TRANSFUSION COMPLICATIONS

Cognitive deficits after recovery from thrombotic
thrombocytopenic purpura

April S. Kennedy, Qurana E Lewis, James G. Scott, Johanna A. Kremer Hovinga, Bernhard Lidmmle,
Deirdra R. Terrell, Sara K. Vesely, and James N. George

BACKGROUND: Patients with apparent complete
recovery from thrombotic thrombocytopenic purpura
(TTP) often complain of problems with memory, con-
centration, and fatigue.

STUDY DESIGN AND METHODS: Twenty-four patients
who were enrolled in the Oklahoma TTP-HUS Registry
for their initial episode of TTP, 1995-2006, and who had
ADAMTS13 activity of less than 10 percent were evalu-
ated for a broad range of cognitive functions 0.1 to
10.6 years (median, 4.0 years) after their most recent
episode. At the time of their evaluation, they had normal
physical and Mini-Mental State Examinations and no
evidence of TTP.

RESULTS: The patients, as a group, performed signifi-
cantly worse on 4 of the 11 cognitive domains tested
than standardized US data from neurologically normal
individuals adjusted for age, sex, and education

(p < 0.05). These four domains measured complex
attention and concentration skills, information process-
ing speed, rapid language generation, and rote memori-
zation. Twenty-one (88%) patients performed below
expectations on at least 1 of the 11 domains. No clear
patterns were observed between cognitive test results
and patients’ characteristics or features of the preced-
ing TTP, including age, occurrence of severe neurologic
abnormalities, multiple episodes, and interval from an
acute episode.

CONCLUSION: Patients who have recovered from TTP
may have persistent cognitive abnormalities. The abnor-
malities observed in these patients are characteristic of
disorders associated with diffuse subcortical microvas-
cular disease. Studies of larger patient groups will be
required to confirm these preliminary observations and
to determine patient characteristics that may contribute
to persistent cognitive abnormalities.
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hrombotic thrombocytopenic purpura (TTP) is

a disorder of systemic microvascular thrombo-

sis characterized by acute episodes and com-

plete remissions.! Before effective therapy,
mortality was 90 percent;? introduction of plasma
exchange treatment reduced mortality to 22 percent.?
Recovery is assumed to be complete except for the risk for
relapse and the uncommon occurrence of persistent
neurologic or renal abnormalities." However, in spite of
normal physical examinations and laboratory data, many
patients do not feel that they have recovered completely.
Difficulties with memory, concentration, and endurance
are consistent concerns expressed at patient support
group meetings.*® These symptoms have been validated
by documentation of deficits of health-related quality of
life (HRQoL) measured by the Short-Form 36 (SF-36)

ABBREVIATIONS: HRQoL = health-related quality of life;

HUS = hemolytic-uremic syndrome; MMSE = Mini-Mental State
Exam; OPIE-III = Oklahoma Premorbid Intelligence Estimate-
III; SF-36 = Short-Form 36; TTP = thrombotic thrombocytopenic
purpura.
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Health Survey.® After recovery from TTP patients, as a
group, performed less well on all eight domains of the
SF-36 compared to US population data; no significant
improvement occurred across 5 years after their acute
episode.®

We hypothesized that the patients’ symptoms that
were apparent in the documented deficits of HRQoL may
be caused by persistent cognitive abnormalities. To
explore this hypothesis, we systematically reviewed
published reports to search for descriptions of cognitive
abnormalities in patients who had recovered from TTP. We
also performed neuropsychological testing on selected
patients who had recovered from TTP without apparent
physical deficits or dementia and who were functionally
independent in their normal work and daily activities.
Neuropsychological testing is a specialty assessment
designed to evaluate neurologic functioning using tests of
cognitive and motor ability. We anticipated that cognitive
domains required for complex attention, concentration
skills, and high level memory functions may be affected
because these are characteristically abnormal in disorders
with diffuse microvascular subcortical lesions. This
pattern of deficit has been demonstrated in neurologically
normal individuals with untreated hypertension’ and
also in patients with sickle cell disease® and multi-infarct
dementia.’

