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Introduction

Abstract

Introduction: It is unknown if treatment with rt-PA in mild acute ischemic
stroke (MIS) is associated with improvement in long term cognition. Methods:
Forty-five patients with suspected acute mild stroke or transient ischemic
attacks with NIHSS <6 were enrolled in a prospective cohort. Cognitive testing
was performed within 24 h of symptom onset. Follow-up assessment was per-
formed at Day 90 on 25 patients. Prestroke baseline cognition was based on
age, years of education (YrE), history of cognitive impairment, and the Fazekas
score. Results: Eighty-five percent patients with suspected MIS or TIA showed
cognitive abnormalities within 24 h of onset. There was no significant differ-
ence in age, sex, Fazekas score, or YrE between rt-PA versus No-rt-PA groups
(N =8 vs. 17).Two sample t-test for change in performance in the WMS-III
sub-tests (follow-up — baseline) + SD, indicated a difference between rt-PA
0.74 £+ 0.77 and no-rt-PA groups -0.02 £ 0.83 (P = 0.044). Logistic regression
for predicting normal status using the mental control subtest, at follow-up
showed an OR 8.96, CI 0.98-82.12 (P = 0.05) favoring the rt-PA group.
Improvement in Mental Control at 90 days occurred in patients with low white
matter disease compared to high white matter disease, 0.60 £ 0.46 (P = 0.048).
A statistical trend was observed and suggested an improvement on SDMT and
Trail Making tests, 1.43 £ 0.8 (P = 0.077). Conclusion: Suspected MIS and
TIA patients have cognitive impairment within 24 h of onset. rt-PA administra-
tion might be associated with improvement on some cognitive tests at 90 days.

vision loss or severe aphasia. However, outcomes after
acute mild ischemic stroke (MIS) are unfavorable in a

Of nearly 800,000 strokes occurring in the United States
annually," over half are considered mild. When patients
present less than 3 h from onset with acute ischemic
stroke, mild or improving symptoms are the most com-
mon reasons physicians withhold tissue-plasminogen-acti-
vator (rt-PA).>® It is believed mild symptoms will
resolve, or are benign, and do not justify the risk of
bleeding associated with thrombolysis.”® Traditionally,
treatment decisions are based on the National Institute of
stroke scale (NIHSS); occasionally exceptions are made if
the neurologist identifies a debilitating deficit, such as

substantial proportion of patients. Studies reveal approxi-
mately 30% of patients presenting less than 3 hours from
onset with MIS who don not receive rt-PA are either
dead or dependent at discharge.”'”

Furthermore, a significant proportion of MIS patients
have poor outcomes at 90 days and beyond.'"'* Long-
term studies of MIS show that impaired concentration,
memory, and overall reduced quality of life are quite
common despite lack of motor impairments or global
cognitive screening abnormalities."> ¢ Patients with tran-
sient ischemic attack (TIA) are more likely to have
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impaired cognition at follow-up,'” and poststroke setting,
there is an association with acutely impaired cognition
and chronically decreased quality of life.'"®*° Other stud-
ies show early executive function impairment after stroke
is a risk factor for long term cognitive impairment, and
neglect; perceptual deficits predict poor functional out-
comes.”!

Similarly, deficits in processing speed and memory are
also prevalent.”>*® Executive function abnormalities can
be subtle and easy to miss on rapid neurological examina-
tion of suspected AIS. Assessment of cognition beyond
basic language and consciousness is not routinely per-
formed in the emergency department (ED) or stroke unit
setting, therefore, significant cognitive dysfunction (CD)
may not be easy to be detect on patients in the acute
phase, when symptoms or deficits are mild or have
rapidly resolved.

In order to justify performing cognitive screening
acutely, assessment must be feasible and, as clinicians, we
need to offer an intervention based on the screening
results. However, at this time no rapid cognitive test has
been identified for use pre-tPA.

Further, to our knowledge no study has examined the
association between rt-PA treatment and cognitive out-
comes in severe strokes, where outcomes are measured by
a modified Rankin Scale (mRS), nor in MIS and TIA,
where cognitive deficits may be the only sequelae of the
event. Thus, we conducted a pilot study of acute MIS
patients to determine the effects of rt-PA on cognitive
outcomes; and cognitive testing was performed within
24-h of symptom onset and at 90 days. This study was
designed as an exploratory pilot study; rt-PA was admin-
istered as standard of care but was not an inclusion crite-
rion. The study investigators were not blinded to whether
rt-PA was given to patients.

