ÂÙ 2"# ÁÎÔÉÇÅÎÓ

ÅImportant for safely administering blood transfusions

Å-ÕÓÔ ÍÁÔÃÈ ÔÒÁÎÓÆÕÓÉÏÎ ÔÏ ȰÂÌÏÏÄ ÔÙÐÅȱ

ÅTwo major blood groupings:
ÅABO system

ÅRh system



ABO System

ÅA and B antigens can be found on RBCs

ÅPatients who lack A or B generate antibodies
ÅAppear in blood by 4-6 months 

ÅExposure to bacterial antigens with similar structure 

ÅOccurs as the gut becomes colonized

ÅAntibodies: IgM

ÅDo not cross placenta

ÅKey point: A and B antibodies are naturally occurring



ABO System

InvictaHOG/Wikipedia/Public Domain



ABO System

InvictaHOG/Wikipedia/Public Domain



Rh System

ÅMost important blood group system afterABO

ÅMore than 50 antigens are part of Rh system
ÅNames for letters following AB: C, D, E

ÅAll are transmembrane proteins 



Rh System

ÅPresence/absence of D antigen is critical
ÅD antigen highly immunogenic

ÅȰ2È ÐÏÓÉÔÉÖÅȡȱ ÈÁÓ ÔÈÅ $ ÁÎÔÉÇÅÎ ɉÏÆ ÔÈÅ 2È ÓÙÓÔÅÍɊ

ÅȰ2È ÎÅÇÁÔÉÖÅȡȱ ÌÁÃËÓ ÔÈÅ $ ÁÎÔÉÇÅÎ ɉÏÆ ÔÈÅ 2È ÓÙÓÔÅÍɊ

ÅOther Rh antigens not routinely tested:  C, c, E, e



Rh System

ÅRh positivity is common
ÅCaucasians: 83%

ÅSome Asian populations: 98%

ÅRh negative may develop anti-D antibodies

ÅOnly happens if exposed to D+ RBC
ÅTransfusion

ÅPregnancy (Mom D- with baby D+)

ÅAnti-D antibodies: IgG

ÅMay cross placenta



Newborn Hemolytic Disease

ÅClassically caused by anti -D (anti -Rh) antibodies

ÅCan only occur in D- mother with D + baby

ÅD- mother capable of developing anti-D antibodies

ÅIf father is D+: baby may also be D+



Newborn Hemolytic Disease

ÅFirst pregnancy: Mother exposed D+ RBCs at delivery

Å2nd pregnancy: Anti-D IgG in mother Ą fetus

ÅIf 2nd baby also D+ hemolysis will occur in utero



Newborn Hemolytic Disease

ÅMild cases present as hemolytic anemia

ÅSevere cases: Hydrops fetalis 

ÅMassive edema: Pleural/pericardial effusion, ascites

ÅMechanisms:
ÅHigh-output congestive heart failure

Åᴻ 2"# ÐÒÏÄÕÃÔÉÏÎ ÂÙ ÓÐÌÅÅÎȾÌÉÖÅÒ Ą obstruction 

ÅResults in portal hypertension

ÅSeen in other severe anemias of newborns
ÅHgb Barts (lack of alpha globins)



Maternal Antibody Screening
Indirect Coombs Test

+

Positive
Antibodies
in serum

to D+ RBCs
Ȱ)ÓÏÉÍÍÕÎÉÚÁÔÉÏÎȱ

Negative
No antibodies

to D+ RBCs

RBCs
D+

-ÏÔÈÅÒȭÓ
Serum



Newborn Hemolytic Disease
Prevention

ÅAnti-D immune globulinɉȰRhoGAMȱɊ

ÅIgG antibodies to D antigen

ÅRapid macrophage clearance of D+ RBCs

ÅGiven in 3rd trimester to D- women

ÅBlocks/prevents isoimmunization

D



Other Antigens

ÅOnly ABO and Rh routinely tested

ÅMany other antigens on RBCs

ÅOnly tested when patient has abnormal screening test

ÅAntibodies from pregnancy or transfusion

K

Lewis
M

N

Duffy



Transfusion Medicine
Common Tests

ÅBlood type (usually done with another test)

