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Background: Acquired or immune-mediated TTP (iTTP) is a life-threatening thrombotic 
microangiopathy, characterized by the presence of microangiopathic hemolytic anemia and 
severe thrombocytopenia, and a variable degree of ischemic organ damage, related to 
a severe deficiency of ADAMTS13, which is a serine metalloprotease necessary for cleavage 
of large vWF multimers. There has been a dramatic decrease in mortality rates with the 
recognition of the pathophysiology of iTTP over the years. Although therapeutic plasma 
exchange (TPE) together with corticosteroids are the backbone of the upfront treatment of 
patients with iTTP with successful outcomes, patients may remain refractory and/or relapse 
following an initial response to this treatment.
Methods: We performed a review regarding the pathogenesis, diagnosis, treatment strate-
gies, monitoring, and prognosis of iTTP.
Results: There are several new treatment strategies, which can be used among these 
patients, helping in improving outcomes of iTTP. Rituximab has been shown to be a safe 
and effective adjunct to TPE, especially in patients with refractory and/or relapse as well as it 
is increasingly used preemptively to prevent exacerbation or recurrence. Recently, caplaci-
zumab, a nanobody targeting vWF, was approved as an addition to the current regimen of 
TPE and immunomodulation for patients of iTTP.
Conclusion: Specific predictors of relapse in patients in remission can be relevant for an 
optimal patient management. Different models including ADAMTS13 biomarkers can pro-
vide a new screening strategy to identify patients who may predict outcomes and the risk of 
relapse, benefit from preemptive therapy prior to relapse.
Keywords: immune-mediated thrombotic thrombocytopenic purpura, ADAMTS13, 
caplacizumab, monitorization, outcome, TTP

Introduction
Thrombotic microangiopathies (TMAs) are a group of disorders, which are gen-
erally associated with thrombocytopenia and microangiopathic hemolytic anemia 
(MAHA).1 Thrombotic thrombocytopenic purpura (TTP) is a TMA which can be 
divided into 2 as hereditary (Schulman-Upshaw syndrome) and acquired or 
immune-mediated TTP (iTTP), and iTTP can be further divided into two as primary 
and secondary.

Secondary TTP can be associated with various disorders including connective 
tissue disease (such as systemic lupus erythematosus, Sjogren’s syndrome, and 
rheumatoid arthritis), infectious agents (such as HIV infection, cytomegalovirus 
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infection), drugs (including ticlodipine, quinine, gemcita-
bine and mitomycin) and pregnancy.2 Primary iTTP occurs 
due to acquired deficiency of ADAMTS13, a serine metal-
loprotease required for the cleavage of ultra-large von 
Willebrand factor (vWF) multimers.1,3 iTTP can be distin-
guished from other causes of MAHA by severe 
ADAMTS13 deficiency and the presence of an inhibitor 
(autoantibody directed against ADAMTS13). It is an acute 
rare syndrome and medical emergency that can rapidly 
show a fatal course if the diagnosis and/or treatment is 
delayed.4,5

Although TPE together with corticosteroids are the 
cornerstone of the upfront treatment of iTTP generally 
with successful outcomes, patients may remain refractory 
and/or relapse following an initial response to this treat-
ment. Twice-daily plasma exchange and some agents 
including rituximab and caplacizumab can be utilized in 
the management of refractory iTTP.4 On the other hand, 
exacerbation/relapse may occur during the follow-up in 
about half of patients. All patients with a relapsed iTTP 
should be treated promptly with TPE and corticosteroids 
and rituximab and/or caplacizumab can be used in selected 
patients. Also, splenectomy may be an option, especially 
for those with multiple relapses.4

Specific predictors of relapse in patients in remission 
can be relevant for an optimal patient management. 
ADAMTS13 testing may also provide prognostic informa-
tion, with lower levels of ADAMTS13 and higher levels of 
anti-ADAMTS13 antibodies associated with higher 
relapse rates. Therefore, close follow-up of patients, use 
of ADAMTS13-based objective tests (ADAMTS13 activ-
ity, inhibitor, autoantibody, conformational change) in fol-
low-up and interpretation of these tests are important to 
identify patients who may predict outcomes and the risk of 
relapse, benefit from preemptive therapy with rituximab 
prior to relapse.6,7

This review mainly focuses on the assessment and 
monitoring of patients with primary iTTP together with 
overviewing the strategies to improve outcomes.

