Mancini et al.
Orphanet Journal of Rare Diseases
(2022) 17:246
https://doi.org/10.1186/s13023-022-02400-y

Open Access

RESEARCH

Lombardy diagnostic and therapeutic
network of thrombotic microangiopathy
I. Mancini1†, P. Agosti1†, M. Boscarino1, B. Ferrari2, A. Artoni2, R. Palla1, M. Spreafico3, G. Crovetti4, E. Volpato5,
S. Rossini5, C. Novelli6, S. Gattillo7, L. Barcella8, M. Salmoiraghi9, A. Falanga8,10, F. Peyvandi1,2*   and Lombardy
AREU TMA Network

Abstract
Background: Thrombotic thrombocytopenic purpura (TTP) is a rare, life-threatening thrombotic microangiopathy
(TMA) requiring urgent treatment. Standardization of its diagnosis and optimal management is challenging. This study
aimed to evaluate the role of centralized, rapid testing of ADAMTS13 in patients experiencing acute TMAs requiring
plasma-exchange (PEX) and to estimate the incidence of TTP in a large Italian Region.
Methods: We perfomed a cohort study in the frame of the project “Set-up of a Lombardy network for the study and
treatment of patients undergoing apheresis”, including 11 transfusion centers in the Region. Consecutive patients
referred from 2014 to 2016 with acute TMAs requiring PEX were enrolled. Centralized ADAMTS13 activity testing was
performed at the Milan Hemophilia and Thrombosis Center within 24 h.
Results: Forty-three TMA patients (44 events) were enrolled, of whom 35 (81%) had severe ADAMTS13 deficiency.
Patients with severe ADAMTS13 deficiency were younger, mainly women, with a higher prevalence of autoimmune
disorders and a lower prevalence of cancer. Clinical and laboratory characteristics of patients with and without severe
ADAMTS13 deficiency largely overlapped, with a lower platelet count being the only baseline marker that significantly
differed between the two patient groups (ADAMTS13 activity < 10% vs ≥ 10%: median difference of -27 × 109/l, 95%
CI − 37 to − 3). PEX treatment was initiated in all patients, but soon discontinued in cases without severe ADAMTS13
deficiency. In this group, the mortality rate was higher and no episode exacerbations or relapses within 6 months
occured. The estimated average annual incidence of acute acquired TTP events was 1.17 [0.78–1.55] per million
people.
Conclusions: Severe ADAMTS13 deficiency distinguished two groups of patients with largely overlapping clinical
features but different treatment and disease course. This study provides a feasible model implemented in a large
Italian region for the practical clinical approach to TMAs and underlines the importance of urgent ADAMTS13 activity
testing for an accurate differential diagnosis and therapeutic approach.
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Background
Thrombotic thrombocytopenic purpura (TTP) is a rare,
life-threatening thrombotic microangiopathy (TMA),
with a reported annual incidence of 2 to 6 cases per
million people [1–6] and a mortality of 10 to 20% even
if properly treated [4, 7]. TTP is caused by the severe
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plasma deficiency of the von Willebrand factor (VWF)
cleaving protease, i.e., the disintegrin and metalloproteinase with a thrombospondin type 1 motif member
13 ADAMTS13, caused in most cases by neutralizing
autoantibodies (acquired immune-mediated TTP). As a
result of ADAMTS13 deficiency, ultra-large VWF multimers accumulate in plasma and lead to multiple microvascular occlusions and organ tissue ischemia [8].
TTP belongs to a wide spectrum of disorders defined
as thrombotic microangiopathies (TMAs), all characterized by thrombocytopenia, microangiopathic haemolytic
anaemia and microvascular thrombosis in the terminal
circulation with associated organ ischemia. In the early
stages of acute TMA events, symptoms may be non-specific (e.g., weakness, confusion, headache, nausea). With
the progression of the disease, as a result of the microthrombotic ischaemia, specific signs and symptoms of
organ injury appear more frequently in the brain, heart
or kidneys [4, 5, 7, 9–17]. However, several clinical and
laboratory features may overlap, making differential diagnosis challenging [18]. Currently, ADAMTS13 activity
testing in plasma is the key laboratory hallmark for the
differential diagnosis of TMAs, because values below
10% of normal (i.e., ADAMTS13 severe deficiency) are
diagnostic for TTP and support the initiation and continuation of therapy with plasma exchange (PEX) and
immunosuppressors, nowadays with the adjunct use of
the anti-VWF nanobody caplacizumab [19]. ADAMTS13
activity levels between 10 and 20% are considered borderline, alternative diagnoses should be seeked and treatment should be based on clinical judgement. Finally,
ADAMTS13 activity levels above 20% of normal exclude
a diagnosis of TTP, pointing towards other diagnoses and
other therapies [19]. Moderately reduced to normal levels
of ADAMTS13 activity are found in patients with other
TMAs such as the complement-mediated hemolytic
uremic syndrome, that benefits from eculizumab treatment. In non-TTP TMA patients, the measurement of
ADAMTS13 would allow not only to consider a different
diagnosis and treatment, but also to interrupt PEX when
started, considering that this therapy is not free from
adverse effects, some of which can be life threatening. In
particular, plasma-related (anaphylaxis, anaphylactoid
reactions, hypocalcemia/hypomagnesemia) and catheterrelated events (infections, bleeding) have been reported
[20].
A standardized diagnostic process and management
of TTP/TMA patients is hampered by the rarity of the
disease and the long turn-around time of ADAMTS13
testing, which might take days due to the technical
characteristics of currently available assays, that are
unsuitable for emergency laboratories and usually limited to specialized centers [21]. To promote the optimal
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management of TTP/TMA patients, the Italian Region of
Lombardy set-up a network of transfusion and medical
centers for the diagnosis and treatment of patients undergoing PEX. Among the study aims there was the evaluation of the clinical usefulness of centralized ADAMTS13
activity testing in patients experiencing acute TMA episodes requiring PEX. Accordingly, we report herewith
the results of a comparative analysis of clinical and laboratory features, treatment and outcomes in TMA patients
requiring PEX with and without severe ADAMTS13 deficiency. With this study we also aim at estimating the incidence of TTP in Lombardy.

