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ABSTRACT

Th rombotic thrombocytopenic purpura (TTP) is a clinical 

syndrome that manifests with thrombocytopenia, microangio-

pathic haemolytic anaemia and symptoms and signs of kidney 

and brain damage, but it rarely involves other organs. Th e main 

pathophysiological cause of TTP is diminished metalloprotein-

ase ADAMTS13 activity; the main function of ADAMTS13 is 

to degrade large multimers of the von Willebrand factor. Di-

minished activity of ADAMTS13 is caused either by a genetic 

mutation in the gene that codes ADAMTS13 (congenital TTP) 

or by antibodies that block ADAMTS13 enzyme activity or ac-

celerate the degradation of ADAMTS13 (acquired TTP). Clini-

cally, TTP presents most frequently with signs and symptoms 

of brain and kidney damage with concomitant haemorrhagic 

syndrome. TTP is suspected when a patient presents with a low 

platelet count, microangiopathic haemolytic anaemia (negative 

Coombs tests, low haptoglobine concentration, increased serum 

concentration of indirect bilirubin and lactate dehydrogenase, 

increased number of schysocytes in peripheral blood) and the 

typical clinical presentation. A defi nitive diagnose can be made 

only by measuring the ADAMTS13 activity. Th e diff erential di-

agnosis in such cases includes both typical and atypical haemo-

lytic uremic syndrome, disseminated intravascular coagulation, 

HELLP syndrome in pregnant women and other thrombotic 

microangiopathies. Th e fi rst line therapy for TTP is plasma ex-

change. In patients with acquired TTP, in addition to plasma 

exchange, immunosuppressive medications are used (cortico-

steroids and rituximab). In patients with hereditary TTP, the 

administration of fresh frozen plasma is sometimes required.
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SAŽETAK

Trombotična trombocitopenijska purpura (TTP) je kli-

nički sindrom koji se odlikuje trombocitopenijom, mikroan-

giopatskom hemoliznom anemijom i simptomima i znaci-

ma oštećenja bubrega i mozga, ređe drugih organa. Glavni 

patofi ziološki mehanizam nastanka TTP-a je smanjena ak-

tivnost metaloproteinaze ADAMTS13 čija je osnovna uloga 

razgradnja velikih multimera von Willebrand-ovog faktora. 

Smanjena aktivnost metaloproteinaze ADAMTS13 nasta-

je usled mutacije u genu za ADAMTS13 (urođeni TTP) ili 

usled nastanka antitela koja blokiraju ili antitela koja ubr-

zavaju razgradnju ADAMTS13 (stečeni TTP). Klinički se 

ispoljava znacima i simptomima oštećenja mozga i bubre-

ga, kao i slikom hemoragijskog sindroma. Sumnja na TTP 

se postavlja na osnovu smanjenog broj trombocita, mikro-

angiopatske hemolizne anemije (negativan Coombs-ov test, 

smanjena koncentracija haptoglobina, povećana koncentra-

cija indirektnog bilirubina i laktat dehidrogenaze u serumu, 

povećan broj šizocita u razmazu periferne krvi) i tipične 

kliničke slike, a defi nitivna dijagnoza se postavlja merenjem 

aktivnosti ADAMTS13. U diferencijalnoj dijagnozi treba is-

ključiti tipični i atipični hemolitičko-uremijski sindrom, dise-

minovanu inravaskularnu koagulaciju, HELLP sindrom kod 

trudnica, kao i druge trombotične mikroangiopatije. Prva li-

nija terapije kod kod bolesnika sa TTP-om je plazmafereza. 

Kod bolesnika sa stečenim oblikom TTP-a, uz plazmaferezu 

se koriste i imunosupresivni lekovi (kortikosteroidi i rituksi-

mab), a kod bolesnika sa urođenim oblikom TTP-a povre-

mena supstitucija sa sveže smznutom plazmom.

