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❖ Thrombocytopenia (< 30 x 10 /L)

❖ MAHA with Schistocytes

❖ Lactate dehydrogenase (LDH) is raised due to tissue ischemia and cell lysis

❖ Low plasma haptoglobin marker of haemolysis: it binds to free haemoglobin and the complex is cleared

by macrophages

❖ Coombs test is generally negative

❖ Coagulation screen is normal (DD with CID)

❖ ADAMTS13 deficiency (<10%)

❖ N.B. During acute presentation it is important to check troponin levels, even in the absence of chest

pain, due to high levels of reported ischaemia

LABORATORY FINDINGS
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2021 update of the 2012 ICSH Recommendations for identification, 
diagnostic value, and quantitation of schistocytes: Impact and revisions

Int J Lab Hematology, Volume: 43, Issue: 6, Pages: 1264-1271, First published: 24 August 2021, DOI: (10.1111/ijlh.13682) 
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2021 update of the 2012 ICSH Recommendations for identification, 
diagnostic value, and quantitation of schistocytes: Impact and revisions



ü L’importanza dell’interpretazione morfologica applicata al contesto clinico rimane
essenziale: gli schistociti, anche associati a grave trombocitopenia, possono essere osservati
in una serie di numerose altre condizioni oltre alla TMA. L’importanza di una accurata diagnosi
differenziale è fondamentale soprattutto in contesti clinici potenzialmente confondenti (es.
anemia da carenza di B12 e/o folati).

ü La morfologia digitalizzata degli eritrociti aiuta i professionisti nell’armonizzazione dei criteri
specifici per l'identificazione degli schistociti e nel calcolo della percentuale con un conteggio
di RBC adeguato e standardizzato.



Reperibilità - Urgenza
û Semplicità
û TAT
û Standardizzazione tra operatori
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The evidence-based guideline of the International Society on Thrombosis and Haemostasis (ISTH) for 
the diagnosis of thrombotic thrombocytopenic purpura

J Thromb Haemost. 2020;18:2486–2495.

The panel agreed on three recommendations covering the initial diagnosis with emphasis on the importance of
ADAMTS13 testing (eg, activity, anti-ADAMTS13 IgG or inhibitor) and assessment of the pretest probability
of TTP by clinical assessment and/or the risk assessment models like the PLASMIC or French score.

The panel noted how availability and turnaround time of ADAMTS13 test results might affect early
diagnosis and management, in particular the use of caplacizumab.



French score considered patients with thrombotic
microangiopathy that included hemolysis and schistocytes in their
definition and assumed that there was no history or clinical
evidence for associated cancer, transplantation, or disseminated
intravascular coagulation. Therefore, these items were intrinsic to
the scoring system

PLoS One. 2010;5:e10208.
Lancet Haematol. 2017 Apr;4(4):e157-e164

J Thromb Haemost. 2020;18:2486–2495.

Both the PLASMIC and the French scores were designed for adult
populations with no comorbid conditions (eg, pregnancy, cancer,
sepsis, organ/tissue transplantation, etc.) which may not be reliable
in assessing children and patients with other comoridities

Pretest probability of TTP
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International Council for Standardization in Haematology (ICSH) recommendations for laboratory 
measurement of ADAMTS13

I. PRE-ANALYTICAL VARIABLES

II. ADAMTS13 ASSAYS: three types

ACTIVITY

ANTIGEN

ANTIBODY/INHIBITOR

I. VALIDATION OR VERIFICATION OF ASSAY PERFORMANCE

II. CLINICAL UTILITY OF ASSAYS

Int J Lab Hematol. 2020;42:685–696.



Consensus recommendations on sample collection and handling for ADAMTS13 assays

l Citrated plasma (centrifuged to ensure platelet depletion) should normally be used

l Heparin plasma or serum samples may be used depending on the assay type and if it is validated for
these sample types

l EDTA plasma is not suitable for ADAMTS13 assays

l Samples should be centrifuged and plasma separated from the cells as rapidly as possible after blood
collection to avoid in vitro changes

l Unless assays are performed immediately, plasma samples should be stored and shipped below -40°C
to avoid potential proteolysis

Int J Lab Hematol. 2020;42:685–696.



ADAMTS13 ACTIVITY ASSAYS

Int J Lab Hematol. 2020;42:685–696.

