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NORMAL Hb AND STRUCTURE

1. Deformability

2. No nucleus

3. No ribosomes

4. No mitochondria

5. Oxygen delivery by

hemoglobin



Structure of RBC Membrane 



Anaemia
Decreased haemoglobin concentration and/or PCV 

1. Decreased Red Blood Cell Production

a.Nutritional Deficiency

b.Bone Marrow Failure

2. Increased Red Blood Cell Loss

a. Acute Blood Loss

3. Increased Red Blood Cell Destruction

a. Intracorpuscular

b. Extracorpuscular

Mechanisms



HEMOLYTIC ANEMIAS

• Definition

• Pathogenesis 

• Classification

• General  clinical  features

• Laboratory  evaluation of hemolysis

• Mangement



Hemolytic Anemias
Definition

• Hemolytic anemia is a form of anemia due to 

shortening of life span of RBC less than 100 to 

120 days following  abnormal breakdown  

either in the blood vessels or elsewhere  

exceeding the erythropoietic capacity of the 

bone marrow.



1. Hemoglobinuria
2. Hemoglobinemia
3. Haemosidunuria

Pathogenesis of H.Anaemia



The fate of haemoglobin in the plasma following intravascular haemolysis



Inherited

Red cell membrane 

abnormality

- Hereditary spherocytosis

- Hereditary eliptocytosis

Red cell enzyme deficiency

- Glycolytic pathway, e.g. PK 

- Hexose monophosphate shunt, 

e.g. G6PD

- Pyrimidine 5’ uncleotidase

Haemoglobin defect

- Deficiency, e.g. thalassaemias

- Abnormality, e.g. sickle-cell 

disease. 

Classification
1)Inherited 

2)Acquired  



Acquired

Immune Non- Immune 

Autoantibodies Alloantibodies

Warm antibodies Cold Antibodies 

Primary idiopathic 

Secondary

- Autoimmune, e.g. SLE, RA

- Drugs, e.g. L-dopa, methyldopa, 

mefenamic acid, penicillin, quinidine, 

fludarabine 

- Lymphoid malignancy, e.g. CLL, 

myeloma, lymphoma 

- Other malignancy, e.g. colon, kidney, 

ovary, thymoma

- Others, e.g. ulcerative colitis, HIV  

Primary idiopathic secondary 

- infection, e.g. mycoplasma, 

EBV, syphilis

- Lymph proliferative 

disorders, e.g. lymphoma 

Red cell antigen induced

- Transfusion reaction 

- Hemolytic disease of 

the newborn  



Mechanical

- Prosthetic valves 

- Microangioptahic, e.g. 

DIC, HUS, TTP 

- March 

haemoglobinuria

Infection 

- Intracellular 

organisms, e.g. 

malaria 

- Toxins, e.g. C. 

Perfningens

Chemical/ physical 

- Oxidative drugs, e.g. 

dapsone, maloprim

- Copper (wilson’s

disease)

- Bums 

- Drowning 

Acquired abnormal 

membrane 

- Paroxysmal 

nocturnal 

haemoglobinuria



Clinical signs and symptoms 

of haemolytic anaemia

• General signs and symptoms universal 

for all anaemia

• Signs and symptoms specific haemolysis



Anaemia – General  Symptoms and Signs

CNS:
• Headaches, Vertigo
• Tinnitus

CVS:
• Palpitations 
• Chest pain 

General:

• Shortness of breath

• Fatigue

• Weakness

• Prone to infection 

• Pallor 

• Muscle Cramp 



Specific Manifestation of H. Anaemia
1.Anaemia

2.Jaundice 

3.Splenomegaly 

4.Cholelithiasis

5.Leg ulcers

6.Skeletal changes 

7.Crisis 

- Aplastic crisis

- Hemolytic crisis 

- Megaloblastic crisis



Laboratory tests 

 Blood- CBC, Hb%,reticulocyte count-

 Biochemical test- billirubin,LDH,urinary billirubin

 Peripheral blood film

 BONE MARROW EXAMINATION

 Special Lab. Examinations-



Hallmarks of Haemolysis

1. Haemogolobin

2. Unconjugated bilirubin

3. Lactate dehydrogenase

4. Reticulocytes

5. Urinary urobilinogen

Additional features of intravascular haemolysis

1.  Haptoglobin

2.  Methaemalbumin

3. Positive urinary haemosiderin

4. Haemoglobinuria





Microcytosis Macrocytosis Target cells Spherocytes

Red cell 

fragments

Nucleated red 

blood cells  

Howell-Jolly 

bodies Polychromasia Basophilic 

stippling  





Laboratory Evaluation of Hemolysis

Extravascular

Hematologic

• Blood film Polychromatophilia

• Reticulocyte Increased

• Bone marrow Erythroid hyperplasia

Plasma or serum

• Bilirubin unconjugated

• Haptoglobin , absent

• Plasma free Hb N -

• LDH

Urine

• Bilirubin 0

• Hemosiderin 0

• Hemoglobin 0

• Urobilinogen

Intravascular

Polychromatophilia

Increased

Erythroid hyperplasia

unconjugated

absent

0

+

+ ( severe cases)