Ključne reči: TTP, ADAMTS13, plazmafereza, rituksimab 

ABBREVIATIONS

ADAMTS13 - disintegrin and metalloprotease with 

thrombospondin type 1 repeats, member 13

HIV - human immunodeficiency virus

HUS - haemolytic uremic syndrome

FRETS - fluorescence resonance energy transfer 

ELISA - enzyme-linked immunosorbent assay

TTP - thrombotic thrombocytopenic purpura

ULvWF - ultralarge von Willebrand factor multimers 

vWF - Von Willebrand factor

PAGE - polyacrylamide gel electrophoresis

SDS - sodium dodecyl sulphate

HIT - heparin induced thrombocytopenia
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The majority of patients suffer from the acquired, an-

tibody mediated form of TTP (approximately 95% of all 

cases) (12). Commonly, these antibodies block the primary 

epitope of ADAMTS13 and inhibit its proteolytic function. 

However, in approximately 10-15% cases of acquired TTP, 

the patients have non-inhibitory antibodies, and the AD-

AMTS13 deficiency is a result of an increased clearance 

of ADAMTS13-antibody complexes. The inhibitory anti-

bodies are IgG isotypes, predominantly of the IgG4 sub-

class. The IgG4 subclass is associated with more frequent 

relapses of the disease. The antibodies may also be from 

the IgG1, IgG2, IgG3 subclasses, as well as from isotype 

IgA (13, 14). 

The aetiological cause of acquired TTP is often un-

known, and that form of TTP is categorized as primary (or 

idiopathic). In the smaller number of patients with immune 

dysregulation due to other diseases, the term secondary 

acquired TTP is used (5). In the literature, there are a few 

reported cases of enterohaemorrhagic Escherichia coli 

infection with concomitant thrombotic microangiopathy 

that were treated as classical haemolytic uremic syndrome 

(HUS), but the subsequent measurement of the activity of 

metalloprotease ADAMTS13 revealed its reduced activity 

(<10%) (15). The impact of human immunodeficiency vi-

rus (HIV) as an aetiological factor of TTP remains contro-

versial. Different studies have shown different prevalences 

of HIV infection in patients with TTP (16, 17). Certain 

medications have been associated with the development of 

TTP. Ticlopidine increases the risk of TTP by 200-500-fold 

(18, 19). On the other hand, drugs such as quinine, calci-

neurin inhibitors and certain chemotherapeutics can cause 

thrombotic microangiopathy, but they are not associated 

with significantly decreased activity of ADAMTS13.

The correlation between TTP and pregnancy is com-

plex. Pregnancy decreases the level of ADAMTS13 by 

approximately 30% (20). In women with reduced AD-

AMTS13 activity, pregnancy can trigger the acute onset 

of TTP. In the postpartum period, the immune tolerance 

present during pregnancy is terminated, and an accelera-

tion of the existing autoimmune response to ADAMTS13 

may occur. According to a regional English TTP registry, 

5% of all TTP episodes are related to pregnancy (21). Jiang 

and colleagues explored the connection between TTP and 

pregnancy complications in 10 women with acquired TTP 

in the Oklahoma TTP-HUS Registry. These 10 women had 

a total of 16 pregnancies. The outcomes of the 16 pregnan-

cies were as follows: 2 pregnancies complicated with the 

acute onset of TTP, 2 with preeclampsia, 2 ended due to 

pregnancy loss, and 10 without complications (22). These 

data suggest that TTP is one of the risk factors for preg-

nancy complications.

Hereditary TTP is the least common form of the dis-

ease, and it occurs as a result of mutations in the AD-

AMTS13 gene that are located on the long arm of chromo-

some 9. Heterozygous carriers of ADAMTS13 mutations 

usually have slightly reduced ADAMTS13 activity in the 

serum, and a small percentage suffer from TTP. Homozy-

INTRODUCTION

Thrombotic thrombocytopenic purpura (TTP) is a 

rare clinical syndrome characterized by the formation of 

disseminated platelet aggregates in small blood vessels 

and consequent microangiopathic haemolytic anaemia. 