Methods
Study design, patients and recorded variables

Between 2014 and 2016, we performed a cohort study
in the frame of the project “Set-up of a Lombardy network for the study and treatment of patients undergoing apheresis” (“Costituzione di una rete lombarda per
lo studio e il trattamento dei pazienti sottoposti a procedure di aferesi terapeutica”, Decreto n. 9269 di Regione
Lombardia, 18/10/2012). The general project aimed at
creating a regional network of tranfusional centers to
standardize the protocols related to therapeutic apheresis
and for assessing the feasibility and clinical value of centralized, rapid testing of ADAMTS13 activity in patients
with a suspected diagnosis of TTP, the latter being the
aim of the study herein reported. According to a survey
conducted in 2013 in Lombardy hospitals, 34 out of 44
centers performed therapeutic plasma-exchange. Among
these, 11 (32%) participated to the study herein reported.
Based on the surveyed number of overall therapeutic
plasma-exchange procedures performed in the previous year, these 11 centers were representative of 50% of
all plasma-exchange procedures performed in Lombardy
Region.
Consecutive patients presenting with acute TMA
requiring PEX enrolled at 11 transfusion centers in the
Region between 2014 and 2016 were included in this
study. The list of enrolling centers is included in the
Additional file 1: Table S1. TMAs requiring PEX [22]
were defined based on the concomitance of consumption thrombocytopenia, microangiopathic hemolytic
anemia and the occurrence of microthrombosis-related
ischemic symptoms. Peripheral blood samples were collected at presentation of the acute episode before any
transfusional treatment and shipped to the coordinating
center (Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy) for ADAMTS13 testing.
The acute phase results of ADAMTS13 activity and antiADAMTS13 antibodies were returned to the participating centers within 24 h after sample reception.

Mancini et al. Orphanet Journal of Rare Diseases

(2022) 17:246

Age, sex, body mass index (BMI), clinical history, disease triggers, clinical manifestations, main laboratory
parameters, treatments and outcomes of acute events
were recorded. Data on concomitant cancer or autoimmune diseases were also collected. Potential disease triggers (i.e., events occurring, such as infections or surgery,
or drugs taken in the three months prior to the acute
episode), were also recorded. Furthermore, we collected
data on bleeding, cardiovascular, neurological, renal and
systemic symptoms/signs as observed at the time of onset
of the acute episode. Laboratory tests, performed during
the acute phase before plasma therapy, included platelet
count, hemoglobin, leukocytes, serum lactate dehydrogenase (LDH), total and indirect bilirubin, transaminases,
creatinine and plasma fibrinogen according to Clauss
method. Estimated glomerular filtration rate (eGFR) was
calculated by means of the Cockcroft-Gault equation.
Treatments such as PEX, plasma infusion, immunoglobulins, corticosteroids, rituximab, antiplatelets and
anticoagulants were also recorded. The short- and longterm outcomes of the acute event were death, clinical
response (i.e., sustained normalization of platelet count
and LDH after stopping PEX treatment), exacerbation
(i.e., recurrence of thrombocytopenia and increased LDH
occurring within 30 days after a first clinical response
and requiring to restart PEX therapy), episode length
(defined as the number of daily PEX procedures required
to achieve the first clinical response) and relapse (i.e., a de
novo acute TMA event occurring more than 30 days after
clinical response in the context of previous acute event).
Written informed consent was obtained from all subjects
in accordance with the Helsinki Declaration.
Sample collection and ADAMTS13 testing

Peripheral blood samples were collected in vacutainer
tubes containing 3.2% sodium citrate as anticoagulant.
Citrated plasma samples were obtained by centrifugation
for 20 min at 3200 g and 4° kept frozen at -80 °C until
shipment. ADAMTS13 testing included ADAMTS13
activity, ADAMTS13 antigen and anti-ADAMTS13
antibodies, which were measured using ELISA-based
commercial kits from Technoclone (Vienna, Austria): the Technozym® ADAMTS-13 Activity assay for
ADAMTS13 activity, the Technozym® ADAMTS-13
Antigen for ADAMTS13 antigen and the Technozym®
ADAMTS-13 Inhibitor for anti-ADAMTS13 IgG.
Statistical analysis

