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INTRODUCTION

Summary

Immune-mediated thrombotic thrombocytopenic purpura ((iT'TP) is a rare condi-
tion caused by severe ADAMTSI3 deficiency, leading to platelet aggregation and
thrombosis. Despite treatment, patients are prone to cognitive impairment and de-
pression. We investigated brain changes in iTTP patients during remission using ad-
vanced magnetic resonance imaging (MRI) techniques, correlating these changes
with mood and neurocognitive tests. Twenty iTTP patients in remission (30days
post-haematological remission) were compared with six healthy controls. MRI scans,
including standard and specialized sequences, were conducted to assess white matter
health. Increased T1 relaxation times were found in the cingulate cortex (p <0.05),
and elevated T2 relaxation times were observed in the cingulate cortex, frontal,
parietal and temporal lobes (p <0.05). Pathological changes in these areas are cor-
related with impaired cognitive and depressive scores in concentration, short-term
memory and verbal memory. This study highlights persistent white matter damage
in iTTP patients, potentially contributing to depression and cognitive impairment.
Key regions affected include the frontal lobe and cingulate cortex. These findings
have significant implications for the acute and long-term management of iTTP, sug-
gesting a need for re-evaluation of treatment approaches during both active phases
and remission. Further research is warranted to enhance our understanding of these
complexities.

KEYWORDS
cognitive impairment, depression, magnetic resonance imaging, myelin water imaging, thrombotic
thrombocytopenic purpura

and metalloprotease with thrombospondin type 1 repeats
13), which leads to platelet aggregation in the microvascula-

Immune-mediated thrombotic thrombocytopenic purpura  ture.' The role of ADAMTSI13, also known as von Willebrand
(iTTP) is a rare life-threatening disease caused by enzyme  factor cleaving protease, is to break down ultra-large von
inhibition or clearance of ADAMTSI13 (a disintegrin-like = Willebrand factor multimers. During an acute iTTP episode,

"Deceased.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. British Journal of Haematology published by British Society for Haematology and John Wiley & Sons Ltd.

Br ] Haematol. 2023;00:1-12.

wileyonlinelibrary.com/journal/bjh 1


www.wileyonlinelibrary.com/journal/bjh
https://orcid.org/0009-0001-8321-683X
https://www.twitter.com/FHannanMP
mailto:
https://orcid.org/0000-0002-0848-130X
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:shuang45@uwo.ca
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fbjh.19246&domain=pdf&date_stamp=2023-12-11

COGNITIVE ASSESSMENT & WHITE MATTER HEALTH IN iTTP

BRITISH JOURNAL OF HAEMATOLOGY

the activity of ADAMTSI13 is severely decreased (<10%),
causing rapid platelet aggregation, thrombosis and end-
organ ischaemia.

Patients with immune-mediated thrombotic throm-
bocytopenic purpura (iT'TP) are commonly treated with
plasma exchange and immunosuppressants to restore
platelet counts and ADAMTS13 activity.! Caplacizumab
is used to speed up platelet count recovery and prevent
complications.>® However, even after successful treat-
ment, iTTP patients in remission can still face issues
like cerebrovascular disease, cognitive problems and de-
pression, and the reasons behind these problems are not
clear.*” We recently conducted a pilot study looking at the
blood-brain barrier in iT'TP patients over 6 months.® We
found ongoing issues with blood-brain barrier (BBB) per-
meability in remission patients, which could be related to
neuroinflammation.

Cognitive decline is also linked to changes in myelin,
which is essential for brain function.” We used advanced
MRI techniques like myelin water imaging (MWT) to mea-
sure myelin content and integrity. Additionally, T1 and T2
relaxation time maps provided insights into tissue issues
like demyelination,® neuroinflammation® and white mat-
ter oedema,'® which typically result in increased signal on
these maps. Our use of multicomponent-driven equilibrium
steady-state observations of T1 and T2 (mcDESPOT) MRI
allowed us to create comprehensive brain maps for T1, T2
and MWF, giving a better understanding of the brain's con-
dition in iTTP patients."