1st generation: full-length plasma-derived VWF multimers as substrate
2nd generation: recombinant peptides or fragments derived from VWF
(73 amino acid peptide based on the sequence around the cleavage
site in the VWF A2 domain)
CHROMOGENIC ELISA
Substrate cleavage may be detected by loss of signal (eg removal of
GST) or the increased binding of monoclonal antibodies against a neo-
epitope
Multiple steps (incubation, washing, reagent addition, etc.) and many
laboratories have microplate readers
FRET
Increased fluorescence signal due to the loss of quenching when the
peptide is cleaved and the quencher is no longer in close proximity to
the fluorophore
Automatic reagent addition, incubation and measurement, minimizing
hands-on time, although a fluorescence microplate reader is required



While all the above test approaches provide valid results, most do not easily accommodate urgent testing for many
reasons, including assay time (typically 4–5 h) and technical skill required.
Also, for cost/labour efficiency, most current assays are best performed in batches and not for individual patients.
These factors compromise timely testing for ADAMTS13 activity despite clinical urgency.

Currently, most of the commonly utilized assays (in-house or commercial) for measuring ADAMTS13 activity are based on
enzyme linked immunosorbent assay (ELISA) or fluorescence resonance energy transfer (FRET)-based technologies
utilizing recombinant VWF substrates.

It is widely accepted that timely testing (ie, test results within the same day as patient management decisions are required)
would assist rapid identification or exclusion of TTP, with patients thereby better managed, with potentially reduced risk and
cost burden by avoiding unnecessary plasma exchange.
Recently, several rapid ADAMTS13 activity assays have become available to potentially fill this void.

Am J Hematol. 2021;96:1049–1055.



TECHNOSCREEN ADAMTS13 ACTIVITY ASSAY

Int J Lab Hematol. 2020;42:685–696.
J Thromb Haemost. 2020;18:1686-1694.

l Rapid (30 minutes), semiquantitative screening assay
which utilizes a flow through cartridge and an activity
ELISA principle, without the need for specialized
instrumentation or personnel

l Four indicator points (zero, 10, 40 and 80 IU/dL)
l Quality specifications: 88.7% sensitivity, 90.4% specificity,

74.6% positive predictive value, and 96.2% negative
predictive value

l The method is limited by its subjective visual
interpretation and potential for interference by lipids
(which might block the device membrane), haemolysis
and icterus

l The test is suitable for use in a POC environment as a
screening tool and for the negative exclusion of TTP

l When decreased activity is detected, it should be
confirmed by bioassay in an accredited laboratory



HEMOSIL ACUSTAR ADAMTS13 ACTIVITY ASSAY

Thromb Haemost. 2018;118:942-944. Thromb Haemost. 2019;119:1767-1772.
J Thromb Thrombolysis. 2020. https://doi.org/10.1007/s1123 9-020-02086-8

Fully automated, quantitative chemiluminescence-based
two-step immunoassay (CLIA)
magnetic particles coated with GST-VWF73 peptide
substrate
chemiluminescent detection based on an isoluminol labelled
monoclonal antibody that reacts with the cleaved peptide
Strenghts
Rapid assay (33 minutes), with good sensitivity and precision
Good correlation between the assays and high agreement in
classifying samples with ADAMTS13 levels below 10 IU/dL
Not affected by icterus, lipaemia or plasma turbidity
Weaknesses
Only three point calibration curve
Some discrepancies compared to FRET-VWF73 and a
chromogenic activity ELISA, with some samples showing
inter-assay disparity at normal and high activity



The CLIA is accurate and very rapid compared to standard commercial or
other in-house based testing, taking only 33 m to derive a test result as
opposed to 3–5 h for ELISA, and may therefore be regarded as a valuable
option for supporting urgent/emergency testing.

Am J Hematol. 2021;96:1049–1055.



A multicenter laboratory assessment of a new automated 
chemiluminescent assay for ADAMTS13 activity

Essentials

• TTP is a potentially fatal disorder due to ADAMTS13 deficiency

• Rapid ADAMTS13 testing permits timely/appropriate TTP diagnosis/therapy but is lacking

• A large multicenter evaluation of a new rapid assay for ADAMTS13 activity

• The AcuStar method provides fast and accurate ADAMTS13 activity and inhibitor levels

J Thromb Haemost. 2021;19:417–428.



The HemosIL AcuStar 

ADAMTS13 Activity assay 

provided results rapidly, which 

were largely comparable with the 

Technozym ADAMTS13 Activity 

ELISA assay, albeit lower on 

average.

Conversely, inhibitor levels tended 

to be identified at a higher level 

on average.

J Thromb Haemost. 2021;19:417–428.



Essentials

• Accurate ADAMTS13 activity testing is essential to diagnosing and monitoring thrombotic
thrombocytopenic purpura

• We saw good concordance of several methods

• However, the AcuStar assay can underestimate ADAMTS13 activity in a small number of
cases

• Therefore, it is important to consider the clinical context when utilizing the AcuStar assay

ADAMTS13 activity testing: evaluation of commercial platforms for 
diagnosis and monitoring of TTP

Res Pract Thromb Haemost. 2023;7:e100108
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Conclusion: when AcuStar is used upfront to guide
management, a second testing method should be used
in patients with an atypical thrombotic thrombocytopenic
purpura presentation or unexpectedly slow ADAMTS13
recovery.

