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Diagnosis of Thrombotic Thrombocytopenic
Purpura by ADAMTS13 Activity Quantification

Konstantinos Dimopoulos,a,* Malou Philips,a and Jens P. Goetzea,b,*

Background: Rapid quantification of ADAMTS13 activity in plasma is essential for establishing a diagnosis of

thrombotic thrombocytopenic purpura (TTP); a rare, but potentially lethal disorder. The current methods for quan-

titating ADAMTS13 activity are manual and only available at specialized laboratories, which often results in initia-

tion of specific treatments long before a diagnosis of TTP is established.

Methods: We compared the performance of the HemosIL, a novel and rapid automated method, and the cur-

rent standard FRET (fluorescence resonance energy transfer) method in quantitating ADAMTS13 activity using 706

consecutive plasma samples collected over a period of 14 years. The clinical accuracy of both methods was further

examined using 212 diagnostic samples.

Results: The correlation between the FRET and HemosIL methods in all 706 samples and in the 212 diagnostic

samples was excellent (Pearson’s r of 0.919 and 0.912, respectively). Both methods displayed a high degree of clin-

ical accuracy using the current cutoff of ADAMTS13 activity <0.10 kIU/L (<10%) as diagnostic for TTP: the area un-

der the curve (AUC) was 97.7% for the FRET method and 99.5% for the HemosIL method. When applying a lower

cutoff (ADAMTS13 activity <0.05 kIU/L or <5%), the diagnostic accuracy of the HemosIL method increased further

(AUC¼99.7%).

Conclusions: A novel, rapid method for ADAMTS13 quantification is comparable to the more laborious FRET

method in patients with possible TTP. A rapid analysis available in the acute setting assessing patients with possi-

ble TTP allows for improved care and optimized treatment of a life-threatening condition.

INTRODUCTION

Thrombotic thrombocytopenic purpura (TTP) is a

life-threatening thrombotic microangiopathy de-

fined by severe deficiency of a von Willebrand factor

(VWF)-specific protease, ADAMTS13 (a disintegrin

and metalloprotease with thrombospondin type 1

repeats, member 13) (1). TTP constitutes one of the

most urgent clinical scenarios in hematology, where

a prolonged time until diagnosis and initiation of ap-

propriate therapy can be lethal. Very low enzymatic

activity of ADAMTS13 (<0.10kIU/L or 10%) is almost
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exclusively seen in TTP and is currently the only lab-

oratory measure that can confirm or exclude the

clinical suspicion of TTP (2). Thus, rapid and accurate

quantification of the ADAMTS13 activity in plasma is

central in establishing a diagnosis of TTP, especially

as TTP requires a unique therapeutic approach

compared to other microangiopathies (1).
The first methods for determining the VWF-

specific proteolytic activity of ADAMTS13 were pri-

marily used for research and never reached wide-

spread clinical use due to their complexity and

low reproducibility. The earliest method was

based on quantification of ultra-large VWF forms

by western blotting; a time-consuming method

with poor accuracy and precision (3). Therefore,

the production of a synthetic ADAMTS13-specific

VWF fragment (VWF73) allowed for clinical quanti-

fication of ADAMTS13 activity and paved the way

for the development of faster and reliable technol-

ogies (4). One of these methods, fluorescence res-

onance energy transfer (FRET), allows for a direct

kinetic evaluation of the metalloprotease activity

(4, 5) and has historically been one of the interna-

tionally accepted standard methods for confirm-

ing the diagnosis of TTP (6).
The FRET method typically uses VWF73, which is

tagged with a fluorophore and an adjacent

quencher (6). Enzymatic cleavage of the VWF73 frag-
ment by ADAMTS13 separates the fluorophore

from its quencher, allowing the quantification of

fluorescence emission at a specific wavelength; the

fluorescent signal can then be correlated to the ac-

tivity of ADAMTS13. Nevertheless, the FRET method

remains a cumbersome methodology with a rela-

tively long turnaround time, which is problematic in

a disease state as acute and potentially fatal as TTP.
Notably, the method is manual, and most laborato-

ries will have to allocate a person for most of a nor-

mal working day to perform just one analysis.