Pathogenesis of iTTP
In iTTP, an autoantibody against ADAMTS13 is produced, 
which leads the neutralization of ADAMTS13 that phy-
siologically cleaves the ultra-large multimers of vWF, and 
the severe deficiency of this protease is the major cause of 
iTTP. When left uncleaved, ultra-large vWF multimers 
bind firmly to platelets and form aggregates capable of 
occluding arterioles especially where circulation is slower. 

Fatal organ damage due to microvascular thrombi, bleed-
ing findings due to thrombocytopenia and findings related 
to mechanical hemolysis in erythrocytes result in the clin-
ical presentation of iTTP.3,8

Microthrombi in iTTP are associated with the accumu-
lation of inactivated platelets that do not provoke coagula-
tion and fibrin accumulation, and they can be found in all 
tissues; lesions are usually seen in the heart, pancreas, 
kidney and brain, but are rare in the lungs and liver.9,10

Diagnosis
Clinical Diagnosis
TTP was first identified in a 16-year-old young girl with 
fatal thrombotic microangiopathy by Moschcowitz in 
1924.9 The typical clinical presentation and pentad of 
TTP were first defined by Amorosi and Ultman in 1964, 
which includes fever, MAHA, thrombocytopenia, renal 
dysfunction and changes in mental status.11 As the onset 
of TTP may be insidious with nonspecific symptoms such 
as myalgia, arthralgia, fatigue, malaise, it may be also 
present with symptoms related to microvascular organ 
thrombosis such as focal neurological abnormalities and 
chest pain.

The presence of MAHA and thrombocytopenia is 
essential for the diagnosis of iTTP. iTTP can be diagnosed 
with clinical history, physical examination and routine 
laboratory tests, and notably peripheral blood smear. 
Peripheral blood smear features consistent with MAHA 
include fragmented red blood cells – schistocytes (which 
are erythrocytes broken down by microthrombi is typical 
in peripheral blood smear) with a threshold value of 1%, 
polychromasia, and anemia.2,3 At the time of admission, 
platelet count is typically below 30 x 109/L and hemoglo-
bin level is usually 8–10 g/dL. Bleeding due to thrombo-
cytopenia may occur.

Laboratory findings related to non-immune hemolysis 
(negative direct Coombs test, but increased indirect bilir-
ubin, increased lactate dehydrogenase (LDH), decreased 
haptoglobin and reticulocytosis) and normal routine coa-
gulation parameters strongly support the diagnosis. LDH 
levels may increase due to both hemolysis and tissue 
ischemia. Coagulation tests are generally normal. The 
remaining features of the classical pentad including acute 
renal damage, neurological abnormalities and fever may 
less often occur in late presentation.2

Bendapudi et al12 developed a diagnostic scoring sys-
tem for the early treatment of patients who were suspected 
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of having TTP and could benefit from TPE, since there is 
no reliable and rapid biological test for the diagnosis of 
TTP. This scoring system so-called the PLASMIC score is 
not used to confirm or exclude the diagnosis of TTP, but it 
is used in order to predict the probability of ADAMTS13 
activity of ≤10% in adults. It is based on clinical and 
biological data obtained at the admission of patients and 
consists of seven parameters; platelet count <30 x 109/L at 
the time of diagnosis, combined hemolysis variables (reti-
culocyte count >2.5%, indirect bilirubin >2.0 mg/dL, 
undetectable haptoglobin), absence of active neoplasia, 
absence of organ or stem cell transplantation history, 
mean corpuscular volume <90 fL, INR <1.5, and serum 
creatinine levels <2.0 mg/dL. Each parameter is scored as 
1 point, and the total score ranges from 1 to 7. The 
PLASMIC score stratifies patients into low-risk (0–4), 
intermediate-risk (5), and high-risk (6–7) categories. If 
the PLASMIC score is high (6–7), ADAMTS13 activity 
is ≤10% with a sensitivity of 91%.