Special Lab. Examinations

• Coombs antiglobulin test - Immune hemolysis

• Osmotic fragility test - Spherocytosis

• Autohemolysis- G6PD,PK, Spherocytosis

• Membrane protein analysis- Membrane defects

• Red cell sickling-Sickle cell anemia 



• Hemoglobin electrophoresis and HbA2, Hb F , 
HHb,etc - Hemoglobinopathies and 
thalassemias

• Red cell enzyme assays- RBC enzyme defects

• HAM and sucrose lysis tests and GPI-linked 
protein analysis by flow cytometry- PNH

• Oxygen dissociation curve- High oxygen 
affinity Hb



Intravascular Haemolysis showing 

haemoglobinuria of decreasing severity

Prussian blue‐positive deposits of 

haemosiderin in a urine spun 

deposit (Perls’ stain).

Fig:- Autohemolysis test



Fig:- Patterns of haemoglobin electrophoresis 



Osmotic Fragility

Normal

Abnormal-HS cells lyse more 

readily at low ionic strength 

Principle 

OSMOTIC FRAGILITY TEST



Direct and indirect antiglubulin tests 



Blood Film

Abnormal Red Cells Spherocytes Other

- Bite cells

- Blister cells

- Heniz bodies 

Framgentation

Haemoglobin

electrophoresis 

DCT +ve DCT -veThalassaemia Sickle 

cell 

disease 

HB 

C,D,E,H 

Enzyme defects, e.g.

- G6PD 

- Pyruvate kinase 

- Pyrimidine 5’ nucleotidase

Microangiopathic

haemolytic anaemia, e.g. 

- Eclampsia

- HUS

- TTP

- DIC 

Drugs, e.g.

- Methyldopa

- Quinine

- NSAIDs

- Interferon 

Autoimmune haemolytic

anaemia

IgG- warm IgM- Cold

Hereditary 

spherocytosis 

Malaria, 

Clostridium welchii

Flow chart for diagnosis of Haemolytic

Anaemia



SPECIFIC TYPE OF HAEMOLYTIC 

ANAEMIA



Congenital Hb Disorder

Usually defect in globin chain

Two types
1) Qualitative: Reduce or absence  of ɑ or β chain synthesis 

ɑ - Thalasssemia - ɑ Chain defect

β- Thalassemia- β Chain defect

2) Quantitative : Structural abnormal of globin chain- Sickle 

cell disease, 6th position Amino Acid glutamine replaced by 

Valine



Thalassemia in Bangladesh

1) β Thalassemia carrier – 3%

2) Hb E trait – 4%

3) β /β Thalassemia or Hb E/ β – 33/10000 new born baby

Classification

1) ɑ- Thalassemia

2) β Thalassemia

National Guideline of Thalassemia Management for Medical Doctors,DGHS



CLASSIFICATION



Features of Thalassemia Major 

• Usually present within 2 years of age. 
• Failure to thrive 
• Repeated infection 
• Pallor 
• Splenomegaly (and hepatomegaly if not transfused sufficiently) 
•  clinically evidenced jaundice 
• Regular transfusion required before 2 year of age for normal 
growth and development 
• Bony expansion causing frontal bossing, malar prominence etc
along with growth retardation



NESTROFT (Naked Eye Single Tube Red Cell Osmotic Fragility Test)- This 
test is simple, cheap, easy to perform and effective in detecting Beta 

thalassaemia trait. 

NESTROFT
Test

Positive NO Haemolysis of RBC 
Therefore, line is not 
clearly seen

Decreased 
Osmotic 
fragility test

Suspected β (Beta) 
Thalassaemia- a trait 
Confirmed by Hb
electro/HPLC

NESTROFT 
Test

Negative Haemolysis of RBC occurs 
Therefore, line is clearly 
seen

Normal 
Osmotic 
fragility test

Normal person 





MANAGEMENT

• Blood Transfusion 

• Iron Chelation 

• Pharmacological agents for induction of Hb F-Hydroxyurea, 

• Splenectomy 

• Bone marrow transplantation 

• Treatment of Complications 

• Psychological support 



Clinical and laboratory features of Sickle-cell disease. 