MATERIALS AND METHODS

Systematic literature review

Ovid software was used to search the Medline database on
December 1, 2008. English language articles containing a
TTP-related Medical Subject Heading (MeSH) and/or key
word in the title or available text [thrombotic thrombocy-
topenic purpura, hemolytic-uremic syndrome, TTP-HUS]
and also a Medical Subject Heading (MeSH) and/or key
word related to cognitive function in the title or available
text [mental health, cognitive, delirium, dementia, amnes-
tic, anxiety, depression, quality of life] were identified.
Retrieved articles were reviewed to identify data on adult
patients described as having TTP or hemolytic-uremic
syndrome (HUS) who were also described as having cog-
nitive abnormalities.

The Oklahoma TTP-HUS registry

The Registry includes all consecutive patients for whom
the Oklahoma Blood Institute is requested to provide
plasma exchange treatment for patients with a clinical
diagnosis of TTP or HUS.!®!! The Oklahoma Blood Insti-
tute is the sole provider of plasma exchange services for
all hospitals in 58 of the 77 Oklahoma counties. Therefore,
the Registry is an inception cohort of all consecutive
patients within a defined geographic region in whom the
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diagnosis of TTP or HUS was established and a decision to
initiate plasma exchange treatment was made. Because
the Registry provides additional information and support
for patients and their families and involves no change of
management, all patients have consented to enroll. Severe
neurologic abnormalities were defined as coma, stroke,
seizure, or focal abnormalities.” Serum for ADAMTS13
assays was collected immediately before the first plasma
exchange procedure. ADAMTSI13 activity was measured
by quantitative immunoblotting of proteolyzed von Will-
ebrand factor multimers;'*"* severe ADAMTS13 deficiency
was defined as less than 10 percent activity.! Since this
study only involves adults and since these syndromes
in adults, with or without renal failure or neurologic
abnormalities, are commonly known as TTP! we describe
patients in this report as having TTP. The Oklahoma
TTP-HUS Registry is approved by the institutional review
boards of the University of Oklahoma Health Sciences
Center and each participating hospital.

Neuropsychological testing

The Folstein Mini-Mental State Exam (MMSE)' was used
to screen for dementia and to determine eligibility for pro-
ceeding with the neurocognitive evaluation. The MMSE
has a maximum score of 30; individuals with scores below
24, indicating the presence of overt dementia, were
excluded from this study because the specific aim was to
assess patients who were functionally independent in
their normal work and daily activities.' Preillness intellec-
tual level was estimated by the Oklahoma Premorbid
Intelligence Estimate-III (OPIE-III) prediction formula,
which uses both demographic data and measures from
the postillness performance on tests of vocabulary and
matrix reasoning subtests of the Wechsler Adult Intelli-
gence Scale-IIT that are known to be resistant to changes
subsequent to neurologic injury.'>'” The expected mean
and median of the OPIE-III are both set at 100 with a
standard deviation (SD) of 15, comparable to the standard
1Q test.

The cognitive tests used in this study were selected to
sample a broad range of cognitive functions across a com-
prehensive set of cognitive domains. The battery of tests
chosen assessed neuropsychological functioning in
intelligence, memory, language, executive/reasoning skill,
attention, visual spatial perceptual function, information
processing speed, and motor functioning. The tests were
specifically selected for this study to assess those deficits
commonly seen in disorders with diffuse microvascular
subcortical lesions. Tests were also performed to assess
domains that should not be affected by diffuse microvas-
cular subcortical lesions, but would be affected by severe
brain injury. The functional domains that were predicted
to be abnormal, before the study was initiated, were
complex attention and concentration, information
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processing speed, high-level language functioning, and
memory as measured by 4 of the 11 tests: complex atten-
tion and sequencing, manual dexterity, rapid language
generation, and list learning. Table 1 lists the specific tests
administered, classified by the domain of functioning.

Altogether, there were 23 individual tests used to
assess 11 domains of cognitive function. Although the
tests of list learning and semantic memory are both
measures of new learning and memory, they were used as
independent tests for this study. List learning is a memory
task that requires rote memorization of episodic informa-
tion (i.e., a list of words presented at different times).
Semantic memory (i.e., story recall) requires making sense
of a story and thus is facilitated by one’s semantic knowl-
edge as well as ability to problem solve, organize informa-
tion, and use internal thoughts to facilitate recall. Because
we postulated that our patients’ cognitive problems would
be subtle, we anticipated that our patients would be more
vulnerable to abnormalities of list learning while semantic
memory would be preserved.