Laboratory Tests
The diagnosis of iTTP depends on ADAMTS13 testing 
especially in atypical presentations. iTTP has severe 
ADAMTS13 deficiency in the acute episode, with or with-
out symptoms of tissue damage. However, life-threatening 
microvascular thrombosis such as cardiac injury and 
stroke are sometimes seen in patients with ADAMTS13 
activity below 10% of normal before developing MAHA 
or thrombocytopenia.13–15

Having said that, although ADAMTS13 assays are 
crucial and help to confirm the diagnosis of iTTP, this is 
not always straightforward especially in the developing 
countries, and physicians should not wait for the determi-
nation of ADAMTS13 activity to make the diagnosis of 
iTTP.16 It may take several days to get the test results, and 
this could delay the initiation of TPE, which may result in 
morbidity and/or mortality. Thus, diagnostic work-up 
should be planned as TPE is started in a patient with 
possible iTTP.17 The tests used for the diagnosis of iTTP 
are shown in Table 1.

Although some are not routinely performed, 
ADAMTS13 antigen, activity, neutralizing and non- 
neutralizing antibodies and gene mutations can be investi-
gated. The results must be obtained before plasma therapy or 
any kind of blood product is administered in order to interpret 
them correctly. ADAMTS13 activity is usually diagnostic. It 
has been reported that ADAMTS13 activity may decrease in 
non-TTP conditions such as uremia, inflammatory 

conditions, post-operative and pregnancy, but ADAMTS13 
activity is usually >10% in these disorders.18 Collagen- 
binding assays and the FRETS-VWF73 assay are the most 
commonly used reference methods. FRETS-WWF73–based 
assay is frequently utilized of one of the reference methods 
for ADAMTS13 activity measurement. ADAMTS13 antigen 
levels can be measured by an ELISA. Neutralizing anti- 
ADAMTS13 antibodies are detected and quantified by the 
ADAMTS13 functional inhibitor assay, and they are based 
on ADAMTS13 activity measurement by mixing patient 
plasma and control plasma in a 1:1 ratio. Rather than inter-
fering with ADAMTS13 proteolytic activity, non- 
neutralizing antibodies promote ADAMTS13 clearance 
from plasma. Non-neutralizing antibodies can be also 
demonstrated by ELISA or Western blotting.8,15,19

There is an ADAMTS13 inhibitor circulating in plasma 
in 94–97% of iTTP cases. The majority of these inhibitors 
are antibodies that severely inhibit ADAMTS13 activity. 
Approximately 10% of circulating antibodies also bind to 
ADAMTS13, causing the molecule to rapidly clear from 
circulation (increased clearance). The result is severe 
ADAMTS13 deficiency. Most of these antibodies are of 
IgG type. However, IgM and IgA antibodies can also be 

Table 1 The Diagnostic Tests for Suspected TTP (Adapted from 
References 13 and 17)

-Complete blood count
-Peripheral smear, reticulocyte count

-Serum biochemistry and creatinine

-Serum LDH, bilirubin, and haptoglobin levels
-Blood group and antibody screen, direct antiglobulin (Coombs) test 

(DAT)

-Coagulation tests (aPTT, PT, fibrinogen, D-dimer)
-ADAMTS antigen, activity, inhibitor

