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Thrombotic thrombocytopenic purpura (TTP) is a serious and
rare disease diagnosed by <10% activity of disintegrin and
metalloprotease with thrombospondin type-I repeats-13
(ADAMTS13). About 75% of cases are of immune-mediated
origin (iTTP), with detectable anti-ADAMTS13 blocking auto-
antibodies.1,2 Onset is usually sudden, with profound throm-
bocytopenia, microangiopathic hemolytic anemia, and
multiple organ failures. Since plasma exchanges and steroids
have been prescribed, patients’ survival rate has increased to
85%.3,4Once remission is achieved, surveillance is based on the
ADAMTS13 activity level, which is considered predictive of
relapses.5 Preventing potentially serious and sometimes atypi-
cal iTTP recurrences remains amajor difficulty. In iTTP patients
with persistent, severe, immune-mediated ADAMTS13 defi-
ciencies, preemptive rituximab infusions allowed ADAMTS13
levels to rise and thereby avoid clinical relapses.6–8 We report
the unusual case of a patient who, 30 years after the initial
episode, relapsedwith idiopathic stroke and very mild cytope-
nias; several rituximab infusions achieved gradual recovery of
ADAMTS13 activity and its inhibitory autoantibody gradually
disappeared.

In1985,whenhewas37years old, thepatient probablyhad
his first known iTTP episode, with acute sensory and motor
deficits and then coma, treatedwith steroids, platelet transfu-

sions, aspirin, and dipyridamole. The outcome was favorable
withno sequelae. Because iTTPwasnot diagnosed at that time,
he had no specific medical follow-up. In 2014, when he was
66yearsold, routineblood tests revealedanemia (hemoglobin,
109 g/L) and thrombocytopenia (108 � 109 platelets/L). Bone-
marrow aspirate showed features of refractory cytopenias
with multilineage dysplasia and deletion of the long arm of
chromosome 8, suggestive of low-risk myelodysplastic syn-
drome (International Prognostic Scoring System 0.5). During
follow-up, the patient reported recurrent headaches and color
vision disturbances. Monthly laboratory tests showed platelet
countsfluctuating between104 and 185 � 109/L, hemoglobin
at 107 to127g/L, and lactatedehydrogenase (LDH) at twicethe
upper limit of normal (ULN). One year later (in 2015), when he
was 67 years old, he suffered two multifocal ischemic strokes
at a 3-month interval, with hemiparesis and dysarthria but
progressive full recovery. Brain magnetic resonance imaging
confirmed recent ischemic lesions and many older ones. The
diagnostic work-up excluded an atheromatous origin and
antiphospholipid syndrome. During the 3 months between
his two hospitalizations, his platelet counts exceeded
100 � 109/L, with a platelet drop from 170 to 105 � 109/L
between the two strokes; hemoglobin remained stable at 120
g/L and LDH rose to 590 U/L (3� ULN). Six months later, the
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patient was asymptomatic and laboratory test values were
normal (►Fig. 1). At that time, iTTP was suspected, confirmed
by <5% ADAMTS13 activity and high immunoglobulin G anti-
ADAMTS13 at 93 IU/L (normal <15 IU/L). Although no frozen
serum samples from previous hospitalizations were available
to document severe ADAMTS13 deficiencies, our patient’s
whole history strongly suggests that his iTTP diagnosis could
havebeenmade in1985.A strategy toprevent subsequent iTTP
relapses was started in January 2016: rituximab (1 g), infused
on days 1 and 15, then every 6 months. Before rituximab was
prescribed, he had experienced three TTP recurrences (2014
and two in 2015). Over the next 2 years, he remained asymp-
tomatic and usual laboratory parameters rapidly returned to
normal (►Fig. 1A). Notably, despite the documented rapid and
persistent clearance of anti-ADAMTS13 autoantibodies after
thefirst rituximab infusion (►Fig. 1B), his ADAMTS13 activity
did not rise until October 2017, nearly 2 years after the first
rituximab infusion.

This patient represents an atypical case of chronic iTTP,
with very mild cytopenias but recurrent strokes, stopped by
prolonged rituximab use. The usual iTTP clinical picture is
characterized by an acute and profound platelet count
decrease to <30 � 109/L, which was not the case for our
patient. Two points highlight its peculiarity: recurrent
strokes with elevated LDH in our iTTP patient, who had
been completely asymptomatic for 30 years, and his docu-
mented late recovery of ADAMTS13 activity, more than
1 year after rituximab cleared the anti-ADAMTS13 autoan-
tibodies to prevent additional stroke recurrences.