Tests were administered in standardized fashion by
two of the authors (ASK, QSL), who were trained by a
board-certified neuropsychologist (JGS); they observed
the administration and scoring of the tests and then they
were observed administering and scoring the tests until
the neuropsychologist was confident that the testing was
performed in a standardized, structured manner. Tests
were administered in one assessment session, which
required approximately 2.5 hours to complete. Tests were
scored using normative data, which included adjustments
for age, sex, and also education where appropriate to
reduce the potential effect of these factors in assessing
subtle changes in cognition in our subjects’ performance.
Citations describing the generation of the normative data
for each test are provided in Table 1.

Statistical analysis

Each subject’s raw score on each test was converted to a
standardized score based on normative data generated
from neurologically normal population values according
to the subject’s age and sex and also education level where
appropriate (Table 1). Patients’ standardized scores were
then converted to a standardized metric (a Z score) with a
mean value of 0 and a SD of 1. Performance of individual
patients on a cognitive test was defined as below expecta-
tions if the score was 1 SD or more below the mean of 0,
which is at or below the 16th percentile of the US norma-
tive population. Individual scores 2 SDs or more below the
mean of 0 are at or below the 2nd percentile of the US
normative population. The median value of the standard-
ized Z scores for the 24 patients on each test was expected
to be 0 if the cognitive performance was equivalent to the
normative population. Median rather than mean was
used since the distribution of the TTP patient population
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may not be normal, based on the appearance of our
sample data of 24 patients. The signed-rank test was per-
formed to determine if the median patient population
scores were different from the median normal score of 0.
Confidence intervals (CIs) around the median were calcu-
lated using a distribution-free method. All statistical tests
were performed using computer software (SAS, Version
9.1, SAS Institute, Cary, NC); an alpha of 0.05 was used.

RESULTS

Systematic literature review

The literature search identified only 31 articles. Review of
the titles and abstracts as well as the texts of selected
articles identified only one case report published in 1984
of a 55-year-old man who had a psychiatric disorder char-
acterized by depression and paranoia as well as cognitive
deficits after recovery from TTP' No other articles
described the presence of symptoms of cognitive impair-
ment among adult patients who were functioning inde-
pendently in their normal work and daily activities after
recovery from TTP comparable to the current study. One
recent systematic review of randomized trials for plasma
exchange treatment of TTP was identified by this search,
which stated that no studies had measured patients’
quality of life."?

Patients

The Oklahoma Registry enrolled 360 patients from
January 1, 1989, through June 30, 2006, the date when the
patient cohort for cognitive testing was selected. Selection
of patients for this study is presented in Fig. 1. The goal of
patient selection was to include patients who were docu-
mented to have ADAMTS13 deficiency at the time of pre-
sentation with their initial episode of TTP and who were
currently functioning independently in their normal work
and daily activities. The inclusion criterion of ADAMTS13
deficiency served to support the diagnosis of TTP and also
to minimize heterogeneity among the selected patients.
Patients who were less than 18 years old at the time of their
enrollment, who were initially enrolled in the Registry at
the time of a relapse, who were diagnosed by renal biopsy
rather than clinical features, or who enrolled before
November 13, 1995, the date when samples were routinely
collected for ADAMTS13 measurements, were excluded.
Of the 234 remaining patients, ADAMTS13 activity was
measured in 215 (92%), 41 (19%) of the 215 patients had
ADAMTSI13 activity of less than 10 percent, and 29 (71%)
of the 41 were currently alive. Seven patients had died
during their first episode of TTP, 2 patients had died
during their second episode, and 3 patients had died of
causes unrelated to an episode of TTP.

Of the 29 living patients, 24 (83%) were included in
this study. Of the 5 patients not included in this study, 1
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360
Enrolled in Registry
1/1/89-6/30/06

18 excluded
. Age <18 years at diagnosis

17 excluded
o 7 presented with relapse
o 10 diagnosis by renal biopsy

91 excluded
« Presentation before 11/13/95

234
Systematic measurement of
ADAMTSI13 activity
11/13/95 — 6/30/07

19 excluded
e ADAMTSI3 not measured

215
Eligible for analysis

174 excluded
o ADAMTSI3 210%

41
ADAMTS13 <10%
12 excluded
o Died prior to study
29
Survived
5 not analyzed
e 3 dementia
o 1 incarcerated
24 e 1 lost to follow-up

Included in analysis

Fig. 1. Selection of patients for analysis.