Age, sex, BMI, clinical history, disease triggers, clinical
manifestations, laboratory parameters, treatments and
outcomes were compared in the frame of the acute TMA
episodes in patients with and without severe deficiency
of ADAMTS13 activity (< 10% or ≥ 10%). Categorical
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variables were expressed as counts and percentages, continuous variables as medians and interquartile ranges
(IQR). Differences in proportions and medians were
evaluated with the chi-square or Fisher’s Exact tests
(where appropriate) and the Mann–Whitney test, respectively. In order to estimate the annual incidence rate of
TTP and of overall acute TTP events for each follow-up
year, the number of incident TTP events or of all acute
TTP events were divided by the number of people living
in Lombardy (in terms of persons-years). Then the incidence was expressed as cases per million people with 95%
confidence intervals (CI) and a mean value calculated for
the three years of the study. To account for the fact that
not all Lombardy transfusion centers participated to the
study, we provided two additional estimates for the incidence of acute TTP events under the following assumptions: (i) being the 32% of hospitals with transfusion
medicine services in the Region, the 11 recruiting centers
are representative of one-third of the Lombardy population at risk, (ii) accounting for 50% of overall plasmaexchange procedures performed in the Region, the 11
recruiting centers are representative of half of the Lombardy population at risk. Statistical analyses were performed using R version 3.5.3.

Results
Between 2014 and 2016, 43 patients for a total of 44 acute
TMA events were evaluated. Thirty-five patients (81%)
had at presentation a severe deficiency of ADAMTS13
activity (< 10% of normal value), 8 (19%) had values ≥ 10%. Overall, 30 of 44 were first acute TMA events
(68%), 22 (63%) among patients with severe ADAMTS13
deficiency and 8 (100%) among those without.
Compared with patients with ADAMTS13 ≥ 10%,
those with severe ADAMTS13 deficiency were younger,
with a higher proportion of women, autoimmune disorders and a lower proportion of cancer (Table 1). Autoimmune thyroiditis and connective tissue diseases were the
most frequent autoimmune disorders, whereas cancers
were mostly hematological.
Ten out of 36 episodes with severe ADAMTS13
deficiency (28%) and 4 out of 8 episodes with
ADAMTS13 ≥ 10% (50%) were triggered by infections
(mostly oropharyngeal or gastrointestinal), whereas one
episode of both groups was triggered by surgery.
Table 2 summarizes the main clinical and laboratory
characteristics of patients with acute TMA events at
the time of presentation, which showed a large overlap
between the two groups of patients. Among all recorded
parameters, platelet count was the only baseline marker
that significantly differed between the two study groups:
TMA patients with severe ADAMTS13 deficiency had
lower platelet counts (median difference − 27 × 109/l,
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Table 1 Baseline characteristics of patients with and without severe ADAMTS13 deficiency
ADAMTS13 < 10%
(n = 35)

ADAMTS13 ≥ 10%
(n = 8)

Female sex, n (%)

23 (66)

3 (38)

Age at 1st episode, median (IQR)

48 (29–60)

58 (50–79)

Difference of proportions/
median difference
(95% CI)
28 (− 17–73)
− 18 (− 31 to − 1)

Age at enrollment, median (IQR)

50 (40–63)

58 (50–79)

BMI, kg/m2, median (IQR)

25 (22–28)a

25 (23–26)

Autoimmune disease, n (%)

11 (31)

1 (13)

18 (− 16–54)

Cancer, n (%)

0 (0)

4 (50)

− 50 (− 92 to − 8)

a

− 13 (− 28–3)

0.87 (− 2.56–4.57)

Available for 29 patients

IQR Interquartile range, CI Confidence interval

Table 2 Clinical and laboratory characteristics events at of acute TMA presentation in patients with and without ADAMTS13 deficiency
ADAMTS13 < 10%
(n = 36)

ADAMTS13 ≥ 10%
(n = 8)

Difference of proportions/
median difference
(95%CI), p-value

Systemic, n (%)

32 (89)

7 (87)

2 (− 25–28), 1

Hemorrhagic, n (%)

15 (42)

1 (13)

29 (− 6–65), 0.25

Neurological, n (%)

14 (39)

4 (50)

Renal, n (%)

4 (11)

3 (38)

− 11 (− 57–35), 0.97

Cardiovascular, n (%)

4 (11)

0 (0)

Platelet count, 109/l,
median (IQR)

14 (10–25)

43 (34–51)

Platelet count < 30 × 109/l,
n (%)

31 (86)

2 (25)

61 (21–100), 0.01

Hemoglobin, g/dl,
median (IQR)

8.5 (7.2–11.2)

7.6 (6.9–9.1)

0.9 (− 1.0–2.9), 0.35

LDH, IU/l,
median (IQR) a

1039 (832–1761)

1197 (836–1956)

Indirect bilirubin, mg/dl,
median (IQR) b

1.8 (1.2–2.9)

1.8(1.2–2.3)

0.2 (− 1.1–1.9), 0.79

Creatinine, mg/dl,
median (IQR) c

1.0 (0.8–1.3)

1.4 (0.8–2.0)

− 0.3 (− 0.9–0.3), 0.38

Creatinine < 2.26 mg/dl,
n (%)

30 (83)

7 (88)

eGFR, ml/min,
median (IQR) d

79 (53–107)

50 (30–107)