The aggregated platelets can cause ischaemia, hypoxia 

and abnormal function of the affected organs. The clas-

sical clinical pentad of TTP consists of microangiopathic 

haemolytic anaemia, thrombocytopenia, fluctuating neu-

rological signs, impaired renal function and fever. How-

ever, patients with TTP usually do not present with all of 

these clinical signs (approximately 35% of the patients did 

not present with signs of neurological dysfunction) (1-3). 

The renal function in patients suffering from TTP can 

vary greatly, ranging from acute renal failure to fully pre-

served renal function, but the most common consequence 

is a moderate and transient decrease in renal function (4). 

The thrombocytopenia is usually severe (10-30x109/l) due 

to the sequestration of platelets in microvascular thrombi. 

The haemolytic anaemia is a consequence of mechanical 

damage to the red blood cells as they pass through the nar-

rowed microcirculation (1-3). 

AETIOLOGY AND PATHOGENESIS OF TTP

The main pathogenetic mechanism of TTP is decreased 

activity of matrix metalloproteinase ADAMTS13 (a disin-

tegrin and metalloprotease with thrombospondin type 1 

repeats, member 13). The main function of ADAMTS13 

is splitting the ultra-large von Willebrand factor multimers 

(ULvWF) into smaller fragments (2, 5).

The von Willebrand factor (vWF) is a protein synthe-

sized mostly by endothelial cells and, in a smaller propor-

tion, by megakaryocytes (6). Its role is essential for initi-

ating primary haemostasis. After blood vessels experience 

endothelial damage, vWF connects to subendothelial 

collagen via the A3 domain and enables the adherence of 

platelets through its A1 domain that binds GPIbα/IX/V 

platelet’s receptor. The globular form hides the ULvWF A2 

domain that binds metalloproteinase ADAMTS13. After 

it is transformed into a string-like form, the A2 domain 

is revealed and binds to ADAMTS13, which cleaves the 

ULvWF into monomers (Figure 1). The second part of the 

vWF is then processed in the small blood vessels where the 

large shear forces unfolds the globular ULvWF. The third 

place where ULvWF degradation occurs is in damaged 

blood vessels, where it binds to the subendothelial collagen 

via the A3 domain, and the ULvWF unfolds and reveals the 

A2 and A1 domains (3, 10).

The nomenclature of TTP is not standardized, but 

the term “TTP” is typically restricted to cases with severe 

deficiency of ADAMTS13 activity (<10%) (11). Based on 

the pathogenetic mechanism leading to reduced activity 

of ADAMTS13, TTP is divided into congenital and ac-

quired (3).
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27). Bruises and petechial bleeding in the skin, epistaxis, 

menorrhagia, haematuria or gastrointestinal haemorrhage 

can arise, but bleeding complication are generally rare de-

spite severe thrombocytopenia, even during the placement 

of central venous catheters (1-5, 28)

In patients with congenital TTP hyperbilirubinemia, 

thrombocytopenia and microangiopathic haemolytic anae-

mia are often identified immediately after birth or in the 

neonatal period. The frequency of congenital TTP exacer-

bations varies from several days to several years. Factors that 

can lead to exacerbation of TTP are fever, infection, diar-

rhoea, trauma, surgery or pregnancy (1-5, 17).

Thrombocytopenia, due to sequestration of platelets 

in microthrombi in small blood vessels, is usually severe 

(10-30x109/l). Microangiopathic haemolytic anaemia is 

obligatory in TTP patients. Laboratory parameters that 

indicate this type of anaemia are decreased serum levels 

of haemoglobin (80-100 g/l) and haptoglobine, increased 

serum levels of indirect bilirubin and lactate dehydroge-

nase (LDH), the presence of fragmented parts of red blood 

cells (schistocytes) in the peripheral blood and a negative 

Coombs tests (Figure 2). Normal serum levels of liver en-

zymes exclude HELLP syndrome (haemolysis, elevated liver 

enzymes, low platelet count). The parameters of haemosta-

sis (thrombin time, activated partial thromboplastin time 

and fibrinogen) are usually normal, which helps differenti-

ate TTP from disseminated intravascular coagulation (1-5).

