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Summary

Thrombotic thrombocytopenic purpura (TTP), a potentially fatal clinical syndrome, is primarily 

caused by autoantibodies against the von Willebrand factor (VWF)-cleaving metalloprotease 

ADAMTS13. In general, severe deficiency of plasma ADAMTS13 activity (<10 IU/dL) with or 

without detectable inhibitory autoantibodies against ADAMTS13 supports the diagnosis of TTP if 

a patient presents with thrombocytopenia and microangiopathic hemolytic anemia (i.e. 

schistocytes, elevated serum lactate dehydrogenase, decreased hemoglobin and haptoglobin) 

without other known etiologies that cause thrombotic microangiopathy (TMA). Normal to 

moderately reduced plasma ADAMTS13 activity (>20 IU/dL) in a similar clinical context supports 

an alternative diagnosis such as atypical hemolytic uremic syndrome (aHUS) or other types of 

TMA. Prompt differentiation of TTP from other causes of TMA is crucial for the initiation of an 

appropriate therapy to reduce morbidity and mortality. While plasma infusion is often sufficient 

for prophylaxis or treatment of hereditary TTP due to ADAMTS13 mutations, daily therapeutic 

plasma exchange remains the initial treatment of choice for acquired TTP with autoantibodies. 

Immunomodulatory therapies, including corticosteroids, rituximab, vincristine, cyclosporine, 

cyclophosphamide, and splenectomy, etc. should be considered to eliminate autoantibodies for 

sustained remission. Other emerging therapeutic modalities, including recombinant ADAMTS13, 

adeno-associated virus (AAV) 8-mediated gene therapy, platelet-delivered ADAMTS13, and 

antagonists targeting the interaction between platelet glycoprotein 1b and VWF are under 

investigation. This review highlights the recent progress in our understanding of the pathogenesis, 

diagnosis, and current and potential novel therapies for hereditary and acquired TTP.
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Introduction

Thrombotic microangiopathies (TMA) are a group of heterogeneous disorders characterized 

by disseminated thrombus formation in arterioles and capillaries resulting in 

thrombocytopenia, microangiopathic hemolytic anemia (MAHA), and potential end organ 

injury [1]. Thrombotic thrombocytopenic purpura (TTP) and hemolytic uremic syndrome 

(HUS) are two prototypes of TMA [2], although TMAs can also occur secondary to multiple 

other systemic disorders including malignant hypertension, infections, medications, 

malignancy, and HELLP (hemolysis, elevated liver enzyme, low platelets) syndrome, etc.

The estimated incidence of TTP ranges from 3 to 11 cases per million residents per year [3]. 

Prompt diagnosis and urgent initiation of plasma therapy are critical to reduce the mortality 

and morbidity rates. The estimated annual incidence of HUS ranges from 2 to 6 per 100,000 

residents. The underlying pathophysiology of HUS was outlined in a recent review article, 

which includes infection with shigatoxin-producing E. coli (STEC) [4] and less commonly 

(0.5 to 2 per million population) non-infection associated etiologies such as complement 

dysregulation or activation of platelets. While plasma infusion or exchange is highly 

efficacious in treating TTP, it does not work for aHUS. Nearly 80% patients progressed to 

end-stage renal disease within 3 years of diagnosis despite plasma exchange therapy [5, 6]. 

Instead, anti-complement C5 (i.e. eculizumab) therapy is much more efficacious and should 

be the first-line therapy for patients with aHUS [7].

Differentiating TTP from other TMAs can be challenging given their significant overlap in 

clinical presentation but this distinction is critical for selecting an appropriate therapy for 

these patients. Herein, we review the current understanding of the pathogenesis, the 

diagnosis and differential diagnosis, and the current and potential novel therapeutics for TTP 

and other TMAs.

A brief history

TTP was first described by Dr. Eli Moschcowitz in 1924 [8] when a 16-yr-old girl came to 

hospital with fever, anemia, and weakness who subsequently developed paralysis and coma 

in the two weeks leading up to her death; autopsy revealed disseminated hyaline thrombi in 

the terminal arterioles and capillaries of heart, kidney and liver but the moderate size vessels 

were unaffected.