In this study, we aimed to better understand the micro-
structural changes in the white matter caused by iTTP in
the brain. To further expand the pilot study on BBB per-
meability in patients with iTTP, we correlated MRI brain
white matter changes with neurocognitive outcomes.
Using mcDESPOT, we assessed the presence and extent of
tissue pathology in a cohort of iTTP patients in remission.
We can determine the localization of injuries and their ef-
fects on neurocognitive outcomes. We hypothesized that
there would be a decrease in short-term memory and in-
creased depression in patients with iTTP, and that these
findings would coincide anatomically with damage seen
on MRI.

METHODS
Study design

This was a multicentre study. Patients were enrolled at the
London Health Sciences Centre (LHSC), University Health
Network, Toronto and St. Michael's Hospital, Toronto. The
imaging studies were conducted at St. Joseph's Health Care
London (SJHC). All patients provided written informed
consent before taking part in the study, and removal from
participation was allowed at any point of the study. The
study received ethics approval from Clinical Trials Ontario
(Project ID: 1318).

Eligibility criteria

Patients were deemed eligible if they were >18years of
age with a diagnosis of iTTP and currently in remission.
The diagnosis of iTTP required all of the following five
criteria'® (1) platelet count <150 x 10°/L; (2) microan-
giopathic haemolytic anaemia (presence of anaemia and
red blood cell fragmentation on blood film); (3) lactate
dehydrogenase (LDH) >1.25 x the upper limit of normal
(~190 units/L); (4) ADAMTS13 activity <10%; and (5) his-
tory of positive anti-ADAMTSI13 antibody. ADAMTSI3
activity and inhibitor levels were measured during their
acute episodes. ADAMTSI3 activity was measured by an
enzyme-linked immunosorbent assay test with a normal
range between 41% and 130%. Clinical remission is de-
fined by sustained clinical response for at least 30days
without plasma exchange and/or immunosuppressants.'’
Patients were excluded if they had an alternative diagnosis
of thrombotic microangiopathy or secondary iTTP due to
drugs or connective tissue disease. Healthy controls were
enrolled on a voluntary basis (by poster or family mem-
bers of the patients) and underwent screening to ensure
their overall well-being prior to testing. All these patients
are healthy, with a median age of 44 years old (range: 31-
58) and no known medical history that would affect their
cognitive tests or anatomical abnormalities on imaging
tests. They are excluded if they have any history of hyper-
tension, cardiovascular disease, diabetes, stroke or throm-
botic microangiopathy.

Magnetic resonance imaging

MRI scans were conducted within 1month of remission.
Scans were acquired on a 3T MRI (Siemens Biograph mMR)
with a 32-channel head-only receive coil at SJHC. The MRI
protocol consisted of sequences based on a standard-of-care
stroke protocol as well as quantitative sequences sensitive to
white matter integrity.

The study used five standard imaging sequences to
examine brain changes and detect abnormalities. T1-
weighted images assessed general anatomy and atrophy;
T2-weighted images identified acute issues like white
matter hyperintensities; and diffusion-weighted images
detected lesions such as strokes. Susceptibility-weighted
images were used to find abnormal areas like chronic
blood products, and magnetic resonance angiography
evaluated extra-cranial vasculature. These images were
interpreted by study radiologists (M]J and LT) without
knowing whether the participant was a patient or a healthy
volunteer to prevent bias. Analysis was performed using
RadiAnt Viewer."*

Myelin water imaging (MWI) was used to analyse myelin
integrity in vivo using the multicomponent-driven equilib-
rium single pulse observation of T1 and T2 (mcDESPOT)
technique." The technique is based on the observation that
the T1 and T2 relaxation times of water protons in myelin
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are different from those in other tissues, specifically intra/
extra-cellular water and CSF. It uses a three-component
model of tissue that accounts for the effects of multiple types
of water protons to generate whole-brain T1-relaxation, T2-
relaxation and myelin water fraction maps (MWEF). MWEF
maps contain voxels ranging from 0 to 1, indicating the frac-
tion of the signal belonging to myelin water.

