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Abstract The Hereditary TTP Registry is an international cohort study for patientswith a confirmedor
suspected diagnosis of hereditary thrombotic thrombocytopenic purpura (hTTP) and their
family members. Hereditary TTP is an ultra-rare blood disorder (prevalence of�1–2 cases
per million), the result of autosomal-recessively inherited congenital ADAMTS13 (a
disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13)
deficiency (ADAMTS13 activity <10% of the normal), and associated with yet many
unanswered questions. Until December 2017, the Hereditary TTP Registry had enrolled
123 confirmed hTTP patients. Their median age at disease onset was 4.5 years (range: 0–
70) and at clinical diagnosis 16.7 years (range: 0–69), a difference that highlights the
existing awareness gap in recognizing hTTP. The systematic collection of clinical data of
individual patients revealed their substantial baseline comorbidities, as a consequence of
recurring TTP episodes in the past.Most notablewas thehigh proportionof patients having
suffered from premature arterial thrombotic events, mainly transient ischemic attacks,
ischemic strokes, and to a lesser extentmyocardial infarctions. At 40 to 50 years of age and
above,more than 50% of patients had suffered from at least one such event, andmany had
experienced arterial thrombotic events despite regular plasma infusions every 2 to 3weeks
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Introduction

Hereditary thrombotic thrombocytopenic purpura (hTTP),
also known as Upshaw–Schulman syndrome (OMIM
#274150), is a recessively inherited disorder characterized
by a severe congenital ADAMTS13 (a disintegrin and metal-
loproteinase with a thrombospondin type 1 motif, member
13) deficiency (ADAMTS13 activity <10% of that in normal
plasma) and the consequence of biallelic ADAMTS13 muta-
tions.1–3 The ADAMTS13 gene is located on chromosome
9q34, in close neighborhood of the ABH blood group locus.4–6

Today, more than 150 different causative ADAMTS13 muta-
tions, themajority beingmissensemutations, spreading over
all ADAMTS13 protein domains have been identified.7,8

Hereditary TTP is rare, and the true prevalence is un-
known. Often one to two cases per million have been
mentioned. This number fits well for Switzerland with eight
(of ten ever diagnosed) hTTP patients currently alive and a
permanent resident population of 8.6 million (2019), and
alsowith reported prevalence data for other rare, recessively
inherited coagulation disorders.9 For Japan and Central
Norway, a point-prevalence based on living hTTP cases of
0.4 and 16.7 cases per million has been reported.6,10,11 The
estimate for Central Norway is in line with the allelic
frequencies for the two most prevalent ADAMTS13 muta-
tions, c.4143_4144dupA (p.Gln1382fs) and c.3178C> T (p.
Arg1060Trp, p.R1060W) of 0.04 to 0.33% and 0.3 to 1%
observed in the resident population.6 Worldwide, much
lower minor allelic frequencies for these two mutations
have been reported, approximately 0.08% for ADAMTS13 p.
R1060W (rs142572218) and an even 10-fold lower number
for ADAMTS13 c.4143_4144dupA (rs387906343, �0.008%).

The clinical presentation of hTTP is variable, even within
families6,10,12 resulting in diagnostic delay and not seldom
misdiagnoses, such as neonatal jaundice because of blood
group incompatibility, immune-mediated thrombocytopenia
(ITP), hemolytic uremic syndrome (HUS), and premature
stroke without recognizing the true underlying cause.13–15

Clinical presentation of TTP episodes is often less distinct
than in immune-mediated TTP with autoantibody-mediated
ADAMTS13 deficiency.3,16–19 Signs and symptoms of end-
organ ischemia that respond to plasma treatment may be
present even without (severe) thrombocytopenia and micro-
angiopathic hemolytic anemia. Historically, a dichotomous
distribution of age at disease onset had been suggested,13,20,21

withpatientspresentingbefore theageof5years, anda second
peak after puberty in early adulthood, often during pregnan-
cy.13,22–24 As many of these latter patients underwent ex-
change transfusions soon after birth,6,10 a genuine adult onset
can be questioned. But there are also patients, identified

during family screenings, who have remained asymptomatic
until their 5th to 7th decades.10,12 However, patients aged
65 years and above are virtually absent in all larger hTTP case
series. Whether hTTP patients with milder courses live undi-
agnosed into advanced adulthood or whether these patients
are truly lacking because of prematuremorbidity andmortali-
ty remains to be determined.

