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Hereditary thrombotic thrombocytopenic purpura (hTTP) is a
rare (0.5-2.0 patients per 106 population) autosomal recessive
disorder caused by a severe deficiency of ADAMTS13, a plasma
metalloprotease that cleaves ultralarge von Willebrand factor
(ULVWF).1 The persisting ULVWF multimers can create von Wil-
lebrand factor–platelet microthrombi causing microvascular
thrombosis and organ ischemia.1 The clinical features of hTTP
are extremely diverse. Some patients appear to have excellent
health, whereas others may die soon after birth or have major
morbidities.2,3 Patients with immune-mediated TTP (iTTP) often
have disorders of cognitive function, depression,4-10 and silent
cerebral infarctions during clinical remission.11-14 Stroke is also
frequent in patients who have reduced ADAMTS13 activity
(median, 43%) during remission following iTTP.15 Aims of the
present study were to determine the neurological long-term
effects in patients with hTTP by documenting their rates of
stroke, stroke-related disability, and presence of neuropsychiatric
symptoms.

Patients living in the United States who had enrolled and pre-
viously consented to participate in the International hTTP
Registry3 were contacted to schedule an interview. Those
interested signed a new consent to participate in this study.
Hereditary TTP was confirmed in all patients by identification
of biallelic pathogenic ADAMTS13 mutations and ADAMTS13
activity ,10%. Author A.B. interviewed the patients and/or
parents of minors by telephone for 30 to 60 minutes using
discussion guides specific for young children (#6 years old),
older children (7-17 years), or adults ($18 years old). Partici-
pants were asked about neuropsychiatric symptoms (Table 1)
and stroke, the age they occurred, and residual symptoms or
disability. The occurrence of stroke was accepted from the
patients’ descriptions of symptoms, diagnostic evaluations,
diagnosis conveyed to them bytreating physicians, and clini-
cal course. Participants were also asked about prophylaxis,
when it began, and any adverse reactions. The interview
questions regarding hospitalizations,prophylaxis, and stroke
are detailed in supplemental Table 1, available on the
Blood Web site. Neuropsychiatric symptoms were compared
between patients with or without history of stroke.

As of July 2021, 45 US patients with confirmed hTTP had been
enrolled into the International hTTP Registry. Twelve previously
enrolled US patients had been lost to follow-up, 2 died, and
4 did not consent (supplemental Figure 1). Twenty-seven
patients from 17 US states were interviewed between April 2020
and July 2021: 25 adults (ages 19-63 years, median age,
38 years) and 2 children (ages 20 months and 12 years). The par-
ticipants were predominantly female (70%) and white (89%) and
had a college or postgraduate education (72%) (supplemental
Table 2). The patients’ sex, mutations, number of strokes, age of
first symptoms, diagnosis, and follow-up are presented in sup-
plemental Table 3. Twenty-five of 26 (96%) patients (excluding
the infant) reported 2 to 14 (median, 6) of the 14 neuropsychiat-
ric symptoms (Table 1). Symptom onset occurred across all
ages. Common symptoms were recurrent headaches (88%),
poor concentration (65%), and depression (62%). Headache with
aura (presumed migraine) was reported by 15 (58%) patients.
Only dysarthria was more common in patients with a history of
stroke (Table 1). The symptoms were often described as begin-
ning during “childhood,” during “high school,” or after a

significant hTTP event, such as a hospitalization. These data sug-
gest that patients of all ages are at risk for neuropsychiatric
symptoms.

Strokes had occurred in 17 (63%; 95% confidence interval,
42%-81%) patients. The median age of the first stroke was 26
years (range, newborn to 58 years); the occurrence increased
with age (Figure 1). All 6 patients whose age was $49 years
had had a stroke. In 12 patients, stroke preceded the diagno-
sis of hTTP. Three of the 12 patients were diagnosed at the
time of their first stroke; the other 9 patients were diagnosed
with hTTP 2 months to 19 years after their first stroke. Eleven
of the 17 patients had residual symptoms; 7 suffered recur-
rent strokes. Seven patients have received stroke-related dis-
ability benefits, beginning at a median age of 43 years (18-55
years) (supplemental Table 4).