Hence, treatment with plasma exchange is often ini-

tiated while waiting for the confirmatory quantifica-

tion of ADAMTS13 activity. However, plasma

exchange in itself comes with a risk of adverse

events, including transfusion and allergic reactions.

Also, the treatment requires considerable resources

in terms of economy and personnel; a drawback

that could be avoided with a rapid method (7,8).
HemosIL AcuStar (Instrumentation Laboratory,

Werfen Company, Bedford, MA, USA) is a fully au-

tomated method for quantification of ADAMTS13

activity with an analysis time of 33minutes. It is a

2-step immunoassay where the first step includes

incubation of the sample with magnetic particles

coated with VWF73, which is then followed by in-

cubation with an isoluminol-labeled antibody

against the cleavage site of VWF73 (8). A chemilu-

minescent signal is produced only when

ADAMTS13 has cleaved the VWF73 on the mag-

netic particles and the emitted light becomes pro-

portional to the enzymatic activity of ADAMTS13.

IMPACT STATEMENT

A new method for quantification of ADAMTS13 activity in plasma will help patients with diffuse symptoms

of thrombotic thrombocytopenic purpura. Correct treatment is essential in the early phases of disease and

can save lives. Also, patients with other diseases but with similar symptoms will be able to avoid treatment

for thrombotic thrombocytopenic purpura. The data presented show that the new and rapid method per-

forms equally well with the former gold standard method, which requires specialized personnel and labora-

tory facilities. Our study is based on a large cohort from a single hospital collected over a period of

14 years and includes clinical diagnoses.
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Early studies have shown a good correlation be-

tween the HemosIL method and both an ELISA-

based method (TECHNOZYM) (9–13) and the FRET

assay (9, 14). However, most of these studies were

based on smaller sample sizes and have been un-

able to assess the clinical accuracy of the HemosIL

assay due to inclusion of a priori defined patient

samples.
In this study, we aimed at comparing the perfor-

mance of the rapid HemosIL method with the

FRET method using the hitherto largest cohort of

consecutively stored plasma samples (n¼706),

collected over a period of 14 years. All quantifica-

tions with the FRET method were performed on

fresh samples while measurement with the

HemosIL method was performed on stored

plasma. In addition, we performed a large-scale

clinical validation of both methods in differentiat-

ing TTP from other TMAs. Finally, we suggest new

recommendations for a potentially optimized clini-

cal application of the HemosIL method using a

cutoff of 0.05 kIU/L (or 5%) instead of 0.10 kIU/L

(10%).

MATERIALS AND METHODS

Patient Samples

A total of 706 plasma samples were included in

this study. All samples (collected between 2006

and 2020) were consecutively referred for

ADAMTS13 evaluation in connection with suspi-

cion of TTP and analyzed at the Department of

Clinical Biochemistry, Copenhagen University

Hospital—Rigshospitalet, Copenhagen, Denmark.

The project was approved by the local Ethical

Committee. Peripheral venous blood was col-

lected in citrate-coated tubes and, after separa-

tion by centrifugation (3500g for 15minutes at

4 �C within 2 hours of collection), the plasma was

aliquoted and stored at �20 �C until further analy-

sis. ADAMTS13 activity was quantitated within

72 hours after sample collection using an in-house

FRET assay (Fig. 1).

ADAMTS13 Activity Methods

For the FRETmethod, patient plasma was mixed

with VWF73 (Pepta Nova, Sandhausen, Germany)

and loaded into a 96-well plate together with 7

samples with known ADAMTS13 activity used to

produce a calibration curve. The plate was read

every 5minutes for 60minutes using an EnSpire

Multimode Plate Reader (Perkin Elmer, Waltham,

MA, USA) at an excitation wavelength of 340nm

and an emission detection wavelength of 440 nm.

The detected light signal at 440nm is directly pro-

portional to ADAMTS13 activity and the fluores-

cent signal of the sample can be directly

transformed to ADAMTS13 activity units using the

calibration curve. Values of less than 0.04 kIU/L

(the lower limit of detection) were transformed to

0.01 kIU/L.
The HemosIL method is entirely automated.