Detailed methods for MRI sequence parameters and
models are provided in the supplementary information."> !

Depression and cognitive testing

Depression and cognitive tests were conducted within 24h
of the MRI scan. The depression assessment was conducted
using the Montgomery-Asberg Depression Rating Scale
(MADRS), which is more sensitive to treatment effects as
opposed to the commonly used Hamilton Rating Scale.'®
MADRS consists of 10 categories: apparent sadness, reported
sadness, inner tension, reduced sleep, reduced appetite, con-
centration difficulty, lassitude, inability to feel, pessimistic
thoughts and suicidal thoughts. Each category is scored
between 0 and 6, and the total of all categories represents
the severity of depression. An online cognitive assessment
was conducted via Cambridge Brain Sciences (CBS). The
cognitive battery consists of 12 tests: Odd One Out, Spatial
Span, Monkey Ladder, Grammatical Reasoning, Polygons,
Token Search, Spatial Planning, Rotations, Digit Span,
Feature Match, Double Trouble and Pair Associates. These
tests measure either reasoning, short-term memory, verbal
memory or concentration.'® Patient and study control results
were compared to an age- and sex-matched cohort of >10000
healthy persons provided by CBS. The participant's score is
calculated within one standard deviation (SD), within two
SD or more than two SD relative to normative data. Scores
between one and two SD of controls signify mild changes,
while scores greater than two are considered severe.

Statistical analysis

Means and SDs are reported for demographics. An F-test to
check for variance equality was conducted between patients
and controls, along with tests for normality for each metric
derived from the quantitative maps. Depending on whether
variances were equal or unequal, a Weiss' ¢-test or student's
t-test was conducted between patients and healthy controls
to test for significant (p<0.05) increases or decreases. A
chi-square test was conducted for categorical variables. All
statistical analyses were conducted using the SPSS software
version 27."° SPM's imcalc function was used to generate
Z-score maps for each metric."”” Maps were thresholded at
Z<-3.1 for significant decreases and Z>3.1 for significant
increases (p <0.01, confidence interval =99%). Cognitive test
domains and depression total scores were correlated with
imaging regions using a spearman correlation. Correlations
were reported if they were significant (p <0.05).
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RESULTS
Baseline characteristics

Twenty-two patients diagnosed with iTTP and six healthy
controls were recruited between 2016 and 2021. Two patients
were excluded due to anti-phospholipid syndrome and sys-
temic lupus erythematosus. Study demographics are pro-
vided in Table 1. Patient clinical characteristics are provided
in Table 2. All patients have a history of positive ADAMTS13
inhibitor level. There was a small proportion of patients with
persistently low ADAMTSI13. All patients had ADAMTS13
activity <10% at the time of diagnosis. At the time of their
imaging studies (after treatment, while in remission), nine
patients had ADAMTSI3 activities >70%, seven had activi-
ties between 10%-70% and four had activities <10%. These
cut-offs are used to determine the increased risk of stroke in
iTTP patients.”

Magnetic resonance imaging
Standard-of-care

Of the 20 patients, 16 (80%) had radiological findings.
Fourteen of these patients had white matter hyperintensi-
ties (WMH) of variable size >2-15mm. WMHs were com-
monly found in the frontal, subcortical and periventricular

TABLE 1 Demographics of patients and controls.