Clinical signs and symptoms

− 27 (− 70–16), 0.19
11 (− 7–29), 0.76

Laboratory assays
− 27 (− 37–3), 0.02

− 113 (− 927–450), 0.67

− 5 (− 34–26), 1.00
17 (− 28–55), 0.38

Systemic symptoms/signs: fatigue, fever, headache, jaundice (defined as total bilirubin levels ≥ 2.5 mg/dl); neurological symptoms/signs: ischemic stroke, transient
ischemic attack, seizures, cognitive status alterations, personality disorders, focal neurological signs; hemorrhagic symptoms/signs: skin bleeding (purpura,
ecchymosis), mucosal bleeds (including epistaxis, hematuria, meno-metrorrhagia, gastrointestinal bleeding); cardiovascular symptoms/signs: acute coronary
syndrome or myocardial infarction; renal symptoms/signs: acute renal failure
a
b
c
d

Available for 35 events with ADAMTS13 < 10% and 8 events with ADAMTS13 ≥ 10%

Available for 26 events with ADAMTS13 < 10% and 4 events with ADAMTS13 ≥ 10%

Available for 33 events with ADAMTS13 < 10% and 8 events with ADAMTS13 ≥ 10%

Available for 28 events with ADAMTS13 < 10% and 8 events with ADAMTS13 ≥ 10%

95% CI − 37 to − 3), most of them presenting with severe
thrombocytopenia (i.e., < 30 × 109/l). Patients with severe
ADAMTS13 deficiency also showed a trend for a higher
proportion of bleeding (42% vs 13%) and cardiovascular

signs and symptoms (11% vs 0%) and a lower proportion of renal failure (11% vs 38%), compared with those
with ≥ 10%.
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With regard to ADAMTS13 testing results, 94% of
acute TMA events with severe ADAMTS13 deficiency
had undetectable ADAMTS13 activity levels, a reduced
ADAMTS13 antigen (< 0.6 ug/ml) and positive antiADAMTS13 antibodies (> 15 U/ml). Among patients
without severe deficiency, 2 showed reduced ADAMTS13
activity levels (19% and 33%) and 6 normal activity levels
(range 45–80%). Reduced ADAMTS13 antigen levels and
positive anti-ADAMTS13 antibodies were found in 38%
and 25% patients, respectively (Table 3).
Treatments and outcomes of acute TMA events are
reported in Table 4. PEX treatment was initiated in all
TMA patients but the treatment period was longer in
patients with severe ADAMTS13 deficiency. Corticosteroids use was similar in the two groups, but rituximab
was employed only in patients with severe deficiency. In
particular, among the 14 episodes treated with rituximab,
6/14 (43%) were first events, of whom 4 exacerbated. Pertaining to outcomes, 3 TMA patients died (3% of patients
with severe ADAMTS13 deficiency vs 25% without), 14
Table 3 Results of ADAMTS13 antigen and anti-ADAMTS13
antibodies in patients with and without severely deficient
ADAMTS13 activity
ADAMTS13 < 10%
(n = 36)

ADAMTS13 ≥ 10%
(n = 8)

ADAMTS13 antigen
Reduced, n (%)

34 (94)

3 (38)

Normal, n (%)

2 (6)

5 (62)

Titer, ug/ml, median (IQR)

0.1 (0.04–0.16)

0.66 (0.53–0.72)

Anti-ADAMTS13 antibodies
2 (6)

6 (75)

Positive, n (%)

Negative or borderline, n (%)

34 (94)

2 (25)

Titer, U/ml, median (IQR)

63 (39–93)

18; 21a

a

Individual data
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patients exacerbated and 6 relapsed at 6 months after the
acute event, all from the patient group with ADAMTS13
activity below 10% (Table 4).
Based on the detection of severe ADAMTS13 deficiency, 35 patients (81%) were diagnosed with acquired
TTP, whereas the remaining 8 patients were ultimately
diagnosed with complement-mediated HUS (n = 3),
TMA secondary to cancer (n = 3) or TMA of unknown
etiology (n = 2). Therefore, we estimated an average
annual incidence of acquired TTP (i.e., incident cases)
and of all acute acquired TTP events in Lombardy region
of 0.73 (95% CI 0.43 to 1.04) and 1.17 (95% CI 0.78 to
1.55) per million people, respectively (Additional file 1:
Table S2). By assuming that the 11 recruiting centers
were representative of one third or half of the Lombardy
population at risk, the aforementioned figures increased
to an annual incidence of 2.34 and 3.51 acute TTP events,
respectively.

Discussion
We compared the disease-related features of 43 consecutive patients admitted to 11 hospitals in the Italian
region of Lombardy for an acute TMA episode requiring
PEX therapy and stratified according to the plasma level
of ADAMTS13 activity. Severe deficiency distinguished
two groups of patients with largely overlapping clinical
and laboratory characteristics but very different treatment and disease course, confirming the importance of
ADAMTS13 testing for an accurate differential diagnosis
and management of TMAs.
As previously reported in the literature, patients with
severe ADAMTS13 deficiency were more likely to be
young, female, with a history of autoimmune diseases
but no previous cancer as compared with those with
ADAMTS13 ≥ 10% [7, 23, 24]. At hospital admission,
the clinical and laboratory characteristics of patients

Table 4 Treatment and short- and long-term outcomes of acute TMA events in patients with and without ADAMTS13 deficiency
ADAMTS13 < 10%
(n = 36)

ADAMTS13 ≥ 10%
(n = 8)

Difference of proportions/
Median difference
(95% CI), p-value

Treatment
PEX, median (IQR)

15 (7–20)

5 (4–7)

9 (2–14), 0.003

Corticosteroids, n (%)

32 (88)

6 (75)

13 (− 25–53), 0.64

Rituximab, n (%)