First, thepatient’s very late iTTP recurrencewithoutobvious
cytopenias is very unusual. This clinical picture belongs to a
subgroup of idiopathic ischemic strokes called embolic stroke
of undetermined source (ESUS), which accounts for 25% of
ischemic strokes, with no etiology retained after a standard
diagnostic work-up.9 Without any specific treatment, 4.5% of
patients experience stroke recurrence at 1 year and 23% have a

risk of death or disability at 6 months.10,11 The main ESUS
etiologies are rare cardioembolic diseases12,13 and congenital
or acquired thrombophilic states (myeloproliferative neo-
plasms, antiphospholipid syndrome,13 paroxysmal nocturnal
hemoglobinuria, heparin-induced thrombocytopenia, and
TTP).14,15 The chronic, insidious evolution of this patient’s
iTTP during the 30 years after the initial diagnosis raises
questions and supports the hypothesis of managing iTTP as a
chronic disease, rather than an acute one, with possible
repeatedflares, and suggests considering any idiopathic stroke
with thrombocytopenia, evenmild, potentially iTTP.16Notably,
an LDH concentration >10 times above the ULN is a poor
prognosis factor for iTTP, because it reflects organ damage.17,18

However, in the absence of hemolysis, even a slightly higher
abnormal LDH level can be the sign of persistent microthrom-
botic activity. Our patient’s initial LDH concentration was
markedly above normal without hemolysis and dramatically
elevated LDH levels preceded the strokes. Importantly, his LDH
level normalized under rituximab.

Second, his ADAMTS13 activity remained<10% for 2 years,
despite four rituximabcycles,without anyclinical orbiological
consequences. It should be noted that real ADAMTS13 activity
may varywidely, even in a given patient, meaning it should be
retested before every rituximab infusion.19 However,
ADAMTS13 activity remaining<10% following iTTP remission
triples the relapse risk.5 Indeed, severe ADAMTS13 deficiency
is probably necessary to trigger an iTTP episode, but other
factors can be incriminated, e.g., inflammation, endothelium
dysfunction, or circulating DNA and histones.18–20 In inflam-
matory states, with or without infection, human neutrophil
peptides (HNPs) released from degranulated neutrophils can
block vonWillebrand factor (VWF) cleavagebyADAMTS13 in a
concentration-dependent manner. HNPs can also trigger the
secretion of platelet-granule contents, especially soluble
CD154, and inhibit fibrinolysis, leading to a procoagulant
state.20 Changes of VWF secretion, multimer distributions,

Fig. 1 Evolution of this acquired immune-mediated thrombotic thrombocytopenic purpura. Patient’s blood (A) and specific laboratory (B)
parameters under rituximab starting in 2015. ADAMTS13, disintegrin and metalloprotease with thrombospondin type-I repeats-13; IgG,
immunoglobulin G; LDH, serum lactate dehydrogenase; ULN, upper limit of normal.
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and plasma levelsmight also trigger TTP.19,21,22 Some proteins
might counterbalance ADAMTS13 deficiency, which might
explain why our patient had no recurrent iTTP episodes
between 1985 and 2014. Indeed, serine proteases, e.g., plas-
min, thrombi or the leukocyte protease elastase, can also
cleave VWF. Plasmin, too, has notable VWF-cleaving ability:
during acute iTTP episodes, it cleaves VWF multimers in a
shear-dependent manner.23,24 Finally, physiological plasma
high-density lipoprotein or apolipoprotein A1 concentrations
inhibit shear-induced VWF self-association, thereby prevent-
ing platelet adhesion.25

Without preventive treatment, 25 to 40% of patients with
low ADAMTS13 activity will relapse after 1 year of follow-
up.26,27 Treating these patients with rituximab could limit the
iTTP recurrence rate and increase the mean ADAMTS13 activ-
ity up to 46% at 3 months.6 Jestin et al recently showed that
preemptive rituximab prevented iTTP relapses in 85% of their
patients, by inducing an ADAMTS13 conformational change in
responsive patients.8 They also suggested that depletion of B
cells and short-lived plasmocytes secreting anti-ADAMTS13
autoantibodies might be the main mechanism of action of
rituximab in iTTP patients.28 However, despite rituximab,
ADAMTS13 activity remains low in some patients.