Our study had two goals: (1) to determine if screening
in the acute phase of MIS or TIA is feasible and sensitive
for identifying cognitive deficits while examining the inci-
dence of cognitive impairment in this population, and (2)
to assess for preliminary evidence suggesting that rt-PA
administration is associated with improvement in cogni-
tive outcomes. We sought to determine the need to incor-
porate cognitive testing in patients with MIS and TIA, in
the acute to chronic phase and if large studies are needed
to establish if rt-PA reduces cognitive impairment after
MIS.

Materials and Methods

Patient selection

We recruited patients admitted to our comprehensive
stroke center. The inclusion criteria were: (1) clinical
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diagnosis of mild or rapidly improving AIS (NIHSS < 6
at presentation) or TIA and (2) age > 18 years. TIA was
defined as stroke-like symptoms that resolved within 24 h
after alternate etiologies were ruled out with diagnostic
and clinical examinations. All TIA cases were eligible,
regardless of ABCD2 score if all other criteria were met.
Patients were excluded if cognitive assessment was not
completed >24 h after symptom onset; impaired level of
consciousness for example drowsiness, stupor, or coma
(>1 point on NIHSS item la), prior CNS illness/injury
(e.g. brain tumor, inflammatory or infectious neurological
diseases, traumatic brain injury with loss of conscious-
ness, neurodegenerative disorder), known history of any
degree of cognitive impairment; unable to complete paper
and pen cognitive assessments (e.g. blindness, non-English
speaking, etc.). The patients with prior stroke were
included if the patient or legal representative confirmed
no cognitive or behavioral sequela.

Medical care

Basic demographic, clinical, and years of education data
were collected. Acute stroke guidelines, including r-tPA,
were followed. All patients underwent complete neuro-
logic history and examination prior to any cognitive test-
ing as per standard of care. The investigators determined
the protocol would not influence or alter medical man-
agement. Thus there was no delay in care to perform cog-
nitive testing; cognitive testing would have necessitated a
30-50 min delay in treatment.

Cognitive covariates

Potential baseline covariates that might impact cognitive
function were: age, years of education (YrE), history, and
extent of white matter lesions (WML). The WML on
MRI were defined by Fazekas score®* from 0-3 points
based on the extent of WML seen on T2 FLAIR MRI in
subcortical and periventricular domains - with a maxi-
mum of six areas.

Cognitive assessment

The complete battery was repeated at each study visit
time-point in a predetermined standardized sequence.
Assessments included tests of: (1) learning and short/long
term verbal memory [California Verbal Learning Test
(CVLT-1I), (2) visuospatial function and figural memory
[Rey-Osterrieth Complex Figure test (ROCF): copy,
immediate-recall, and delayed-recall subtests], (3) work-
ing memory (automaticity) and processing speed [Mental
Control]: sub-tests of the Wechsler Memory Scale (WMS-
III), the Symbol Digit Modality Test (SDMT), and the
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Trail-Making Tests A & B], (4) immediate and working
memory [Digit Span WMS-III)]. (5) Fluency [FAS test],
and (6) a brief global cognitive function screening [Mon-
treal Cognitive Assessment (MoCA), original English ver-
sion]. These domains were the primary focus. Executive
and perceptual impairments are known as the best predic-
tors of the lasting dysfunction that impact quality of life
after stroke.'”'*?>2

Administration and scoring

Cognitive tests were carefully selected to ensure the bat-
tery could be: (1) completed in <60 min, (2) scored using
easily obtained normative data distributed across a broad
range of ages and levels of education, and (3) easily
administered by personnel with minimal neuropsychiatric
testing experience. Tests were administered under the
supervision of a neuropsychologist to ensure accuracy of
results and consistency of interpretation. Abnormal per-
formance on any of the cognitive tests was defined as z-
score of < —1.5. The oral SDMT format was offered to all
participants with dominate hand or arm impairment, as
indicated by NIHSS, but each declined and completed the
written format.