14 (39)

0 (0)

39 (15–62), 0.08

19 (7–24)

Na

Outcome
Median time to remission, median (IQR) a
Death, n (%)
Exacerbation, n (%)
Relapse at 6 months, n (%)
a

1 (3)

2 (25)

14 (39)

0 (0)

39 (15–62), 0.08

6 (17)

0 (0)

17 (− 3–36), 0.50

The difference between date of episode onset and the date on which PEX treatment was stopped (in days)

− 22 (− 60–16), 0.14
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largely overlapped, with clinical manifestations better
differentiating patients with ADAMTS13 activity below
and above 10% being hemorrhagic symptoms and renal
failure. Neurological involvement, which is frequently
associated with TTP, was not different between the
two groups. These findings confirm previous data from
European and US TMA registries, which reported a
44% lower proportion of acute renal failure in patients
with severe ADAMTS13 deficiency [7] and a similar
prevalence of 40–60% of neurological manifestations
regardless of the ADAMTS13 activity level [7, 23, 24].
Regarding the laboratory parameters at the time
of presentation of the acute TMA event, only platelet counts were significantly different between the
two patient groups, a severe thrombocytopenia
(count < 30 × 109/l) being present in almost all patients
with severe ADAMTS13 deficiency and in only 25% of
those with ADAMTS13 ≥ 10%. More severe thrombocytopenia is likely to explain the higher prevalence of
bleeding observed in patients with severe ADAMTS13
activity deficiency.
A markedly reduced platelet count is a cornerstone
of the diagnostic scores employed to predict severe
plasma deficiency of ADAMTS13 and thus the likelihood of TTP diagnosis [23, 25]. Another component of
the scores is serum creatinine, with values lower than
2.26 mg/dl or 2 mg/dl predicting severe ADAMTS13
deficiency in the French or PLASMIC scores. Severe
thrombocytopenia was clearly associated with severe
ADAMTS13 deficiency also in the present study, but
this association was not found for creatinine, perhaps
owing to the small sample size, especially for patients
with ADAMTS13 ≥ 10%. Unfortunately, we could
not calculate the PLASMIC score, which can be used
to select patients that would benefit from plasmaexchange. However, a recent meta-analysis by Paydary
and colleagues demonstrated that the PLASMIC score
can support differential diagnosis by excluding TTP
but, due to low specificity and positive predictive value,
is insufficient to confirm TTP diagnosis [26]. Hence,
ADAMTS13 activity measurement remains necessary.
A criterion for inclusion in this study was the indication of PEX therapy [22]. Hence, the enrolled
patients were all likely to be characterized by a high
pre-ADAMTS13 testing probability of TTP, that perhaps explains the disproportion between the two
patient groups (80% of patients had severe ADAMTS13
deficiency). Notwithstanding these issues, our findings underline the high degree of overlapping features in patients with a clinical suspicion of TTP and
the importance of rapid measurement of ADAMTS13
activity for an accurate differential diagnosis and optimal management.
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Both laboratory markers, antigen and antibody,
showed significantly different results between the two
study groups, with the majority of patients with severe
ADAMTS13 deficiency having reduced ADAMTS13
antigen and positive antibodies, whereas the majority of
patients without severe ADAMTS13 deficiency having
normal ADAMTS13 antigen and no antibodies. However, ADAMTS13 antigen was usually only moderately
reduced in patients with severe ADAMTS13 activity deficiency and anti-ADAMTS13 antibodies were detected
(although at a low titer) in one-fourth of patients with
ADAMTS13 ≥ 10%, pointing out that the measurement
of ADAMTS13 activity is the only useful test for TMA/
TTP differential diagnosis.
As expected, patients with severe ADAMTS13 deficiency underwent a higher number of PEX procedures
than those without severe deficiency. PEX was often
discontinued when the ADAMTS13 activity test done
by the central laboratory was negative. Thus, an early
assessement of ADAMTS13 activity is warranted not
only to choose the most effective treatment, but also to
avoid unnecessary PEX, with the related side effects and
costs. Kim et al. estimated the economic impact of the
delay in obtaining pre-treatment ADAMTS13 values in
patients admitted with a clinical presentation of TMA
and showed that the availability of a rapid turnaround
time for pre-PEX ADAMTS13 measurement is costeffective, the incremental cost to the healthcare system
being about $4155–5123 for each day of delay [27].
Pertaining to the outcomes of acute TMA events, our
results on exacerbations and relapses demonstrate that
ADAMTS13 activity testing identifies patients with different disease course. Those without severe deficiency
showed a worse survival rate, which might be explained
by the higher prevalence of concomitant cancer and
older age. Conversely, exacerbations (39% of cases) and
relapses within 6 months (17% of cases) occurred only in
patients with severe deficiency.
The average annual incidence of acute TTP events estimated by us (1.2 cases per million people) is somewhat
lower than previously reported: 1.5 in France [28], 2.1
in Germany [3], 3.10 [1, 16] in the USA, 6 in the UK [4].
Barring explanations such as differences across populations (e.g., prevalence of African-Americans) and mortality bias (patients who had died prior to being enrolled in
the study), our incidence is most likely underestimated
because only one third of all the transfusion centers
located in Lombardy, representative of 50% of overall
therapeutic plasma-exchange procedures, did participate
to the study. Taking this into account, the annual incidence of acute TTP events increased up to 3.5 events per
million people, which is still in the same order of magnitude as previously reported estimated of TTP incidence.
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Although likely underestimated, this is the first estimate
of TTP incidence available in Italy and confirms the
ultra-rare nature of this disease.
Our study demonstrates the feasibility of implementing a Hub and Spoke model of centralized, rapid testing
of ADAMTS13 for the confirmation of TTP diagnosis in
a vast Region of Northern Italy. This strategy may have
several advantages and disadvantages. Advantages
includes (i) the standardization and high quality of
ADAMTS13 testing, especially when it is provided by
laboratories with long-standing experience and highly
specialized personnel; (ii) the networking of treating clinicians, which eases contacts with expert hematologists
in the field (even more important in the era of new targeted therapies as caplacizumab); (iii) the optimization
of resources both in terms of consumables and personnel. Conversely, disadvantages of this strategy includes (i)
the logistic, administrative difficulties inherent in implementing such hospitals network, which, however, needs
to be geographically limited to efficiently respond to the
emergency needs of acute TTP patients; (ii) storage and
transport issues, which require dry ice if samples cannot
be received soon after collection; (ii) a significant burden
on laboratory personnel, especially in case of out of hours
tests.
This study has limitations. The main one is the small
sample size, particularly for the non-TTP TMA group
of patients, which led to inaccurate estimates of the analyzed enpoints with wide confidence intervals. Another
limitation may be the referral pattern. Patients were
treated in different transfusion centers and thus differences in clinical practice may have influenced disease
management. Despite these limitations, this study suggests a feasible model of practical clinical approach to
TMAs that was implemented in a large Italian Region
and underlines the importance of ADAMTS13 activity
testing for the optimal management of TMA patients.

