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Abstract
Congenital thrombotic thrombocytopenic purpura (cTTP) is caused by ADAMTS13 mutations and associated with high risk 
of microvascular thrombosis. A 58 year old female had an ischemic stroke during hormonal fertility, and a TIA a year after. 
She suffered another stroke 18 years later while on warfarin. Four months after she developed severe thrombocytopenia, 
mild anemia, and increased LDH. Blood film showed schistocytes. She was hospitalized with presumptive TTP. ADAMTS 
13 activity was undetectable without inhibitor. She developed another stroke and received plasma exchange. A homozygote 
ADAMTS 13 mutation was identified. Despite plasma, the ADAMTS13 activity remained < 10% and she had another stroke. 
Recombinant ADAMTS13 therapy was obtained through compassionate use. She receives weekly infusions maintaining 
ADAMTS13 trough levels above 10% without thrombotic recurrences. This case underscores the need to recognize cTTP 
as a cause of cryptogenic strokes, and the diagnostic value of the peripheral blood film. rADAMTS13 replacement may 
prevent recurrences.
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Highlights

•	 Congenital thrombotic thrombocytopenic purpura 
(cTTP) is a rare autosomal recessive disorder resulting 
from ADAMTS13 gene mutations.

•	 Patients with cTTP are at increased risk for manifes-
tations of microvascular thrombosis such as recurrent 
strokes.

•	 Evaluation of the peripheral blood smear along with 
marked decreased ADAMTS13 activity and absent 
inhibitor is essential in leading to the diagnosis of cTTP.

•	 Management with recombinant ADAMTS 13 markedly 
improved the care of this patient.

Introduction

Congenital thrombotic thrombocytopenic purpura (cTTP) 
is a rare autosomal recessive disorder resulting from 
ADAMTS13 gene mutations that lead to severe deficiency 
of this metalloproteinase [1]. Decreased ADAMTS13 activ-
ity allows the circulation of ultra-large von Willebrand factor 
multimers and increases the risk of microvascular throm-
bosis [2]. The brain vasculature is particularly susceptible 
to TTP-associated thrombosis and is a common clinical 
manifestation of congenital ADAMTS13 deficiency [3, 4]. 
We describe a middle-aged patient with history of recur-
rent cryptogenic strokes in whom the diagnosis of cTTP 
was made, highlighting this disorder in the differential 
diagnosis of idiopathic strokes and the role of recombinant 
ADAMTS13 in the prevention of recurrent events.

Case description

A 58-year-old female presented to her primary care physi-
cian in August 2020 for lingual bleeding and right upper 
arm ecchymoses. A complete blood count revealed platelet 
count of 38,000 cells/mm3 and the patient was referred to a 
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hematologist. She had a history of abnormal bruising as a 
teenager, on the thighs and posterior side of upper arms. She 
reported at least two instances of having thrombocytopenia 
in the 1990s, following general anesthesia for myomectomy 
and in 2002 (142,000 cells/mm3). Mild thrombocytopenia 
was noted in 2017 during a routine visit to primary care phy-
sician (109,000 cells/mm3). Her obstetric history included 
two spontaneous first trimester abortions. Past medical his-
tory was remarkable for an ischemic stroke at age 39 after 
hormonal treatment (leuprolide and estrogen) for ovarian 
stimulation for in-vitro fertilization, and a transient ischemic 
attack (TIA) in 2002. She had been on chronic anticoagula-
tion with warfarin since 2002. Thrombophilia evaluation in 
2006 showed a mildly decrease protein S activity 55% (range 
62–163%), protein S antigen free 60% (range 70–160%) and 
a normal protein S antigen total 104% (range 70–175%) 
while off warfarin. In April 2020 she was admitted with left 
leg weakness after an episode of fever, chills, cough and 
myalgias post COVID-19 exposure 3 weeks prior. SARS-
CoV-2 RT-PCR was negative. A brain magnetic resonance 
imaging (MRI) revealed a right superior frontal gyrus acute 
infarct and a right inferior frontal gyrus subacute infarct. The 
international normalized ratio (INR) on admission was 1.8. 
Anticoagulation was switched to apixaban 5 mg twice daily. 
Her platelet count was 172,000 cells/mm3 on admission but 
decreased to 131,000 cells/mm3 at the time of discharge. At 
the time of Hematology consultation in August 2020, the 
patient had no neurologic symptoms, but physical examina-
tion revealed an ecchymosis on the posterior aspect of the 
right arm (Fig. 1A) and lingual ecchymosis with ulceration 
(Fig. 1B). Her medications included apixaban, albuterol, 
levothyroxine, and atorvastatin. Laboratory tests showed 
a hemoglobin (Hb) of 11.4 g/dl, platelets 55,000 cells/mm 
[3], reticulocytes 2.37%, LDH 624 mg/dl, and haptoglobin 
92 mg/dl. Blood film revealed five schistocytes/high power 
field (Fig. 1C) and decreased platelets. She was positive for 
SARS-CoV-2 antibodies. She was hospitalized with pre-
sumptive diagnosis of TTP. Prior to the initiation of plasma 
infusion, she developed slurred speech, left facial palsy 
and right gaze preference. Brain MRI demonstrated early 
sub-acute infarction in the right frontal lobe (Fig. 1D) and 
multi-focal regions of encephalomalacia and gliosis com-
patible with chronic infarctions. She was started on plasma 
exchange (PLEX). Pre-treatment ADAMTS13 activity 
was < 5% and an inhibitor was not detected.