In 1966, Amorosi and Ultman [9] proposed the “pentad” for the diagnosis of TTP after 

reviewing over 270 cases. The “pentad” features include fever, hemolytic anemia, purpura or 

bleeding associated with thrombocytopenia, neurological signs, and renal disease presented 

with hematuria and/or proteinuria or elevated blood urea nitrogen. Over time, with 

increasing disease awareness, education, and advances in our understanding of the 

pathogenesis and diagnosis of TTP, the percentage of patients with a typical “pentad” 
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presentation has decreased [10, 11]. Currently, the presence of thrombocytopenia and 

microangiopathic anemia (increased lactate dehydrogenase (LDH), reduced hemoglobin and 

haptoglobin, and fragmentation of red blood cells, etc.) is sufficient for presumptive 

diagnosis of TTP.

Pathogenesis of TTP had been a mystery for nearly half a century until a seminal report by 

Moake et al [12]. They described the presence of “unusually large” (UL) multimers of von 

Willebrand factor (VWF) in plasma of patients with chronic relapsing TTP. The ULVWF 

could be detected in plasma during remission but disappeared in the acute episodes. They 

hypothesized that the lack of a VWF-depolymerase might be the cause of TTP in these 

patients. The deficiency of this mysterious VWF-depolymerase was first reported in patients 

with hereditary TTP by Furlan et al [13] and later in patients with acquired chronic relapsing 

TTP by Tsai [14]. Several groups in 2001 successfully purified this protease (Fig. 1), which 

was named ADAMTS13 (A Disintegrin And Metalloproteinase with ThromboSpondin type 

I motif (ADAMTS), 13) [15–17]. Mutations in ADAMTS13 were identified to be the causes 

of hereditary TTP [18].

Over the past decade and half, significant progress has been made in our understanding of 

the structure-function relationship and regulation of ADAMTS13 function [19, 20], the 

development of novel diagnostic tests [21, 22] and various therapeutic modalities [23–27], 

and the implication of ADAMTS13 deficiency in pathogenesis of hereditary and acquired 

autoimmune TTP. Additionally, further insight has been gained into the role of ADAMTS13 

in other thrombotic and inflammatory disorders, including myocardial infarction, ischemic 

strokes, preeclampsia, and malignant malaria, etc. [28] (Fig. 1).

Terminology

A consensus on the standardization of terminology in TTP and related TMAs has recently 

been published on behalf of the International Working Group for TTP [29].

TMA is a pathological term, describing occlusive microvascular or macrovascular disease, 

often with intraluminal thrombus formation and endothelial swelling or damage. It is defined 

clinically by thrombocytopenia and microangiopathic hemolytic anemia (MAHA), although 

this does not specifically define a condition; therefore, further investigations are required to 

identify the underlying cause for TMAs, including TTP.

MAHA was initially described to result from intravascular coagulation that leads to 

mechanical destruction of red blood cells (i.e. anemia and fragmentation of red blood cells) 

as they traverse through platelet and/or fibrin rich thrombi. This process occurs in TTP but 

can also be seen in many other pathological conditions including HUS, disseminated 

malignancy, malignant hypertension, severe preeclampsia, cavernous hemangioma, 

disseminated intravascular coagulation (DIC), etc. Additionally, mechanical destruction of 

red blood cells can occur in patients with prosthetic heart valves, ventricular assisted 

devices, and extracorporeal membrane oxygenation in the absence of thrombosis and fibrin.

TTP is defined by the presence of MAHA and moderate to severe thrombocytopenia, with or 

without signs and symptoms of associated end organ dysfunction including neurologic, 
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cardiac, gastrointestinal, and renal involvement. Oliguric or anuric renal failure requiring 

renal replacement therapy is not a typical feature of TTP [30, 31]. Severe ADAMTS13 

deficiency resulting from inherited mutations of ADAMTS13 is the cause of hereditary TTP, 

whereas inhibitory antibodies against ADAMTS13 result in the more common acquired 

(autoimmune) TTP [14, 32] (Fig. 2).

In contrast, HUS is defined by the presence of MAHA and thrombocytopenia with 

predominant renal injury with plasma ADAMTS13 >10 IU/dL. Thrombocytopenia may not 

be as severe as in TTP and anemia at presentation can be variable [29] (Fig. 2). Infection-

associated HUS is typically caused by toxins produced by certain bacteria (i.e. E Coli 
O157:H7 or other serotypes) [33, 34], primarily occurring in children less than 5 years old, 

while aHUS is caused by overwhelming activation of the complement system, resulting from 

a gain-of-function mutation of complement C3 or factor B or a loss-of-function mutation of 

complement factor H, factor I, membrane cofactor protein, thrombomodulin [35], or by 

platelet activation due to the mutations in diacylglycerol kinase epsilon (DGKE) [36]. 

