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Hemolytic anemia

Hemolytic anemia : 
 The destruction of red blood cells (RBCs) before their normal 120-day life span.

Pathophysiology

 Extravascularly

 Intravascularly
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sequestration and phagocytosis due to 
poor RBC deformability

direct cellular 
destruction

Fragmentati
on hemolysis

Oxidative 
hemolysis



RBC Membrane



More than 100 membrane proteins identified

Approximately  %25 of them specify various blood group 
antigens

The major protein components of the skeletal network 
α-spectrin and β-spectrin, Actin, protein 4.1R, Adducin, 
Dematin, Tropomyosin, and Tropomodulin

Membrane proteins, Band 3, Glycophorin C, and RhAG ,  
link the bilayer to the spectrin-based 
regulate the structural integrity of the membrane



RBC Membrane

A schematic representation of human red cell membrane. Band 3, RhAG, ankyrin, protein 4.2, and spectrin anchor the spectrin-
based membrane skeleton to the lipid bilayer through vertical linkages
. 
The horizontal linkages between spectrin-spectrin dimers and between spectrin, actin, and protein 4.1R in the junctional 
complex in the spectrin-based membrane skeleton determine membrane mechanical integrity. 
Reproduced with permission from Mohandas and Gallagher





Membrane defects
Hereditary spherocytosis (HS)
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Sherocytosis subtypes



Hereditary spherocytosis 
Anisocyte

Spherocyte

MCV   80-90 fl

MCHC > 360  g/l

Retic > 15% 



dominant in 75% cases, and 25% recessive or nondominant HS-

•A. hildhood/Adulthood  Persistent jaundice, anemia, splenomegaly, gallstones

B-Sudden onset of acute anemia: aplastic crisis (Parvovirus B19, EBV, CMV

D. Chromosome 8p11 translocation or deletion (close to ankyrin gene): 
spherocytosis and dysmorphic or neurologic features

Red cell indices. 

Delta (MCV-MSCV) value > 9.6 fL is a good indicator for HS (90.6% specificity and 100% 
sensitivity)

Reticulocyte count: reduced reticulocyte volume under 100 fL is classically observed in HS

• Low percentage of immature reticulocyte fraction (increased RET/IRF% ratio) on Sysmex

Criteria for diagnosis of hereditary spherocytosis and general observations
ICSH guidelines 



Exclusions

 Acquired spherocytosis: autoimmune hemolytic anemia or 
ABO incompatibility (DAT positive)

 Patients with CDAII often presenting with a non dominant HS-
like phenotype

Occasional spherocytes in conditions unrelated to 
membranopathy: 

 Pyrimidine-5′-nucleotidase deficiency (also shows basophilic 
stippling)

 G6PD deficiency in crisis; PK deficiency or unstable 
hemoglobin



Hereditary  Elliptocytosis (HE) 
Mutations in spectrin

Defective spectrin dimer-dimer 
interaction

protein 4.1
Spectrin-actin-protein 4.1R junctional 
complex

•Glycophorin C  

•Elliptocytes present in asymptomatic

• and non hemolytic HE



Classification based on clinical severity

•1-Asymptomatic carrier state, nonhemolytic HE: normal Hb level and normal 
reticulocyte count

•2-HE with varying degrees of hemolysis: normal Hb but raised reticulocyte 
count in mild hemolysis; reduced Hb and raised reticulocyte counts in severe 
hemolysis

•3-HE with transient infantile poikilocytosis: transfusion dependent up to the 
first year, and evolving quickly into the milder phenotype of the HE parent



•

•Exclusions 

•Iron deficiency anemia, thalassemia, and other causes of acquired 
elliptocytosis, such as burns patients, myelodysplasia , and blood 
specimens inadvertently kept at high temperature

•Blood group Leach phenotype ,  the blood group Gerbich (Ge) 

•Their elliptocytic RBCs lack both GPC/D and 20% reduction of protein 
4.1

ICSH guidelines 



Hereditary Pyropoikilocytosis (HPP) 

Mutations in a- spectrin

•HPP: starting in the neonatal 

•period 

•Hb of 60–100 g/L, 

•MCV < 60 fl

•poikilocytosis

•Acquired HPP : 