Residual ADAMTS13 activity, typically seen in carriers of
the c.3178C> T (p.R1060W) mutation, as well as of
c.262G> A (p.V88M), was found to partially influence the
severity of hTTP.13–15,25 Separation according to ADAMTS13
activity levels seems, however, to be less distinct than in
hemophilia. The variable clinical courses in patients carry-
ing the same mutation(s) as well as of siblings suggest that
there are other yet unknown factors contributing to disease
severity.15

Acute hTTP episodes are typically treated with plasma
infusions; however, more severe bouts and particularly epi-
sodes during pregnancy may require larger plasma volumes
and hence therapeutic plasma exchange (TPE).3,10,14,15,22,23,26

Plasma infusions, administered every 2 (to 3) weeks, are
effective in preventing acute episodes in many hTTP patients.
While a typical and dreaded complication of factor replace-
ment therapy in hemophilia or vonWillebrand disease type 3
is the formation of (inhibitory) alloantibodies, this treatment
complication seems to be extremely rare in hTTP. To our
knowledge, there are only two hTTP patients known so far
who have developed low-titer functional ADAMTS13 inhib-
itors (<5 Bethesda unit/mL) while on regular plasma infu-
sions.10,27 In a number of additional cases, noninhibitory anti-
ADAMTS13-IgG, usually with fluctuating titers but apparently
not interfering with ADAMTS13 recovery or plasma half-life,
have been documented.10,17,27

The burden of regular plasma infusions is considerable
and not all patients are willing or able to subject themselves
to such a prophylactic regimen. Guidelines when to start a
prophylaxis (i.e. after how many episodes, etc.) or data on
long-term benefit of regular plasma infusions are lacking.
Here, the Hereditary TTP Registry, initiated in 2006 and since
the end of 2012 operating with an electronic database
(WebSpirit; 2MT Software GmbH, Ulm, Germany), comes
into play.15,28After a decade of data collection, publication of
single hTTP cases or small case series addressing specific
questions,24,27,29–34 and of national projects,6,10,35–38 the
first publication on a large patient set was finally achieved
in 2019.15 We described the key baseline findings of 123
confirmed hTTP patients enrolled until the end of 2017. This
publication with the ongoing Hereditary TTP Registry cohort
study was recognized with the Günter Landbeck Excellence
Award 2019 in the category of clinical work at the 50th

that supplements the missing plasma ADAMTS13. The article by van Dorland et al.
(Haematologica 2019;104(10):2107–2115) and the ongoingHereditary TTP Registry cohort
studywere recognizedwith the Günter Landbeck Excellence Award at the 50th Hemophilia
Symposium in Hamburg in November 2019, the reason to present the Hereditary TTP
Registry in more detail here.
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Hemophilia Symposium in Hamburg, the reason to present
the hTTP cohort study in more detail here.

The Hereditary TTP Registry

The Hereditary TTP Registry (www.ttpregistry.net, Clinical-
Trials.gov identifier NCT01257269) was initiated to collect
clinical and laboratory data of hTTP patients and their family
members.15,28 It is set as an ambidirectional cohort studywith
retrospective data from hTTP patients’ birth up to enrolment
and then prospective information collected during annual
follow-up visits. The goal is to understand the natural history;
the long-termcourseandburdenofhTTP; theannual incidence
and circumstances of acute hTTP episodes to identify special
situations of increased risk; and to understand treatment
requirements and treatment-associated side effects. More-
over,weaimat identifyingdiseasemodifyingand contributing
factors.28 A community service with expert consultation and
advice for physicians treating (possible) hTTP patients is
provided and we offer the investigation of all ADAMTS13-
related laboratory parameters, including analysis of the
ADAMTS13 gene, free of charge to study participants and their
interested familymembers fromall over theworld. Inaddition,
we try to increase awareness for this ultra-rare disorder
through presentations at congresses andmeetings, by provid-
ing educational material on the registry website or through
other efforts, such as the Wikipedia articles on Upshaw–

Schulman syndrome in English and German, which were the
result of the master thesis of Stutz.39

