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Introduction
Thrombotic microangiopathy comprises a spectrum of clinical 

and lab findings including microangiopathic hemolytic anemia, 
thrombocytopenia, and thrombosis of capillary and arterioles. Platelet 
and hyaline thrombi with complete or partial occlusion of these 
vessels are integral histopathological findings. These findings are seen 
irrespective of cause and organ involved. Pathogenesis and prognosis 
may differ for different forms of microangiopathy and clinical features 
often overlap.

Thrombotic angiopathy may be classified in a variety of ways 
based on various factors. A classical way of classification is dividing 
the spectrum of disease as Classical TTP, HUS or disease entity with 
severe ADAMTS 13 deficiency. Though the above classification 
favors dominant organ specific involvement, there is a large overlap 
in clinical features amongst these various groups making such 
distinctive classification of limited clinical significance. Though 
clinico-pathologically TTP and HUS overlap, both these entities 
appear to have distinct pathogenesis. Evidence shows a high incidence 
of ADAMTS13 deficiency in patients with clinically TTP but not 
HUS [1]. On the other hand familial and sporadic cases of HUS have 
been associated with deficiency of complement regulatory proteins, 
particularly factor H or membrane cofactor protein. Though TTP and 
HUS affect many of the same organ systems, the frequency with which 
they do so differs. Even histopathologic features of TTP and HUS 
are also distinct. Plasma exchange is highly effective for idiopathic 
TTP [2]. But is usually ineffective for sporadic HUS. Thus for a better 
understanding it seems reasonable to continue to distinguish these 
clinical entities while recognizing extensive overlap in clinical features. 
Classical TTP is associated with dominant neurological abnormalities. 
Renal involvement is common but with minimal instances of 
oliguric acute renal failure. This entity is usually associated with 
acquired autoantibodies that inhibit disintegrin and metalloprotease 
thrombospondin type 1 repeats (ADAMTS 13). Inherited deficiency 
of ADAMTS13, also known as Upshaw-Schulman syndrome, is a 
congenital form of TTP. Features of microangipathy with acute renal 
failure (oliguric/ anuric) is considered by some to represent HUS. HUS 
may be classified as Diarrhea associated HUS (also known as PRIMARY/
TYPICAL /EPIDEMIC HUS) due to identifiable enteric infection 
with Shigatoxin producing bacilli, most commonly Escherichia coli 
O157:H7 [3]. The Diarrhea NOT associated HUS (secondary/atypical/
sporadic HUS) comprises a group that is not associated with Shiga 
Toxin producing organism in patients without an obvious predisposing 
condition. In patients with severe ADAMTS 13 deficiency states both 
renal and neurological involvement is uncommon. On the other hand, 
some patients present with both neurological and renal involvement 
and are grouped into a broad TTP-HUS category.

There are other secondary causes of Micirangipathy. These include 
cancer, infections, stem cell transplant, chemotherapy and variety 
of drugs. In most of these cases ADAMTS13 levels are normal and 
management is basically aimed at correcting the primary cause.

Epidemiology
Before the plasma exchange era, survival of patients with TTP was 
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only 10%. When plasma exchange was reported to increase survival 
to 78%, compared with 51% survival for patients treated with plasma 
infusion. The diagnosis of TTP became an indication for plasma 
exchange treatment. Oklahoma TTP-HUS Registry is a population 
based cohort registry of patients maintained since 1989 based on 
request received for plasma exchange treatment [4]. As the regustry 
is based on request for plasma exchange, many childeren with typical 
HUS are not included in the registry because they are not treated with 
plasma exchange. Because it is an all inclusive study with no patients 
excluded when plsma exchange request was received, incidence data 
was calculated in a recent paper by Terrel [5] ADAMSTS 13 activity and 
inhibitors of ADAMTS 13 activity are measured on all samples whose 
samples activity was less than 20%. Severe ADAMTS13 deficinecy is 
defineed as activity less than 10% [5].

The whole registry is divided into three catagories: all patients 
with clinically suspected TTP-HUS, patients with idiopathic TTP-
HUS, and patients with severe ADAMTS-13 deficiency. ADAMSTS 
13 activity and inhibitors of ADAMTS 13 activity are measured on all 
samples whose samples activity was less than 20%. Severe ADAMTS13 
deficinecy is defineed as activity less than 10% [6].