Patients Controls

Demographic characteristics (N=20) (N=6) p
Female, n (%) 16 (80) 3 (50) 0.146
Relapse, n (%) 5 (25)
Age (years)

Mean (SD) 48 (14) 44 (16) 0.745

Median (25th, 75th percentiles) 53 (36,58) 44 (31, 58)

Range 24-71 24-66
Medical history, # (%)

Glomerulopathy 0(0)

HIV 0(0)

Hypertension 2 (10)

Transplantation/Stem cell 0 (0)

Coronary artery disease 0 (0)

Collagen vascular disease 0 (0)

Cerebral vascular event 0 (0)

Malignancy 0(0)

Venous thrombosis 0 (0)

Smoking 6 (30)

Other® 7 (35)

None 7 (35)

*Other symptoms reported by patients include: Fibromyalgia, migraines,
hypothyroidisms, diabetes, Epstein-Barr virus, chronic lymphocytic leukaemia,
multilevel cervical degenerative disc disease or unspecified.
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TABLE 2 Clinical characteristics of immune-mediated thrombotic thrombocytopenic purpura patients at baseline and month 0 (30 days post
remission).

Clinical characteristics Baseline (at diagnosis) Study period (30 days post remission) P

Platelet count, x10%/L

Mean (SD) 24 (17) 281 (79) <0.001
Median (25th, 75th percentiles) 19 (11, 32) 290 (254, 329)
Range 5-76 59-418
Haemoglobin, g/L
Mean (SD) 90 (17) 133 (10) <0.001
Median (25th, 75th percentiles) 86 (78, 102) 131 (128, 141)
Range 65-125 106-152
ADAMTS-13 Activity, %
Mean (SD) 2.4 (1.7) 51 (35) <0.001
Median (25th, 75th percentiles) 1(1,4) 61 (13, 84)
Range 1-5 1-94
Lactate dehydrogenase, U/L
Mean (SD) 895 (472) 216 (69) <0.001
Median (25th, 75th percentiles) 757 (489, 1079) 201 (161, 248)
Range 312-2256 137-413
Treatments
Therapeutic plasma exchange, 1 (%) 20 (100)
Immunosuppressants, # (%) 20 (100)
Prednisone 20 (100)
Rituximab 12 (60)
Caplacizumab 8 (40)
Eculizumab 1(5)
Vincristine 2 (10)
Cyclophosphamide 2 (10)
Symptoms, 1 (%)
Headache 9 (45) 0 (0) <0.001
Confusion 5 (25) 0 (0) 0.017
Seizure 0 (0) 0 (0) -
Decrease level of consciousness 1(5) 0 (0) 0.311
Chest pain 2 (10) 0 (0) 0.147
Shortness of breath 3 (15) 0 (0) 0.072
Abdominal pain 2 (10) 0 (0) 0.147
Fever 0(0) 0(0) -
Haematuria 1(5) 0(0) 0.311
Bleeding 1(5) 0 (0) 0.311
Bruising 10 (10) 2 (10) 0.006
Other® 9 (45) 3(15) 0.038
None 4 (20) 14 (70) 0.001

*Other symptoms reported by patients include: Kidney pain, urinary tract infection, blood clots or unspecified.

regions. Other clinical findings included lacunar infarcts, ~ Myelin water imaging
outpouchings, aneurysms, atrophy and punctate foci of ab-
normal susceptibility across various regions. These were  Relative to healthy controls, there was a significant increase

uncommon among patients. Healthy controls had no ra- in T1 relaxation times in the cingulate cortex (p<0.05) and
diological findings. Patient findings are summarized in  a significant increase in T2 relaxation times in the cingulate
Table 3. cortex, frontal lobe, parietal lobe and temporal lobe (p <0.05)
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TABLE 3 Summary of radiological findings.