In this setting, additional therapeutic pressure with new
therapeutics, such as recombinant ADAMTS13 or caplaci-
zumab, might be helpful.29,30 Indeed, recombinant
ADAMTS13 could be effective, acting just like endogenous
ADAMTS13, as demonstrated by in vitro and in vivo stu-
dies,29 although those results remain to be confirmed in
phase II and III trials. In addition, caplacizumab, a huma-
nized anti-VWF nanobody, rapidly blocks the interaction of
VWF multimers with platelets, thereby inhibiting micro-
thrombus formation and accumulation. In the TITAN
study31 on iTTP patients undergoing plasma exchanges,
caplacizumab normalized platelet counts more rapidly
than placebo, and recipients required fewer plasma
exchanges and achieved a higher percentage of complete
remissions. However, moderate bleeding-related adverse
events were more frequent in the caplacizumab group.
Authors of another recent study reported that caplacizu-
mab-treated patients experienced fewer thromboembolic
events and iTTP exacerbations.30

In conclusion, this case illustrates the importance of
suspecting iTTP, even without major thrombocytopenia,
during any thrombotic event. It highlights iTTP heterogene-
ity and suggests considering it as a chronic disease with
possible flares, even after long-term follow-up. Rituximab
would seem to be the main treatment to prevent iTTP
recurrences to improve survival of patients with this disease.

Authors’ Contributions
H.D., E.R., E. L., I.M., and J.-F. V.were responsible for treating
the patient. H. D. and E. R. collected data. P. C. gave advices
for patient’s care. H. D., E. R., and P. C.wrote themanuscript.
All authors critically reviewed the manuscript.

Conflict of Interest
None declared.

Acknowledgments
The authors are grateful to Janet Jacobson for editorial
assistance.

References
1 Joly BS, Coppo P, Veyradier A. Thrombotic thrombocytopenic

purpura. Blood 2017;129(21):2836–2846
2 Kremer Hovinga JA, Coppo P, Lämmle B, Moake JL, Miyata T,

Vanhoorelbeke K. Thrombotic thrombocytopenic purpura. Nat
Rev Dis Primers 2017;3:17020

3 Bell WR, Braine HG, Ness PM, Kickler TS. Improved survival in
thrombotic thrombocytopenic purpura-hemolytic uremic syn-
drome. Clinical experience in 108 patients. N Engl JMed 1991;325
(06):398–403

4 Scully M, Hunt BJ, Benjamin S, et al; British Committee for
Standards in Haematology. Guidelines on the diagnosis and
management of thrombotic thrombocytopenic purpura and other
thrombotic microangiopathies. Br J Haematol 2012;158(03):
323–335

5 Peyvandi F, Lavoretano S, Palla R, et al. ADAMTS13 and anti-
ADAMTS13 antibodies as markers for recurrence of acquired
thrombotic thrombocytopenic purpura during remission. Hae-
matologica 2008;93(02):232–239

6 Hie M, Gay J, Galicier L, et al; French Thrombotic Micro-
angiopathies Reference Centre. Preemptive rituximab infu-
sions after remission efficiently prevent relapses in acquired
thrombotic thrombocytopenic purpura. Blood 2014;124(02):
204–210

7 Westwood J-P, ThomasM, Alwan F, et al. Rituximab prophylaxis to
prevent thrombotic thrombocytopenic purpura relapse: outcome
and evaluation of dosing regimens. Blood Adv 2017;1(15):
1159–1166

8 Jestin M, Benhamou Y, Schelpe AS, et al. Preemptive
rituximab prevents long-term relapses in immune-mediated
thrombotic thrombocytopenic purpura. Blood 2018;132(20):
2143–2153

9 Hart RG, Diener H-C, Coutts SB, et al; Cryptogenic Stroke/ESUS
International Working Group. Embolic strokes of undetermined
source: the case for a new clinical construct. Lancet Neurol 2014;
13(04):429–438

10 Martinez-Majander N, Aarnio K, Pirinen J, et al. Embolic strokes
of undetermined source in young adults: baseline charac-
teristics and long-term outcome. Eur J Neurol 2018;25(03):
535–541

11 Li L, Yiin GS, Geraghty OC, et al; Oxford Vascular Study. Incidence,
outcome, risk factors, and long-term prognosis of cryptogenic
transient ischaemic attack and ischaemic stroke: a population-
based study. Lancet Neurol 2015;14(09):903–913

12 Montero MV, Pastor AG, Cano BC, et al. The A-S-C-O classification
identifies cardioembolic phenotypes in a high proportion of
embolic stroke of undetermined source (ESUS). J Neurol Sci
2016;367:32–33

13 Nouh A, HussainM,Mehta T, Yaghi S. Embolic strokes of unknown
source and cryptogenic stroke: implications in clinical practice.
Front Neurol 2016;7:37

14 Noorbakhsh-Sabet N, Zand R. Thrombotic thrombocytopenic
purpura with concomitant progressive cerebral microbleeds.
J Stroke Cerebrovasc Dis 2016;25(11):e214–e215