ÅType and screen
ÅAntibody screening test

ÅFurther testing if positive

Å4ÙÐÅ ÁÎÄ ÃÒÏÓÓÍÁÔÃÈ ɉȰÔÙÐÅ ÁÎÄ ÃÒÏÓÓȱɊ
ÅMatching of donor blood to patient



Blood Type Testing

ÅPatient RBCs plus antibodies
ÅAnti-A; Anti-B; Anti-D

ÅAgglutination indicates presence of antigen



Blood Type Testing

+

A positive

A negative

Patient
RBCs

Anti-A
Antibodies



Type and Screen

ÅRecipient serum plus standard RBCs

ÅScreen for patient antibodies to rare antigens

ÅWill only have antibodies if prior exposure

ÅReagent RBCs contain many RBC antigens
ÅNo agglutination: Patient lacks antibodies

ÅAgglutination: Antibodies to less common antigens present



Type and Screen

+

Positive
Antibodies
in serum to

RBC antigens

Negative
No antibodies

Standard
RBCs

Recipient
Serum



Abnormal Screen

ÅDetermine which antibody is present

Å4ÅÓÔ ÐÁÔÉÅÎÔȭÓ ÓÅÒÕÍ ÁÇÁÉÎÓÔ ÌÁÒÇÅ ÐÁÎÅÌ ÏÆ ÁÎÔÉÇÅÎÓ

ÅSubsequent transfusions: Test donor blood for antigen

ÅChallenging in patients with long transfusion history
ÅSickle cell anemia

ÅBeta thalassemia major

ÅKey point: $ÏÎȭÔ ÔÒÁÎÓÆÕÓÅ ÕÎÌÅÓÓ ÎÅÃÅÓÓÁÒÙ



Type and Cross

ÅPatient serum with potential donor RBCs

ÅFinal test of product to be transfused

+

Positive
Antibodies
in serum

RBC antigens

Negative
No antibodies

Donor
RBCs

(same blood type)

Recipient
Serum



Blood Products

ÅPacked RBCs
ÅRBCs with plasma removed

Å5ÓÕÁÌÌÙ ÁÄÍÉÎÉÓÔÅÒÅÄ ÉÎÓÔÅÁÄ ÏÆ Ȱ×ÈÏÌÅ ÂÌÏÏÄȱ

ÅMinimizes volume given to patient

ÅPlatelets
ÅExpress ABO and HLA class I antigens 

ÅDo not express Rh or HLA class II

ÅReactions from mismatch less common that with RBCs



Blood Products

ÅFresh Frozen Plasma (FFP)
ÅPlasma after removal of RBC, WBC, and platelets

ÅFrozen for storage

ÅOnce thawed, must be used within 24hrs

ÅClotting factors degrade

ÅCorrects deficiencies of any clotting factor

ÅPT/PTT will normalize after infusion

ÅCryoprecipitate
ÅPrecipitate that forms when FFP is thawed

ÅContains lots of fibrinogen

Å-ÁÓÓÉÖÅ ÂÌÅÅÄÉÎÇ ÏÒ ÒÁÒÅ ᴽ ÆÉÂÒÉÎÏÇÅÎ ÄÉÓÏÒÄÅÒÓ



Transfusion Reactions

ÅAcute hemolytic reaction

ÅAnaphylaxis

ÅFebrile reaction

ÅTRALI

ÅMany, many other potential reactions
ÅHeart failure

ÅSepsis



AHTR
Acute hemolytic transfusion reaction

ÅFeared complication of blood transfusion

ÅPre-formed antibodies Ą donor RBCs
ÅType II hypersensitivity reaction

ÅUsually from transfusion of incorrect blood product



AHTR
Acute hemolytic transfusion reaction

ÅLife-threatening reaction

ÅAcute hemolysis of transfused RBCs
ÅIntravascular (complement; anti-AB are IgM)

ÅExtravascular (spleen)

ÅCan lead to DIC

ÅFever, chills, flank pain, oozing from intravenous sites

ÅJaundice, elevated bilirubin Ą dark urine

ÅDirect antiglobulin test (Coombs) will be positive



AHTR
Acute hemolytic transfusion reaction

ÅUsual cause: system or clerical error 

ÅTransfusion of wrong blood product

ÅNumerous safety measures used to prevent:
ÅBlood type, antibody screen, cross match

ÅCareful patient identification



Anaphylaxis

ÅAllergic reaction (type I hypersensitivity) 