Statistics/analysis

Descriptive statistics are presented as percentages and
proportions with distribution of variables, means =+ stan-
dard deviation or medians with range reported. Two sam-
ple t-test and logistical regression analysis were performed
correcting for age and Fazekas score.

Functional baseline

To establish functional baseline of patients prior to acute
event, we relied on a series of questions similar to an
instrument to evaluate dementia in the community, the
Informant  Questionnaire  on  Cognitive  Decline
(IQCODE)*”*® In addition, we examined factors that
would contribute to limited cognitive function - age,
years of education, and extent of white matter lesions.***’
Age, years of education, and extent of white matter
lesions were included in our linear regression analysis to
determine the effect of these cognitive covariates on cog-
nitive outcome testing.

Results: demographic and clinical
data

From February 2012 to March 2013 all patients with
acute MIS or TIA and met inclusion criteria were
screened for enrollment. The patients were excluded if
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unable to be assessed <24 h from onset (35%) or had
prior neurologic or psychiatric illness (30%). Forty-Five
patients were enrolled and consented. Six were withdrawn
after enrollment due to diagnosis of a stroke mimic: three
with migraine; one with syncope, Bell’s palsy, and CNS
neoplasm. Thus, 39 patients were included in analyses of
cognitive function at baseline and 25 patients completed
cognitive assessment at 90 days. There was no difference
between participants in terms to t-PA use (P = 0.4), age
(P =0.14), education (P = 0.06), and NIHSS (P = 0.94
(See Table 1). At baseline, 16 (41%) patients had no defi-
cits on NIHSS at the time of cognitive testing, whereas
the remaining 23 (59%) had persistent deficits and diag-
nosed with MIS. NIHSS was 0 in 18 (46%) patients and
between 1 and 5 in 21 (54%) patients, of which only one
scored points for mild aphasia (This patient was later
excluded when it was determined he was experiencing
receptive aphasia, per the study exclusion criteria. The
patient’s data were not aggregated into the study analysis)
and none had points for neglect. The frequency of NIHSS
components is shown in Table 2.

Table 1. Basic demographic and clinical information

Demographic & Clinical

information for screening Summary Measure

Age — median (range) in years 64 (26-86)
Male gender — n (%) 23 (59)
Education — median (range) in years 13 (8-20)
NIHSS at enrollment —median (range) in points 1(0-5)

Time from onset of symptoms to testing 18.3 (1.1-28.5")

median (range) in hrs.

12 patients were later determined to have earlier onset time than first
reported resulting in a protocol deviation: one tested at 24.5 h and
another at 28.5 h after symptom onset.

Table 2. NIHSS Component score frequency at baseline.

Number of patients

NIHSS Component with deficit: n (%)

Level of Consciousness 0 (0%)
Questions 0 (0%)
Commands 0 (0%)
Best Gaze 1 (3%)
Visual 2 (5%)
Facial Palsy 9 (23%)
Motor Arm 11 (28%)
Motor Leg 5 (13%)
Limb Ataxia 3 (8%)
Sensory 10 (26%)
Best Language 1 (3%)
Dysarthria 8 (21%)
Inattention/Extinction 0 (0%)
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Cognitive testing experience

Cognitive testing was performed within 24-h of reported
symptom onset and did not interfere with or delay stan-
dard care. Stroke onset time was adjusted on two patients
after testing completion. Because the main purpose of the
24-h window was to evaluate the study’s feasibility, the
patients were retained in the study. All patients completed
the cognitive assessment battery. Testing time for the
individual components varied slightly by component and
by patient, but most required less than 5 min, except the
MoCA, which averages 10 min to administer.” Thirty-
three (85%) patients completed the full battery in
<60 min. All testing was completed within 70 min except
for one patient with mild aphasia whom testing took
80 minutes due to comprehension difficulties.

Cognitive testing results within 24 h of
stroke

No cognitive testing data were missing in the 39 patients.
Thirty-three (85%) had detected abnormalities: 10 (26%)
on 1-2 assessments while 23 (59%) on >3 assessments
(see Table 3). The most frequently abnormal tests were
the MoCA (64%), ROCF (54%), and Trail Making Tests
(54%). Among patients with a NIHSS of 0, 78% had an

Table 3. Baseline characteristics and cognitive results (z-scores) by
TPA.