Res Pract Thromb Haemost. 2023;7:e100108



Discrepant Results

Res Pract Thromb Haemost. 2023;7:e100108

l In total, 32 TMA presentation samples were tested, of
which TTP was confirmed in 13 cases

l All 4 platforms showed results <10 IU/dL for the TTP
samples tested, suggesting comparable sensitivity

l However, 5 of the 19 (26%, 15% of tot) remaining TMA
samples had discrepant results between AcuStar and
FRETS-VWF73, suggesting TTP in the AcuStar assay

l As these cases were not confirmed as TTP, it suggests
a somewhat lower specificity of the AcuStar assay

l We also tested 51 samples from patients with TTP
undergoing monitoring during remission, and in 7
cases (14%), there was a discrepancy between
AcuStar and FRET-VWF73 that would impact treatment
decisions (e.g., further immunosuppression or
continuation of caplacizumab)



Discrepant Results

l As AcuStar manufacturer’s instructions suggested that interference by VWF was tested only up to 200 IU/dL,
we spiked normal plasma with Voncento, up to 600 IU/dL, which showed no interference

l We established whether inhibitory antibodies could account for the lower results by spiking normal control
plasma with the mouse monoclonal inhibitory antibody 3H9, which showed that this had a much bigger
impact on AcuStar and Technozym ELISA assays than FRETS-based assays

We tested whether this could be because of the lower pH in the FRETS assay (pH 6) potentially
minimizing the inhibitory effect in FRETSVWF73, but increasing the pH to 7.6 did not reduce the
ADAMTS13 activity result

The concentration of VWF73 (which competes with inhibitory antibody) in the AcuStar assay is not
disclosed and could explain this discrepancy in theory

l Although these different effects of inhibitory antibodies on AcuStar vs FRETS-VWF73 could potentially explain
the discrepancies in TTP follow-up samples, they do not explain the aberrantly low results in non-TTP
samples with the AcuStar

l For these, further investigation of possible causes is necessary to clarify the limitations of the assay
Res Pract Thromb Haemost. 2023;7:e100108



ADAMTS13 testing update: Focus on laboratory aspects of difficult thrombotic thrombocytopenic 
purpura diagnoses and effects of new therapies

Int J Lab Hematol. 2021;43(Suppl. 1):103–108.

l It is important to note that mild to moderate (or rarely
severe) ADAMTS13 decreases can be seen in a variety of
non-TTP medical illnesses including liver disease
(decreased synthesis), DIC (consumption), acute
inflammatory states (cytokine-mediated suppression of
hepatic synthesis), and in pregnant women and newborns
(hepatic function or maturity)

l Mild or moderate deficiency has been reported in rare cases
of TTP and could occur if the specimen is collected after
treatment initiation

l Activity assays are variably affected by interfering
substances such as free hemoglobin due to hemolysis, or
icteria

l While ADAMTS13 activity results are an incredibly helpful
tool in the diagnosis of TTP, definitive diagnosis always
requires close clinico-pathologic correlation



ADAMTS13 ANTIGEN ASSAYS

Int J Lab Hematol. 2020;42:685–696.

l Immunoblotting procedures and ELISA assays have been used for ADAMTS13 antigen
measurement and the latter is the method of choice in the clinical diagnostic laboratory when an
assay is indicated

l There are a variety of commercial kits and numerous polyclonal and monoclonal antibodies
available for assays

l The capture and detection antibody selection is critical as monoclonal antibodies directed against
the central domains of the protein may detect truncated forms and full-length ADAMTS13, while
antibodies directed against the C-terminus may underestimate functional ADAMTS13 molecules

l ADAMTS13 antigen tests are not commonly used in clinical practice as these identify only
quantitative, but not functional, deficiency



ANTIBODY AND INHIBITOR ASSAYS

Int J Lab Hematol. 2020;42:685–696.

l ADAMTS13 autoantibody assays demonstrate the presence of specific immunoglobulins
and are detected in iTTP

l Depending on the ADAMTS13 domain specificity of the immunoglobulins, they may or
may not inhibit the proteolytic activity

l Inhibitory antibodies can be demonstrated in mixing tests and Bethesda type assays
l Non-neutralizing antibodies can influence ADAMTS13 survival in the circulation and are
clinically relevant

l Autoantibody assays, where available, are therefore preferred



AUTOANTIBODY ASSAYS

Int J Lab Hematol. 2020;42:685–696.

l Western blotting, immunocapture and ELISA assays for determination of
ADAMTS13 autoantibody levels have been described

l ELISA methods for immunoglobulin (Ig) G class autoantibodies are most widely
used in clinical laboratories

l The calibration of these assays, their reporting units and cut-off values vary
l The results may not be interchangeable



