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Thrombotic microangiopathies

Occlusive microangiopathic disorders with

 Microvascular thrombosis

 Thrombocytopenia

 Red blood cell mechanical damage



Moschcowitz (1924)
First description of a 16 year-old girl who died within 2 weeks after the abrupt onset and 
progression of petechial bleeding, pallor, fever, paralysis, hematuria and coma. Disseminated 
microvascular hyaline thrombi largely composed of platelets were detected at autopsy in 
arterioles and capillaries.

History (I)



Singer (1947):
First introduction of the term Thrombotic Thrombocytopenic Purpura (TTP).

Symmers (1952):
First introduction of the term Thrombotic Micro-Angiopathy (TMA) to describe the 
vascular lesions observed in TTP.

Gasser (1955):
First introduction of the term Hemolytic Uremic Syndrome (HUS) in a child presenting 
with hemolytic anemia, thrombocytopenia and renal failure with diffuse bilateral cortical 
necrosis.

Moake (1982):
First pathogenetic hypothesis: patients with relapsed chronic TTP show plasmatic 
large amount of “vWF unusual large multimers” delivered by endothelial cells.

Karmali (1985):
First association between HUS and  Escherichia Coli Shiga toxin.

History (II)



Clinical & pathological manifestations

Microangiopathy Pathogenesis Clinical 
presentation

Systemic platelet thrombi Reduced capability to cleave 
vWF large multimers

Thrombotic 
Thrombocytopenic 
Purpura (TTP)

Renal platelet thrombi Shiga toxin

Factor H plasmatic deficiency

Hemolytic Uremic 
Syndrome (HUS) 
associated to E. Coli 
infection (children)

Familial/recurrent 
HUS

Systemic and renal thrombi Transplant
Drugs (mitomicin, cyclosporin)

HUS o TTP



TTP pathogenesis

Moake JL 2002, NEJM
A Disintegrin And Metalloproteinase with a 
Thrombospondin type 1 motif, member 13



HUS pathogenesis (I)



HUS 
pathogenesis 

(II)



Renal thrombotic microangiopathy 
with vessels occlusion

Anti-fibrinogen serum



Clinical presentation
 Thrombocytopenia with increased megakaryocytes
 Red blood cell fragmentation
 Lactate dehydrogenase (LDH) increase

Clinic pentad
 Thrombocytopenia
 Microangiopathic hemolytic anemia 
 Neurological disorders
 Renal failure
 Fever



Erythrocyte Fibrin strand

Schistocytes Microspherocytes

Schistocyte genesis

Bessis M: Blood Smears Reinterpreted, 
Springer-Verlag,1977



Schistocytes

 Red blood cells fragments of triangular/crescent/ helmet form with rectilinear
profile segment  testifying  the zone of break 

 Observed on blood smears

 They result from mechanical, toxic or heat-induced damage of normal RBC

 They appear under several conditions (after surgery, solid organ and/or bone
marrow transplantation, HIV infection, in diseases with cardiac and vessel 
abnormalities, pre-eclampsia, severe renal diseases, gastric carcinoma)

 Often the earliest sign of thrombotic microangiopathy (TMA): detection and 
quantification are thus of primary importance 

 Morphological identification requires well-trained hematologists/biologists











 Mechanical hemolytic anemias

 Microangiopathic hemolytic anemias 
Disseminated Intravascular Coagulation (DIC)
Hemolytic Uremic Syndrome (HUS)
Thrombotic Thrombocytopenic Purpura (TTP)

Other anemias

 Surgery

 Transplant Associated Microangiopathy (TAM)

 Vessels inflammatory diseases 

 Vessels abnormalities

 Infectious diseases 

 Bone marrow pathologies (primary and secondary)

Diseases & Schistocytes



Adults: ≤ 0.1%

Newborn: 0.3-1.9%

Preterms: ≤ 5.5%

► Schistocytes are usually

• specifically requested by clinicians
• counted on PB smears by optical microscope 
• expressed as % of 500-1000 red blood cells

Classical Reference values



Adults:           ≤ 0.1%

Newborns:     0.3-1.9%

Preterms:       ≤ 5.5%



Automated red cell fragments



Coulter DXH800
Abbott Sapphire

Automated Red Cell Fragment



RBC fragments flag & quantitation: 
Sysmex XE-2100 method

 Flag for presence of fragments is 
automatically provided by the XE-2100 
analyser.

 The count is performed by gating an 
area on the Retics channel scattergram 
where whole blood is stained with a 
fluorescent dye. 

The forward scatter and the intensity of 
fluorescence allow identification and 
count of RBC fragments.

They correspond to events with a 
volume smaller than RBC and with RNA 
content lower than platelets.



RBC fragments identification and enumeration 
with the ADVIA 2120 method

► integrated 
analysis of RBC and 
platelet count

► events with a 
volume smaller than 
30 fL and with a 
refractive index 
greater than 1.4

► frequence of 
events above the 
threshold of 
10,000/μL



2005, ISLH

Automated FRC compared with visual count







Follow- up





0,09x100/2.28= 3,94%







Int J Lab Hematol. 2011 Nov 15 



Consensus on morphological description/identification (I)

Schistocyte (keratocyte):

Helmet shape: decreased size (surface/area), irregular shape  with 
a defective amputated zone highlighted by a rectilinear border 
ending with usually 2 (1 or 3 possible) angulated spicules. Pale 
central zone is not observed. 

Bitten erythrocyte: 

Normal size, shape irregular with a defective amputated 
zone

Schistocyte

Triangular shape: reduced  size, irregular shape  with a defective 
amputated zone highlighted by a rectilinear sometime spiculated 
border, ending with 2 angulated spicules. Pale central zone is not 
observed.



Consensus on morphological description/identification 
(II)

Fragment

Small/very small size, highly irregular shape

Microspherocytes
Small size, round shape, hyperdensity (increased staining)

Irregularly contracted cells

Small size, hyperdensity, irregular outline sometimes with small 
protrusions and Heinz bodies



Int J Lab Hematol. 2011 Nov 15 





Flow chart
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