ÅHives, angioedema, wheezing,hypotension

ÅMay occur in IgA-deficient individuals 
ÅProduce anti-IgA antibodies 

ÅReact with IgA in transfused product

ÅAlso occurs to plasma proteins in transfused product

ÅTreatment:
ÅStop transfusion

ÅEpinephrine, anti-histamines



FNHTR
Febrile non-hemolytic transfusion reaction

ÅFever, chills

ÅNo other systemic symptoms

ÅCaused by cytokines in blood products
ÅEspecially IL-1 

ÅGenerated by WBCs during storage

ÅAccumulate in stored blood components

Å3ÏÍÅ ÂÌÏÏÄ ÐÒÏÄÕÃÔÓ ÕÎÄÅÒÇÏ Ȱleukoreduction ȱ



TRALI
Transfusion-related acute lung injury

ÅSudden onset hypoxemia during transfusion

ÅInflammatory reaction: Fever, chills are common

ÅInfiltrates on chest x-ray

ÅResults from neutrophil activation by blood products
ÅSome patients predisposed with PMNs in lungs

ÅPMNs release cytokines, reactive oxygen species, enzymes

ÅDamage the pulmonary capillary endothelium

ÅExudative fluid loss Ą pulmonary edema



Transfusion Reaction

ÅAny suspected reaction: STOP TRANSFUSION



Acute 
Leukemias
Jason Ryan, MD, MPH



Leukemia

ÅMalignant proliferation of white blood cells 

ÅCells appear in blood (contrast with lymphoma)

ÅIncreased WBC



Leukemias
Classification

ÅMyeloid versus lymphoid

ÅAcute versus chronic

ÅAcute
ÅRapid onset of symptoms

ÅInvolves blasts in bone marrow

ÅChronic
ÅSlower onset of symptoms (or no symptoms)

ÅMalignant cells are not blasts (more mature)



Hematopoiesis

Mikael Häggström/Wikipedia



Myeloid Disorders

Myeloblasts

Red
Cells

Granulocytes Platelets

Myeloproliferative Disorder
Polycythemia Vera

Chronic Myeloid Leukemia
Essential Thrombocytosis

Acute Myeloid Leukemia
Bone

Marrow

Blood



Lymphoid Disorders

Lymphoblasts

T
Cell

B
Cell

Acute Lymphoblastic
Leukemia

Chronic Lymphocytic 
Leukemia

Plasma
Cell

Lymphoma

Myeloma
Plasma Cell Disorders

Bone
Marrow

Lymph
Nodes

T
Cell

B
CellBlood



ALL
Acute Lymphoblastic Leukemia

ÅDisease of children 
ÅPeak incidence ~ 4 years old

ÅFever

ÅBone pain (marrow expansion)

ÅLymphadenopathy, splenomegaly, hepatomegaly
ÅInfiltration by malignant cells

ÅHeadache, vomiting
ÅMeningeal spread

ÅMay cause bone marrow depression
ÅAnemia, thrombocytopenia, neutropenia



ALL
Acute Lymphoblastic Leukemia

ÅPeripheral blood: lymphoblasts
ÅCan appear similar to myeloblasts

ÅSpecial testing distinguish from myeloblasts 

VashiDonsk/Wikipedia



Lymphocyte Development

Stem
Cell TdT+

CD2 T

CD4

T

CD8
TdT+

CD10

B

CD19 CD20

CD21

CD7

CD3

CD3

CD3

CD2

CD2
CD5
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CD5
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Lymphocyte Antigens



ALL
Acute Lymphoblastic Leukemia

ÅUsually pre-B cell malignancy (~70 to 80% cases)
ÅCD10+ 

ÅȰ#ÏÍÍÏÎ ÁÃÕÔÅ ÌÙÍÐÈÏÂÌÁÓÔÉÃ ÌÅÕËÅÍÉÁ ÁÎÔÉÇÅÎȱ ÏÒ Ȱ#!,,!ȱ

ÅAlso CD19+, sometimes CD20+

ÅTerminal dexoytransferase(TdT)
ÅDNA polymerase (found in nucleus)