INHIBITOR TESTS

Int J Lab Hematol. 2020;42:685–696.

l Patient plasma is heated at 56°C for at least 30 minutes to inactivate ADAMTS13 and other haemostasis

proteins, while leaving IgG unaffected and

l Centrifuged to remove any precipitated protein

l Doubling dilutions are incubated with untreated pooled normal plasma as a source of ADAMTS13 for 1 hour

at 37°C

l A control comprising heat-treated normal control plasma or buffer and untreated PNP is incubated in

parallel

l After incubation, the residual ADAMTS13 activity is measured in the patient and control samples

l If an IgG inhibitor is present in the patient sample, the ADAMTS13 activity in the test sample will be lower

than the control

l In this case, the incubated dilutions of heat-treated patient plasma are assayed to determine inhibitor

potency in a Bethesda type assay



Int J Lab Hematol. 2021;43:298–304.



CliA and ELISA Bethesda assays showed
very good agreement with samples run at
the same time using ELISA ADAMTS13-
autoantibody assay.
Albeit more expensive, the CliA Bethesda
assay identified inhibitory anti-ADAMTS13
within almost the same TAT as ELISA, but
with better automation and limited operator
involvement.

Int J Lab Hematol. 2021;43:298–304.



Consensus recommendations on assays for ADAMTS13, autoantibodies and inhibitors

Int J Lab Hematol. 2020;42:685–696.

l Functional FRET-based assays or chromogenic activity ELISA methods are recommended as front line assays as
they are sensitive, show good precision and are simpler to use, being completed in a few hours

l Rapid point of care assays may have utility as screening methods or “out of hours” emergency tests
l Every calibrator should be traceable to the International Standard Plasma for assaying ADAMTS13 activity in

citrated plasma samples
l When reporting results: indicate the type of assay performed, use the correct units (eg IU/dL) for activity and

antigen assays, and state the reference range for the method
l High and low activity controls should be included in each assay run
l Protocols should be validated after any modification
l If gross icterus interferes in some FRET assay methods, the problem can be resolved by assaying at a higher

dilution, treatment with bilirubin oxidase, or using a chromogenic activity ELISA (A comment regarding potential
assay interference should be added to the laboratory report)

l If artefactual in vitro haemolysis is likely (eg secondary to difficult venipuncture or use of a small gauge needle)
fresh blood samples should be obtained (If this is not possible, a comment regarding potential assay interference
should be added to the laboratory report)

l Where assay results do not match the clinical picture, or congenital TTP is suspected and ADAMTS13 activity
results are normal or only show a mild reduction, collagen-binding assays should be considered

l If decreased ADAMTS13 activity (<20 IU/dL) is detected in a new patient, an ADAMTS13 antibody assay or
inhibitor test should be performed

l Wherever possible, use the same ADAMTS13 assay when studying a patient longitudinally to manage treatment



CLINICAL UTILITY OF ASSAYS

Int J Lab Hematol. 2020;42:685–696.
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Consensus recommendations on clinical utility of assays

Int J Lab Hematol. 2020;42:685–696.

l ADAMTS13 activity <10 IU/dL is diagnostic for TTP in patients presenting with a clinical scenario and blood film
consistent with TMA

l An alternative diagnosis and repeat ADAMTS13 assay should be considered in TMA patients presenting with an
indeterminate range of 10-20 IU/dL ADAMTS13 activity

l Alternative diagnosis/therapy should be considered in patients with an ADAMTS13 activity >10 IU/dL, especially
when >20 IU/dL, as they rarely respond to PEX

l The overall clinical picture/treatment of the patient should always be reviewed with close interaction with
clinicians. This is important to avoid unnecessary tests and to ensure that appropriate tests meet clinical
needs, especially when non-TTP expert clinicians request assays. Clinical scoring systems such as the PLASMIC
score may assist in providing guidance for the necessity of ADAMTS13 testing

l ADAMTS13 antibody assays should be used to decide whether the patient has cTTP or iTTP; definite cTTP
diagnosis requires ADAMTS13 genetic testing

l Nomenclature, normal range, reporting units and methodology (eg inhibitory and noninhibitory antibodies) need
further standardization

l Follow-up ADAMTS13 activity testing is important as persistently low levels increase the risk of exacerbation and
TTP relapse

l ADAMTS13 antigen levels are not clinically useful in the absence of activity assays, but may prove helpful in
predicting mortality risk in iTTP patients with high IgG ADAMTS13 antibody level, although further study is needed



Brain - to - Brain loop
and TTP

Plebani M. et al., Am J Clin Pathol 2011 Dec;136(6):829-33

Plebani M.Clin Chem Lab Med 2016; 54(12): 1881–1891

Interpretative comments

Critical results notification