Eligible for participation in theHereditary TTP Registry are
patients with confirmed or suspected hTTP and their family
members. The diagnosis of hTTP is established through the
following criteria:

1. A suitable patient or family history.
2. Documentation of a severe ADAMTS13 deficiency
(ADAMTS13 activity �10% of normal) in the absence of
a functional ADAMTS13 inhibitor in plasma samples
withdrawn at two different time points with an interval
of more than 14 days.
3a. Identified homozygous or compound heterozygous
ADAMTS13 mutations.
3b. A plasma infusion trial with a full ADAMTS13 recovery
and plasma half-life of 2 to 4 days.38,40,41

Patients fulfilling criteria 1, 2, and either 3a or 3b are
enrolled as confirmed patients. Patients are enrolled as sus-
pected patients when criteria 1 and 2 are met, but molecular
analysis of the ADAMTS13 gene lacks, or when only one
ADAMTS13 mutation is identified and a plasma infusion trial
toassessADAMTS13recoveryandhalf-life is lacking.15,28When
the results of a pending molecular analysis of the ADAMTS13
gene or of a plasma infusion trial become available, suspected
patients can be categorized as confirmed hTTP patients.

At the end of 2019, the Hereditary TTP Registry had 209
participants: 139 confirmed patients, 12 suspected patients
(most with pending molecular analysis of the ADAMTS13
gene), and 42 family members, as well as 16 participants
identified during workup to have been misdiagnosed (most

of them suffering from acquired TTP or ITP). The family
members are enrolled (1) to obtain additional information
on a patient’s disease course, particularly of the neonatal
period and infancy through parents, and (2) to study hetero-
zygous ADAMTS13 mutation carriers who typically have an
ADAMTS13 activity of about 50% and are largely regarded as
asymptomatic and healthy.10,20 Emerging evidence supports
the relevance to study heterozygous ADAMTS13 mutation
carriers. In the Rotterdam study, people with an ADAMTS13
activity in the lowest quartile (ADAMTS13 activity <70.5%)
were found to have an increased risk of ischemic cardio- and
cerebrovascular events andmortality.42–44Also in survivors of
an initial acute episode of immune-mediated TTP, reduced
ADAMTS13 activity (�70%) was found to be a risk factor for
subsequent ischemic strokes.45

At the end of 2019, physicians at 44 sites in 19 countries
(on four continents) followed up participants in the Heredi-
tary TTP Registry which has participant information and
informed consent documents available in 17 languages.
This makes the Hereditary TTP Registry a large international
but at the same time a difficult and demanding project,
possibly an inevitable aspect when aiming at meaningful
patient numbers in an ultra-rare disease.

To provide a feeling for the variable clinical presentations
of hTTP, we describe the 10 hTTP patients (of which 8 are
alive) diagnosed and living in Switzerland in detail
(►Table 1). All, except patient 84.01 (see below), are partic-
ipants in the Hereditary TTP Registry. We will highlight and
compare their individual findingswith the overallHereditary
TTP Registry cohort described by van Dorland et al.15