However, only about 50% aHUS cases have identifiable genetic abnormalities and 1–2% of 

aHUS patients may have autoantibodies against CFH. The underlying etiologies for other 

50% aHUS cases are yet to be identified [4].

Diagnosis

Clinical features

TTP presentations vary significantly and thus clinicians must maintain a high index of 

suspicion for diagnosis; in the early stages, symptoms may be non-specific including 

weakness, confusion, headache, nausea, vomiting and diarrhea. With progression of the 

disease, specific signs and symptoms of organ injury may evolve. Neurological symptoms 

such as ischemic stroke, coma, and seizures may be developed in approximately 10% of 

cases. Chest pain and elevated serum troponin I may be present in acute TTP, but ST-

elevation or non-ST elevation myocardial infarction is rare [37]. Recent study shows that 

acute renal failure may occur in more than 50% of TTP cases [38].

Laboratory tests

The blood specimen for evidence of thrombocytopenia, microangiopathic hemolysis, 

ADAMTS13 activity, and end organ injury must be drawn prior to initiation of plasma 

therapy. TTP patients present with severe thrombocytopenia (platelet count usually 

<30×109/L), decreased hemoglobin and hematocrit, significantly elevated lactate 

dehydrogenase (LDH), low haptoglobin, increased indirect bilirubin, and presence of 

schistocytes on peripheral blood smear [10, 39]. Schistocytes are formed when red blood 

cells travel through the VWF-platelet or fibrin network, resulting in mechanical destruction. 

The International Council for Standardization in Haematology (ICSH) recommends that 

schistocytes should be reported as the percentage after counting at least 1,000 red blood cells 

on a peripheral smear. A value of >1% schistocytes is suggestive of TMA in the absence of 

an alternative diagnosis [40]. A higher percentage (>4%) of schistocytes may be required to 

diagnose TMA associated with hematopoietic progenitor cell transplant (HPCT), as the 

fragmentation of red blood cells is a common finding in patients after whole body irradiation 
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and chemotherapy [41]. Schistocytes may be absent in the early disease course but can 

persist despite clinical remission (i.e. normalization of platelet counts and LDH) after 

plasma exchange therapy [42].

Plasma ADAMTS13 activity is a key laboratory parameter for differential diagnosis. Plasma 

ADAMTS13 activity (<10 IU/dL) is highly specific for TTP [14, 32]. However, normal or 

mildly reduced plasma ADAMTS13 activity may be seen in a variety of hematological or 

non-hematological disorders, as well as other types of TMA [32, 43]. A recent study 

demonstrates that if a cut-off of ADAMTS13 activity <20 IU/dL is used to diagnose TTP, 

ADAMTS13 test has a sensitivity and specificity of 100% and 99%, respectively, with a 

positive predictive value of 91% and negative predictive value of 100% after excluding 

interfering conditions like infection, HPCT, and DIC [44].

ADAMTS13 assay for diagnostic purpose is mostly a FRETS-based [21], followed by 

ELISA [45, 46], mass spectrometry [47], and coagulation analyzer-based [48] assays. Each 

has its advantages and disadvantages, but will produce ADAMTS13 activity results within 

an hour to several hours. If ADAMTS13 activity is less than 30%, the laboratory will 

perform the mixing study to identify the anti-ADAMTS13 inhibitor levels. Interpretation of 

the test results should be performed in conjunction with evaluation of the clinical 

information, as pre-analytical variables such as overt hemolysis and increased bilirubin may 

result in a falsely low ADAMTS13 activity in many FRETS-based assays [49, 50], Such 

interference has less effect on the ELISA-, mass spectrometry-, or coagulation analyzer-

based assay or some other newer FRETS-based assays using different labels [50].

