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Hemolytic anemia

Anemia due to increased rate of RBC 
destruction
Anemia occurs when rate of 
destruction exceeds productiondestruction exceeds production



Normal red cell turnover

Normal RBC survival of ~ 120 daysy
Macrophages of the Reticuloendothelial (RE) 
system removes RBC’s
– Unclear what marks a red cell for removal
– Spleen is major site of RBC clearance
RE system is Extravascular
– 90% of normal RBC destruction occurs without 

release of hemoglobin into circulationrelease of hemoglobin into circulation.



Is there hemolysis?Is there hemolysis?Is there hemolysis?Is there hemolysis?
• Look for 3 lines of evidence:

–1  Damaged red cells on the blood film1. Damaged red cells on the blood film
– Spherocytes (Immune hemolysis, HS)
– Red cell fragments (Microangiopathic anemias)

–2. Marrow response to Hemolysis
– Polychromasia on blood film

Reticulocytosis– Reticulocytosis
– Erythroid hyperplasia in marrow

–3. Biochemical evidence of RBC 3 o a d o C
destruction

– Increased unconjugated bilirubin
– Increased lactate dehydrogenase
– Decreased/absent haptoglobin



An approach to hemolytic anemia

Hemolytic anemia(Aquired)

Immune Non-immune

Congenital Acquired
Defects of: • Infections• Autoimmune
• RBC membrane/
skeleton 
(eg. Hereditary spherocytosis)

Sepsis
Malaria

M h i l

• Alloimmune

• RBC enzymes
(eg. G6PD deficiency)

• Mechanical
prosthetic heart valve
Microangiopathic HA

• Drug-induced

(other causes of 
immune hemolysisimmune hemolysis 
are rare)



Acquired hemolytic anemia
Immune mediated hemolytic anemia (Direct Coombs test is positive)

1 A t i h l ti i1- Autoimmune hemolytic anemia
Warm antibody autoimmune hemolytic anemia

Idiopathic
Systemic lupus erythematosus (SLE)
Evans' syndrome (antiplatelet antibodies and hemolytic antibodies)

Cold antibody autoimmune hemolytic anemia
Idiopathic cold hemagglutinin syndrome
Infectious mononucleosis and mycoplasma ( atypical) pneumoniaInfectious mononucleosis and mycoplasma ( atypical) pneumonia
Paroxysmal cold hemoglobinuria (rare)

2-Alloimmune hemolytic anemia 
Haemolytic disease of the newborn (HDN) 

Rh disease (Rh D)
ABO hemolytic disease of the newborn
Anti-Kell hemolytic disease of the newborn
Rhesus c hemolytic disease of the newbornRhesus c hemolytic disease of the newborn
Rhesus E hemolytic disease of the newborn
Other blood group incompatibility (RhC, Rhe, Kidd, Duffy, MN, P and 

others)
All i h l ti bl d t f i ti (i f tiblAlloimmune hemolytic blood transfusion reactions (ie from a non-compatible 

blood type)
Drug-induced autoimmune hemolytic anemia Penicillin in high doses via the Hapten
mechanism



Spherocytes. One arrow points to a spherocyte; the other, to a 
l RBC ith t l llnormal RBC with a central pallor.



Acquired hemolytic anemia 
Non-immune mediated hemolytic anemia (Direct y (
Coombs test is negative)

Drugs (i.e., some drugs and other ingested substances lead to haemolysis by directDrugs (i.e., some drugs and other ingested substances lead to haemolysis by direct 
action on RBCs, e.g. Ribavirin )
Toxins (e.g., Snake venom; plant poisons such as Aesculin)

TTrauma 
Mechanical (from Heart valves, extensive vascular surgery, microvascular disease, 
repeated mechanical vascular trauma)

Microangiopathic hemolytic anemia

Infections (Note: Direct Coombs test is sometimes positive in hemolytic anemia due to 
infection)infection) 

Malaria
Babesiosis
Septicaemia

Membrane disorders 
Paroxysmal nocturnal hemoglobinuria (rare acquired clonal disorder of red blood 
cell surface proteins)
Liver disease



Diagnosis of immune hemolytic Diagnosis of immune hemolytic 
anemiaanemiaanemiaanemia

– 1. Direct Antiglobulin Test (DAT or direct 
Coomb’s test))

– Detects IgG or complement on patient’s red cells
– the vast majority of patients with active immune 

hemolysis will have a positive DAT.