Briefly, the sample is loaded together with 2 VWF

controls (Instrumentation Laboratory, Werfen

Company, Bedford, MA, USA) inside a precon-

structed cassette. The plasma is then mixed with

magnetic particles coated with a GST-VWF73 pep-

tide substrate. Following magnetic separation and

a wash step, an isoluminol-labeled antibody

against the cleaved peptide is added to the sam-

ple. The chemiluminescent signal is measured as

relative light units by the BioFlash optical system

and transformed to a value of ADAMTS13 activity

using the calibrator curve.
To test the intramethod variability of HemosIL,

we performed duplicates for a randomly selected

panel of 227 samples. To evaluate the effect of the

prolonged storage and thawing process in

ADAMTS13 activity, we performed a new measure-

ment of ADAMTS13 activity using FRET on a total

of 34 samples.
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Statistical Analysis

Correlation between measurements was

assessed using Pearson r correlation coefficient.

The agreement and difference were evaluated us-

ing a Passing–Bablok regression and a Bland–

Altman plot, respectively. To determine the level of

agreement between FRET and HemosIL in classify-

ing the samples as having <0.10 kIU/L or

�0.10 kIU/L ADAMTS13 activity, we used Cohen’s

kappa. Comparison of receiver operator charac-

teristics (ROC) curves and the derived areas under

the curve (AUC) was done using Delong’s test. The

level for statistical significance was at P< 0.05. All

analyses were performed in the statistical pro-

gram R (v.4.0.2, the R Foundation for Statistical

Computing).

RESULTS

Patient Characteristics

We included a total of 706 samples from alto-

gether 362 patients. For 137 patients (with 176

samples), clinical data were not retrievable as the

patients were hospitalized in other regional hospi-

tals with a different journal archive. Of the

Overall number of samples included for 
comparison of methods  

(N =706) 

Number of samples with TTP in remission
(non-diagnos�c samples, N = 256) 

Total number of samples with clinical data
(N = 530) 

Number of samples with missing clinical data
(N = 176) 

Total number of diagnos�c samples 
(N = 274) 

Total number of samples with TTP
(N = 55) 

Total number of samples without TTP
(N = 219) 

Fig. 1. Simple chart of plasma samples used.
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remaining patients, 41 patients had a verified TTP

diagnosis as defined by relevant clinical symp-

toms, hemolytic anemia with marked presence of

schistocytes in the peripheral blood smear, and a

good clinical response to plasma exchange ther-

apy and/or immunosuppression. These patients

provided a total of 311 samples, either during the

active phase of the disease (n¼55) or during clini-

cal remission (n¼ 256). The rest of the patients

(n¼184) had a plethora of diagnoses and pro-

vided a total of 219 samples. A detailed overview

of the number of patients included in this study,

as well as their final diagnoses, is given in Table 1.

Effect of Storage and Freezing on ADAMTS13
Activity

All the quantifications of ADAMTS13 activity with

FRET were performed on either fresh plasma sam-

ples or samples stored for a maximum of 72hours

at �20 �C. Before comparing the HemosIL and FRET

methods, we examined the effect of prolonged stor-

age and/or thawing of the samples on the activity of

ADAMTS13. We chose 34 random samples and

requantified ADAMTS13 activity with FRET. We found

no difference between the original and the frozen

samples (P¼ 0.78, Fig. 2, A). Only 6 of the 34 (26.5%)

samples showed a decline in ADAMTS13 activity of

more than 0.05kIU/L. Moreover, there was no no-

ticeable effect of the time of storage in the

ADAMTS13 activity, and the length of storage time

could only explain 0.6% of the variability of the dif-

ference between fresh and frozen plasma

(R2¼0.006, Fig. 2, B). Taken together, these data in-

dicate that ADAMTS13 activity remains stable in

plasma, even after prolonged storage at�20 �C.

Comparison of the HemosIL and FRET Methods

We observed a strong correlation between

HemosIL and FRET quantification when comparing

all 706 samples (r¼0.919, 95%CI: 0.907 to 0.930,

Table 1. Overview of the patients and samples included in this study.