The diagnosis of TTP should be suspected in the pres-

ence of the clinical features and laboratory results described 

above. It is necessary to measure ADAMTS13 enzyme ac-

tivity for a definite diagnosis of TTP. The term “TTP” is 

gous carriers of mutations are quite rare; they occur fre-

quently in families with consanguinity. The activity of AD-

AMTS13 is significantly reduced in homozygous carriers 

(<5%) (3, 23). There are approximately 140 different mu-

tations of the ADAMTS13 gene, and the most frequently 

mentioned mutations in the literature are the single base 

insertion 4143insA in exon 29 and the missense mutation 

Arg1060Trp in exon 24 (24, 25). About half of the patients 

with hereditary TTP first exhibited signs and symptoms of 

the disease during the first year of life. In the other half of 

TTP patients, the disease occurred between the ages of 20 

and 40 years old. Only a few patients had their first attack 

of TTP after the age of 60 (5).

CLINICAL MANIFESTATION OF TTP

The TTP clinical pentad consisting of thrombocytope-

nia, microangiopathic haemolytic anaemia, neurological 

signs and symptoms, renal impairment and fever is not spe-

cific to TTP and, in the majority of patients, is not completely 

manifested. The clinical presentation depends on the organ 

affected by microvascular ischaemia. Microvascular isch-

aemia of the central nervous system manifests with head-

ache, somnolence, focal neurological disturbances, convul-

sions and coma. Renal impairment is usually manifested as 

intermittent proteinuria and haematuria, and only rarely as 

acute renal failure. Other, less common clinical manifesta-

tions of TTP include nausea, vomiting, abdominal pain, dis-

orders of heart rhythm, congestive heart failure, myocardial 

ischaemia and, in rare cases, sudden cardiac death (1-5, 26, 

Figure 1. Production and cleavage of ULvWF by ADAMTS13 in a normal subject and in a patient with TTP (original)

Abbreviations: ULvWF - ultralarge von Willebrand factor multimers; TTP - thrombotic thrombocytopenic purpura.



64

PAGE and western blotting and FRETS Assay (30, 31). The 

FRETS assay uses the truncated synthetic 73-amino-acid 

vWF peptide as a substrate for measuring ADAMTS13 ac-

tivity. This assay is rapid and more sensitive and specific 

than the others (32).

The indirect assays measure the residual substrate (i.e., 

vWF) or its disappearance. They include the collagen-

binding assay, ristocetin-induced aggregation and the 

enzyme-linked immunosorbent (ELISA) assays. In the col-

lagen-binding assay, after the incubation of purified vWF 

with patient’s plasma in the presence of 1.5 M urea, and 

10 mM BaCl
2
 for 16 to 24 hours, the amount of residual 

vWF is determined by its binding to human collagen type 

III. The bound vWF is quantified by the peroxidase-con-

jugated anti-vWF immunoglobulin G (IgG) on an ELISA 

plate, followed by a densitometry measurement (33, 34). 

The ristocetin-induced aggregation assay is similar to the 

collagen binding assay, but the residual vWF is measured 

by ristocetin-induced platelet aggregation using a platelet 

aggregometer (35). In the ELISA assay, a recombinant vWF 

fragment is immobilized onto an ELISA plate using an an-

tibody to a tag the vWF. After the incubation of the pa-

tient’s plasma with an immobilized substrate, an antibody 

to another tag detects the residual substrate. The photo-

lytic activity of ADAMTS13 is inversely proportional to 

the residual substrate concentration. This type of assay is 

relatively simple and sensitive (36).

The above described assays can detect inhibitory anti-

bodies but the FRETS assay appears to be the most sensi-

customarily used for thrombotic microangiopathy with 

measured ADAMTS13 activity less than 5-10% (depend-

ing on the type of test). An earlier study demonstrated that 

ADAMTS13 plasma activity of less than 5–10% appeared 

to be specific for TTP and helps to differentiate TTP from 

other thrombotic microangiopathies with a similar clinical 

appearance (11) (Figure 2). In addition, the serum concen-

tration of the vWF antigen and concentrations of inhibi-

tory and non-inhibitory antibodies to ADAMTS13 can be 

measured. Based on these tests results, specialists can dis-

tinguish congenital from acquired TTP (5, 29).