Twenty-five (93%) patients had received plasma for treatment of
symptoms or for prophylaxis; 21 patients described allergic reac-
tions to plasma: rash/itching (14), dyspnea/chest pain (4), ana-
phylaxis (2), or infection (1 [hepatitis C]) (supplemental Table 5).
Seventeen (63%) of the 27 patients were on prophylaxis at the
time of interview: 12, plasma; 5, pdFVIII. Prophylaxis was begun
at age 2 months to 63 years (median, 30 years) and continued
for a duration of 1 to 53 years (median, 4.5 years). None of the
17 patients were on prophylaxis at the time of their first stroke.
Of the 7 patients with recurrent strokes, none received prophy-
laxis at the time of their second stroke but were subsequently
placed on prophylaxis. Four of those 7 had another stroke while
on prophylaxis. Five patients who switched to pdFVIII from
plasma reported improved convenience of self-administration.

Like patients in remission from iTTP, almost all patients with
hTTP have neuropsychiatric symptoms. Our data emphasize that
patients with hTTP have life-altering neuropsychiatric symptoms
beginning at young ages that continue throughout their lives.
The occurrence of neuropsychiatric symptoms must be con-
firmed in future studies using standardized assessments, such as
the Repeatable Battery for the Assessment of Neuropsychologi-
cal Status for cognitive decline and the Patient Health Question-
naire-9, for depression.4-7 The impact of the neuropsychiatric
symptoms on the patients’ lives must be described by qualita-
tive evaluation.16

Fifty-eight percent of patients had headaches with aura, pre-
sumed migraine. Previous studies have demonstrated that
migraine with aura is an independent risk factor for stroke, espe-
cially cryptogenic ischemic stroke,17 and is associated with silent
brain infarcts.18 The high frequency of strokes among patients
with hTTP suggests that the neuropsychiatric symptoms may be
caused by silent cerebral infarction, similar to patients with
iTTP.11-14 The overall occurrence of stroke was 63%, more than
twice the rate from prior reports, possibly because the median
age of our patients is .10 years older than in prior reports,2,3

because patients with stroke may be more likely to be enrolled
in the Registry and to participate in this study, or because of the
small size of this study. Strokes often preceded the diagnosis of
hTTP. Therefore, in patients with an embolic stroke of undeter-
mined source,19,20 measurement of ADAMTS13 activity is
important.
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Our data emphasize the significance of beginning effective, life-
time prophylaxis at a young age. Current common practice is to
begin plasma prophylaxis when a major complication has
occurred. We recommend a baseline cerebral magnetic reso-
nance imaging at the first occurrence of neuropsychiatric

symptoms to identify silent strokes and to document the need
for prophylactic therapy.11-14 However, the inconvenience of
plasma administration and the frequent allergic reactions to
plasma may cause hesitancy to begin prophylaxis and insuffi-
cient frequency once prophylaxis has begun. A report of the

Table 1. Recurrent neuropsychiatric symptoms stratified by history of stroke

Neuropsychiatric symptoms* with associated
questions

All 26
patients† (%)

10 patients
No stroke (%)

16 patients
Stroke (%) P‡

Headaches
Do you have regular headaches?

23 (88) 10 (100) 13 (81) .26

Poor concentration
Do you feel that you have poor concentration? For

example, do you have difficulty focusing on a task
or at work/school?

17 (65) 6 (60) 11 (69) .70

Depression
Have you ever had significant depression, now or in

the past?

16 (62) 6 (60) 10 (63) 1.0

Headache with aura (presumed migraine)§
Do you have any vision changes prior to your

headaches?

15 (58) 7 (70) 8 (50) .43

Vision changes
Do you ever get blurry vision or changes in your

vision?

12 (46) 4 (40) 8 (50) .70

Forgetfulness
Do you feel that you often forget things, or your

memory is not as good as others around you?