Diagnosis
Number of patients [mean, range of
ADAMTS13 activity (FRET), kIU/L]

Number of samples [mean, range
of ADAMTS13 activity (FRET), kIU/L]

TTP (acute phase)a 28 (0.02, 0.01–0.10) 55 (0.02, 0.01–0.10)

TTP (remission)a 29 (0.49, 0.01–1.33) 256 (0.48, 0.01–1.33)

DIC 30 (0.41, 0.01–1.31) 34 (0.41, 0.01–1.31)

HUS 33 (0.68, 0.18–1.32) 43 (0.73, 0.18–1.32)

HELLP/TAM 8 (0.64, 0.23–1.25) 14 (0.58, 0.23–1.25)

Malign. Hypertension 15 (0.71, 0.52–1.04) 19 (0.75, 0.52–1.04)

Anemiab 28 (0.74, 0.29–1.18) 31 (0.77, 0.29–1.24)

ITP 21 (0.84, 0.01–1.24) 24 (0.80, 0.29–1.24)

Other diseasesc 49 (0.77, 0.01–1.44) 54 (0.77, 0.01–1.44)

Missing clinical data 137 (0.61, 0.01–1.39) 176 (0.62, 0.01–1.39)

Total 362a (0.51, 0.01–1.44) 706 (0.55, 0.01–1.44)

TTP: thrombotic thrombocytopenic purpura, DIC: disseminated intravascular coagulation, HUS: hemolytic uremic syndrome, HELLP syndrome: he-
molytic anemia, elevated liver enzymes, low platelets, TAM: transplantation-associated microangiopathy, ITP: idiopathic thrombocytopenic
purpura.
a16 of the patients with TTP had samples from TTP both during acute phase and remission—the total number of patients with TTP is thus 41.
bThe 28 patients with anemia had: autoimmune hemolytic anemia (n¼ 3), Evan’s syndrome (n¼ 4), cobalamin or folate deficiency (n¼ 8), macroan-
giopathic hemolytic anemia from a mechanical valve (n¼ 3), hereditary spherocytosis (n¼ 3), G6PD deficiency (n¼ 1), paroxysmal nocturnal hemo-
globinuria (n¼ 2), unexplained nonimmune mediated hemolysis (n¼ 2), and aplastic anemia (n¼ 2).
cAn overview of these patients is given in Supplemental Table 1.
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P<0.001). There was a high degree of agreement
between the 2 methods with a Passing–Bablok re-
gression intercept of �0.0096 (95%CI: �0.01 to

�0.0006) and slope of 0.962 (95%CI: 0.937 to
1.00, Fig. 3, A). Bland–Altman analysis showed no
pattern of systematic bias toward high or low

Fig. 2. Assessment of the effect of storage time in ADAMTS13 activity. (A) FRET measurements of
ADAMTS13 activity in 34 samples from fresh plasma and frozen plasma (stored at 220 �C). The blue
dots and lines (n519) represent samples with an absolute difference of 0.05kIU/L (or 5%) or less, the
green dots and lines (n56) are samples with an increase of ADAMTS13 activity of more than 0.05kIU/L
in the frozen samples and the red dots and lines (n59) are samples with a decrease of ADAMTS13 ac-
tivity of more than 0.05kIU/L after storage. (B) Boxplot showing the effect of storage time (in years) in
the median difference in ADAMTS13 activity measurements between HemosIL (frozen plasma) and
FRET (fresh plasma). The dashed line is the zero level and the blue line is the linear regression line be-
tween storage time and difference of HemosIL and FRETmeasurements.
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values of ADAMTS13 activity with a constant mean

bias of �0.03 kIU/L (95%CI: �0.04 to �0.02,
P<0.001) (Fig. 3, B).
Rapid quantification of ADAMTS13 activity is es-

pecially important in the diagnostic differentiation

of TTP from other TMAs. It is therefore relevant to

perform this method comparison only including

the samples that were obtained before a final di-

agnosis was established. After removing samples

from patients with missing clinical information and

TTP in remission, we ended up with 212 samples.

Again, we found a high correlation (r¼0.913,

95%CI: 0.887 to 0.932, P<0.001) and level of

agreement between the methods (Fig. 3, C and D).