Patient Age/sex

1 38F 3

2 35F -

3 61M 1

4 54F 15-20
5 67M -

6 25F -

7° 51F 5

8 31F _

9 36F -

10 56F 5

11 57F 8
12° 48F 10+
13 24F -
14° 48F 2
15% 71F 20+
16 28F 5

17 56M 10+
18 61F 3

19 59M 8-10
20% 57F 12+

White matter Hyperintensities

BRITISH JOURNAL OF HAEMATOLOGY

Other radiological findings (SWI,
DWI, TOF-MRA)

Thrombus

Punctate foci of abnormal susceptibility
Lacunar infarct

Lacunar infarcts (3)

Punctate foci of abnormal susceptibility

Lacunar infarct (2)

Al segment is hypoplastic
M1 segment outpouching (2)
Al segment is hypoplastic
Irregularity at the skull base
Irregularity at the skull base

3mm Aneurysm

Bilateral susceptibility artefact

Foci of chronic microbleeds (4)

Abbreviations: DW], diffusion-weighted imaging; SW1, susceptibility-weighted imaging; TOF-MRA, time-of-flight magnetic resonance angiography.

“Relapse patient.

in the patients with iTTP. T1 relaxation time in the frontal
lobe and MWF in the cingulate cortex approached signifi-
cance (p<0.10). Representative T1, T2 and MWF maps are
shown in Figure 1. Figure 2 shows plots for mean values in
patients compared with controls in the six brain regions:
cingulate cortex, frontal lobe, insular lobe, occipital lobe,
parietal lobe and temporal lobe. Regions with a significant
increase/decrease (p <0.05) are denoted with an asterisk (*)
or stated otherwise.

Vowel-Wise Z-score

Red clusters in Z-score maps for T1 relaxation time and
T2 relaxation time indicate significantly increased voxels
(Z=3.1) in patients with iTTP relative to healthy controls.
Red clusters in Z-score maps for MWF indicate voxels that
were significantly decreased (Z<-3.1) in patients with
iTTP relative to healthy controls. Clusters of significantly
increased voxels were found mainly in the subcortical and
periventricular regions of the T1 maps, as expected from ra-
diological findings. Clusters mainly reside in the cingulate
and frontal regions, as found in myelin water imaging analy-
sis. Numerous clusters of significantly increased voxels were

found throughout the brain for T2 maps, which also agreed
with myelin water imaging results. Small clusters of signifi-
cantly decreased voxels can be seen throughout the brain for
MWF maps (See Figure 3).

Depression

All but one patient (19/20) underwent the depression test,
categories with missing data were re-weighted accord-
ingly. Concentration difficulties were the most common,
with an average score of 1.75. From total scores, 12 patients
(63%) showed no signs of depression (score between 0 and
6),7 (37%) showed mild signs of depression (score between
7 and 19) and none of the patients showed moderate (score
between 20 and 34) or severe (score >34) signs of depres-
sion (See Figure 4). There was a significant positive cor-
relation between depression total scores and T1-relaxation
in the following regions: frontal (R=0.412, p=0.041) and
insula (R=0.499, p=0.011). There was no significant cor-
relation between T2 relaxation and the depression total
score. There was a significant negative correlation between
depression total scores and MWF in the insula (R=-0.436,
$=0.029).
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FIGURE 1 Representative axial, coronal and sagittal-oriented slices for quantitative magnetic resonance imaging maps. (A) T1 relaxation times;

(B) T2 relaxation times; (C) myelin water fraction.

Cognitive testing

Twenty patients took the CBS cognitive assessment. If the
patients missed any test(s) within the assessment, averages
were re-weighted accordingly. Patients performed with
scores less than 1 SD and/or 2 SDs compared to the healthy
cohort from the database in all categories tested. Participants
had reduced scores of more than 2 SD on tests of short-term
memory (10 patients), verbal memory (10 patients) and con-
centration (12 patients). In comparison, the CBS results of
the six healthy controls were within the normal range (See
Figure 5).