Conclusions
This multi-center study establishes the clinical need of
ADAMTS13 activity testing in TMA patients requiring
PEX therapy. Severe deficiency of the VWF cleaving protease allowed to confirm the diagnosis of TTP and identify two groups of patients with different disease courses.
Thus, ADAMTS13 activity testing is strongly recommended for an accurate differential diagnosis and therapeutic approach of TMAs.
Abbreviations
ADAMTS13: A disintegrin and metalloproteinase with a thrombospondin
type 1 motif member 13; BMI: Body mass index; CI: Confidence interval; eGFR:
Estimated glomerular filtration rate; IQR: Interquartile range; LDH: Lactate
dehydrogenase; PEX: Plasma-exchange; TMA: Thrombotic microangiopathy;
TTP: Thrombotic thrombocytopenic purpura; VWF: Von Willebrand factor.

Page 7 of 8

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13023-022-02400-y.
Additional file 1. Table S1. Number of enrolled patients for each
enrolling center; Table S2. Estimated incidence of TTP in the Region of
Lombardy.
Acknowledgements
The authors gratefully acknowledge Professor P.M. Mannucci for his careful
revision and Professor D. Consonni for his valuable advice. The Lombardy AREU
TMA Network includes: Flora Peyvandi, Andrea Artoni, Barbara Ferrari, Roberta
Palla, Ilaria Mancini, Pasquale Agosti (IRCCS Ca’ Granda Maggiore Hospital
Foundation, Milan, MI); Marta Spreafico (Alessandro Manzoni Hospital, Lecco,
LC); Giovanni Crovetti (ASST Valle Olona, Busto Arsizio Hospital, Busto Arsizio,
VA); Elisabetta Volpato, Silvano Rossini (ASST Grande Ospedale Metropolitano
Niguarda, Milan, MI); Anna Falanga, Laura Russo, Luca Barcella (Papa Giovanni
XXIII Hospital, Bergamo, BG); Salvatore Gattillo (IRCCS San Raffaele Hospital,
Milan, MI); Chiara Novelli (Legnano Hospital, ASST Ovest Milanese, Legnano,
MI); Enrico Capuzzo (Carlo Poma Hospital, Mantova, MN); Marco D’Agostino
(Maggiore Hospital Lodi, LO); Porcari Moreno, Inzoli Alessandro (Istituti Ospitalieri, Cremona, CR); Pagani Ambrogio (Sant’Antonio Abate Hospital, Gallarate,
VA).
Author contributions
IM designed the study, performed statistical analysis, interpreted the results
and wrote the manuscript. PA carried out data quality control, interpreted the
results and wrote the manuscript. MB performed statistical analysis. BF, AA, MS,
GC, EV, SR, CN, SG, LB and AF collected clinical data and critically reviewed the
manuscript. RP interpreted the results and critically reviewed the manuscript.
MS designed the study and critically reviewed the manuscript. FP designed
the study, interpreted the results and critically reviewed the manuscript. All
authors read and approved the final manuscript.
Funding
This study was funded by Regione Lombardia, “Costituzione di una rete
lombarda per lo studio e il trattamento dei pazienti sottoposti a procedure di
aferesi terapeutica”, Decreto n. 9269, 18/10/2012. This work was also partially
supported by the Italian Ministry of Health-Bando Ricerca Corrente.
Availability of data and materials
The datasets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was performed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Ethics Committee of Fondazione IRCCS
Ca’ Granda Ospedale Maggiore Policlinico (Date: 18/12/2013/No: 123). Written
informed consent was obtained from all subjects included in the study.
Consent for publication
Not applicable.
Competing interests
Ilaria Mancini received honoraria for participating as a speaker at educational
meetings organized by Instrumentation Laboratory and Sanofi-Genzyme,
outside the present study. Barbara Ferrari received honoraria for participating
to a Sanofi advisory board meeting, outside the present study. Roberta Palla
received honoraria for participating as a speaker at educational meetings
organized by Novonordisk, outside the present study. Chiara Novelli received
honoraria for participating as a speaker at educational meetings and as a scientific advisor by Instrumentation Laboratory, outside the present study. Anna
Falanga received honoraria for participating as a speaker at satellite symposia
and educational meetings organized by Sanofi, Bayer, Roche, Leo Pharma,
Stago, and Pfizer, outside the present study. Flora Peyvandi received honoraria
for participating as a speaker in educational meetings/advisory boards