Scoring systems

In the acute setting if ADAMTS13 results are not readily available, there are scoring systems 

that can be used to predict whether a patient has severe ADAMTS13 deficiency. Coppo et al 

[51] proposed three criteria at presentation, including creatinine <2.2 mg/dl, platelet 

count<30×109/L, and positive antinuclear antibody; this scoring system has a positive 

predictive value of ~99% with specificity of ~98%, but a low sensitivity of 46%. These two 

criteria: creatinine and platelet count, are sufficient to predict severe ADAMTS13 deficiency 

(<10 IU/dL) with adjusted Odds ratios of >20 and 9, respectively [51]. Another recently 

developed scoring system, the PLASMIC score, uses seven criteria: platelet count 

<30×109/L, hemolysis variable, no active cancer, no history of transplant, MCV <9×10−14 L, 

INR<1.5, and creatinine <2 mg/dL[52]. The PLASMIC score has similar predictive values 

as the Coppo’s scoring system but is better at predicting severe ADAMTS13 deficiency in 

low-risk patients [52].

Differential diagnosis

TTP must be distinguished from aHUS (Fig. 2) and other TMAs (Table 1), including certain 

medications, occult malignancy, malignant hypertension, HELLP syndrome, and DIC. An 

initial platelet count ≥30×109/L and serum creatinine ≥2.3 mg/dL almost eliminate TTP and 

severe deficiency of plasma ADAMTS13 activity [51], therefore, other causes of TMAs 

should be actively sought because the treatment and long-term outcome are quite different.
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a. Therapeutic drug-associated TMA

Ticlopidine and clopidogrel are anti-platelet agents with similar chemical structures, the 

derivatives of thienopyridine. Ticlopidine-associated TMA occurs in the first few weeks 

after initiation of treatment. These patients usually exhibit severe deficiency of ADAMTS13 

activity resulting from autoantibodies against ADAMTS13, and respond to plasma exchange 

therapy [53]. Clopidogrel-associated TTP occurs during the first week and does not seem to 

be associated with severe ADAMTS13 deficiency or detectable inhibitors [54]; therefore, 

plasma exchange is usually not effective. Treatment in these cases relies on the 

discontinuation of the drug. Similarly, quinine can cause immune-mediated TMA with acute 

kidney injury and may also cause liver toxicity or DIC [55, 56]. All patients improved with 

plasma exchange and prednisone. Calcineurin inhibitors (CNI) such as cyclosporine and 

tacrolimus, used as immunosuppressive drugs after solid organ transplantation, are also 

known to cause TMA more resembling aHUS. The estimated incidence ranges from 1.1% to 

3.6% of kidney transplant recipients [57]. The TMA occurs at a median of 7 days post-

transplant and presents with worsening renal function after acute rejection is excluded [58]; 

histological analysis may reveal capillary thrombosis, subendothelial cell swelling, and 

inflammatory infiltrate. CNI may cause TMA by various different mechanisms: decrease in 

thrombomodulin activity, endothelial injury, enhanced VWF release by cremophor (CNI-

vehicle) by increasing cytosolic calcium, and changes in thromboxane A2-prostacyclin ratio. 

Karthikeyan reported a graft salvage rate of 80% when CNIs were stopped and plasma 

exchange was performed [59]. Treatment with reducing or stopping CNIs alone could result 

in significant graft loss (40–57%) [59–61].

b. Chemotherapy-induced TMA

Some of these occur due to cumulative toxicity as with mitomycin and gemcitabine and tend 

to cause renal injury and uncontrolled blood pressure [62]. The mechanism is unclear but 

endothelial injury or endotheliopathy is likely the underlying mechanism [63]. TMA 

secondary to anti-VEGF therapy tends to present as hypertension, proteinuria, and rarely 

renal failure. This may due to blockade of the interaction of VEGF secreted by podocytes 

and its interaction with VEGFR2 receptor on glomerular endothelial cells that is important 

for endothelial function. ADAMTS13 is usually normal or mildly low (>20 IU/dL or 20%) 

in such cases [64]. Withdrawal of the mitomycin and gemcitabine should be the first 

measure in a suspected case of TMA. There have been reports of use of rituximab and 

eculizumab in refractory cases of chemotherapy-induced TMA while the role of plasma 

exchange is unclear[65].

c. Transplant-associated TMA

Patients with solid-organ and bone marrow transplantation may present with TMAs, likely 

caused by infections, graft-versus-host disease, humoral rejection, and medication. TMA 

associated with transplantation most commonly affects the kidneys but can manifest with 

gastrointestinal, pulmonary, neurologic, or cardiac involvementand typically has normal or 

mildly low ADAMTS13 activity., There are rare case reports of severe deficiency of 

ADAMTS13 activity in the presence of an inhibitor in lung- [66] and kidney-transplant 
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patients [67]. Medications, including CNIs, anti-VEGF bevacizumab, and sirolimus have 

been implicated to cause TMA in this population [68].