To evaluate intraassay variability and repeatabil-

ity of HemosIL, we performed a duplicate analysis

in a total of 227 randomly selected samples. We

observed a very high repeatability with robust cor-

relation between paired measurements (r¼0.977,

95%CI: 0.970 to 0.982, P<0.001, Supplemental

Fig. 1, A and B).

Clinical Validation of the FRET and HemosIL
Methods

First, we included all 706 plasma samples, only

removing the 176 samples for which there was no

available clinical information, thus ending with 530

samples. Both HemosIL and FRET quantification

Fig. 3. Level of agreement and difference (mean bias) between the HemosIL and FRETmethods in quan-
titating ADAMTS13 activity. Passing–Bablok regression of HemosIL and FRET measurements in (A) all
the 706 plasma samples included in the study and (C) the 212 diagnostic samples in the study. The dot-
ted line shows the control line of a perfect fit and the blue line shows the fitted regression line with
95% confidence intervals. The left panel shows Bland–Altman plots including (B) all 706 samples and (D)
the 212 diagnostic samples. The black line is the zero level of difference. The blue continuous line
shows the mean bias and the blue dotted lines show the 95% limits of agreement.

Rapid TTP Diagnosis ARTICLE

..................................................................................................

May 2022 | 07:03 | 637–649 | JALM 643

D
ow

nloaded from
 https://academ

ic.oup.com
/jalm

/article/7/3/637/6491859 by D
anish R

egions user on 22 June 2022

https://academic.oup.com/jalm/article-lookup/doi/10.1093/jalm/jfab148#supplementary-data
https://academic.oup.com/jalm/article-lookup/doi/10.1093/jalm/jfab148#supplementary-data


was in accordance with the clinical diagnosis with

only 2 patients showing ADAMTS13 activity below

0.10 kIU/L without having TTP (Supplemental

Table 2). The diagnoses of these patients and the

activity levels from both methods can be seen in

Supplemental Table 2. Consequently, we found a

high degree of agreement between the 2 meth-

ods in separating patients with ADAMTS13 activity

<0.10 kIU/L or �0.10 kIU/L (Cohen’s kappa¼
0.878, P<0.001, Table 2).
The 2 methods were discordant in 21 samples.

For 14 of those samples, HemosIL reported

ADAMTS13 activity below 10% while for the

remaining 7 samples, it was the FRET method that

reported ADAMTS13 activity below 10%.

Interestingly, 20 of those samples were from

patients with TTP in remission and the last sample

was from a patient with active TTP, where FRET

quantitated ADAMTS13 activity at 0.10 kIU/L.
To evaluate the assay performance before a fi-

nal diagnosis, we reperformed these analyses only

including the 212 unique samples obtained be-

fore the clinical diagnosis was established. We

found a good agreement of both the HemosIL

and FRET methods with the final diagnosis, with

both methods quantitating ADAMTS13 activity

<0.10 kIU/L in the same 2 patients without TTP

(Fig. 4, A and B). In addition, there was an even

higher agreement between the 2 methods

(Cohen’s kappa¼0.980, P<0.001, Table 2).

Sensitivity and Specificity of HemosIL and
FRET Methods in Diagnosing TTP

When applying the universally accepted cutoff

value of ADAMTS13 activity <0.10 kIU/L (or <10%)

as confirmatory for the diagnosis of TTP, we found

that the FRET method had a sensitivity of 96.4%

and a specificity of 98.9%, while the HemosIL

method showed a sensitivity of 100% and a specif-

icity of 98.9%. (Fig. 5, A). ROC curve analysis

showed that the AUC for the FRET method was

97.7%, while the AUC for the HemosIL method

was 99.5% (Fig. 5, B) with no difference between

the 2 (P¼0.317).
When changing the diagnostic cutoff of

ADAMTS13 activity for TTP from <0.10 kIU/L to

<0.05 kIU/L, the patient with disseminated

intravascular coagulation (DIC) previously

“misclassified” as having TTP was now correctly

classified with the HemosIL method (ADAMTS13

activity¼0.08 kIU/L), but still incorrectly diagnosed

as TTP by the FRET method (ADAMTS13

activity¼0.01 kIU/L). However, a cutoff of

<0.05 kIU/L would lead to further misclassification

of 2 TTP patients using the FRET method

(ADAMTS13 activity¼0.06 kIU/L for both), but they

Table 2. Level of agreement (Cohen’s kappa) between FRET and HemosIL in distinguishing patients
with low activity of ADAMTS13, defined as below 10%.