Sickling Test
Method:
1) A sample of venous blood or capillary blood may be collected for this test.
*Venousblood from the arm.*Capillary blood from the finger tips or ear lobes and in
infants from the heel of the foot.
2) Mixing blood with the reducing agent, sodium metabisulphite, will induce sickling in
susceptible cells.
3) the results can be viewed under a microscope after 20 minutes.

PositiveTest
HbS

Negative Test
HbA

This test is simple and quick, used
to identify the presenceof HbS.

Normal RBC Sickled RBC

*Positive sickling test associated

with a normal haemoglobin is likely
to indicate a patient with sickle cell
trait.

SICKLING TEST



G6PD Deficiency: Oxidative hemolysis

1.

2.

3.

4.

5.

6.

G6PD deficiency.

Oxidative damage (old RBC)

Heinz bodies (globins)

Bite & blister cells (dry RBC*)

Episodic Hemolysis.

Splenomegaly, gall stones..
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Glucose-6-phosphate dehydrogenase deficiency

Clinical features
➢ Acute drug-induced haemolysis to:

- Analgeslcs: aspirin, phenacetin
- Antimalarials: primaquine, quinine, chloroquine, pyrimethamine
- Antibitics: sulphonamides, nitrofurantoin, ciprofloxacin
- Miscellaneous: quinidine, probenecid, vitamin K, dapsone

➢ Chronic compensated haemolysis
➢ Infection or acute illness
➢ Neonatal jaundice: may be a feature of the B enzeme
➢ Favism, l,e. acute haemolysis after ingestion of broad beans (Vicia fava) 



Laboratory features
Non-spherocytic intravascular haemolysis during an 
attack 

1.Blood film  show
➢ Bite cells Blister cells 
➢Irregularly shaped small cells 
➢ Polychromasia reflecting the reticulocytosis
➢ Denatured haemoglobin visible as heinz bodi

2.G6PD level-



Deficiency glucose-6-phosphate dehydrogenase:
peripheral blood film showing Heniz bodies in
red cells a

Glucose-6-phosphate
dehydrogenase deficiency: urine
samples showing hemoglobinuria
of decreasing severity following
an episode of acute intravascular
hemolysis.



• Favism is entirely preventable by not eating fava 

beans.

• Alternative  drugs

• Hydration

• Blood  transfusion

• Acute renal failure - Haemodialysis

Management



Hereditary Spherocytosis: Spectrin deficiency*
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1.

2.

3.

4.

5.

Chronic hemolytic anemia (from birth or late)

Plenty of spherocytes.

Massive splenomegaly.

Cholecystitis and cholelithiasis

Aplastic, megaloblastic or hemolytic crisis



MANAGEMENT

• There is currently no treatment of HS

• Blood transfusion in case of severe hemolytic 
crises

• Folic acid supplementation 5mg/d

• Splenectomy should be postponed until 4yrs of 
age

` Indication – severe hemolysis, family history 
death from similar disease, evidence of 
cholecystitis & cholelithiasis



Immune Hemolytic anemia IgG/IgM:

IgM

COLD

IgG

WARM

WARM / IgG

COLD / IgM

IgG Antibody

▪ Causes : 
- RBC Antibody (Commonest)

▪ Pathogenesis:
- Warm/ IgG coated RBC lysis in spleen.  

Drugs, Idiopathic  (predominantly 
extravascular)

- Cold/ IgM- (Infections, Lymphoma) RBC 
Clumping & complement fixation lysis in BV 
& Liver. (predominantly intravascular) 

▪ Morphology:
- Spherocytes (warm) / RBC clumps (cold). 

▪ Clinical Features: 
- Anemia, Jaundice, Splenomegaly in chronic. 
- Diagnosis: Com’s test*. 



TREATMENT

• Transfusion of red cells

• The first-line – glucocorticoids(1 mg/kg)

Rituximab(anti CD 20) remissions upto 80%

• Second-line - long-term immunosuppression with

low-dose prednisone, azathioprine, or 
cyclosporine.

• splenectomy



MAHA - Microangiopathic Hemolytic An.

Mechanical damage:

Etiology:

▪ DIC, TTP, HUS

▪ Valve disease / Artificial valves.

▪ March Hemoglobinuria.

Morphology:

▪ Fragmented RBC: Schistocytes.

▪ Polychromasia – reticulocytes.
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Take Home Message
• Causes of Hemolytic Anemia varies from congenital to acquired
• Three basic features- Anemia, Jaundice & Splenomegaly 
• Three basic tests - Reticulocyte count, PBF & LDH
• Treatments- Symptomatic & Supportive  

Blood Transfusion, 
Steroid,
Immunosuppressive, 
Splenectomy, 
BMT/SCT , 

Gene therapy



THANK YOU