has been lost to all follow-up efforts, 1 was incarcerated
throughout the period of our testing, and 3 patients were
excluded because of dementia. Overt dementia was
present in 2 patients as assessed by their family and health
care providers, both were older than the oldest patient
included in this study, and neither had any apparent
mental status changes before their TTP. One of these 2
patients, who was 71 years old at the time of her initial
diagnosis of TTP and 78 years old at the time of this study;,
had a stroke during her first of two episodes of TTP with
left hemiplegia and persistent disability. The other patient
was 68 years old at the time of her initial episode of TTP
and 75 years old at the time of this study; she had no
apparent neurologic abnormalities during her one
episode of TTP. The third patient who was excluded
because of dementia was initially evaluated for this study
but was excluded because her MMSE score was 23. She
was 39 years old at this time and had been in good health
at the time of her one episode of TTP 6 years previously.
During her episode of TTP she had a left cerebral infarc-
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TABLE 2. Characteristics of 24 patients who had
recovered from TTP and were evaluated by
neurocognitive tests*

Age (years; median, range)

At initial episode 39 (19-63)

At time of cognitive testing 44 (20-64)
Race

White 14 (58%)

Black 9 (38%)

Native American 1 (4%)
Sex (women) 21 (88%)
Education (years; median, range) 14 (10-16)
MMSE (median, range) 30 (26-30)
OPIE-Ill (median, range) 99.4 (78.3-119.0)
Number of relapses

0 16 (67%)

1 4 (17%)

2 1 (4%)

4 3 (12%)
Severe neurologic abnormalities 10 (42%)

during the initial episode
Interval between most recent episode 4.0 (0.1-10.6)

and cognitive testing (years; median,
range)
Laboratory evaluation at time of
cognitive testing
Hct (%; median, range)
PLT count (x10%L; median, range)
ADAMTS13 activity at time of
cognitive testing

39% (31-51%)
303 (81-518)

51%-100% 13 (54%)
21%-50% 6 (25%)
10%-20% 2 (8%)

<10% 3 (13%)

*

Education years indicate completion of high school at 12
years and completion of college at 16 years. For the MMSE,
the maximum score was 30. For the OPIE-IIl, the expected
median is 100 with a SD of 15, comparable to the standard 1Q
test.

tion causing her to become obtunded and aphasic; she
recovered without physical disability but with persistent
speech difficulties.

The 24 patients included in this study all had a
normal MMSE. Their MMSE performance scores were 26
to 30 (median, 30), documenting their essentially normal
cognitive functioning. These patients were completely
independent, performing their normal work and routine
daily activities. Although their preillness baseline cogni-
tive functioning was not available, the results of the OPIE-
III were normal, consistent with our clinical impression
that our patients’ intellectual function was normal before
their episode of TTP (Table 2).

Characteristics of the 24 included patients are pre-
sented in Table 2. Age, race, and sex were similar to all
patients with TTP associated with severe ADAMTS13
deficiency. The median education level of 14 years was
equivalent to completion of 2 years of college. Twenty-two
(92%) patients had completed high school education,
compared to the mean rates of 81 percent in Oklahoma
and 80 percent in the US; 4 (25%) patients had completed
college, compared to 20 percent in Oklahoma and 24



percent in the United States.?' One-third of patients had
had multiple acute episodes of TTP. Neuropsychological
testing was performed 0.1 to 10.6 years (median, 4.0 years)
after recovery from their most recent acute episode, 0.2 to
10.8 years (median, 5.0 years) after recovery from their
initial episode. Among the 10 patients who had severe
neurologic abnormalities at the time of their acute epi-
sodes of TTP, 6 had only transient focal abnormalities, 3
had seizures in addition to transient focal abnormalities,
and 1 patient only had seizures. No patients had stroke or
coma. At the time of the cognitive evaluation, all patients
had a complete history, specifically asking about symp-
toms or signs that may suggest TTP activity, and physical
examination. All patients’ physical examinations were
normal, no patients had neurologic abnormalities, and
there was no evidence for TTP. One patient was anemic
(hematocrit [Hct], 31%) due to iron deficiency after gastric
bypass surgery for obesity; her platelet (PLT) count was
350x 10° per L and her ADAMTSI3 activity was 80
percent; no other patients were anemic. One patient has
had persistent mild thrombocytopenia (PLT count,
81 x 10°/L) due to cirrhosis and hypersplenism caused by
nonalcoholic steatohepatitis related to diabetes mellitus
and obesity; her Hct was 35 percent and her ADAMTS13
activity was 100 percent; no other patients had thromb-
ocytopenia. One patient has had persistent thrombocyto-
sis after splenectomy for her TTP in 2000. ADAMTSI13
activity at the time of the cognitive testing was decreased
(activity, =50%) in 11 (46%) patients; none of these 11
patients had thrombocytopenia or anemia. Three patients