All samples with clinical data ADAMTS13<10% ADAMTS13�10%
Cohen’s kappa(n¼530) (FRET) (FRET)

ADAMTS13<10% (HemosIL) 94 14 j¼0.878

ADAMTS13�10% (HemosIL) 7 414

Only diagnostic samples (n¼212) ADAMTS13<10% (FRET) ADAMTS13�10% (FRET) Cohen’s kappa

ADAMTS13<10% (HemosIL) 29 1 j¼0.980

ADAMTS13�10% (HemosIL) 0 182

In the top panel, all 530 samples with clinical data were included. In the bottom panel, only diagnostic samples were included; all samples from
TTP in remission and samples with missing clinical data were removed from the analysis, leaving a total of 212 samples.
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would still be correctly diagnosed as TTP using
the HemosIL method (ADAMTS13 activity¼0.00
and 0.04 kIU/L). Consequently, the specificity of
the HemosIL method increased to 99.4%, but
the sensitivity of the FRET method decreased to
89.3%. Accordingly, the AUC for the FRET method
with a cutoff of <0.05 kIU/L was 94.1%, while the

AUC for the HemosIL method was 99.7%
(P¼0.059, Fig. 5, C). Overall, these data show
that both methods come with high accuracy in
the diagnostic evaluation of TTP but that each
method can potentially benefit from an individual
choice of cutoff for estimating ADAMTS13
deficiency.

Fig. 4. ADAMTS13 activity levels according to the clinical and final diagnosis of the 212 patients in the
study. (A) The HemosIL method showed ADAMTS13 activity <0.10kIU/L (below 10%) in all patients pre-
senting with TTP in the acute phase, but also in 2 other patients; a patient with DIC and a patient with
systemic lupus erythematosus (SLE). (B) The FRET method quantitated ADAMTS13 activity <0.10kIU/L
(below 10%) in all but one TTP patient, as well as in the same 2 patients with DIC and SLE in which the
HemosIL method reported low ADAMTS13 activity.
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DISCUSSION

The discovery of the liver-derived ADAMTS13

enzyme and its central role in TTP has provided

molecular insight into the pathophysiology of the

disease. It has also allowed for clinical quantifica-

tion of the activity of ADAMTS13; a valuable tool in

the urgent diagnostic evaluation of TTP. Here, we

used a total of 706 stored plasma samples and

performed a direct comparison between the “gold

standard” FRET and HemosIL methods. Notably,

the HemosIL method is fully automated and has a

short analysis time of just 33minutes. The method

is also readily implementable in laboratories with-

out specialized functions in coagulation medicine.

Importantly, we retrospectively evaluated the clini-

cal accuracy of both methods using a panel of 212

consecutive diagnostic samples collected over the

course of more than a decade.
We show that the enzymatic activity of

ADAMTS13 in plasma is stable even after pro-

longed storage at �20 �C. Even for samples stored

for more than 10 years, the difference in

ADAMTS13 activity between the HemosIL and the

Fig. 5. Diagnostic accuracy of the HemosIL and FRET methods using a cutoff of ADAMTS13 activity be-
low 0.10kIU/L or below 0.05kIU/L. (A) Sensitivity, specificity, positive predictive value and negative pre-
dictive value of the HemosIL and FRET methods in correctly diagnosing TTP when applying a cutoff of
ADAMTS13< 0.10kIU/L. ROC curves and AUC for the HemosIL (purple line) and FRET method (blue line)
when using a cutoff of (B) ADAMTS13< 0.10kIU/L and (C) ADAMTS13<0.05kIU/L. The diagnostic
accuracy of the HemosIL method increases when applying a cutoff of ADAMTS13< 0.05kIU/L as diag-
nostic of TTP, but decreases for the FRET method, which is more accurate with a cutoff of
ADAMTS13< 0.10kIU/L.
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original FRET quantification of the fresh sample