Clinical Courses of hTTP Patients Diagnosed
and Living in Switzerland

The brothers 01.01 (born 1964) and 01.04 (born 1975) have
been described in detail elsewhere.40,46–48 For many years,
they have contributed to numerous studies of the Hemo-
stasis Research Laboratory at Bern University Hospital and
the surviving brother, patient 01.04, participated in the
long-awaited phase I trial on recombinant ADAMTS13
(patient 9).49 Their support of our research over the past
25 years was instrumental for the discovery of the von
Willebrand factor–cleaving protease, ADAMTS13, and in
establishing the link between a severe ADAMTS13 deficien-
cy and TTP.46 Patient 01.01 experienced his first TTP epi-
sode at the age of 21 years and demonstrated subsequently
a course with recurring episodes, presented with a stroke at
the age of 25 years, developed a jacksonian epilepsy, had
evidence of multiple residues of ischemic cerebral infarc-
tions, and a diagnosis of invalidating psychoorganic syn-
drome at the age of 32 years.48 The latter prevented a
prophylactic therapy with regular plasma infusions and the
patient died shortly after his 39th birthday because of a
massive stroke. His brother experienced four TTP episodes
so far, one at 2 and the others at 17 to 21 years of age. Since
then he is on regular plasma prophylaxis, receiving two
units of plasma (�7.5mL/kg body weight) every 3 weeks,
and is doing fine.
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Patient 26.01 (born 1978) originates from a southwestern
tributary valley of the Rhone valley in the Swiss Canton of
Valais. His parents are unrelated but as the region has been
relatively secluded for generations, a common genetic back-
ground is probable and explains the homozygous ADAMTS13
mutation (►Table 1). In hindsight, the patient suffered from
his first TTP episode at the age of 22.5 months. He was
hospitalized with fever and petechial bleeding. ITP was
diagnosed and treated with steroids. He subsequently re-
lapsed in the context of fever and pharyngitis, 1 and 4.5
months later. Both episodes resolved spontaneously. At
5 years of age, a fourth acute bout occurred. Diagnosis of
TTP, HUS, or a “syndrome similar to the one observed by
Upshaw”1 was considered. Reevaluation of the peripheral
blood smears of the previous episodes revealed the presence
of schistocytes in episodes one and two. For the first time,
treatment included plasma infusions, which had a beneficial
effect. For six subsequent episodes, the patient received
plasma treatment, either plasma infusions or later in adult-
hood TPE. From 6 until 17 years of age, the patient was
asymptomatic. The first episode as an adult occurred after
alcohol intake, the latter provoked three of five acute bouts in
adulthood,whichwere all associatedwith acute renal failure,
requiring hemodialysis in two instances. Prophylactic plas-
ma infusions were administered every 4 weeks for about
2 years, interrupted because of difficulties of reconciling
work, family responsibilities, and the burdensome travel to
the nearest regional blood center, but restarted after the
10th acute bout at the age of 29 years, initially with swaying
adherence and treatment intervals. Currently, he is receiving
two units of plasma every 3 weeks and is doing fine without
acute episodes in the past 7 years. His three siblings are
asymptomatic, with one sister being a heterozygous
ADAMTS13 mutation carrier.

Patient 37.01 (born 1971)was adopted in infancy and little
is knownabout her biological parents. Hermotherwasheavily
addicted and used heroin and possibly alcohol during the
patient’s pregnancy. Health issues in the neonatal period
and thereafter as well as mild developmental and mental
disabilities,which became apparent in childhood,were attrib-
uted to a neonatal abstinence syndrome and exposure to toxic
substances in utero. At the age of 28 years, chronic kidney
disease (CKD) was documented and treatment with an angio-
tensin-converting enzyme inhibitor started. CKD has been
relatively stable over the years and the estimated glomerular
filtrationrate is currentlyaround60mL/min/1.73m2 (CKDG2-
3a). In 2005, shewas hospitalizedbecause of a strokewith left-
sided hemiparesis due to partial occlusion of the right middle
cerebral artery. In addition to this new infarct, there was
evidence of prior ischemic lesions in both hemispheres. Labo-
ratory workup revealed a mild thrombocytopenia (113� 109/
L; first documentation of thrombocytopenia in this patient
ever) without schistocytes on the blood smear, a normal
hemoglobin (126 g/L) and haptoglobin level (0.39 g/L, normal
range: 0.3–2.0), a slightly increased lactate dehydrogenase
(LDH; 715 U/L, normal range <480) and creatinine (111
µmol/L). Evaluation for differential diagnoses of thrombocyto-
penia and hemolysis included anADAMTS13 activity determi-

nation and eventually the diagnosis of hTTP was established.
The patient was found to be compound heterozygous for two
ADAMTS13 missense mutations, a private mutation in exon 5
(p.Y177C) and the common p.R1060W in exon 24. Regular
plasma prophylaxis every 2 weeks was started, with an
uneventful course apart from recurring headaches for the
next 15 years. Beginning 2020, the patient experiencedmulti-
ple minor cerebral infarcts, despite fortnightly plasma infu-
sions of 10mL/kg body weight. Clopidogrel replaced aspirin
and plasma infusions were administered every week. Because
of recurring transient ischemic attacks (TIAs) 1 and 6 months
later, temporarily plasma infusions were given twice a week.
The presence of an ADAMTS13 allo-antibody was excluded,
and a plasma infusion trial demonstrated a full recovery and
normal plasma half-life of infused ADAMTS13. At the time of
diagnosis with hTTP, however, the patient had documented
residual ADAMTS13 activity of about 3%; in recent years,
ADAMTS13 activity before the next plasma infusion was
repeatedly <1%.