Cognitive Improvement After rt-PA in MIS

abnormal score on at least one cognitive test and 30%
had >3 abnormal tests. Patients with a NIHSS of 1-5 had
higher incidences of cognitive abnormal tests than those
with a NIHSS of 0.

TPA pilot cohort

For the second aim, 25 patients successfully completed
the cognitive battery at 90 days. There was no difference
between participants who completed the study at Day 90
and those who did not, related to tPA use (P = 0.4),
age (P =0.14), education (P =0.06), and NIHSS
(P =0.94). The effects of rt-PA on cognitive outcomes
was analyzed using the same screening 90 day tool..
Eight (32%) of the 25 patients received rt-PA alongside
standard of care medical management. The overall Faze-
kas scores were weighted toward the low end in both
groups indicating low pre-existing white matter disease,
consistent with the exclusion criteria. There were no sig-
nificant differences between groups for cognitive con-
founders, which would predispose to poor cognitive
function and limited recovery potential; specifically age,
years of education, Fazekas score, and baseline cognitive
impairments (see Table 3).

TPA pilot outcomes

Analysis of rt-PA versus no rt-PA, Z-scores indicated dif-
ferences in scores for each of the nine tests in the cogni-
tive battery. The only significant finding was for the
Mental Control sub-test of the WMS III (a test of atten-
tion and automaticity) (rt-PA 0.74 £ 0.77, control
—0.02 £ 0.83, P: 0.0395) (Table 4). A linear regression
for predicting normal cognitive status at follow-up was
performed, with baseline cognitive testing and rt-PA as

Table 4. Z-scores improvement (follow-up — baseline) by TPA

TPA (n = 8) Control (n = 17) P value
Age, mean + SD 649 £ 12.5 63.8 £ 13.7 0.86
Fazekas-score 1.00
o1 4 (50%) 7 (41%)
2/3 2 (25%) 6 (35%)
4/5 1(12.5%) 1 (6%)
No MRI 1(12.5%) 3 (18%)
Year of education 0.87
812 2 (25%) 5(29%)
13-15 2 (25%) 6 (35%)
>16 4 (50%) 6 (35%)
Cognitive Test (Z-score)
SDMT —1.44 £+ 1.50 —1.65 + 1.07 0.69
Digit Span 0.98 + 1.16 0.18 + 1.50 0.20
CVLT2-Tr4 —-1.02 £ 1.41 -0.75 £ 1.43 0.66
CVLT2-SD —-0.90 + 1.33 -1.0 &£ 1.31 0.88
CVLT2-LD —0.63 £+ 1.09 —-0.82 £ 1.20 0.70
MOCA —-2.41 £ 2.61 —2.77 £ 3.25 0.79
ROCF-Copy —2.4 4+ 2.45 —1.97 +£2.43 0.68
ROCF-IR —-1.2 £0.88 -0.90 £ 1.19 0.50
ROCF-DR —-1.13 £ 1.04 -1.15 £ 0.91 0.96
Mental Control —-0.41 £ 1.25 —0.35 £ 1.25 0.90
Trails A —3.05 + 3.73 -0.95 + 1.23 0.16
Trails B —-0.62 + 2.06 —1.09 + 1.88 0.61
FAS —1.16 + 0.64 —1.22 £ 1.45 0.88

Cognitive
test TPA Yes (N = 8) TPA No (N = 17) P value
SDMT 0.56 + 1.18 0.94 + 1.32 0.50
Digit Span 0.15 + 0.88 -0.03 + 1.69 0.78
CVLT2-Tr4 —-0.13 +£ 0.64 -0.26 4+ 1.09 0.36
CVLT2-SD 0.25 + 1.10 0.18 + 1.86 0.92
CVLT2-LD 1.00 + 0.93 0.74 +£ 1.11 0.57
MOCA 0.93 +£2.20 1.24 £ 2.51 0.77
ROCF-Copy —-1.78 + 1.89 —-1.5+0.71 0.75
ROCF-IR —-0.94 + 0.70 —0.85 £+ 0.84 0.80
ROCF-DR 0.02 +0.74 0.02 +0.74 0.75
Mental Control 0.74 + 0.77 —0.02 £ 0.83 0.04
Trails A 242 + 375 0.57 + 1.07 0.21
Trails B 0.55 + 1.50 0.67 + 1.82 0.89
FAS 0.86 + 0.67 0.76 + 0.81 0.75
Bolded value highlights statistical significance.
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Table 5. Logistic regression model for predicting normal status at
follow-up with baseline status and TPA as covariates