-HIV, hepatitis B virus, and hepatitis C virus serology

-Autoantibody screen: ANA, anti-ds DNA, anticentromere 
antibodies, anti-cardiolipin antibody, antiphospholipid ab, anti- 

phospholipid ab

-Pregnancy test
-Folic acid, vitamin B12

-Serum troponin level and ECG

-Cranial imaging if neurological symptom is present
-ADAMTS13 gene mutations if there is suspicion of hereditary TTP

-Blood culture and other foci of suspected infection should be 

examined in patients with fever or symptom suggestive of systemic 
infection

-Stool studies (cultures, toxin testing) for Shiga toxin or Shiga toxin- 

producing organisms
-Required imaging if suspicious symptoms and signs of malignancy

-Question drug history

Dovepress                                                                                                                                             Kucukyurt and Eskazan

Journal of Blood Medicine 2020:11                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
321

http://www.dovepress.com
http://www.dovepress.com


detected. However, the inhibitor cannot always be 
detected. This may be due to very low inhibitor titer for 
in vitro measurement, inhibitor being a non-neutralizing, 
patient with hereditary TTP, neutralization of the inhibitor 
with anti-idiotype antibodies found in ADAMTS13 or 
blood product transfusions.19–21

ADAMTS13 generally circulates in a folded conforma-
tion, but it circulates in an open conformation during acute 
episodes of iTTP. However, open ADAMTS13 is not only 
a hallmark of acute iTTP, and anti-ADAMTS13 autoanti-
bodies from iTTP patients induce an open ADAMTS13 
conformation. An open ADAMTS13 conformation differ-
entiates TTP from other TMAs, is a biomarker for sub-
clinical iTTP and could become a key component in TTP 
management.7

Treatment Options of iTTP
If untreated, TTP has a mortality rate of as high as 90%. TPE 
was found to be an effective treatment, and it became the 
standard of care in 1991.5 If there is significant clinical 
suspicion (the presence of MAHA + thrombocytopenia not 
associated with another cause), then treatment should be 
started after a presumptive diagnosis of iTTP.13 In iTTP, it 
is aimed to replace the lacking ADAMTS13 with TPE and to 
remove circulating autoantibodies in the patient serum.22 The 
recommended replacement dose for TPE is usually 1.5 × 
plasma volume exchange for the first procedures, followed 
by 1.0 × patient plasma volume thereafter (40 to 60 mL/kg). 
All plasma products (quarantine fresh frozen plasma, plasma 
virally attenuated with solvent/detergent, or a psoralen – deri-
vative (amotosalen)) appear to be equally effective.13,23 

Complications related to TPE are mostly related to central 
venous catheter such as infection, sepsis, hemorrhage, cathe-
ter obstruction, venous thrombosis. Infrequently, plasma- 
related complications such as anaphylaxis, serum sickness, 
and transfusion-related acute lung injury (TRALI) are 
observed. High volume plasma exchange can cause hypoten-
sion, arrhythmia, hypokalemia, metabolic alkalosis and 
hypocalcemia.23,24

Corticosteroids with TPE are routinely added to the 
initial treatment of patients with suspected iTTP.23 

Corticosteroids reduce ADAMTS13 inhibitor production, 
thereby reducing the number of TPE, required and accel-
erating recovery as a result. Decreased cytokine produc-
tion or decreased autoantibody-mediated clearance of 
ADAMTS13 may also contribute to this effect. There is 
no study with randomized trial of the use of corticosteroids 
in the treatment of iTTP. The use of glucocorticoids and 

rituximab in combination with TPE treatment decreases 
the frequency of TPE to achieve remission.25 The dose and 
route of corticosteroids administered varies depending on 
the presentation of the disease.26

TPE is continued until the diagnosis of TTP is 
excluded, or until an explanatory alternative diagnosis is 
made, and until response to treatment is achieved. If there 
is no increase in platelet count in the first few days of the 
treatment; then refractory disease, alternative primary 
diagnosis, or development of complications (e.g. catheter- 
related sepsis) must be examined as a possibility.6,25,27,28