Patient 48.01 (born 1945), another male descendant from
a second tributary valley of the Rhone valley, was diagnosed
with hTTP at the age of 61 years. Since early adulthood a heavy
smoker, heunderwentendarterectomy for aortoiliac occlusive
disease at the age of 42 years, and suffered from an acute
inferior-posterior myocardial infarction at the age of 53 years,
when arterial hypertension as an additional cardiovascular
risk factorwas noted. Antihypertensivemedicationwas added
to antiaggregant and antiepileptic treatment; the latter had
been introduced 2 years earlier because of seizures following a
traumatic brain injury. In 2006, he was admitted to a regional
hospital with a reduced general state, fever, a productive
cough, and dyspnea due to bilateral pneumonia. Despite
antibiotic treatment in accordance with the results of the
antimicrobial susceptibility testing, the patient’s condition
deteriorated. Mild anemia and renal insufficiency developed
into gross intravascular hemolysis (hemoglobin 57 g/L with
many schistocytes on the peripheral blood smear) and acute
renal failure. The platelet count dropped from 249� 109/L
(admission) to 29� 109/L and the patient became confused.
Given the high suspicion of a first acute episode of acquired
TTP, TPE and glucocorticoids were initiated and clinical remis-
sionwasachievedwithin5days. SevereADAMTS13deficiency,
found in a pretreatment sample, confirmed the diagnosis of
TTP, although the functional ADAMTS13 inhibitor was nega-
tive. While renal function returned to the patient’s baseline
and complete blood cell count (CBC) was normal during
follow-up, severe ADAMTS13 deficiency in the absence of a
functional inhibitor or of anti-ADAMTS13 antibodies persisted
at 2 and 6 months of follow-up. Molecular analysis revealed
the common ADAMTS13 mutation c.3178 C> T, p.R1060W in
exon 24 in homozygous state and confirmed hereditary TTP.
With thehelp of a number of familymembers, wewere able to
construct the patient’s pedigree as far as eight generations
back. We identified 172 of 256 potential ancestors with the
oldest ancestor born in 1655. The patient’s paternal family had
been granted municipal citizenship in the middle of the 15th
century in the secluded valley. Although we were unable to
formally document consanguinity, there were only seven
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different surnames in thepatient’spedigree, and thesefamilies
had all been registered since the 14th tomid-16th centuries in
this valley.50

In the context of a surgical hip replacement, the patient
received prophylactic plasma infusions but otherwise re-
fused regular plasma treatment. In 2009, a right-sided
sensorimotor stroke with motoric aphasia and dysarthria
led to rehospitalization. Computed tomography documented
a thrombotic occlusion of the left middle cerebral artery and
was successfully treated with intravenous thrombolysis, TPE
was initiated a few days later. The patient made a full
recovery without neurologic sequelae. Subsequently, medi-
cal staff saw him irregularly and again he opted out of
prophylactic plasma therapy. His third and final TTP episode
occurred 18 months later, triggered by a pneumonia and
ongoing considerable alcohol intake. Despite plasma therapy,
his condition deteriorated progressively. He died at the age of
69.5 years, 2 months after the onset of pneumonia. His two
children, obligatory heterozygous mutation carriers, are
healthy at 46 and 49 years of age, respectively.

Patient 81.01 (born 1956) with end-stage renal disease of
unknown cause received a cadaveric renal transplant at the
age of 56.5 years. Posttransplant renal function deteriorated,
a kidney biopsy demonstrated subacute thrombotic micro-
angiopathy, when in addition laboratory findings suggestive
of TTP emerged, ADAMTS13 parameters were investigated
and eventually confirmed the diagnosis of hTTP at the age of
57 years. Apart from a private nonsense mutation p.R1206�,
the patient carries the common p.R1060Wmutation. Plasma
infusions stabilized the patient’s renal function, and then
spaced to three to four infusions per year. At the age of
62 years, he experienced a stroke, which was attributed to
intermitted atrial fibrillation. Regular plasma infusions every
2weeks and then every week were started beginning of 2020
because of persistent thrombocytopenia. The latter is typi-
cally evidence of platelet clumping in the microcirculation
resulting in end-organ ischemia.