ADAMTS13 ASSAYS

The plasma assays that measure ADAMTS13 activity 

are based on the cleavage of plasma-derived or recombi-

nant vWF multimers. Depending on whether the assay 

measures the substrates of cleavage or the cleavage prod-

ucts themselves, the assays are either direct or indirect 

measurements, respectively (30, 31). 

The direct assays measure the cleavage products of vWF 

macromolecules, vWF A2 domain, or the small peptides 

GST-vWF-73 or FRETS-73. Agarose or polyacrylamide 

gel electrophoresis (PAGE), western blotting, and fluores-

cence resonance energy transfer (FRETS) techniques are 

used for the measurement of the cleavage products. There 

are several direct assays: SDS (sodium dodecyl sulphate) 

agarose gel electrophoresis and western blotting, SDS-

 Figure 2. Algorithm for the diagnosis and treatment of TTP (original)

Abbreviations: TTP - thrombotic thrombocytopenic purpura; FBC - full blood count; PEX - plasma 

exchange; FFP - fresh frozen plasma; TMA – thrombotic microangiopathy
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MANAGEMENT OF TTP

TTP is an acute, life threatening disease that demands 

immediate treatment in highly specialized facilities that 

can perform plasmapheresis. 

Plasmapheresis (plasma exchange) is the first-line 

treatment of patients with acquired and congenital TTP. 

This process removes the antibodies of ADAMTS13 in pa-

tients with acquired TTP. Fresh frozen plasma is used as 

a substitution for removed plasma during plasmapheresis 

(Figure 2). Fresh frozen plasma contains metalloproteinase 

ADAMTS13 and renews its concentration in the serum. 

Plasmapheresis should be administered within 24 hours of 

the clinical onset of TTP, and it should be administered 

daily for 3 consecutive days; during plasmapheresis, 1-1.5 

of the plasma volume should be exchanged. In patients 

who present with neurological deficit and signs of cardiac 

ischaemia, two plasmapheresis treatments per day are nec-

essary during the first three days of the disease. Daily plas-

mapheresis should be continued two days after the platelet 

count gets higher than 150x109/l, and then it should be 

stopped (29, 42, 43). 

During the initial treatment of acquired TTP, in addition 

to plasmapheresis, immunosuppressive drugs such as corti-

costeroids and anti-CD20 antibody (rituximab) can be used.

Faster immunosuppression and reduction of anti-AD-

AMTS13 antibodies is achieved with the administration of 

corticosteroids. There are no studies that demonstrate the 

advantage of any corticosteroid in particular, but methyl-

prednisolone is the most commonly used agent at a dose 

of 10 mg/kg per day. Studies have shown that higher doses 

of corticosteroids are more efficient than standard ones (1 

mg/kg per day) (44). Methylprednisolone is administered 

daily for three days, right after plasmapheresis, so that only 

a minimal amount of the drug is removed (29). 

Studies have shown that treatment of acquired TTP with 

rituximab lowers the number of necessary plasmapheresis 

sessions, shortens the duration of the hospitalization and 

diminishes the relapse risk. In one observational study, 40 

rituximab-treated patients were compared to 40 historical 

controls who did not receive rituximab and were treated 

with conventional therapy (plasmapheresis+corticosteroi

ds). The remission rate among the trial group was 93%, and 

among the controls, it was 95%. When the patients who were 

admitted to an intensive care unit were excluded, this study 

showed that the rituximab-treated patients had hospitaliza-

tions that were 7 days shorter. There was a statistically sig-

nificance difference in the percent of relapses and the time 

to relapse between those two groups. Only 10 percent of the 

trial cases relapsed, at a median of 27 months, compared to 

a 57% relapse rate among the historical controls, at a me-

dian of 18 months (45). There are no recommendations for 

the dosage and frequency of administration of rituximab. In 

the previously mentioned multi-centre study, rituximab was 

administered at a dosage of 375 mg/m2, once a week, for 4 

weeks in a row. In patients who exhibited a slower response, 

rituximab treatment was extended to 8 weeks (45). 

tive. An ELISA assay along with western blotting using 

the recombinant ADAMTS13 as an antigen can also be 

used to detect both inhibitory and non-inhibitory auto-

antibodies (37).