was negligible. This is extremely important infor-

mation not only for the validity of our study, but

also for further studies where quantification of

ADAMTS13 activity in frozen material might be

informative.
A strong correlation between the HemosIL and

FRET methods was found, both when including all

706 samples and when only including the 212 di-

agnostic samples. Previous reports have shown

that the HemosIL method may underestimate

ADAMTS13 activity, especially in samples with

lower ADAMTS13 activity (8, 9). In our study, how-

ever, the difference between the 2 methods

appeared to be constant with the mean bias being

minimal; the HemosIL method reporting system-

atically 0.03 kIU/L lower than the FRET method.

Other recent comparisons of the HemosIL and

FRET methods have shown a mean bias from

þ0.08 to �0.159 kIU/L (9, 12, 14). In other studies,

method comparison of the HemosIL method with

an ELISA-based assay (Technozym) has yielded a

lower mean bias, from 0.048 to �0.029 kIU/L (9–

11, 13).
In our study, the samples showing the biggest

discrepancy between the methods were primarily

from patients in clinical remission of TTP. Thirteen

of these patients had an ADAMTS13 activity below

0.10 kIU/L with the HemosIL but not with the FRET

method, and 7 patients without active TTP dis-

played an ADAMTS13 activity below 0.10 kIU/L

with the FRET but not with the HemosIL method.

Even though we do not have an explanation for

these differences, it may be possible that plasma

exchange therapy interferes differently with the

methods of measuring ADAMTS13 activity; fluo-

rescence (FRET) versus chemiluminiscence

(HemosIL). Based on these findings, it is difficult to

imagine using either method on its own as a

stand-alone tool for evaluating disease activity in

patients with TTP in their remission phase, and

the clinical presentation combined with biochemi-

cal features of active hemolysis remains necessary

in this group of patients.
According to the developers of HemosIL, the

method can be affected by the presence of rheu-

matoid factor (RF), which can lead to a significant

underestimation of the ADAMTS13 activity. It is un-

known whether RF can affect the quantification of

ADAMTS13 activity using FRET. Interestingly, one

of the 2 patients who had very low ADAMTS13 ac-

tivity using both the FRET and HemosIL method

(0.01 kIU/L and 0 kIU/L, respectively) had systemic

lupus erythematosus. Unfortunately, RF was not

measured in this patient, and we can thus

not exclude the possibility of a falsely low

ADAMTS13 activity estimation by both methods.

Furthermore, lipemic and icteric plasma may af-

fect chemiluminescent measurement. While we

did not specifically test for this interference in our

current study, we note in particular that high con-

centrations of bilirubin in plasma is not uncom-

mon in TTP. Specific testing for these potential

confounders should be addressed in future labo-

ratory studies.
The accuracy of the methods in diagnosing

patients with TTP when applying a cutoff of

ADAMTS13 activity <0.10 kIU/L (<10%) was very

high. However, when we reduced the cutoff of

ADAMTS13 activity that is suggestive for TTP from

<0.10 kIU/L to <0.05 kIU/L, we observed an even

higher accuracy for the HemosIL but not for the

FRET method. A recent study also found that a

cutoff of <0.05 kIU/L improves the specificity and

positive predictive value of the HemosIL method

in correctly diagnosing TTP (12). These findings are

not surprising, as the HemosIL method has a

much higher sensitivity, while our FRET method

can only measure as low as 0.04 kIU/L. It is thus

not unfathomable that a method-specific diagnos-

tic cutoff for TTP might have to be applied for

methods used in the clinical setting to quantitate
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ADAMTS13 activity. From a clinical perspective,
however, it should be emphasized that the thresh-
old for plasma exchange should be kept low, as it
is generally well tolerated and the rate of death
from untreated TTP is very high.
In conclusion, we show that a rapid method for

quantitating the ADAMTS13 activity in patients
suspected of TTP is fully comparable to the cur-
rent standard FRET method. This allows for real-

time assessment of possible TTP with the pros-

pect of rapidly separating the treatment modali-

ties of TTP from other TMAs.
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