Mancini et al. Orphanet Journal of Rare Diseases

(2022) 17:246

Page 8 of 8

organized by Roche, Sobi, Sanofi and Takeda, outside the present study. The
other authors do not have any conflict of interest to disclose.
Author details
1
Department of Pathophysiology and Transplantation, Università Degli Studi
Di Milano, and Fondazione Luigi Villa, Via Pace 9, 20122 Milan, Italy. 2 Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Angelo Bianchi Bonomi
Hemophilia and Thrombosis Center, Milan, Italy. 3 Transfusion Medicine
and Haematology Department, “A. Manzoni” Hospital, ASST-Lecco, Lecco, Italy.
4
SIMT, ASST Valle Olona, Busto Arsizio, Italy. 5 Division of Immunohaematology
and Transfusion Medicine, ASST Grande Ospedale Metropolitano Niguarda,
Milan, Italy. 6 Transfusion Center and Haematology Laboratory, Legnano Hospital, ASST Ovest Milanese, Legnano, Italy. 7 Immuno‑Hematology and Transfusion Medicine Unit, San Raffaele Hospital, Milan, Italy. 8 Immunohematology
Division, Hospital Papa Giovanni XXIII, Bergamo, Italy. 9 Unità Organizzativa
Programmazione Della DG Welfare, Unità Organizzativa Programmazione Della
DG Welfare Regione Lombardia, Regione Lombardia, Milan, Italy. 10 Department of Medicine and Surgery, University of Milan Bicocca, Milan, Italy.
Received: 19 November 2021 Accepted: 12 June 2022

13.

14.

15.

16.

17.

18.
References
1. Reese JA, Muthurajah DS, Kremer Hovinga JA, Vesely SK, Terrell DR, George
JN. Children and adults with thrombotic thrombocytopenic purpura associated with severe, acquired Adamts13 deficiency: comparison of incidence,
demographic and clinical features. Pediatr Blood Cancer. 2013;60(10):1676–
82. https://doi.org/10.1002/pbc.24612.
2. Terrell DR, Williams LA, Vesely SK, Lämmle B, Hovinga JA, George JN. The
incidence of thrombotic thrombocytopenic purpura-hemolytic uremic
syndrome: all patients, idiopathic patients, and patients with severe
ADAMTS-13 deficiency. J Thromb Haemost. 2005;3(7):1432–6. https://doi.
org/10.1111/j.1538-7836.2005.01436.x.
3. Miesbach W, Menne J, Bommer M, et al. Incidence of acquired thrombotic
thrombocytopenic purpura in Germany: a hospital level study. Orphanet J
Rare Dis. 2019;14(1):260. https://doi.org/10.1186/s13023-019-1240-0.
4. Scully M, Yarranton H, Liesner R, et al. Regional UK TTP registry: correlation
with laboratory ADAMTS 13 analysis and clinical features. Br J Haematol.
2008;142(5):819–26. https://doi.org/10.1111/j.1365-2141.2008.07276.x.
5. Mariotte E, Azoulay E, Galicier L, et al. Epidemiology and pathophysiology
of adulthood-onset thrombotic microangiopathy with severe ADAMTS13
deficiency (thrombotic thrombocytopenic purpura): a cross-sectional analysis of the French national registry for thrombotic microangiopathy. Lancet
Haematol. 2016;3(5):e237–45. https://doi.org/10.1016/S2352-3026(16)
30018-7.
6. Staley EM, Cao W, Pham HP, et al. Clinical factors and biomarkers predict
outcome in patients with immune-mediated thrombotic thrombocytopenic purpura. Haematologica. 2019;104(1):166–75. https://doi.org/10.3324/
haematol.2018.198275.
7. Kremer Hovinga JA, Vesely SK, Terrell DR, Lämmle B, George JN. Survival
and relapse in patients with thrombotic thrombocytopenic purpura. Blood.
2010;115(8):1500–11. https://doi.org/10.1182/blood-2009-09-243790.
8. Wada H, Matsumoto T, Yamashita Y. Natural history of thrombotic thrombocytopenic purpura and hemolytic uremic syndrome. Semin Thromb
Hemost. 2014;40(8):866–73. https://doi.org/10.1055/s-0034-1395154.
9. Lotta LA, Mariani M, Consonni D, et al. Different clinical severity of first
episodes and recurrences of thrombotic thrombocytopenic purpura. Br J
Haematol. 2010;151(5):488–94. https://doi.org/10.1111/j.1365-2141.2010.
08385.x.
10. Matsumoto M, Bennett CL, Isonishi A, et al. Acquired idiopathic ADAMTS13
activity deficient thrombotic thrombocytopenic purpura in a population
from Japan. PLoS One. 2012;7(3):e33029. https://doi.org/10.1371/journal.
pone.0033029.
11. Jang MJ, Chong SY, Kim IH, et al. Clinical features of severe acquired
ADAMTS13 deficiency in thrombotic thrombocytopenic purpura: the
Korean TTP registry experience. Int J Hematol. 2011;93(2):163–9. https://doi.
org/10.1007/s12185-011-0771-5.
12. Blombery P, Kivivali L, Pepperell D, et al. Diagnosis and management of
thrombotic thrombocytopenic purpura (TTP) in Australia: findings from