Antibody-mediated rejection in a renal allograft can have similar histological features to 

TMA. Predominant endarteritis, presence of C4d staining of peritubular capillaries, and 

donor-specific antibody may favor the diagnosis of humoral rejection [69]. It is also 

important to rule out infections as a cause of TMA in a transplant recipient including 

bacterial, viral, and fungal pathogens.

d. Malignancy-associated TMA

The estimated incidence is between 0.25 and 0.45 cases per million residents [70], lower 

than that of autoimmune TTP. The mechanism underlying TMA may be multifactorial: the 

obstruction of microcirculation by invading cancer cells, microvascular thrombosis, DIC, 

and chemotherapeutic agents. Lechner et al [70] reviewed 154 cases of malignancy-

associated TMA, more than 90% of the cases showed metastatic cancer when TMA was 

diagnosed; 24% of patients had renal or neurological involvement, 36% had 

leukoerthyroblastic presentation on peripheral smear, and 36% had low fibrinogen with 

elevated fibrin degradation products or dimer, suggestive of DIC. A majority of cancers were 

gastric, breast, prostate, or lung in origin and about 30% of patients had pulmonary 

symptoms/involvement. Therefore, in TMA patients with pulmonary involvement an occult 

malignancy should be aggressively sought. Plasma ADAMTS13 activity in malignancy-

associated TMA is usually normal or modestly reduced (35–84 IU/dL) [71]. Severe 

deficiency of ADAMTS13 activity (<10 IU/dL) with IgG antibody was reported in a few 

cases [72]. Therefore, the presence of TMA with any of the following clinical features 

including elderly age, prior history of cancer, involvement of the lungs (i.e. pleural effusion 

and interstitial infiltrate), extreme elevation of serum LDH, laboratory features of DIC (i.e. 

reduced levels of fibrinogen and increased D-dimer), and symptoms of progressive cancer 

should prompt a thorough search for an occult malignancy [72].

e. Malignant hypertension-associated TMA

Severely elevated blood pressure with associated retinal changes (i.e. flame-shape 

hemorrhage, cotton wool spots and papilledema) is a characteristic feature of malignant 

hypertension [73, 74]. Patients with malignant hypertension may present with MAHA, 

thrombocytopenia, and renal failure; conversely, patients with TMA sometimes can also 

present with severe hypertension, especially those with renal involvement. The 

hypertension-associated TMA improves after aggressive control of blood pressure. Patients 

with malignant hypertension presented with schistocytes, a mean systolic blood pressure of 

159 mm Hg, renal failure (mean creatinine 5.3 mg/dL), and a modest reduction of platelet 

count (mean 60×109/L) with plasma ADAMTS13 activity usually >10 IU/dL [75, 76]. The 

reduced ADAMTS13 activity might be caused by consumption related to endothelial 

activation and increased levels of plasma VWF. A significantly inversed correlation between 

plasma VWF and ADAMTS13 activity (r=−0.34, p=0.03) was observed in patients with 

malignant hypertension [76]. Aggressive blood pressure control therapy is warranted to 

mitigate the organ damage.
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f. Pregnancy-associated TMA

Between 1:25,000 and 1: 100,000 pregnant women develop signs and symptoms of TMA 

[77], 3–10 times higher than idiopathic TTP. Both TTP and aHUS can occur during 

pregnancy and after delivery. Immediate delivery of the fetus is sometimes the only effective 

treatment for TMA patients during pregnancy; additional therapy such as plasma infusion, 

plasma exchange, and anti-complement therapy may be necessary, depending on the 

underlying diagnosis. While severe ADAMTS13 deficiency or complement dysregulation 

alone is often not sufficient to cause acute TTP or aHUS, respectively, pregnancy may be a 

precipitating factor for these diseases.. In the French registry of 42 pregnancy-associated 

TTP cases, 23 patients had autoantibodies against ADAMTS13 and were diagnosed as 

acquired TTP while 19 patients did not have autoantibodies and were confirmed to have 

hereditary TTP after sequencing analysis of ADAMTS13 gene. The most common mutation 

found in these patients was p. Arg1060Trp and most patients were compound heterozygotes. 