COGNITIVE DEFICITS AFTER RECOVERY FROM TTP

had severe ADAMTS13 deficiency, activity of less than 10
percent; 1 of these patients had a strong inhibitor (>2
Bethesda Units), and no inhibitor activity was present in
the other 2 patients although each of these patients had
had strong inhibitors at the time of their initial episode.
There was no apparent correlation between the time since
the most recent acute episode of TTP and ADAMTS13
activity (r=-0.18, p = 0.393). For the 3 patients with per-
sistent severe ADAMTS13 deficiency, the interval between
their most recent acute episode and the neuropsychologi-
cal testing was not less than the interval for the other 21
patients; their neuropsychological assessments were
performed 4.6, 6.4, and 10.6 years after their most recent
acute episode.

Cognitive evaluation

The median score of the 24 patients was significantly dif-
ferent than the median normal score of 0 for 4 of the 11
domains: complex attention and sequencing, manual
dexterity, rapid language generation, and list learning
(p < 0.05; Fig. 2, Table 3). This indicates a group perfor-
mance significantly worse than the US population norms
for neurologically normal subjects. Eighteen (75%) of the
24 patients performed below expectations on one or more
of these 4 domains, defined by scores greater than 1 SD
below the mean, placing them at or below the 16th per-
centile of the US population. Five of these 18 patients were
moderately or severely impaired on one or more of these 4
domains, defined by scores greater than 2 SDs below the

2.00

1.50

1.00

0.50

——
—

Z score
o
o
o
—iH
[ gl

—_—
———

-2.00

RT SSA CAs MD VPS

RLG LL SM VM EFR IF

Domains

Fig. 2. The data presented in Table 3 are presented graphically for the results of the tests of each of the 11 cognitive domains. The

results are presented as the median value and the 95 percent distribution-free CIs for each domain. The median normal score is 0

for each domain. Abbreviations for the cognitive domains are as follows: RT = reaction time; SSA = simple sustained attention;

CAS = complex attention/sequencing; MD = manual dexterity; VPS = visual perception skills; RLG = rapid language generation;

LL = list learning; SM = semantic memory; VM = visual memory; EFT = executive functioning/reasoning; IF = intellectual

functioning.
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mean, placing them at or below the 2nd percentile of the
US population. Since our description of performance
below expectations was a score greater than 1 SD below
the mean, at or below the 16th percentile of the US popu-
lation, for any 1 domain it would be expected that 16

ggig §° percent (or 4 of our 24 patients) would be impaired; for 7
= = e of the 11 domains 5 (21%) to 10 (42%) patients performed

below expectations. Twenty-one (88%) patients per-
formed below expectations on atleast 1 of the 11 domains;
4 (17%) patients performed below expectations on 6 to 8 of
the 11 domains; 3 (13%) patients did not perform below
expectations on any of the 11 domains (Table 4).
Performance on the four cognitive domains for which
the group as a whole scored significantly less than the
median normal value of 0 are illustrated together with
individual patient characteristics in Table 4. No formal
statistical analyses were performed since there were data
on only 24 patients and there were multiple characteris-
tics that may have been important. Examination of the
individual patient data suggests that cognitive test perfor-
mance was not related to the patient’s age or to the time
since the most recent episode of TTP. There was also no
clear relation between cognitive performance and the
number of episodes; 11 of 16 patients who had no relapses
performed below expectations on one or more of these
four domains while 1 patient with four relapses did not
perform below expectations on any of these four domains.
Among the 10 patients with severe neurologic abnormali-
ties during their acute episode of TTP, 8 performed below
expectations on one or more of these four domains;