The age-sex-race standardized annual incidence rates were per 
10(6):

11.29 for all patients with clinically suspected TTP-HUS

4.46 For patients with idiopathic TTP-HUS

1.74 For patients with severe ADAMTS-13 deficiency (< 5% 
activity)

In all three categories, the incidence rates were greater for women 
and for patients with African ancestry. For patients with severe 
ADAMTS-13 deficiency (< 5 % activity), the age-sex standardized 
incidence rate ratio of blacks to non-blacks was 9.29. This greater 
incidence in black females is comparable with the increased risk of 
autoimmune disease within this subgroup of population.

Another recent review article estimated the incidence of acute ITP 
in children and adults as below: [7].

For children: 1.9 - 6.4 per 10(5) children/year.

For adults: 3.3 per 10(5) adults/year.

Regional variation may occur in incidence as these data were 
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usually avoids the entrance of large vWF multimers into the circulation 
by cleaving the peptide bonds of the monomeric subunit at the level of 
842-843 between tyrosine and methionine. Thus, it has a physiological 
role of preventing platelet thrombi formation.

ADAMTS-13 is produced mainly in the hepatocytes. The gene 
is located on chromosome 9q34. It is a member of zinc and calcium 
dependent proteases. Any defect in ADAMTS-13 can lead to different 
clinical presentations of TTP.

Patients with familial and acquired TTP have plasma ADAMTS-13 
levels < 5% of normal. As a result the secreted vWF multimers remain 
attached to the endothelial cell surface in long strings. More platelets 
will adhere to the unusual large multimer due to their activated 
glycoprotein Ibis/IIIa complexes leading to occlusive thrombi.

The ADAMTS13 gene

ADAMTS13 cleaves vWF polypeptide whenever this normally 
cryptic bond is rendered accessible by circulatory shear stress. This 
rendered endothelial vWF polymer into smaller multimers that are 
conformationally less flexible and less adhesive. In the absence of 
ADAMTS13 vWF multimers are conformationally unfolded but are 
not cleaved. This results in accumulation of hyperactive forms of vWF 
leading to platelet aggregation and microvascular thrombosis.

Clinically, platelet thrombosis does not occur when ADAMTS13 
is greater than 10% of normal values. But there is no lower threshold 
level for ADAMTS13 below which micorvascaulr thrmbosis 
invariabley ocurs. Various factors play a role in determining the level of 
ADAMTS13 prtoien including circulatory shear stress, platelt receptor 
levels, vWF and other unknown factors.

Laboratory Findings
The most important hematological parameters for the diagnosis 

of TTP/HUS are thrombocytopenia and microangiopathic hemolytic 
anemia. Thrombocytopenia is usually more severe in cases without 
predominant renal involvement; the platelet count are usually as low 
as < 20,000/mm3 at presentation [8]. Microangiopathic Hemolytic 
Anemia (MAHA) is a major diagnostic criterion for TTP and it is 
defined by the presence of schistocytes in the peripheral smear along 
with evidence of hemolysis. It was initially not clear as to how many 
schistocytes are required in peripheral smear for the diagnosis of TTP 
induced MAHA. But now it is concluded that more than 1% schistocytes, 
in the absence of other causes of thrombotic angiopathies, is highly 
suggestive of TTP-HUS [9] (Figure 1). Features of hemolytic anemia 
include increased reticulocyte count, increased lactate dehydrogenase 
levels (LDH), elevated indirect bilirubin; low serum haptoglobin levels 
with the intravascular hemolysis and increased levels of free plasma 
hemoglobin in severe cases [10-12]. Direct antiglobulin test is usually 
negative suggestive of the non-immune hemolytic process in TTP-HUS 
except in cases of neuraminidase-associated HUS [13,14]. Proteinuria, 
microscopic hematuria, granular or red cell casts may be seen with 
renal involvement. TTP rarely presents with severe renal failure and 
anuria, although up to 60% of TTP cases have renal dysfunction [8,15].

Measurement of ADAMTS 13 is necessary in the work up for TTP 
but it is not a diagnostic criterion because the levels may be normal 
in many patients that otherwise have all the features of TTP [16,17]. 
ADAMTS 13 levels less than 10% is considered specific for TTP, it can 
often be low in liver failure, sepsis, chronic kidney disease, connective 
tissue disorders, pregnancy and various other inflammatory conditions 
but the levels are not as low as less than 10% of the normal in these 

mostly collected in Europe. Other evidence shows a peak incidence in 
the fourth decade and an association with obesity as well.