The associated conditions along with pregnancy were: ovarian stimulation, viral infection, 

thyroiditis, HIV, lupus, or anti-phospholipid syndrome (APS) [77].

The level of VWF increases during pregnancy with a concomitant decrease in ADAMTS13 

activity, mainly due to consumption or related to estrogen, in the second and third trimester 

that persists for few weeks postpartum [30]. Some clinical and laboratory features may 

provide a hint towards a specific diagnosis. TTP may occur at any point in pregnancy or in 

post-partum period while acute fatty liver (AFL) and HELLP syndrome typically occur in 

second and third trimesters; additionally, the presence of severe renal injury may be more 

suggestive of aHUS or HELLP syndrome than TTP. Acute renal injury in HELLP syndrome 

is usually associated with acute tubular necrosis without thrombosis, which may improve 

with conservative management [78]. Symptoms of abdominal pain, headache, fever, and 

nausea may be seen in many different TMAs, but hypoglycemia is not a presenting feature 

of TTP or aHUS and may be more suggestive of AFL or HELLP syndrome. It is critical to 

obtain an ADAMTS13 level on the first day of presentation prior to initiation of plasma 

therapy. An ADAMTS13 activity (<10 IU/dL) with or without an autoantibody is diagnostic 

for TTP. Other clues towards TTP include platelet count (≤30×109/L) or other signs and 

symptoms that do not improve after delivery of a fetus. Plasma infusion or exchange therapy 

should be started immediately when the index of suspicion for hereditary or acquired TTP, 

respectively, is high or a presumptive diagnosis of TTP has been made.

h. DIC-associated TMA

Patients with DIC may exhibit features of TMA with underlying causes, including severe 

trauma, sepsis, malignancy, preeclampsia/HELLP syndrome, etc. Because of the 

consumptive coagulopathy, patients with DIC have prolonged prothrombin time and 

activated partial thromboplastin time, elevated fibrin degradation products or D-dimer, 

reduced fibrinogen, and increased thrombin time. Fibrinogen is also an acute phase reactant, 

and therefore normal values do not exclude ongoing consumptive coagulopathy. 

Thrombocytopenia is a common feature of DIC although an extremely low count 

(≤20×109/L) is rare. Various scoring systems are available for diagnosis of DIC, including 

one developed by ISTH [79]. This scoring system should only be used in patients with an 

underlying disorder that is known to cause DIC; prospective studies in an intensive care unit 
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setting showed that the ISTH scoring system had a sensitivity and specificity of 91% and 

97%, respectively, for the diagnosis of DIC. Thus, in appropriate clinical situations, DIC 

should be ruled out given that a significantly low ADAMTS13 activity (<10 IU/dL) may 

occur.

g. Infection-associated

Systemic bacterial, viral, or fungal infections can cause MAHA and thrombocytopenia and 

therefore should always be considered during evaluation of such patients. This is more 

relevant for elderly patients who have fever or chills associated with features of TTP. An 

infection can also trigger an acute episode of TTP and it may be difficult to differentiate 

whether the infection is the cause or a trigger. The ADAMTS13 activity in patients with 

infection-associated TMA is usually low normal (>20 IU/dL). Severe sepsis, Dengue, 

endocarditis, and sepsis-induced DIC have been reported to cause severe ADAMTS13 

deficiency in the absence of an inhibitor [80, 81]. The underlying mechanism is 

multifactorial but unified by: endothelial damage leading to increased VWF release and 

increased consumption of ADAMTS13, bacterial enzymes leading to ADAMTS13 

proteolysis, and cytokine mediated protease inhibition [80]. Also, neutrophil extracellular 

traps (NETs), chromatin fibers (containing histones and antimicrobial proteins) released 

from neutrophils during infection/inflammation, may result in thrombosis due to their ability 

to cause platelet aggregation and adhesion. Elevated markers of NETs have been 

demonstrated in patient plasma during acute TMA episodes [82]. Plasma DNAse1 is 

required to degrade NETs and prevent thrombosis and this may be lacking in some patients 

with an acute TMA episode [83].