Patients performing =2nd percentile

Patients performing =16th percentile
(
(
(
(
(
(
(
(
(
(
(

TABLE 3. Results of neurocognitive tests in 24 patients who had apparent complete recovery from TTP*
p Value (median patient score compared to 0)

at or below the 16th percentile. Patients who scored 2 SDs or more below the mean are at or below the 2nd percentile. Patients who scored 2nd percentile or less are also counted in the

p values compare the median of the standardized scores (Z scores) of the 24 patients as a group to the median normal score of 0. Patients who scored 1 SD or more below the mean are

* Patient performance on each of the 11 domains of cognitive function. The patient’s individual raw scores on each test were standardized to a Z score with a mean of 0 and a SD of 1. The

reg28553538 ents wi -
SSsSs3ssdss among the 14 patients without severe neurologic abnor-
malities, 10 performed below expectations on one or more
of these four domains. The 3 patients with persistent
severe ADAMTS13 deficiency (<10%) all performed below
expectations on one or more of these four domains; 9 of
the 13 patients with normal ADAMTS13 activity (>50%)
performed below expectations on one or more of these
four domains. Treatment was not standardized and there-
g g fore no relation to treatment of the acute episode could be
@ 2 assessed.
5230385983 o
B7999°799979| 5855 DISCUSSION
S ©
g 2’ Many of our patients have expressed concerns that they
2 are not as capable, mentally or physically, as they were
o . g before their episode of TTP** We have confirmed the
gl < § s £ g validity of thesg symptoms by documenting s1gn1ﬁcant
E| = ;’,). Py 2 o @ long-term deficits of HRQoL.® To explore the basis for our
; % o % L= B patients’ symptoms, we evaluated a broad range of cogni-
2 3 § >3 3 g _§ '% g tive functions in 24 patients who had severe ADAMTS13
é gg 8 g a8 mé §e5 2 deficiency at the time of their initial episode of TTP.
§’ 359 5 gé ) é E E e If cognitive deficits occur after recovery from TTPB they
3 % g%Tg % 58 g = ‘§ E % are subtle and not widely recognized because we identi-
é § c% § é é § B § é I_% E © fied no previous reports of these abnormalities, with the

exception of a case report from 1984 of a man with
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TABLE 4. Individual patient characteristics and results of cognitive tests*
ADAMTS13
Severe neurologic  activity (%) at  Years since Cognitive test results

Age Relapses event during time of cognitive ~ most recent  Complex attention, Manual Rapid language List
(years)  (number) acute episode assessment episode sequencing dexterity generation learning
38 2 Yes >50 <1 - -— - -———
33 0 No >50 <1 -— - - -—
62 4 Yes 21-50 <1 - -— -— -
21 0 No >50 <1 - + -— --
64 0 Yes 21-50 <1 - - -— -
25 0 No 11-20 <1 + - - --
20 0 No >50 1 + + + -
49 1 No >50 2 + -- -— -
42 0 No >50 3 - + + +
48 0 Yes >50 3 - - - +
58 1 Yes 21-50 3 - -—— - -
45 0 Yes 21-50 4 + + + +
50 4 Yes >50 4 - -— - +
58 0 No >50 5 + -— - -
24 0 No <10 5 -— -— - -
25 0 No >50 5 + + +
38 0 No >50 5 - - - -
43 0 Yes 11-20 5 - + + -———
44 0 No 21-50 6 - - - -—
29 0 No <10 6 -— - - --
32 4 No 21-50 6 - + + -
52 1 Yes >50 7 - -- - -
49 0 Yes >50 10 - - -— +
52 1 No <10 11 -— - -— -—
* Data are presented for the demographic and clinical characteristics of the 24 individual patients and their standardized scores on the tests

of the four domains for which the group was abnormal. The results of the tests for these four domains are presented as [1] +, if the score

was 0 or greater; [2] —, if the score was less than 0 but less than 1.0 SD below the mean of 0; [3] — —, if the score was 1.0 or greater but

less than 2.0 SDs below the mean of 0, indicating a score at or below the 16th percentile; or [4] — — —, if the score was 2.0 SDs or greater

below the mean of 0, indicating a score at or below the 2nd percentile. Scores 1.0 SD or more below the mean of 0 are described as per-

formance below expectations.