– 2. Indirect Antiglobulin Test (IAT, indirect 
Coomb’s test)

Detects antibody in patient’s serum against red cell – Detects antibody in patient s serum against red cell 
antigens

– A positive IAT does not necessarily mean hemolysis is 
occurring - It may simply mean allo-immunization due to occu g t ay s p y ea a o u at o due to
previous exposure to “foreign” red cell antigens (past 
pregnancy or transfusion).

– 3. Peripheral Blood Film:  spherocytesp p y



IMMUNE HEMOLYTIC ANEMIA
General Principles

All require antigen-antibody reactionsq g y
Types of reactions dependent on:

Class of Antibody
Number & Spacing of antigenic sites on cellNumber & Spacing of antigenic sites on cell
Availability of complement
Environmental Temperature
F ti l t t f ti l d th li l tFunctional status of reticuloendothelial system

Manifestations
Intravascular hemolysisy
Extravascular hemolysis



Extravascular
hemolysis

Intravascular 
hemolysis

Laboratory feature

ElevatedGrossly elevatedLDH

Normal or reducedReduced or absentHaptoglobin

AbsentPresentMethemalbumin

AbsentPresentHemosidinuria

PresentAbsentSplenomegaly

Spherocytes, 
erythrophagocytosis

Schistocytes, helmet 
cells, fragmented red 

cells

Blood film

Absent/present in severe 
cases

PresentHemoglobinemia

Absent/present in severe PresentHemoglobinuria
cases



IMMUNE HEMOLYTIC ANEMIAIMMUNE HEMOLYTIC ANEMIA
G l P i i l  G l P i i l  22General Principles General Principles -- 22

Antibodies combine with RBC  & either• Antibodies combine with RBC, & either
1. Activate complement cascade, &/or
2 Opsonize RBC for immune system2. Opsonize RBC for immune system

• If 1, if all of complement cascade is 
fixed to red cell  intravascular cell lysis fixed to red cell, intravascular cell lysis 
occurs

• If 2, &/or if complement is only If 2, &/or if complement is only 
partially fixed, macrophages recognize 
Fc receptor of Ig &/or C3b of 
complement & phagocytize RBC, 
causing extravascular RBC destruction



IMMUNE HEMOLYTIC ANEMIAIMMUNE HEMOLYTIC ANEMIA
C b  T t C b  T t Di tDi tCoombs Test Coombs Test -- DirectDirect

• Looks for immunoglobulin &/or 
complement of surface of red blood cell 
(normally neither found on RBC 

f )surface)
• Coombs reagent - combination of anti-

human immunoglobulin & anti human human immunoglobulin & anti-human 
complement

• Mixed with patient’s red cells; if • Mixed with patient s red cells; if 
immunoglobulin or complement are on 
surface, Coombs reagent will link cells surface, Coombs reagent will link cells 
together and cause agglutination of 
RBCs



IMMUNE HEMOLYTIC ANEMIAIMMUNE HEMOLYTIC ANEMIA
C b  T t C b  T t I di tI di tCoombs Test Coombs Test -- IndirectIndirect

• Looks for anti-red blood cell oo s o a t ed b ood ce
antibodies in the patient’s serum, 
using a panel of red cells with known 
surface antigens

• Combine patient’s serum with cells 
from a panel of RBC’s with known 
antigens

• Add Coombs’ reagent to this mixture
• If anti-RBC antigens are in serum, 

agglutination occurs



IMMUNE HEMOLYSISIMMUNE HEMOLYSIS
DD R l t dR l t dDrugDrug--RelatedRelated

• Immune Complex Mechanism
–Quinidine, Quinine, IsoniazidQuinidine, Quinine, Isoniazid

• “Haptenic” Immune Mechanism
–Penicillins  Cephalosporins–Penicillins, Cephalosporins

• True Autoimmune Mechanism
M th ld  L DOPA  P i id  –Methyldopa, L-DOPA, Procaineamide, 
Ibuprofen