The devastating obstetrical history of patient 82.01 (born
1946) has been reported earlier.51 In 1973, aged 27 years at
31 weeks of gestation in her first pregnancy, she presented
with severe hypertension (180/110mm Hg), edema, protein-
uria, acute renal failure, blurred vision, and somnolence that
rapidly progressed to coma. Severe preeclampsia was diag-
nosed and a C-section was performed. The premature twin
boys died on days 1 and 4, respectively. The patient’s neuro-
logical situation remained unchanged; in addition, severe
thrombocytopenia (10� 109/L), anemia (hemoglobin: 71 g/L)
with numerous schistocytes on the blood smear, and hyper-
bilirubinemia were noted. Treatment included glucocorti-
coids, mannitol infusions, unfractionated heparin, several
transfusions (not further specified), salicylates, and dipyrida-
mole. Eventually, following a skin biopsy revealing microvas-
cular thrombosis, TTP (Moschcowitz’s disease)was diagnosed.
Forty-five days after the C-section, the patient underwent
relaparotomy for a retroperitoneal abscess and was splenec-
tomized at the same time. Finally, after 6 months of hospitali-
zation, she was transferred to a rehabilitation center for
further treatment of her bilateral retinal detachments and

right-sided hemiparesis. For months, the CBC remained ab-
normal, with platelet counts between 20 and 100� 109/L, and
a hemoglobin level of 80 to 100 g/L, and also schistocytes
persisted. Following a spontaneousmiscarriage at 10weeks of
gestation without further complications, her third pregnancy
at the age of 32 years proceeded smoothly until gestational
week 31, when again severe preeclampsia manifested, requir-
ing a C-section a fewdays later. As delivery did not improve the
laboratory parameters, recurring TTP was diagnosed. A treat-
ment strategy similar to that in 1973 was followed, with the
exception that the patient received whole blood transfusions
on thedayof theC-sectionaswell asonpostoperativedays1, 2,
and 9. Two months after the C-section, the patient and her
premature but healthy son were discharged. After 6 months,
the patient was lost to follow-up until 2013, when she was
hospitalizedbecauseofa cholecystitis. Thrombocytopeniawas
noted, which later spontaneously resolved. Given her impres-
sive obstetrical history, ADAMTS13 evaluation was ordered,
and anADAMTS13 activity<10% in the absence of an inhibitor
was documented on several occasions. Finally, at the age of
67.6 years, the diagnosis of hTTP was established following a
molecular analysis of the ADAMTS13 gene, which showed
compound heterozygosity for a nonsense mutation, p.Q429�,
and the common missense mutation, p.R1060W, typically
found in patients with adult-onset hTTP, particularly in preg-
nancy.13,22,23 The patient is in regular follow-up, experienced
no further TTP episodes, and is doing fine without regular
plasma infusions. Her son currently 42 years of age, has an
ADAMTS13 activity of 59%, in line with the obligatory
ADAMTS13 mutation carrier status and is healthy.

Patient 84.01 (born 1977) was admitted at the age of
38 years because of intrauterine fetal death (IUFD) at gesta-
tional age 190/7 weeks associatedwith gross laboratory abnor-
malities (platelets 37� 109/L; hemoglobin 85 g/L, MCV 89 fl,
schistocytes on the blood smear; LDH 1,163 U/L; creatinine
88 μmol/L; and normal liver enzymes and INR) in her second
pregnancy. Twodays earlier,mildhypertensionandedemahad
beennoted, aswellas fetalgrowthretardationofabout3weeks.
The placenta showed large infarctions, covering half of the
placental surface and histological signs of chronic malperfu-
sion. Given the patient’s history of severe preeclampsia and
IUFD at gestational age 262/7 in her first pregnancy 2 years
earlier, hTTP was suspected, although the patient’s further
medical history was empty. A severe ADAMTS13 deficiency in
the absence of an inhibitor and of anti-ADAMTS13 antibodies
was found on two occasions. Molecular analysis of the
ADAMTS13 gene confirmed the suspected hTTP diagnosis
with documentation of a splice site and a missense mutation
(►Table 1). The patient was lost to follow-up soon thereafter.