Clinical Features
The classical presentation of TTP is thrombocytopenia and 

hemolytic anemia with fragmentation red cells.

The clinical picture may be varying with 10-40% of patients 
complaining of an upper respiratory tract infection in preceding weeks. 
Patients may also present with nonspecific symptoms (malaise, fatigue, 
fever) lasting weeks that are unresponsive to symptomatic treatment. 
In this situation, the diagnosis could be confused until these non 
specific symptoms become severe or other organ system get involved. 
Neurologic involvement could range from headache and confusion to 
somnolence, seizures, aphasia, or coma. Symptoms may even fluctuate 
in severity that may be attributed to the repetitive formation and 
dissolution of microthrombi in the cerebral microvasculature.

Platelet counts may go below 20,000/mL, with muco-cutaneous 
bleeding. Prothrombin time, partial thromboplastin time, and 
fibrinogen levels are usually normal or only mildly altered. Fibrinogen 
degradation products occur in 50% of patients. Hematuria, 
proteinuria, granular or red cell casts, and mild azotemia may be the 
presenting features of TTP but anuria and renal failure are uncommon. 
Abdominal pain with or without pancreatitis, and electrocardiographic 
abnormalities have also been observed. Below is a recent chart from 
Oklahoma TTP-HUS Registry with clinical features of patients with 
severe ADAMTS13 deficiency. It is important to note that 31% of the 
patients had only minor symptoms (confusion, headache) whereas 
34% had no neurologic abnormalities. Many developed new neurologic 
abnormalities during the course of treatment.

Mechanism of Microvascular Thrombosis in TTP/
Pathogenesis
Pathogenesis of thrombosis in TTP

The pathogenesis of thrombi formation is more clearly understood 
in models with severe ADAMTS13 deficiency whether due to genetic 
mutations or inhibitory autoantibodies.

Microvascular thrombi consist of von-willbrand factor and 
platelets. Understanding the interaction between vWF and platelet is 
crucial for knowing why thrombi occur in TTP.

What is the role of vWF?

It is a glycoprotein in the plasma made of several multimers which 
are connected by disulfide bonds. The molecular weight could reach 
millions of Daltons. The vWF serves as a carrier for factor VIII. It also 
has a major role in mediating platelet adhesion and aggregation at site 
of endothelial Injury. It binds to platelet glycoprotein receptors 1b/
IX/V and αIIbβ3. It is synthesized in endothelial cells and stored in 
Weibel–Palade bodies as multimers. Upon activation the multimer will 
be secreted and anchored to the surface of the endothelial cell where 
it interacts with the platelet glycoreceptors causing aggregation and 
thrombi formation.

TTP and ADAMTS-13

TTP is due to the inability to process the ultra large vWF multimers. 
Now it is believed that patients with TTP lack an enzyme that is 
responsible for the cleavage of these ULVWF multimers. ADAMTS-13 
is one of the 19 ADAMTS metalloprotease enzymes. This enzyme 
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treated plasma. There are many studies to determine the efficacy of 
plasma exchange versus infusion but there is no proven benefit of 
one over the other [28]. Nonetheless, plasma exchange is preferred 
because larger amount of plasma can be given to the patient without 
fluid overload and it also allows more rapid removal of anti-ADMATS 
13 antibodies compared to plasma infusion but there are no studies 
to prove this benefit [27]. The goal of plasmapheresis is to exchange 
at least 1 to 2 plasma volumes per day (40-50ml/kg) [29,30]. Solvent-
detergent treated plasma has lower rates of allergic reactions, however; 
ADAMTS13 concentration in solvent-treated plasma is 20% lower than 
that of fresh frozen plasma [31,32]. Efficacy of the plasma therapy is 
assessed by monitoring the LDH, platelet count and neurological signs. 
The therapy should be continued for at least two to three days after the 
platelet count and LDH are normal [33,34].

Plasma therapy is also beneficial in some secondary forms of TTP 
like ticlopidine or clopidogrel induced TTP or pregnancy associated 
TTP but its role in chemotherapy associated TTP and bone marrow 
transplantation associated TTP has not resulted in improved outcome 
[35,40].