15 Acır İ, Erdoğan HA, Yayla V, Taşdemir N, Çabalar M. Incidental
thrombotic thrombocytopenic purpura during acute ischemic
stroke and thrombolytic treatment. J Stroke Cerebrovasc Dis
2018;27(05):1417–1419

16 Deford CC, Reese JA, Schwartz LH, et al. Multiple major morbid-
ities and increased mortality during long-term follow-up after
recovery from thrombotic thrombocytopenic purpura. Blood
2013;122(12):2023–2029, quiz 2142

TH Open Vol. 2 No. 4/2018

Letter to the Editor e409

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



17 BenhamouY, Assié C, Boëlle P-Y, et al; ThromboticMicroangiopathies
Reference Center. Development and validation of a predictive model
for death in acquired severe ADAMTS13 deficiency-associated idio-
pathic thrombotic thrombocytopenic purpura: the French TMA
ReferenceCenterexperience.Haematologica2012;97(08):1181–1186

18 Cohen JA, Brecher ME, Bandarenko N. Cellular source of serum
lactate dehydrogenase elevation in patients with thrombotic
thrombocytopenic purpura. J Clin Apher 1998;13(01):16–19

19 Page EE, Kremer Hovinga JA, Terrell DR, Vesely SK, George JN.
Clinical importance of ADAMTS13 activity during remission in
patients with acquired thrombotic thrombocytopenic purpura.
Blood 2016;128(17):2175–2178

20 Pillai VG, Bao J, Zander CB, et al. Human neutrophil peptides
inhibit cleavage of vonWillebrand factor by ADAMTS13: a poten-
tial link of inflammation to TTP. Blood 2016;128(01):110–119

21 Reiter RA, Knöbl P, Varadi K, Turecek PL. Changes in vonWillebrand
factor-cleaving protease (ADAMTS13) activity after infusion of
desmopressin. Blood 2003;101(03):946–948

22 Scully M, Thomas M, UnderwoodM, et al; collaborators of the UK
TTP Registry. Thrombotic thrombocytopenic purpura and preg-
nancy: presentation, management, and subsequent pregnancy
outcomes. Blood 2014;124(02):211–219

23 Tersteeg C, de Maat S, De Meyer SF, et al. Plasmin cleavage of von
Willebrand factor as an emergency bypass for ADAMTS13 deficiency
in thromboticmicroangiopathy.Circulation2014;129(12):1320–1331

24 Sadler JE. Pathophysiology of thrombotic thrombocytopenic pur-
pura. Blood 2017;130(10):1181–1188

25 Chung DW, Chen J, Ling M, et al. High-density lipoprotein
modulates thrombosis by preventing von Willebrand factor
self-association and subsequent platelet adhesion. Blood 2016;
127(05):637–645

26 Ferrari S, Scheiflinger F, Rieger M, et al; French Clinical and
Biological Network on Adult Thrombotic Microangiopathies. Prog-
nostic value of anti-ADAMTS 13 antibody features (Ig isotype, titer,
and inhibitory effect) in a cohort of 35 adult French patients
undergoing a first episode of thrombotic microangiopathy with
undetectable ADAMTS 13 activity. Blood 2007;109(07):2815–2822

27 Kremer Hovinga JA, Vesely SK, Terrell DR, Lämmle B, George JN.
Survival and relapse in patients with thrombotic thrombocyto-
penic purpura. Blood 2010;115(08):1500–1511, quiz 1662

28 Froissart A, Veyradier A, Hié M, Benhamou Y, Coppo P; French
Reference Center for Thrombotic Microangiopathies. Rituximab
in autoimmune thrombotic thrombocytopenic purpura: a success
story. Eur J Intern Med 2015;26(09):659–665

29 Scully M, Knöbl P, Kentouche K, et al. Recombinant ADAMTS-13:
first-in-human pharmacokinetics and safety in congenital throm-
botic thrombocytopenic purpura. Blood 2017;130(19):2055–2063

30 Peyvandi F, Scully M, Kremer Hovinga JA, et al. Caplacizumab
reduces the frequency of major thromboembolic events, exacerba-
tions and death in patients with acquired thrombotic thrombocy-
topenic purpura. J Thromb Haemost 2017;15(07):1448–1452

31 Peyvandi F, Scully M, Kremer Hovinga JA, et al; TITAN Investiga-
tors. Caplacizumab for acquired thrombotic thrombocytopenic
purpura. N Engl J Med 2016;374(06):511–522

TH Open Vol. 2 No. 4/2018

Letter to the Editore410

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