Clinical response to treatment is defined as the normal 
platelet count (above 150 x 109/L) for 2 consecutive days, 
normalizing LDH and clinical recovery. Clinical remission is 
that the platelet count is within normal limits for the first 30 
days after TPE is stopped. Exacerbation is the recurrence of 
thrombocytopenia and an increased LDH level within the 
first 30 days after TPE is stopped (typically platelet count 
<150 x 109/L). Relapse is the recurrence of TTP acute 
episode following remission. Refractory TTP is described 
as persistent thrombocytopenia, lack of a sustained platelet 
count increment or platelet counts of <50x109/L and 
a persistently raised LDH level despite five plasma 
exchanges and steroid treatment.2,29 Some patients may 
have either insufficient or transient response or no response 
to initial therapy, including TPE and corticosteroids. In case 
of relapse/refractory disease, TPE is restarted, if stopped. 
TPE frequency or density can be increased and/or corticos-
teroid therapy may be intensified. If the patient has not 
previously received rituximab therapy, rituximab can be 
added to treatment. Caplacizumab may be administered, if 
it has not been previously taken or discontinued.6,30

Rituximab is a chimeric monoclonal antibody directed 
against the B-cell lineage-specific CD20 antigen. Rituximab 
therapy increases the level of plasma ADAMTS13 by alle-
viates the production of anti-ADAMTS13 antibodies. In 
patients with an episode of refractory TTP, addition of ritux-
imab to TPE and corticosteroids increases response rate. The 
French TMA reference center reported a higher rate of 
recovery and a lower relapse rate with rituximab therapy in 
relapse/refractory disease. Also, in a series of 25 patients 
with refractory/relapsed TTP, remission was achieved in all 
patients and none of them relapsed over a median follow-up 
of 19 months.31–34 Because TPE removes plasma and plasma 
proteins, it will also remove monoclonal antibodies. Thus, 
the timing of TPE and monoclonal antibodies may be impor-
tant when used together. Rituximab should be timed to be 
given after TPE if possible, since rituximab will be purged 
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from the circulation with TPE. Rituximab is administered 
short after TPE promptly to prolong its efficient period until 
it is removed by the subsequent TPE, and avoiding TPE for at 
least 12 hours following the administration of rituximab is 
recommended.23 There are potential risks such as rituximab- 
related infusion reactions, mucocutaneous reactions, long- 
term immunosuppression, hepatitis B reactivation, and 
progressive multifocal leukoencephalopathy. As 
per serological results, antiviral prophylaxis for hepatitis 
B should be initiated before rituximab treatment.35,36

Caplacizumab is a humanized bivalent variable- 
domain immunoglobulin that recognizes human VWF A1 
domain and blocks to link the platelet GPIb, reducing 
platelet aggregation and microvascular thrombosis, also 
facilitates normalization of the platelet count. In multi-
center randomized placebo-controlled clinical trials 
TITAN (phase II) and HERCULES (phase III), caplacizu-
mab significantly decreased the 30-day recurrence rate, 
and reduced the rate of the composite endpoint of death, 
recurrence, and major thromboembolic events, also it is 
well tolerated with minor bleedings as primary adverse 
effect. The US FDA and European Medicines Agency 
approved caplacizumab for adult patients with iTTP as 
a frontline treatment, in combination with TPE and immu-
nosuppressive therapy.4,37–39 Based on the mechanism of 
action, caplacizumab is expected to rapidly stop micro-
thrombi formation causing disease complications, but it is 
not expected to block ADAMTS13 activity and to reduce 
autoantibody production against ADAMTS13. Patients 
with persistent ADAMTS13 deficiency quickly relapse 
when caplacizumab is discontinued. ADAMTS13 moni-
toring may be useful to decide whether to discontinue 
treatment after the ADAMTS13 level is elevated. Daily 
caplacizumab is continued until 30 days after the last TPE 
session.38,39