•Heat tem. and burning



Hereditary Ovalocytosis

mutations in 
Band 3



Elliptocytosis subtypes and Ovalcytosis



Hereditary stomatocytosis

mutations in 
stomatin (Band 7.2)

Rh  Protein (Rh null)

Familial HDL deficiency 
( Tangier Syndrome)

ABC-A1 defect



Hereditary xerocytosis (Dehydrated HSt (DHSt)

Mutations in
Na/K pump

PIEZO1 protein

Gardos Channel

Familial pseudohyperkalemia

Xerocyte

MCV < 80 fl
MCHC  350-380  g/l 



hereditary xerocytosis

Recent advances in the pathophysiology of PIEZO1-related hereditary 
xerocytosis
Nicolas Jankovsky, Alexis Caulier, Julien Demagny, Corinne Guitton, Stefan Djordjevic, Delphine Lebon, Hakim Ou

Mutations in the FAM38A gene, encoding PIEZO1, in 90% of cases

PIEZO1-Gardos channel axis” in erythrocytes, according to which PIEZO1-activating mutations induce a 
calcium influx that secondarily activates the Gardos channel, 

leading to potassium and water efflux and subsequently to red blood cell dehydration.

The regulation of the intracellular ion concentration and water content is a dynamic process that is 
achieved by several mechanisms:

(1) passive leakage through ion channels, driven by electrochemical gradients,
(2) passive or active gradient transport,
(3) active pumps, which require ATP to pump cations against the concentration gradient



Hereditary Hydrocytosis (Over Hydrated Stomatosis (OHS)

Mutations in Na/K pump

Probably due to an increased 
pore size of the mutated Rh associated 
glycoprotein (RhAG)

RBC Na & Cl

Hydrocyte
MCV 120 -160 fl
MCHC 240-280  g/l 



Hereditary acanthocytosis  

•Abetalipoproteinemia
•(bassen Kornzweig syndrome)

•X-linked McLeod syndrome

•Neuro acanthocytosis syndromes

•Anorexia Nervosa

•Cholesterol / Lecithin 

•Sphingomyelin / Lecithin



ICSH guidelines 



Diagnosis of RBC Membrane defects

 1-Osmotic fragility

 2-Auto hemolysis

 3-Ektacytometry

 4- EMA (Eosin Malieamid

 5- Electrophoresis
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Osmotic fragility test in HS



The picture can't be displayed.

Initiate 
Hemolysis

Complete 
Hemolysis

Normal0.50%0.30%

HS0.65%0.30%

incubate

Normal0.65%

HS0.85%

1 ml heparinized Blood incubate in 37 
for 24 or 48 hrs  



OF

The picture can't be displayed.

RBC





Sickle cell anemia
Thalassemia

IDA
Liver disease

SAO

 Derpanocyte  
Target cell

Spherocyte  
Xerocyte

OF

HS
Stomtocytosis

HPP
Immune Hemolytic

anemia

OF



Autohaemolysis tests in hereditary spherocytosis



The picture can't be displayed.

•Measures the time taken for Lysis of 50% RBC  in 

saline/glycerol(hypotonic solution).

•Result: The lysis of normal red cells > 15 m

•Spherocyte lysis time < 15 m.

•

•

The glycerol lysis time (GLT) test



Osmotic gradient ektacytometry
Osmotic gradient ektacytometry monitors the extent of red cell shape change  
(deformability Index DI) within a range of osmotic gradient
The advantage of this technique is the production of distinct
deformability profiles for several types of red cell disorders



The Eosin-5′-Maleimide (EMA) binding test
 The EMA binding test can detect HS red cells as well as SAO and HPP

 using the EMA binding test together with a second screening test can probably detect 
all patients with HS

Box plot showing the MCF  (mean channel fluorescence) readings from the EMA binding test 
for patients with HS classified based on membrane protein deficiencies



SDS-PAGE





Laboratory tests for screening red cell disorders
ICSH guidelines 



Recommendations for Laboratory Diagnosis of Red Cell Membrane Disorders

ICSH guidelines for the laboratory diagnosis 
of nonimmune hereditary red cell membrane disorders
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