psychiatric disorders and cognitive deficits after recovery
from TTP®

ADAMTSI13 deficiency was selected as an inclusion
criterion for this study because 1) it supported the diag-
nosis of TTP, 2) it provided a patient group that was less
heterogeneous than if we had included all patients in our
Registry, and 3) it provided an appropriate number of
patients to study with extensive neuropsychologic tests.
However, in our support group meetings*> complaints of
problems with memory, concentration, and endurance
are also expressed by patients with other apparent etiolo-
gies. Our previous study of HRQoL was also not limited to
patients who had ADAMTS13 deficiency and there was no
apparent difference in the HRQoL results among different
categories of patients.5

Owing to the preliminary nature of the study, patients
were compared to standardized normative data generated
from neurologically normal US adults rather than a
selected control group. The normative data are standard-
ized for age, sex, and where appropriate education; no
standardized normative data for race/ethnicity are avail-
able. The use of normative data that do not standardize for
race/ethnicity should not affect our results even though
there was a relatively increased frequency of black
patients in our patient group compared to the US popu-

lation. Although racial/ethnic differences may affect the
results of some cognitive tests, these differences are more
highly correlated with education levels than with race/
ethnicity alone. Our patients’ level of education is greater
than the mean for the Oklahoma or US populations and
their OPIE-III scores, which predict preillness intellectual
level, were also average.

The results of cognitive testing demonstrated that
these 24 patients, as a group, performed significantly
worse than US population norms on 4 of 11 cognitive
domains, even though they had no apparent neurologic
deficits and they were performing their normal daily
activities with a high level of function. Eighteen (75%) of
the patients performed below expectations in at least 1 of
these 4 domains. These 4 domains measure cognitive
functions such as complex attention and concentration
skills, information processing speed (manual dexterity),
rapid language generation, and rote memorization (list
learning).

The cognitive functions measured by these four
domains are among those that are impaired in patients
with diffuse, subcortical microvascular lesions™® and
could be related to residual effects of diffuse cerebral
microvascular thrombosis. Microvascular thrombosis is
present in the brain at autopsy in most patients with TTP?
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and it may be possible that cerebral involvement could
also occur among survivors, even without clinical evi-
dence of neurologic involvement during the acute
episode. A different pattern of organ involvement occurs
in children with HUS. In an autopsy study, microvascular
thrombosis was present in the kidneys of all children but
no microthrombi were observed in the brain.? This is
consistent with the absence of cognitive abnormalities in
children after recovery from HUS.? Although persistent
cognitive abnormalities may suggest the possibility of per-
sistent activity of TTP there were no symptoms or signs of
TTP among these 24 patients. All patients had normal his-
tories and physical examinations. No patients had both
anemia and thrombocytopenia. The 1 patient with mild
anemia and the 1 patient with mild thrombocytopenia
had clear alternative etiologies for these abnormalities;
their ADAMTS13 activity levels were 80 and 100 percent,
respectively. The 11 patients with persistent ADAMTSI13
activity of 50 percent or less had normal Hct levels and PLT
counts. The 3 patients with persistent ADAMTS13 activity
of less than 10 percent have been followed for 4.6 to 10.6
years after their last acute episode of TTP with no evidence
of recurrence or persistence of TTP.

A strength of this study was the inclusion of con-
secutive patients from the Oklahoma Registry with their
first episode of TTP and severe ADAMTS13 deficiency.
However, this study is preliminary since it has important
limitations. The number of patients was small and they
represent a small fraction of patients in the Oklahoma
Registry. Patients without severe ADAMTS13 deficiency
were not studied; therefore, excluding patients with other
apparent etiologies who have similar complaints of
problems with memory, concentration, and fatigue
and similar abnormalities of HRQoL.® The small number
of patients prevented identification of any patterns
between cognitive test results and patients’ charac-
teristics or features of the preceding TTP including
age, occurrence of severe neurologic abnormalities,
multiple episodes, and interval from an acute
episode.

These preliminary observations suggest that TTP
may not be an acute, episodic disorder followed by com-
plete recovery. Patients who appear to have a complete
recovery from their acute episode of TTP may have per-
sistent neurocognitive abnormalities, causing deficits of
attention, processing speed, and memory. These deficits
make daily tasks more difficult, resulting in more mis-
takes and requiring more effort that causes fatigue.
Although these abnormalities may not be recognized
on routine clinical evaluations, they can be a source of
important limitations and frustration for patients.
Studies of larger and less selected patient groups will be
required to confirm these observations and to determine
patient characteristics that may contribute to persistent
cognitive abnormalities.
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