Patients 88.01 and 88.04 (identical twin brothers of
Congolese origin, born 2010) were known for alpha thalas-
semia and an attention-deficit hyperactivity disorder. At
nearly 9 years of age, patient 88.01was hospitalized because
of fever, heavy vomiting, and a rapidly evolving acute renal
failure. His brother had presented with a similar picture in
the context of a pneumococcal infection 6months earlier and
been diagnosed with an infection-associated HUS. In 88.01,
neurological symptoms (Glasgow coma scale of 13–14
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points; slurry speech) were present in addition prompting
ADAMTS13 evaluation, which eventually resulted in the
diagnosis of hTTP. The boy was monitored one night on the
ICU but received no plasma treatment, and the episode
resolved spontaneously after 6 days. So far, patient 88.01
has experienced three and patient 88.04 two acute TTP
episodes, with four of the five acute episodes triggered by
upper airway infections and treated with plasma infusions.
School entry examinationswere normal, although retrospec-
tively the mother reported that the twins were less active,
seemed tired, and often complained of headaches during
mild infections. Both patients have had cerebral magnetic
resonance imaging that were normal and receive plasma
infusions on demand when having infections.

The Clinical Course of hTTP Patients in
Switzerland in the Light of the Key Findings
in 123 hTTP Patients Enrolled in the
Hereditary TTP Registry until the End of 2017

van Dorland et al15 described the main features of the first
123 confirmed patients enrolled into the Hereditary TTP
Registry, who had a median age at clinical diagnosis of 16.7
years (range: 0–69), compared to 21.0 years (range: 5.3–
61.2) in the Swiss subcohort.

Arterial thrombotic events were frequent in all age groups
in the Hereditary TTP Registry, with more than 50% of hTTP
patients having suffered fromat least onesuch event at the age
of 40 to 50 years and above, particularly frequent were strokes
(in 21% of all patients) and TIAs (in 10%).15 In the Swiss
subcohort, half of the patients had experienced at least one
arterial thromboticeventatmedian27yearsofage (range:25–
64), and in four of five patients these events occurred before
the age of 50 years. Half of the Swiss hTTP patients developed
acute renal failure during acute episodes, while this was seen
only in10%of thefullHereditary TTPRegistrycohort. Infections
andpregnancieswere themost important triggers ofacuteTTP
episodes in the Swiss subcohort and in the Hereditary TTP
Registry, where more than 70% of patients were on regular
plasma prophylaxis. In the Swiss subcohort, only four of the
surviving patients currently receive regular plasma prophy-
laxis, which was implemented in one of them only recently
(patient 81.01; at the age of 64 years).

Two of the three Swiss female hTTP patients had their first
disease manifestation in the form of severe preeclampsia in
their first pregnancy. Their five pregnancies ended with one
miscarriage, two intrauterine fetal deaths, and deaths of
premature twins in the first days of live. Nowadays, with
prophylactic plasma therapy started before or as soon as a
pregnancy is confirmed, successful pregnancy outcomes are
possible in hTTP patients.22,23,26

Interestingly, patients 37.01, 48.01, 81.01, and 82.01 carry
at least one ADAMTS13 allele with the common p.R1060W
mutation, which is associatedwith residual ADAMTS13 activi-
ty of about 3 to 5%.13,15,22,23,25 In all four patients, we docu-
mented at baseline, that is outside of acute episodes, residual
ADAMTS13 activities of approximately 3%. This potential
advantage, however, faded away with increasing age and in

recent years patients 37.01, 81.01, and 82.01 had ADAMTS13
activities of <1%. This is in line with the reported decrease of
ADAMTS13 activity by 5.7% per 10-year increase of age in
healthy individuals in the Rotterdam study42 and may have
contributed to the recent cerebrovascular events in patients
37.01 and 81.01. Residual ADAMTS13 activity was also
detected in the twin boys, who are homozygous for another
ADAMTS13mutation in exon 24, p.C1024G that had originally
been described by Levy et al.4

Regular follow-up of ADAMTS13 parameters revealed in
addition fluctuating anti-ADAMTS13-IgG antibody titers in
two patients (01.04 and 82.01); their significance is un-
known. At least inpatient 01.04who receives regular plasma
infusions every 3 weeks, they seem to have no effect on
recovery and plasma half-life of infused plasma ADAMTS13.
Further characterization of these antibodies is underway.