Antiplatelet therapy

Antiplatelet agents are not recommended in the treatment of TTP. 
It does not change the outcome and survival and may even increase 
the chance of bleeding in some cases with severe thrombocytopenia 
[41,42].

Corticosteroids, immunosuppressive therapy and monoclo-
nal antibodies

Corticosteroids as the sole agent to prevent recurrences of TTP 
have not proven to be of benefit. However, patients with ADAMTS 
13 deficiency are started on steroids alone as recommended by many 
experts [43,44]. Combination of steroids with immunosuppressive 
drugs like vincristine, azathioprine and monoclonal antibody 
rituximab is used to prevent relapse in atypical HUS causes deficiency 
of complement proteins [45,46]. Rituximab by itself has been shown 
to significantly reduce the recurrence in cases of TTP caused by anti-
ADAMTS13 antibodies. It has been used in patients that have failed 
the combination of plasmapheresis plus steroids. It can also be used 
as prophylaxis to prevent relapse in TTP patients with presence of 
anti-ADAMTS13 antibodies [47-50]. Anecdotal case reports with 
eculizumab, anti-C5 monoclonal antibody, in the use atypical HUS 
have been reported but clinical trials have yet to prove its role and 
benefit [51,52].

Splenectomy

Previously, it was considered in conjunctions with other modes of 
treatment and induced remission in 50% cases but now it is mainly 
reserved for cases that have not responded to plasmapheresis and 
immunosuppressive treatment [42,53].

Transplantation

Patients that progress to end stage renal disease are good 
candidates for renal transplantation but HUS can recur in the renal 
allograft [54]. This recurrence in the renal allograft may be avoided 
if liver transplantation is also done. Liver produces the complements 
implicated in the pathophysiology of recurrent HUS. But, this is not 
without its own downfalls and patients need to be carefully selected for 
isolated renal versus renal and liver transplantation in case HUS cases 
caused by deficiency of complements and membrane cofactor protein 
[55,56].

conditions [18-20]. Patients with persistent anti-ADAMTS13 antibodies 
or undetectable levels of ADAMTS13 are at a higher risk for recurrence 
[16]. However, measurement of ADAMTS 13 during the remission 
is not routinely recommended [21]. The low levels are indicative of 
either congenital or acquired deficiency. This acquired deficiency can 
be a result of antibodies or inhibitors to ADAMTS 13. There are many 
assays used to detect these antibodies but there is no standardized 
and reliable assay widely available [15]. In cases of suspected diarrhea 

or Shiga-toxin producing bacteria on sorbitol-MacConkey agar [22]. 
There are serological tests to detect the antibodies against the toxin and 
they are more sensitive compared to cultures but so far they are used 
only in research laboratories [23,24]. Patients with suspected atypical 
diarrhoea negative HUS can be tested for complement regulatory 
proteins like Complement Factor H (CFH), Complement Factor I 
(CFI) and Membrane Receptor Protein (MCP). Tests to identify genetic 
mutations for these complements are usually performed when the levels 
of the complements are low [25].

Treatment
Plasma therapy

Plasma therapy remains the mainstay of treatment. A delay in the 
initiation of plasma therapy can be fatal. Plasma therapy has improved 
survival in more than 80-90% of the patients [26]. It is often difficult 
to make a diagnosis of TTP or HUS at presentation and thus it is 
recommended to start plasma therapy in all adult patients with suspected 
TTP or HUS (thrombocytopenia, microangiopathic hemolytic 
anemia with or without fever, neurological, renal manifestations 
and in the absence of any other causes of thrombotic angiopathies) 

producing diarrhoea and the patient does not have severe neurological 
manifestations then plasma therapy can be discontinued [27]. In such 
cases, treatment would be supportive similar to diarrhoea positive HUS 
cases in children. But for all others with TTP plasma therapy should 
be continued unless another etiology for the thrombotic angiopathy is 
detected and confirmed. Plasma therapy can be in the form of plasma 
exchange, plasma infusion, cryoprecipitate or solvent-detergent 

Schistocytes / Helmet Cells

Robbins Pathologic Basis Of Disease: 6th Edition. 1999.
Fig. 14-17 p.621.

Figure 1: Showing schistocytes in peripheral smear.

positive HUS, the diagnosis is based on detection of E.coli 0157:H7 

[21,27]. If cultures or serology come back positive for E.coli or toxin 
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