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

the first 5 years of the Australian TTP/thrombotic microangiopathy registry.
Intern Med J. 2016;46(1):71–9. https://doi.org/10.1111/imj.12935.
Benhamou Y, Boelle PY, Baudin B, et al. Cardiac troponin-I on diagnosis
predicts early death and refractoriness in acquired thrombotic thrombocytopenic purpura. Experience of the French thrombotic microangiopathies
reference center. J Thromb Haemost. 2015;13(2):293–302. https://doi.org/10.
1111/jth.12790.
Zhou X, Ye X, Ren Y, et al. Diagnosis and management of acquired thrombotic thrombocytopenic purpura in southeast China: a single center experience of 60 cases. Front Med. 2016;10(4):430–6. https://doi.org/10.1007/
s11684-016-0492-5.
Zafrani L, Mariotte E, Darmon M, et al. Acute renal failure is prevalent in
patients with thrombotic thrombocytopenic purpura associated with low
plasma ADAMTS13 activity. J Thromb Haemost. 2015;13(3):380–9. https://
doi.org/10.1111/jth.12826.
Page EE, Kremer Hovinga JA, Terrell DR, Vesely SK, George JN. Thrombotic
thrombocytopenic purpura: diagnostic criteria, clinical features, and longterm outcomes from 1995 through 2015. Blood Adv. 2017;1(10):590–600.
https://doi.org/10.1182/bloodadvances.2017005124.
Brazelton J, Oster RA, McCleskey B, Fuller J, Adamski J, Marques MB.
Increased troponin I is associated with fatal outcome in acquired thrombotic thrombocytopenic purpura. J Clin Apher. 2017;32(5):311–8. https://
doi.org/10.1002/jca.21510.
Scully M, Cataland S, Coppo P, et al. Consensus on the standardization of
terminology in thrombotic thrombocytopenic purpura and related thrombotic microangiopathies. J Thromb Haemost. 2017;15(2):312–22. https://doi.
org/10.1111/jth.13571.
Zheng XL, Vesely SK, Cataland SR, et al. ISTH guidelines for the diagnosis of thrombotic thrombocytopenic purpura. J Thromb Haemost.
2020;18(10):2486–95. https://doi.org/10.1111/jth.15006.
Piedrafita A, Ribes D, Cointault O, Chauveau D, Faguer S, Huart A. Plasma
exchange and thrombotic microangiopathies: from pathophysiology to
clinical practice. Transfus Apher Sci. 2020;59(6):102990. https://doi.org/10.
1016/j.transci.2020.102990.
Mackie I, Mancini I, Muia J, et al. International council for standardization
in haematology (ICSH) recommendations for laboratory measurement of
ADAMTS13. Int J Lab Hematol. 2020;42(6):685–96. https://doi.org/10.1111/
ijlh.13295.
Schwartz J, Padmanabhan A, Aqui N, et al. Guidelines on the use of
therapeutic apheresis in clinical practice-evidence-based approach from
the writing committee of the american society for apheresis. The seventh
special issue. J Clin Apher. 2016;31(3):149–62. https://doi.org/10.1002/jca.
21470.
Coppo P, Schwarzinger M, Buffet M, et al. Predictive features of severe
acquired ADAMTS13 deficiency in idiopathic thrombotic microangiopathies: the French TMA reference center experience. PLoS ONE.
2010;5(4):e10208. https://doi.org/10.1371/journal.pone.0010208.
Bendapudi PK, Li A, Hamdan A, et al. Impact of severe ADAMTS13 deficiency
on clinical presentation and outcomes in patients with thrombotic microangiopathies: the experience of the Harvard TMA Research Collaborative. Br
J Haematol. 2015;171(5):836–44. https://doi.org/10.1111/bjh.13658.
Bendapudi PK, Hurwitz S, Fry A, et al. Derivation and external validation of
the PLASMIC score for rapid assessment of adults with thrombotic microangiopathies: a cohort study. Lancet Haematol. 2017;4(4):e157–64. https://doi.
org/10.1016/S2352-3026(17)30026-1.
Paydary K, Banwell E, Tong J, Chen Y, Cuker A. Diagnostic accuracy of
the PLASMIC score in patients with suspected thrombotic thrombocytopenic purpura: a systematic review and meta-analysis. Transfusion.
2020;60(9):2047–57.
Kim CH, Simmons SC, Wattar SF, Azad A, Pham HP. Potential impact of a
delayed ADAMTS13 result in the treatment of thrombotic microangiopathy:
an economic analysis. Vox Sang. 2020;115(5):433–42. https://doi.org/10.
1111/vox.12912.
Veyradier A, editor PTT. épidémiologie de la cohorte du CNR-MAT sur 16 ans.
Compte rendu de la 8è réunion du CNR-MAT; 2015 10/16/2015; Paris2015.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