DRUGDRUG--INDUCED HEMOLYSISINDUCED HEMOLYSIS
Immune Complex MechanismImmune Complex Mechanismpp

• Drug & antibody bind in the plasma
• Immune complexes either• Immune complexes either

– Activate complement in the plasma, or
– Sit on red blood cell

• Antigen-antibody complex recognized 
by RE system

d ll l d “ b d ”• Red cells lysed as “innocent bystander” 
of destruction of immune complex



DRUGDRUG--INDUCED HEMOLYSISINDUCED HEMOLYSIS
hhHaptenic MechanismHaptenic Mechanism

• Drug binds to & reacts with red cell 
surface proteinssurface proteins

• Antibodies recognize altered protein, 
f± drug, as foreign

• Antibodies bind to altered protein & p
initiate process leading to hemolysis



DRUGDRUG--INDUCED HEMOLYSISINDUCED HEMOLYSIS
True Autoantibody FormationTrue Autoantibody FormationTrue Autoantibody FormationTrue Autoantibody Formation

• Certain drugs appear to cause • Certain drugs appear to cause 
antibodies that react with antigens 
normally found on RBC surface  and normally found on RBC surface, and 
do so even in the absence of the 
drugdrug



Transfusion reactionsTransfusion reactions
• Antibodies to the A, B, and O antigens

on red blood cells are usually IgM classon red blood cells are usually IgM class
• An individual with blood group A has

antibodies against B in their bloodantibodies against B in their blood
• If a type A individual is accidentally

transfused with blood containing type Btransfused with blood containing type B
cells, the anti-B antibodies will bind to
the B blood cells and mediate their
destruction by means of complement-
mediated lysis





ALLOIMUNE HEMOLYSISALLOIMUNE HEMOLYSISALLOIMUNE HEMOLYSISALLOIMUNE HEMOLYSIS
Hemolytic Transfusion ReactionHemolytic Transfusion Reaction

• Caused by recognition of foreign antigens 
on transfused blood cells

• Several types
– Immediate Intravascular Hemolysis (Minutes) -

Due to preformed antibodies; life-threateningDue to preformed antibodies; life-threatening
– Slow extravascular hemolysis (Days) - Usually 

due to repeat exposure to a foreign antigen to 
hi h th    i   ll  which there was a previous exposure; usually 

only mild symptoms
– Delayed sensitization - (Weeks) - Usually due to 

1st exposure to foreign antigen; asymptomatic



Delayed hemolytic reactionDelayed hemolytic reaction

• Occurs in individuals who have received repeated
transfusions of ABO-compatible blood that istransfusions of ABO-compatible blood that is
incompatible for other blood groups

• The reaction develops within 2-6 days after
transfusion

• The transfused blood induces clonal selection and
production of IgG against a variety of receptorsproduction of IgG against a variety of receptors

• Blood group antigens that cause this: Rh, Kidd, Kell,
and Duffyy

• Symptoms: fever, low hemoglobin, increased
bilirubin, jaundice and anemia



INCOMPATIBLE RBC TRANSFUSION
Rate of Hemol sisRate of Hemolysis
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Type II hypersensitivity Type II hypersensitivity 
(Antibody(Antibody--mediated cytotoxic)mediated cytotoxic)(Antibody(Antibody mediated cytotoxic)mediated cytotoxic)

• Involves antibody-mediated destruction of
cellscells

• This type is exemplified by blood
transfucion reactionstransfucion reactions

• Host antibodies react with foreign antigens
on the incompatible transfused blood cellson the incompatible transfused blood cells
and mediate destruction of those cells

• Antibodies mediate cell destruction byy
activating the complement system or
though antibody-dependent cell-mediated

( ) ( ll b dcytotoxicity (ADCC) (cytotoxic cells bind to
the Fc region of antibodies on target cells)





HAZARDS REPORTEDHAZARDS REPORTED

SHOT
• Incorrect blood/component transfused (IBCT)

SHOTSerious Hazards of Transfusion

• Incorrect blood/component transfused (IBCT)
• Acute transfusion reaction (including 
anaphylaxis)(ATR)