After four PLEX treatments, ADAMTS13 activity 
increased to 9%, her lingual lesion resolved, and the platelet 
count normalized. ADAMTS13 gene sequencing revealed a 
homozygous 3070 T>G mutation in exon 24 leading to the 
diagnosis of cTTP. Maintenance treatment with 10 ml/kg 
of plasma failed to maintain ADAMTS13 activity ≥ 10%. 
In May 2021 she was hospitalized with new onset of diso-
rientation and right facial droop. Brain MRI demonstrated 

an acute left thalamic infarct. This episode occurred after a 
proteus mirabilis urinary tract infection. On admission, the 
ADAMTS13 activity was undetectable without evidence of 
an inhibitor. She was treated initially with daily plasma and 
ADAMTS 13 activity increased to 35%. Due to the recur-
rent stroke and failure to maintain ADAMTS13 activity 
level > 10% while on plasma, recombinant ADAMTS13 
(TAK-755) was obtained through compassionate use and an 
emergent investigational application to the FDA. The patient 
received a loading dose of 40 U/kg on day 1, 20 U/kg on 
day 2, and 15 U/kg on days 3 through 6, achieving peak 
ADAMTS13 activity > 90% and trough > 60% during the 
loading period. She then received 40 U/kg weekly, achieving 
ADAMTS13 activity trough levels between 16 and 21% with 
no further recurrences, normalization of the platelet count 
and with minimal neurologic sequelae. She was readmitted 
2 weeks after the last stroke with vaginal bleeding in the 
setting of uterine fibroids. Anticoagulation was discontinued 
and she is currently on aspirin 81 mg daily.

The patient’s family ancestry is from the island of Mont-
serrat. Her parents had no thrombotic history but one of her 
two sisters had a TIA and a deep vein thrombosis and is het-
erozygote for the 3070 T>G mutation with an ADAMTS13 
activity of 48%.

Discussion

ADAMTS13 exon 24 mutations are associated with late 
presentation of cTTP, often triggered by pregnancy [3]. In 
addition to the specific mutation and residual protein func-
tion, other factors influence the occurrence of thrombotic 
microangiopathy (TMA) in patients with cTTP. Those 
include states associated with high von Willebrand factor 
levels, such as pregnancy [4]. In our patient, surgery/general 
anesthesia, hormonal treatment, and infections have been 
the triggers of TMA and strokes. In the UK TTP registry, 
half of patients with congenital TTP had had prior clinical 
manifestations of the disease before acute events leading 
to the diagnosis [3]. In that cohort, delayed recognition of 
cTTP was associated with worse outcomes.