ÅFound only in pre-B and pre-T blasts

ÅNOT seen in myeloblasts



ALL
Acute Lymphoblastic Leukemia

ÅTreated with chemotherapy 
ÅCure rates >80% in many studies

ÅȰ3ÁÎÃÔÕÁÒÙ ÓÉÔÅÓȱ
ÅPoor penetration by chemotherapy drugs

ÅRelapse may occur in these locations

ÅTestes

ÅCentral nervous system

ÅSpecial treatments (radiation/chemo) used

ÅSterility may occur in boys



ALL
Acute Lymphoblastic Leukemia

ÅMany different translocations reported in B-ALL

ÅPhiladelphia chromosome t(9;22)
Å20 to 30% ALL in adults 

Å2 to 3 % ALL in children

ÅAssociated with a poor prognosis

Åt(12;21)
ÅFusion product of two genes: TEL-AML1

ÅTEL-AML1 impairs differentiation of blasts

ÅGood prognosis 

ÅMost common rearrangement in children



ALL
Acute Lymphoblastic Leukemia

ÅDown Syndrome
Å2ÉÓË ÏÆ !,, ᴻᴻ ρπ-20x

Å1-3% ALL cases have Down 

VanellusFoto/Wikipedia



T-Cell ALL
T-cell acute Lymphoblastic Leukemia

ÅLess common form of ALL

ÅCommon in adolescent males (teens to 20s)

ÅPresents as a mass
ÅLymphadenopathy 

ÅMediastinal mass

ÅAnterior with pleural effusions

ÅTumor compression may occur
ÅSuperior vena cava syndrome

ÅTracheal obstruction

G. Ferretti



T-Cell ALL
T-cell acute Lymphoblastic Leukemia

ÅPathology: Blasts

ÅDifferent markers from B-cell ALL
ÅUsually CD7+

ÅCan see CD2, CD3, CD5, CD4, CD8

ÅNot CD10+



AML
Acute Myelogenous Leukemia

ÅMalignancy of myeloblasts

ÅCommon in adult males
ÅMedian age at diagnosis: 65

ÅMale:female ratio: 5:3

ÅSymptoms from bone marrow suppression
ÅMyeloblasts accumulate in marrow, suppress cell growth

ÅAnemia: Fatigue, weakness, pallor

ÅThrombocytopenia: Bleeding (especially gums)

ÅNeutropenia: Infections

ÅEnlarged nodes, spleen, liver less common than ALL



AML
Acute Myelogenous Leukemia

ÅPeripheral blood smear
ÅAnemia, thrombocytopenia, blasts

ÅMyeloblasts
ÅMyeloperoxidase (MPO) positive

ÅAuer rods

Paulo Henrique OrlandiMourao/Wikipedia



Auer Rods

ÅPathognomonic AML

ÅAccumulation of MPO

ÅCan cause DIC

Paulo Henrique OrlandiMourao/Wikipedia



AML
Acute Myelogenous Leukemia

ÅClassified into numerous subtypes (WHO system)

ÅClassified by morphology, surface markers, genetics

ÅKey subtype: APML



APML
Acute Promyelocytic Leukemia

ÅDefined by translocation t(15;17)
ÅCreates a fusion gene: PML-RARA 

ÅPromyelocytic leukemia gene (chromosome 15)

ÅRetinoic acid receptor alpha (chromosome17)



APML
Acute Promyelocytic Leukemia

Å#1: Abnormal retinoic acid receptor (RAR)
ÅPrevents normal maturation of promyelocytes

ÅTreatment: all trans retinoic acid (form of vitamin A)

ÅAbnormal cells will mature



APML
Acute Promyelocytic Leukemia

Å#2: Disseminated intravascular coagulation
ÅPromyelocytes contains lots of MPO (Auer rods common)

ÅRelease ĄDIC (common initial presentation)



Myelodysplasia
Myelodysplastic Syndromes (MDS)

ÅAbnormal myeloid progenitor cells

ÅLeads to ineffective hematopoiesis 
ÅAnemia, thrombocytopenia, neutropenia

ÅDiagnosis: Bone marrow biopsy
ÅDysplasia (abnormal) cells

ÅBlasts <20% cells

ÅCan progress to AML (>20% blasts)

MDS
<20% cells

blasts

AML
>20% cells

blasts
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Myelodysplasia
Myelodysplastic Syndrome (MDS)

ÅAssociated with environmental factors 
ÅPrior radiation

ÅChemotherapy 

ÅUsually years after exposure

Jenny Mealing/Wikipedia
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