D l d t f i  ti  (DHTR)• Delayed transfusion reaction (DHTR)
• Transfusion-associated graft-versus-host-disease 
(TA-GVHD)
• Transfusion-related acute lung injury (TRALI)
• Post-transfusion purpura (PTP)
•Transfusion transmitted infection  including bacterial Transfusion transmitted infection, including bacterial 
contamination (TTI)
• Autologous pre-donation incidents



SHOTSerious Hazards of Transfusion

TOTAL ISSUES OF BLOOD COMPONENTS FROM 
THE TRANSFUSION SERVICES OF THE UK 

1999/2000

Red Cells 2,737,572

Platelets 249 622Platelets 249,622

Fresh Frozen Plasma 365,547

Cryoprecipitate 94,114

TOTAL 3,446,855



SHOTSerious Hazards of Transfusion

INCORRECT BLOOD COMPONENT 
TRANSFUSEDTRANSFUSED

Episodes where a patient was 
transfused with a blood component or p

plasma product which did not meet 
appropriate requirements or whichappropriate requirements or which 

was intended for another patient



SHOTSerious Hazards of Transfusion

COMPARISON OF INCIDENTS REPORTED
1996 TO 2000996 O 000
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SHOTSerious Hazards of Transfusion

QUESTIONNAIRES BY INCIDENT 
1996/97 - 1999/00 (n=862)

3%
1%7%4% IBT

3%
1%

12% ATR

DTR

13% PTP

TRALI

59%

TA-GVHD

TTI

Unclassified



IBCT OUTCOME OF CASES 1996/97SHOTSerious Hazards of Transfusion

IBCT OUTCOME OF CASES 1996/97 -
1999/00 
(n=509)

Outcome No. of
cases

(n 509)

Death definitely related to transfusion 5
Death probably related to transfusion 1
Death possibly related to transfusion 2Death possibly related to transfusion 2
Death unrelated to transfusion 37
Major morbidity 54
Survived – no ill effects 406
Unknown 4
Total 509Total 509



Transfusion errors in New York State: an analysis of 10 years’ 
experience. Linden et al, Transfusion 2000;40:1207-1213

36% possibility that a random unit will be 
incompatibleincompatible
Likelihood of fatal outcome of ABO 
incompatible unit is <10%incompatible unit is <10%





ALLOIMMUNE HEMOLYSISALLOIMMUNE HEMOLYSIS
Testing Pre-transfusion

ABO & Rh Type of both donor & recipient
Antibody Screen of Donor & RecipientAntibody Screen of Donor & Recipient, 
including indirect Coombs
M j t h b dMajor cross-match by same procedure 
(recipient serum & donor red cells)























ALLOIMMUNE HEMOLYSISALLOIMMUNE HEMOLYSIS
H l ti  Di  f th  N bH l ti  Di  f th  N bHemolytic Disease of the NewbornHemolytic Disease of the Newborn

• Due to incompatibility between mother 
negative for an antigen & fetus/father egat e o a a t ge & etus/ at e
positive for that antigen.  Rh 
incompatibility, ABO incompatibility most 
common causes

• Usually occurs with 2nd or later 
pregnancies

• Requires maternal IgG antibodies vs. RBC 
ti  i  f tantigens in fetus



ALLOIMMUNE HEMOLYSISALLOIMMUNE HEMOLYSIS
Hemolytic Disease of the Newborn Hemolytic Disease of the Newborn Hemolytic Disease of the Newborn Hemolytic Disease of the Newborn --

##22

• Can cause severe anemia in fetus, with 
erythroblastosis and heart failuree yt ob astos s a d ea t a u e

• Hyperbilirubinemia can lead to severe 
brain damage (kernicterus) if not promptly g ( ) p p y
treated

• HDN due to Rh incompatibility can be 
almost totally prevented by administration 
of anti-Rh D to Rh negative mothers after 

h each pregnancy



PreventionPreventionPreventionPrevention
• Hemolytic disease of the newborn

caused by Rh incompatibility can becaused by Rh incompatibility can be
almost entirely prevented by
administering antibodies against theadministering antibodies against the
Rh antigen to the mother within 24-48
hours after the first deliveryhours after the first delivery

• These antibodies are called Rhogam
• They bind to fetal red blood cells that 

have entered the mother’s circulation 
and facilitate their clearance before B-
cell activation