12 (46) 3 (30) 9 (56) .25

Fatigue
Do you often feel very tired or like your whole body

is weak?

12 (46) 4 (40) 8 (50) 1.0

Neuropathy
Do you ever feel numbness or tingling in your hands

or feet?

11 (42) 2 (20) 9 (56) .11

Dysarthria
Do you ever have difficulty with speaking, such as

slurring of your speech?

10 (38) 1 (10) 9 (56) .04

Loss of vision
Do you ever have loss of vision?

7 (27) 3 (30) 4 (25) 1.0

Seizure
Have you ever had a seizure?

6 (23) 2 (20) 4 (40) 1.0

Transient weakness
Do you ever have sudden weakness in 1 part of the

body, such as an arm or leg?

5 (19) 1 (10) 4 (25) .39

Falls
Have you fallen frequently?

5 (19) 1 (10) 4 (25) .62

Dysphagia
Do you ever have difficulty swallowing?

3 (12) 0 3 (19) .26

No symptoms|| 1 (4) 0 1 (6) NA

NA, not applicable.

*These neuropsychiatric symptoms were chosen based on the interviews with hTTP patients. All questions were followed up with: “How often? When did it start? Please describe.”

†The 20-mo-old patient is not included in the table because these symptoms did not apply to him. His parents were only asked about seizures, which he did not have. He appears
to have normal development.

‡x2 analysis or Fisher’s exact test (if there were ,5 subjects per category) was performed to assess the difference in frequency of symptoms in patients with or without stroke.

§Patients were asked about auras as a follow-up question if they answered yes to having headaches. The auras were described as “sparkly eyes,” “flashes of lights,” “wavy lines,” or
transient vision loss.

||The asymptomatic patient is a 12-y-old girl who was diagnosed at birth after having cardiac arrest and stroke as a newborn. She currently reports no symptoms since the start of
the plasma-derived factor VIII concentrate (pdFVIII) for prophylaxis.
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International hTTP Registry found no statistical difference in the
frequency of acute episodes of hTTP in patients with or without
prophylactic plasma.21 These observations highlight the limita-
tions of current prophylaxis. Until recombinant ADAMTS1322 is
available, an adequate amount of plasma ($15 mL/kg) at fre-
quent intervals (#2 weeks) to maintain ADAMTS13 activity is
appropriate.

Our data have significant limitations. The number of patients is
small because hTTP is a rare disorder.1 In addition, there is
potential for selection bias, as enrollment into the International
hTTP Registry requires motivation of the patient and awareness
of the Registry by the patient’s hematologist.

Despite these limitations, our data document that almost all
patients have neuropsychiatric symptoms, suggesting the need
for regular cognitive and depression screening of hTTP and
effective prophylaxis when abnormalities are identified.
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Evans syndrome (ES) is a rare condition, defined as the presence
of 2 autoimmune cytopenias: more frequently, autoimmune
hemolytic anemia (AIHA) and immune thrombocytopenia (ITP)
and, rarely, autoimmune neutropenia (AIN).1-3 ES can be classi-
fied as primary or secondary to various conditions, including lym-
phoproliferative disease, primary immune deficiencies, or other
systemic autoimmune diseases. The onset of ES may be acute
and life threatening, whereas its clinical course is usually chronic
and marked by several relapses of AIHA, ITP, or both. In addition,
risks of thrombosis and infections were �2 times those observed

in primary AIHA or ITP in a recent European study.3 First-line ther-
apy is based on steroids, with or without intravenous immunoglo-
bulins (IVIGs), followed by a second-line treatment largely
depending on the cytopenia, and include rituximab, splenec-
tomy, and cytotoxic immunosuppressants. Since their arrival,
thrombopoietin receptors agonists (TPO-RAs), such as romiplos-
tim and eltrombopag, have been increasingly used in primary ITP
with high efficacy, and a good safety profile.4 However, their use
in ES has never been systematically studied, and only a few case
reports are available for this challenging population.5-12 In this
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