In a HIV-infected patient, features of TMA may be due to multiple causes including 

coexisting TTP. These include advanced disease with opportunistic infections (HHV-8 and 

CMV), malignancies (Kaposi sarcoma), and anti-viral medications. In addition, during 

immune reconstitution with initiation of highly active antiretroviral therapy (HAART) 

therapy, elevated levels of cytokines (IL-6 and IL-8) may inhibit ADAMTS13 activity and 

result in features of TMA [68, 84]. In a large study of HIV-infected patients, two subsets of 

TMA were described: those with <5 IU/dL ADAMTS13 activity had higher CD4 count, 

fewer AIDS-related complications, and better prognosis in contrast to those with >5 IU/dL 

ADAMTS13 activity. There was no difference in platelet count, renal function, or neurologic 

symptoms in those 2 groups. This was attributed to higher levels of serum VWF and 

moderately low ADAMTS13 activity, a result of endothelial activation/injury in advanced 

disease either due to direct endothelial effects of HIV or other opportunistic infections. 

Patients with higher CD4 cell count and less severe disease may encounter an autoimmune 

process of TTP [84]. Plasma apheresis should be considered in a HIV-patient who has 

features of TMA in the presence of severe ADAMTS13 deficiency provided other 

opportunistic infections, malignancies, and other causes have been ruled out. HAART 

should be considered in patients with HIV-related TMA with severe ADAMTS13 activity 

along with plasma exchange, remaining cognizant that immune reconstitution during 

HAART may precipitate an acute flare. In addition, HHV-6 and CMV can cause vascular 

endothelial injury and have features of TMA [85].
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Therapies

Current therapies

To date, prophylactic plasma infusion remains the mainstay for treatment of hereditary TTP 

resulting from mutations in ADAMTS13. Based on the study described by Furlan et al [86], 

the half-life of infused plasma ADAMTS13 was between 2–3 days. For prophylactic 

purpose, 5 ml/kg bi-weekly fresh frozen plasma seemed to be sufficient to prevent acute 

episodes. However, when acute TTP has developed, 10 ml/kg every 1–2 weeks may be 

necessary for treatment [87]. Hopefully recombinant ADAMTS13 will soon become the 

standard of care for treating hereditary TTP [88].

Therapeutic plasma exchange (TPE) is the treatment of choice for acquired TTP due to 

autoantibodies against ADAMTS13. The first reported success of using plasma as part of 

treatment for acquired TTP was reported in 1977; more than 60% of acquired TTP patients 

responded to plasma treatment [89]. Randomized trial demonstrated the superiority of 

plasma exchange over plasma infusion in survival [39]. Other immunosuppressive therapies, 

including corticosteroids, vincristine, cyclophosphamide, cyclosporine, and rituximab (a 

humanized monoclonal antibody against B-cell surface antigen CD20), and bortezomib (a 

proteasome inhibitor that targets plasma cells) [90, 91], may be prescribed in patients with 

acquired TTP to eliminate antibody formation and sustain a long-term remission. Since TTP 

results in platelet-rich thrombus in microcirculation, physicians treating TTP patients are 

sometimes reluctant to use platelet transfusion. Swisher et al. suggests based on their cohort 

that platelet transfusion should be minimized but can be considered in patients with overt 

bleeding and also during invasive procedures in patients with severe thrombocytopenia [92].

Potential novel therapies

Various novel therapies have been tested in preclinical animal models. AAV8-based gene 

therapy expressing a murine C-terminal truncated ADAMTS13 (i.e. mMDTCS) in the liver 

appears to be highly successful in a murine model of hereditary TTP [23]. A single injection 

of AAV8-hAAT-mMDTCS vector at a dose >2.6 × 1011 vector genome per kilogram body 

weight resulted in a long-term expression of functional ADAMTS13 at therapeutic levels, 

which prevented shigatoxin-induced TTP in Adamts13−/− mice [23]. Other gene therapy 

approaches include the transplantation of hematopoietic progenitor cells transduced with 

lentiviral vector encoding a full-length ADAMTS13 [93] and the liver expression of a full-

length ADAMTS13 by sleeping beauty transposon SBX100 system [94]. In addition, ectopic 

expression of a full-length recombinant ADAMTS13 in megakaryocytes and platelets in 