In patients with relapsed/refractory iTTP, cyclophospha-
mide, cyclosporine, mycophenolate, vincristine, bortezomib, 
N-acetylcysteine, and splenectomy can be beneficial.40–46

In addition to the aforementioned treatment approaches, 
caution should be exercised for other potential complications 
of TTP treatment. Although platelet transfusion is usually 
contraindicated in TTP as it can lead to life-threatening 
thrombotic events, platelet transfusion may be required in 
patients with severe thrombocytopenia, who have clinically 
life-threatening bleeding or require urgent surgical 
intervention.23,47 Individuals with neurological findings or 
high troponin levels should be evaluated by the relevant 
departments. Thrombocytopenia is not protective against 

thrombosis. Venous thromboembolism prophylaxis may be 
required in some patients. When platelet count is greater than 
50 x 109/L, low-dose aspirin is recommended to be initiated 
in patients with TTP, and in addition to that folic acid sup-
plementation should be given to all patients due to hemolytic 
status.23 When TPE cannot be initiated immediately, simple 
plasma infusion can be performed in iTTP for preventing 
a delay in the treatment.48

Monitorization of Patients with iTTP
The most important problem in iTTP is the risk of unpre-
dictable, life-threatening relapse which may result of TPE 
complications, ICU hospitalization or death. Up to %40 of 
patients with iTTP who achieve clinical response to first- 
line therapy experience relapse.13 TTP relapses are usually 
recognized faster than the first episode, because the patient 
and clinician are familiar with TTP symptoms. Any dis-
ease, surgery, major trauma can cause TTP relapse. The 
risk of TTP relapse increases during pregnancy. Similarly, 
to the first episode of TTP, platelet count should be mea-
sured immediately and rapid interventions for thrombocy-
topenia should be performed if symptoms (bruising, dark 
urine, neurologic symptoms or unexplained severe fatigue) 
develop.3,49 Therefore, particularly patients with 
a persistently low ADAMTS13 activity should avoid 
external triggers (infections, pregnancy, surgery) to avoid 
relapsing TTP.49

Currently, clinical factors and laboratory biomarkers 
that could reliably predict the iTTP exacerbation and/or 
relapse are insufficient. ADAMTS-13 activity monitoring 
during the follow-up after the acute episode allows dis-
covering patients in remission with persistent undetectable 
protease activity.50 Several studies have demonstrated that 
patients with low ADAMTS-13 activity plus high anti- 
ADAMTS13 antibody titer at remission had an increased 
risk of relapse.51–54 Also, Schieppati and colleagues54 

found that patients requiring a shorter time to achieve 
clinical remission with TPE first-line treatment (i.e. <13 
days) showed a significantly lower risk of relapse. In 
addition, Sui et al55 recommended that plasma 
ADAMTS13 activity, ADAMTS13 antigen, and anti- 
ADAMTS13 IgG levels be tested 3 to 7 days after the 
initiation of TPE and at clinical response/remission. They 
demonstrated the critical role of longitudinal assessments 
of plasma ADAMTS13 biomarkers including ADAMTS13 
activity, ADAMTS13 antigen, and anti-ADAMTS13 IgG 
in predicting iTTP exacerbation and/or recurrence.
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In clinical remission, although a persistent severe 
ADAMTS13 deficiency may predict the risk of relapse, 
a severe ADAMTS13 deficiency does not necessarily 
induce a TTP episode and additional triggers are required 
and need to be identified, knowing the fact that some 
patients who have low ADAMTS13 activity do not clini-
cally relapse.51–54 Conditions that might increase plasma 
VWF levels including inflammation, sepsis, or pregnancy 
may accelerate acute TTP episodes. Besides, a reduced 
DNase activity in TTP patient plasma was demonstrated 
to result in the persistence of neutrophil extracellular traps 
and could act as the second hit needed to provoke an acute 
TTP episode, since human neutrophil peptides are also 
able to inhibit ADAMTS13 activity in vitro.49,56