DIFFERENTIAL DIAGNOSIS OF TTP

In clinical practice, TTP should be differed from both 

typical and atypical HUS. HUS is a clinical syndrome 

that is characterized by thrombocytopenia, microangio-

pathic haemolytic anaemia, small vessel microthrombo-

sis and acute kidney injury (2, 38). Typical HUS is the 

result of endothelial cell damage, which is caused by the 

Shiga toxin of the Escherichia coli serotype O157:H7 (2, 

38). Atypical HUS is the result of dysfunction of alterna-

tive complement pathway regulating proteins, including 

complement factors I, complement factors B, comple-

ment factors H, membrane cofactor protein and comple-

ment C3 component (2, 38). To exclude both typical and 

atypical HUS, the following analyses should be done: mi-

crobiological examination of the stool (stool culture for 

Escherichia coli O157:H7 serotype), anti-lipopolysac-

charide antibodies and PCR (polymerase chain reaction) 

for Shiga toxin, and testing of the alternative comple-

ment pathway activity (2, 38).

For the differential diagnosis of TTP, a few more en-

tities should be considered such as disseminated intra-

vascular coagulation, an acquired coagulation disorder 

which is characterized by a small vessel microthrombosis 

and secondary haemorrhagic syndrome, often observed 

in systemic infections and malignancy (38). Antiphos-

pholipid syndrome, especially its rare clinical manifesta-

tion called catastrophic antiphospholipid syndrome, can 

make a differential diagnosis with TTP difficult because 

this clinical form of antiphospholipid syndrome pres-

ents with multi-organ failure due to thrombosis and also 

with thrombocytopenia and microangiopathic anaemia 

(39). Occasionally, heparin induced thrombocytopenia 

(HIT) can mimic TTP because of the organ failure due 

to thrombosis and consequent thrombocytopenia, but 

a normal platelet count before the initiation of heparin 

therapy in HIT and confirmation of the antibodies against 

the complex of heparin and platelet factor 4 distinguish 

those two disorders (40). HELLP syndrome should also 

be considered in pregnant women with thrombocyto-

penia and haemolytic anaemia. HELLP affects 0.5% to 

0.9% of all pregnancies and develops in 10% of patients 

with preeclampsia. The diagnostic criteria for HELLP 

syndrome include microangiopathic haemolytic anae-

mia, a lactate dehydrogenase level >600 U/ml, increased 

aspartate aminotransferase (≥ 40–70 U/ml, depending 

on the series), and thrombocytopenia (platelet count < 

100x109/l-150x109/l, depending on the series). Termi-

nation of pregnancy does not induce remission of TTP, 

unlike HELLP syndrome, so it is crucial to differentiate 

those two diagnoses (41). 
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tients with congenital TTP, recombinant ADAMTS13 is 

also resistant to antibody inhibition in most patients with 

acquired TTP (58). Caplacizumab is a potential new drug 

for the treatment of TTP. Caplacizumab is an anti vWf-

antibody that has shown high efficacy in the treatment of 

TTP in animal models (59). Caplacizumab binds to the 

N-terminal end of the A1 region of vWf and inhibits the 

interaction between vWf and platelets (60).

CONCLUSION

TTP has long been known as a life threatening disease. In 

the last decade, our understanding of the basic biochemistry of 

the VWF-ADAMTS13 axis has provided valuable insights into 

the pathogenesis of TTP. The better understanding of patho-

genesis of TTP has led to the development of new therapeutic 

strategies. In addition, assays that measure ADAMTS13 activ-

ity can help differentiate TTP from other thrombotic micro-

angiopathies with a similar clinical appearance. Although the 

mortality associated with TTP has been appreciably reduced, 

much remains to be learned, especially about how to treat pa-

tients who are refractory to the standard therapies.
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