Baseline normal TPA Yes

Test OR 95% Cl P OR 95% Cl P

SDMT 10.84 0.62-1889 0.102 0.21 0.02-2.13 0.185
Digit Span  12.34 1.44-1055 0.022 7.11 0.51-98.6 0.144
CVLT4Lon 7.45 0.74-75.6 0.089 1.59 0.21-12.07 0.653
MOCA 7.10 1.05-48.13 0.045 1.29 0.20-8.39 0.789
ROCFDR 11.00 0.45-270.1 0.142 0.80 0.05-13.53 0.879
Mental 11.15 1.26-98.79 0.030 8.96 0.98-82.12 0.053

Control

Trails A 6.75 0.54-83.70 0.137 0.64 0.09-4.28 0.641
Trails B 2846 2.34-3459 0.009 0.22 0.01-3.48 0.281
FAS 6.95 0.77-00 0.147 230 0.23-24.10 0.668

Table 6. Z-score improvement (follow-up — baseline) by Faz-score in
patients having rt-PA

Faz score 0/1 Faz-score 2-5

Test (N =4) (N=13) P value
SDMT 0.25 + 1.55 1.17 + 0.58 0.3840
Digit Span 0.20 +£ 0.76 0.37 £ 1.19 0.8284
CVLT4Lon 0.88 + 1.18 1.50 £ 0 0.3677
MOCA 0.18 + 1.43 2.23 £ 3.11 0.2866
ROCFDR —0.51 £ 0.61 0.60 £+ 0.46 0.0484
Mental Control 0.40 + 0.37 1.43 + 0.81 0.0696
Trails A 0.22 £ 0.34 5.83 + 4.58 0.1670
Trails B 0.15 £ 0.27 1.37 £ 3.02 0.6694
FAS 0.95 + 0.75 0.83 + 0.81 0.8518

Mean + SD are shown in table.
Two-sample t-test was used to compare z-score improvement.

covariates. We found a potential statistical trend suggest-
ing an association between rt-PA and improvement in
Mental Control (OR 8.96, 95% CI 0.98-82.12, P: 0.053)
(Table 5).

Patient stratification by extent of WMD on Fazekas
score 0—1 versus 2-5, revealed significant improvement in
outcomes associated with rt-PA in patients with fewer
cognitive covariates (Table 6). Improvement in Mental
Control on WMS IIT in the low disease-burden group
(Fazekas 0-1) (N = 4) was —0.51 =+ 0.61 as compared to
the group with more extensive WMD burden (Fazekas 2—
5) (N =3)0.60 & 0.46 (P = 0.048). Another statistical
trend suggested improvement on the SDMT and Trail
Making tests, in patients with low WMD burden (N = 4)
0.40 £ 0.37 when compared to high disease-burden
(N =3) 1.43 £ 0.8 (P = 0.0696).

Discussion

The aims of our study were dual: (1) determine feasibility
of cognitive testing and prevalence of cognitive
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impairment in the acute phase of MIS and TIA and (2)
Acquire preliminary data on the association between rt-
PA administration in acute MIS and improvement on fol-
low-up cognitive testing. Potentially, more than ten cog-
nitive functions can be impaired by stroke.”® Our
protocol was designed as an exploratory study, due to the
paucity of information on cognitive impairment within
72 h after stroke. Multiple aspects of cognition were
assessed to determine which, if any, were significantly
impaired and if assessment could be performed in the
hyper-acute to acute phase. In designing our screening
battery, the nine tests selected addressed a broad range of
cognitive deficits, focusing primarily on executive func-
tion, memory, and visual/spatial function. These cognitive
domains have previously been found most associated with
impaired quality of life after MIS,'®*'"** are unlikely to
be detected by NIHSS, and are important aspects of vas-
cular cognitive impairment.’'