Strokes/TIAs affect over half of patients with delayed 
recognition of cTTP, imposing serious morbidity [3]. The 
importance of ADAMTS13 activity in stroke has been rec-
ognized in older adults in the general population. In one 
study, ADAMTS13 activity < 80% was associated with 
higher incidence of stroke independent from cardiovascu-
lar risk factors [5]. Low ADAMTS13 activity in relation to 
von Willebrand factor antigen concentrations at presentation 
for ischemic stroke were associated with worse neurologic 
deficits and increased mortality [6]. Despite these reports, 
TTP (congenital or acquired) is rarely considered in the dif-
ferential diagnosis of cryptogenic strokes [7].
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As exemplified by our patient’s history, cTTP is likely 
to be under-recognized as the cause of recurrent cryp-
togenic strokes, given the rarity of this condition and 
potentially subtle hematologic findings. However, prompt 

recognition of cTTP offers opportunities to decrease mor-
bidity and mortality in these patients. Data from patients 
with immune TTP who survive the initial presentation 
suggest that ADAMTS13 level < 70% after the recovery 

Fig. 1   Panel A. Lingual lesion; Panel B. Arm ecchymoses; Panel 
C. Blood film showing schistocytes, occasional polychromasia and 
decreased platelets; Panel D. Magnetic Resonance Imaging of the 

brain demonstrating subacute infarction in the right frontal lobe in the 
right middle cerebral artery territory
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from an acute TTP episode is associated with an almost 
tenfold higher risk of stroke when compared to age- and 
sex-matched controls [8]. Consistent with that, prophylac-
tic ADAMTS13 infusions are thought to decrease strokes 
in patients with cTTP based on non-randomized studies 
[3].

Plasma is commonly used as source of ADAMTS13, 
and alternatives used mostly in Europe include interme-
diate-purity factor VIII concentrate [3]. However, plasma 
may be insufficient as illustrated by our patient’s recurrent 
stroke and ADAMTS13 level of 0% during the acute event, 
and as documented in a Japanese cohort [9]. Taylor et al. 
[10] investigated the pharmacokinetic of ADAMTS13 in 
patients in cTTP, deriving two important observations. 
First, there was a wide variation in ADAMTS13 clear-
ance (3.4–7.9 days). Second, ADAMTS13 trough lev-
els > 10 IU/dl were achievable with individualized FFP 
administration protocols, however plasma trough lev-
els > 50 IU/dl were unfeasible due to the risk of volume 
overload. This limitation to plasma therapy may leave 
patients with excessive risk of strokes.

Plaimauer et  al. [11] reported the cloning of human 
ADAMTS13 gene in 2002, and the same group reported 
treating two brothers affected by cTTP with the recombi-
nant form of ADAMTS13 (rADAMTS13) in 2003 [12]. 
rADAMTS13 was also used to bypass auto-antibodies in a 
patient with acquired TTP [13]. Scully et al. [14] reported 
the first-in-human pharmacokinetics and safety study of 
BAX 930 in 2017, with no infusion reactions or development 
of anti-rADAMTS13 antibodies noted. Now two agents—
BAX 930 and TAK-755—are under study in phase three 
clinical trials in patients with cTTP. The primary endpoint 
in the study with BAX930 is the number of participants with 
acute TTP episodes, for TAK-755 the main endpoint is treat-
ment safety. Both studies are assessing neurological symp-
toms as a secondary outcome (ClinicalTrials.gov Identifier: 
NCT03393975 and NCT04683003).

Early recognition and expanded access to recombinant 
ADAMTS13 and other novel therapies through clinical tri-
als are pivotal to improve outcomes in patients with cTTP 
[4]. The clinical utility of these novel therapies needs to 
be systematically assessed in the management and preven-
tion of acute TTP episodes, and for the long-term, insidious 
consequences of ADAMTS13 deficiency, such as obstetric 
morbidity and strokes. Our patient’s case illustrates both the 
challenges to recognize and diagnose cTTP and the promises 
that rADAMTS13 holds in the chronic management of this 
condition.
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