DISCUSSION

In this study, significantly increased T1 and T2 relaxa-
tion times were found in iTTP patients when compared

to healthy controls. Increased T1 relaxation times were
found in the cingulate cortex, and increased T2 relaxa-
tion times were found in the following lobes: the cingu-
late cortex, frontal, parietal and temporal lobes. While no
significant MWF increases or decreases were found, the
cingulate cortex had decreased MWF approaching sig-
nificance (p=0.07). Decreased scores of less than 2 SDs
were found in a variety of CBS tests when compared to a
cohort of >10000 age- and sex-matched controls, indicat-
ing a severe decrease. The changes in T1 and T2 signals
appeared to be diffused. However, the cognitive changes
related to short-term memory, verbal and concentration
domains correlate with the MRI findings, as they were
closely related to the signal changes on the frontal lobe and
cingulate cortex.**? In contrast, our analysis of the study
controls in comparison to the CBS-provided controls re-
vealed only a sparse number of scores that fell below 1 SD.
Notably, none of the scores exhibited a deviation beyond 2
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FIGURE 2 Lobe-wise averages for (A) T1 relaxation times; (B) T2 relaxation times; (C) myelin water fraction for patients (orange) and controls
(blue). Statistically significant differences are denoted with (*) or otherwise stated.

SDs. Additionally, mild depressive symptoms occurred in
seven iTTP patients (37%).

It is well known that neurocognitive changes frequently
occur in iTTP patients in remission, previously reported in
around 60% of cases®*>72%; however, the underlying mech-
anism behind these changes is unclear. Our radiological
findings found white matter hyperintense lesions in most
patients, which is consistent with other MRI studies in
iTTP.**"* In particular, lesions were predominantly in the

frontal lobe, similar to findings by Alwan et al.”’; using
MRI, they demonstrated the prevalence of white matter
hyperintense lesions in patients with iTTP associated with
an increased risk of cognitive impairment. Specifically,
frontal executive functions, memory and general intel-
lectual functioning were commonly affected alongside
anxiety and depression. In our study, the blinded radiol-
ogist concluded that these WMHs were either indication
of patients experiencing migraines or signs of small vessel
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FIGURE 3  Z-score maps for quantitative metrics; (A) red regions signify areas of significant T1 relaxation time increases; (B) red regions signify
areas of significant T2 relaxation time increases; (C) red regions signify areas of significant myelin water fraction decreases. Lobular regions are overlaid

and colour coded.

ischaemic disease.”® While this can be a common finding
in older patients due to ageing, it is rare in younger pa-
tients, including our patient population with a mean age of
48 + 14 years. A study by Wang et al. discovered a 26% prev-
alence of WMHs in healthy younger patients, whereas in
our cohort, 44% of young patients exhibited WMHs, with
the notable observation that the healthy controls showed
no radiological findings.” Frontal lesions were present in
most patients, regardless of age, within the study, which
may be due to the frontal lobe being more vulnerable to

ischaemic changes.”” Small-vessel ischaemic disease is
commonly correlated with vascular risk factors and cog-
nitive and motor impairment. As the disease progresses,
it is associated with mental decline, strokes and cognitive-
related diseases,” which may explain the depressive mood
changes and decreased cognitive scores reported by our
patients but is not conclusive. There were no statistically
significant differences between patients who reported
neurological symptoms at baseline and those who did not
in terms of radiological abnormalities during remission.
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is unclear if this injury heals over time or if there is pro-
gressive damage despite treatment. Another study on BBB
integrity in HIV patients with thrombocytopenia found
that platelets play a major role in affecting the intactness
and permeability of the BBB by releasing chemokines and
inflammatory mediators that alter endothelial cells.*
Similarly, in patients with multiple sclerosis who have
white matter lesions, there is breakdown of the BBB, at-
tributed to cytokine/chemokines directly affecting endo-
thelial cells and indirect chemokine-mediated injury.”” As
studied by Schwameis et al, thrombosis and inflammation
are closely linked, and they can both cause and exacerbate
each other.”® Inflammation can lead to thrombosis by ac-
tivating endothelial cells, platelets and leukocytes, which
can promote the formation of microthrombi in small ves-
sels. On the other hand, thrombosis can also cause inflam-
mation by releasing pro-inflammatory mediators that can
further activate endothelial cells and leukocytes. It is pos-
sible that iTTP with platelet aggregation and thrombocy-
topenia can similarly trigger this endotheliopathy in the
brain.