Rituximab is administered as a preemptive therapy for 
the persistence of severe ADAMTS13 deficiency asso-
ciated with an increased risk of relapsed during hematolo-
gical remission to ensure normalization of ADAMTS13 
activity and to prevent overt relapse.33,34 Current studies 
also focus on the ideal dose and the treatment scheme of 
rituximab in iTTP.57

The risk of exacerbation is highest in the first week 
after TPE is stopped. After stopping TPE, patients are 
monitored by platelet count, blood film, LDH and weekly 
plasma ADAMTS13 antigen, activity, anti-ADAMTS13 
IgG measurements, especially 2–3 times a week for the 
first week, and then followed by once a week for the first 
month.2,8,21 ADAMTS13 is an auxiliary indicator of 
potential relapse, but the timing of relapse is variable. 
The risk of relapse is high in the first two years, and 
asymptomatic patients are followed up with ADAMTS13 
antigen, activity and autoantibodies every 3 months for the 
first 2 years. After the first 2 years, ADAMTS13 is fol-
lowed-up annually. However, relapse may occur at any 
time, therefore, iTTP patients should be followed for 
lifelong.2,3,13

Prognosis and Long-Term 
Complications
Relapse is one of the most important and feared issues 
following recovery from iTTP. Furthermore, in patients 
with TTP, the risk of developing major depression, minor 
cognitive impairment, autoimmune disorders especially 
SLE, new-onset hypertension and abnormal renal func-
tion is greater than in general population.58 Depression 
may be the most common disorder following recovery 
from TTP and it can be hazardous because this condition 

often overlooked. The clinical features, treatment, and 
response to treatment is similar with the non-TTP group. 
In contrast to depression, there are no specific treatment 
options for cognitive impairment. Among women who 
had a pregnancy following recovery from TTP, relapse 
during pregnancy or postpartum period is uncommon. 
The most important result for the impact of morbidities 
following recovery from TTP is decreased survival. 
Deaths may be related to morbidities caused by the 
previous TTP episode(s). Older age is associated with 
increased mortality in iTTP and atypical clinical features 
as neurological presentation may cause delay in diagno-
sis. Senility negatively impacts the life expectancy. 
Following recovery from TTP, lifelong careful follow- 
up and a comprehensive review of psychiatry, obstetrics, 
and internal medicine are crucial.58–60

Conclusion
iTTP is a medical emergency and a chronically relap-
sing, rare and life-threatening autoimmune disorder. 
Markedly low levels of ADAMTS13, which is pathog-
nomonic for iTTP, results in microthrombi formation 
which leads to end-organ ischemia and damage, is trea-
ted with TPE and immune suppression. Despite the 
developed scoring system, the diagnosis of iTTP can 
still be challenging, where rapid recognition is crucial. 
Currently, the standard of care is still TPE and corticos-
teroids which reduce the duration of ADAMTS13 defi-
ciency in iTTP. Rituximab which is also frequently used 
in the treatment of iTTP, may not reduce the number 
TPE procedures required to induce remission, improves 
relapse-free survival. Caplacizumab improves iTTP 
prognosis significantly at the very early, critical step of 
the disease. However, real-life data are needed for this 
agent about its efficacy and side effects. The high cost of 
caplacizumab is one of the disadvantages of the drug.

The monitoring of iTTP for unpredictable relapse is 
complicated as there is no specific biomarker other than 
ADAMTS13. For the treatment of patients with iTTP, 
safer and more non-invasive alternatives to TPE are 
required. Targeted therapy against vWF and anti- 
ADAMTS13 antibodies is emerging strategies for 
treatment of iTTP. The results of clinical trials using 
recombinant ADAMTS13 and N-Acetylcysteine are still 
awaited. These innovations and developments will further 
improve survival and decrease the morbidity and mortality 
related to iTTP.
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