Adamts13−/− mice also showed protection against TTP after VWF or shigatoxin challenge in 

the presence of anti-ADAMTS13 antibody [24]. N-acetylcysteine, which contains free thiols 

and is therefore able to reduce disulfide bonds, has been shown to be efficacious in 

preventing recombinant VWF-induced TTP in Adamts13−/− mice. However, N-

acetylcysteine was not effective in reversing TTP signs in Adamts13−/− mice or baboon 

models despite a reduction in VWF multimer size [95]. More recently, Zheng et al 

demonstrated that the blockade of VWF-platelet glycoprotein 1b (GP1b) interaction by 

anfibatide, isolated from snake venom, was also efficacious for preventing or treating 

spontaneous and shigatoxin-induced TTP in Adamts13−/− mice [96]. Similar results were 
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obtained in a baboon model with caplacizumab, a nanobody targeted at the VWF-A1 

domain, thereby blocking VWF-platelet GP1b interactions [97]. The therapeutic efficacy of 

the VWF-GP1b blockage has been recently demonstrated in a phase II clinical trial for 

acquired TTP [27]. Patients with acquired TTP received subcutaneous injection of 

caplacizumab (10 mg) daily or placebo during plasma exchange and for 30 days afterward. 

The time to a response was significantly reduced with caplacizumab as compared with 

placebo (39% reduction in median time, p=0.005).

In summary, recent progress in ADAMTS13 testing has allowed us to distinguish TTP from 

other TMAs with great confidence. However, the potential triggers for acute TTP in light of 

severe ADAMTS13 deficiency remain elusive. Infection, pregnancy, certain medications 

[54], complement activation [98, 99], and neutrophil activation and the release of human 

neutrophil peptides [100], extracellular DNA and histones [82, 83], etc. may all trigger the 

acute episode of TTP. While plasma infusion or exchange appears to be effective in most 

patients with hereditary or acquired TTP, respectively, in-hospital mortality and exacerbation 

or relapse remains a great concern. Therefore, further understanding of the potential triggers, 

identification of a biomarker for predicting long-term outcome or relapse, and development 

of additional novel and more effective therapies are urgently needed.
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Fig. 1. Historic prospective of TTP research
Several landmark discoveries have been made since the initial case report in 1924, leading to 

understanding pathogenesis of TTP, basic biology of ADAMTS13 metalloprotease, and the 

association of ADAMTS13 abnormality with other arterial and inflammatory diseases. Here, 

VWF-cp denotes VWF-cleaving protease.
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Fig. 2. Algorithm for differentiating TTP from aHUS and their therapeutic modalities
Plasma ADAMTS13 activity <10 IU/dL is the single most important test for differentiating 

TTP from aHUS after excluding other known causes of TMA, including disseminated 

intravascular coagulation (DIC), mechanic valves, and malignant hypertension (MHTN). 

Other clinical features including the platelet counts (<30×109/L), degree of renal injury 

(creatine<2.2 mg/dL), and swift response to plasma exchange therapy are also crucial for the 

initial diagnosis before ADAMTS13 activity becomes available. The asterisk (*) indicates 

that the cut-off value may vary from laboratory to laboratory depending on the assay used. 

The double asterisks (**) indicate that ADAMTS13 activity in non-TTP patients is usually 

much higher than 10 IU/dL.
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Table 1

Differential diagnosis of TTP* from other TMAs

TTP

• Hereditary TTP: Mutations in ADAMTS13

• Acquired TTP: Autoantibodies against ADAMTS13

HUS

• Infection-associated HUS: Shigatoxin-producing E. Coli, shigella, and pneumococci, etc.

• Atypical HUS: Complement activation, platelet activation, and unknown etiology

Other TMAs

• Medications-induced: Calcineurin Inhibitors

• Chemotherapy-associated: Gemcitabine, mitomycin, and anti-VEGF therapy

• Transplantation-associated: Solid organ and hematopoietic stem cell transplantation

• Malignancy-related: Disseminated breast, lung, and gastric cancers

• Infections: HIV

• Disseminated intravascular coagulation (DIC)

• Pregnancy-associated: HELLP syndrome and preeclampsia

• Malignant hypertension

*
TTP, thrombotic thrombocytopenic purpura; HUS, atypical hemolytic uremic syndrome; TMAs, thrombotic microangiopathies; HIV, human 

immune deficiency virus; HELLP, Hemolysis, Elevated liver enzymes, and Low platelet count
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