T1 and T2 relaxation times depend on its structure and
biochemical factors like density, water content, myelin-
ation, pH, etc.””*! Changes in these factors are reflected
in altered T1 and T2 times. In this study, increased T1 and
T2 times suggest possible issues like neuroinflammation,
white matter oedema or early demyelination. Identifying
specific problems using T1 and T2 times alone is chal-
lenging, especially in patients with multiple issues. Our
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FIGURE 5 (A) Cambridge Brain Sciences (CBS) cognitive test
findings for immune-mediated thrombotic thrombocytopenic purpura
patients; (B) CBS cognitive test findings for controls. OO0, odds one

out; P, polygons; SP, spatial planning; R, rotations; SS, spatial span; ML,
monkey ladder; TS, token search; PA, pair associates; GR, grammatical
reasoning; DS, digit span; FM, feature match; and DT, double trouble. The
red dashed line represents 50% of the participants.

study found increased T1 and T2 times in the cingulate
cortex, a brain region linked to emotions and behaviour
regulation.*>** This change might be related to reported
symptoms like sadness, tension and lassitude, even though
only 37% of patients showed mild signs of depression in
assessments.

Despite not being able to determine the pathology pres-
ent, this study did identify potentially afflicted, sensitive
regions. To our knowledge, rehabilitation for cognitive func-
tion has not been documented in iTTP patients. However,
some studies have used different forms of exercise to im-
prove cognition in regions determined by this study.**™*¢
Of note, the impact of novel therapies such as caplacizumab
and recombinant ADAMTS13, which may lead to a more
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rapid correction of platelet count and pro-thrombotic en-
vironment, requires further study.>" In our study cohort,
we also included eight patients who received caplacizumab
during the initial treatment. We will conduct further stud-
ies to see if the impact of therapies, such as caplacizumab,
can alleviate neurological complications. Furthermore,
long-term preventative strategies, especially in patients with
abnormal ADAMTSI3, have not been thoroughly assessed
and are needed. The efficacy of these treatments to reduce
neurocognitive burden has also not been studied.

This study has limitations that should be acknowledged.
First, the control group's sample size was small, potentially
affecting the analysis's statistical power, ranging from 0.505
to 0.672. To achieve a reliable power of 0.80, a minimum of 39
patients and 12 controls are needed. Unfortunately, recruit-
ing more patients is challenging due to the disease's rarity.
Second, the age range of participants, especially those above
60, might introduce bias, as ageing alone can cause white
matter changes. Third, the study lacked a standardized scale
to classify white matter changes. Importantly, our findings
do not fully explain the factors impacting cognitive function.
Future research using longitudinal assessments, follow-up
MRI and neurocognitive tests may provide insights into
white matter injury progression. Techniques like diffusion
tensor MRI and fibre tractography can reveal microstruc-
tural abnormalities and assess white matter integrity, offering
valuable insights into cognitive disorders.***’ Previous iTTP
episodes might accumulate and influence brain function,
potentially affecting neuroimaging results. This is crucial
to acknowledge and could alter how we interpret the study's
findings. While we do not have MRI on these patients' pre-
vious episodes, we are still recruiting and capturing data on
relapsing patients. We may be able to look at this further in
the future with more datasets. Additionally, investigating ca-
placizumab's efficacy in reducing post remission white mat-
ter injuries is a potential avenue for further exploration, given
its rapid platelet normalization capabilities.

In conclusion, iTTP patients show increased T1 and T2
relaxation time in memory-related brain areas (cingulate
cortex, frontal lobe) and white matter lesions indicating ves-
sel issues. These findings suggest tissue problems linked to
cognitive and mood issues, supported by testing and imag-
ing correlations. This study connects neurocognitive regions
with quantitative MRI, addressing overlooked depression
and cognitive problems in iTTP. The paper highlights the
importance of addressing these issues in treatment, sug-
gesting that rehabilitation and intervention could prevent
decline.
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