Discussion and Outlook

The clinical presentation of hTTP is variable, even within
families and hTTP is often not recognized at the first occur-
rence of disease manifestation, for example, in infancy or
during childhood. In our study, we noted that a substantial
number of patients had had thrombocytopenia, hemolysis,
jaundice, petechiae, and/or anemia during the neonatal
period, often leading to therapeutic interventions such as
exchange blood transfusion; however, diagnosis of hTTP was
established only years later.15

Although there are reports on patients who have
remained asymptomatic into their 5th to 7th decades, our
systematic collection of clinical data revealed substantial
comorbidities in hTTP patients. A remarkablefindingwas the
high prevalence of arterial thrombotic events, mainly TIAs
and ischemic strokes at a relatively young age.15

To prevent futile death and morbidity,6,10,14,15,24,52,53 a
diagnosis of hTTP should be ruled in or out, respectively, with
the evaluation of ADAMTS13 activity particularly in certain
specific situations (►Table 2). All newborns with a severe
hyperbilirubinemia, especially when concurrent thrombo-
cytopenia is present should have ADAMTS13 activity
assessed. Since the introduction of anti-D immunoglobulin
prophylaxis in rhesus-negative mothers and the disappear-
ance of rhesus disease, severe neonatal jaundice has become
extremely rare andwhen present should prompt ADAMTS13
testing. This is also true for families inwhomnewborn babies
have died within the first hours to days of life having
displayed thrombocytopenia, anemia, and gross hemoly-
sis.53 Of note, cord blood can be used for ADAMTS13 activity
determination. Although information of normal ranges of
ADAMTS13 activity in cord blood and the neonatal period is
lacking, values in healthy newborns are typically around 50%
(30–70%).54,55

Womenpresentingwith earlyonset (typically in thesecond
trimester) preeclampsia in their first pregnancy should be
evaluated forhTTP. Prophylacticplasmatherapy,preexistingor
started as early as a pregnancy is confirmed, is able to prevent
pregnancy complications in female hTTP patients, and facili-
tates delivery of healthy infants, at or near term.22,23,26
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The third important situation to consider hTTP is in
patients presenting with TIA, stroke, or arterial thrombotic
events at young age (�40–50 years), particularly when
concurrent thrombocytopenia or hemolysis is pres-
ent.6,10,14,15,24,52,53 It should be noted that thrombocytope-
nia or hemolysis may be mild, in contrast to the usually
pronounced thrombocytopenia (and hemolysis) in immune-
mediated TTP.

Today, the only available treatment for hTTP is plasma
infusion (or TPE). Administered every 2 to 3 weeks, plasma
infusions prevent acute episodes in many but not all hTTP
patients. The decision to start plasma prophylaxis is difficult
to take and is associated with an enormous burden, which
not all patients are willing to take nor all physicians are yet
willing to prescribe. The large number of patients having
suffered from premature arterial thrombotic events in the
Hereditary TTP Registry, however, suggests that potentially
all patients will benefit from a prophylactic regimen, despite
the associated burden.

The treatment situation in hTTP is reminiscent to that of
hemophiliacs in the 1960s and early 1970s, who were then
treated with infusions of fresh blood, plasma, or cryopreci-
pitates. The prospect of recombinant ADAMTS13, which will
potentially be licensed in the next 2 to 3 years, will change
treatment of hTTP dramatically and skip 50 to 60 years in
comparisonwith treatment evolution in hemophilia. In these
50–60 years, many research questions were solved, and
settled (e.g., on demand vs. prophylactic treatment identifi-
cation of risk factors for inhibitor development) but also saw
the devastating effects of contaminated plasma products.
The ever-growing data set of theHereditary TTP Registry is an
excellent tool to address and answer many similar questions.

Recombinant ADAMTS13 will change the life of hTTP
patients. Self-administered treatment at home will become
possible and likely the standard for most or even all patients
in the near future. Until then it is important to identify
patients as early as possible to prevent morbidity and
mortality. If you care for a patient with a potential diagnosis
of hTTP, please contact us. Meaningful data on ultra-rare
diseases can only be gained through a collaborative effort.
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