The battery included many components recommended
by the NINDS-CNS Vascular Cognitive Impairment Har-
monization Standards®; They are based on a population
with more severe vascular events. Thus, this shorter bat-
tery was more focused on identifying deficits in the
domains most affected in mild strokes and TIA. Also, it
was easily administered by staff trained by our neuropsy-
chologist without prior test administration experience,
and, in all cases testing was completed within 60 min.

A surprisingly high prevalence of cognitive abnormalities
was noted among patients with MIS or TIA. More than
one-half had significant cognitive impairment using our
relatively high threshold of >3 abnormal tests. Cognitive
impairment after MIS in one domain is not unexpected;
however, the intent of this study was to assess significant
cognitive impairment. Therefore, more stringent criteria
were selected. Significant impairment was defined as >3
impaired domains and could include multi-domain amne-
siac (i.e. memory impairment) or multi-domain non-
amnesiac, if at least three domains were impaired. Jokinen
et al. indicated this should include at least 50% of all stroke
survivors.”* Choosing a lower threshold, such as abnormal-
ities in >1 domain, or a MoCA of <26, for example, would
have resulted in markedly higher prevalence of significant
impairment (64% vs. 85%, respectively). Deficits in execu-
tive, visuospatial, and memory dysfunctions were detected
in the majority of cases, findings consistent with previous
studies, and supportive of our focus on screening tests of
these domains."®*' 2> %> In no case did NIHSS deficits sug-
gest cognitive impairment, and in several with NIHSS 0,
bedside cognitive evaluation detected significant abnormal-
ities, with 30% of impaired patients having >3 abnormal
tests.

To avoid confounders such as aphasia, our exclusion cri-
teria ensured that any participant unable to perform testing
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Test Initial Z-score  90d F/U Z-Score Assessment
SDMT -3.0 -1.5 Improvement/Abnormal
Digit Span -0.7 1.0 Improvement/Normal
CVLT4Lon -1.5 0.0 Improvement/ Normal
MOCA -7.0 -1.5 Improvement/Abnormal
ROCFDR -2.3 -1.2 Improvement/Abnormal
Mental Control -1.3 1.0 Improvement/ Normal
Trails A -11.0 -1.0 Improvement/Abnormal
Trails B -4.5 -1.0 Improvement/Abnormal
FAS -2.0 0.5 Improvement/ Normal

Figure 1. Demonstrative case showing cognitive improvement after TPA in patient with mild-moderate baseline cognitive deficit. Eighty-two
years old R-handed woman presents with sudden onset left sided hemiparesis and facial droop — received TPA with complete resolution of
symptoms. MRI (Fig. 1A) showed few foci of restricted diffusion in right insula, temporal lobe, and corona-radiata. Fazekas score of 4 (2
periventricular + 2 white matter). Patient determined to have moderate-low cognitive baseline based on impact of covariates age, imaging, and
YrE (16). Initial cognitive screening showed deficits on nine of nine tests. Three month follow-up demonstrated improvement in all nine tests as
well as normalization in four of nine tests (Fig. 1B).

© 2019 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association. 471



Cognitive Improvement After rt-PA in MIS

would be excluded. Also, any participant who was unable
to perform graphomotor tasks have been excluded. How-
ever, no participant had severe dominate hand impairment
and could complete tasks with their non-dominate hand, as
the written tasks were not timed-tests. One study partici-
pant gave an indication (Figure 1) that minimal injury can
influence overall neuro-processing in multiple cognitive
domains. Processing speed is more closely associated with
global tract integrity than even memory or general intelli-
gence™ and therefore IPS may also be more sensitive to any
injury than other cognitive functions.’

Of 45 patients initially enrolled, 25 with MIS success-
fully completed re-evaluation at 90 days. These 25 formed
the cohort for examining the effect of rt-PA on cognitive
outcomes in MIS. By assessing patients without deficits in
language on NIHSS, we could more accurately assess defi-
cits that address other areas of processing, memory, and
abstraction otherwise confounded by aphasia. These areas
are not tested by NIHSS, but can result in significant
functional morbidities.>> Moreover, persistent deficits in
cognition are often overlooked in studies evaluating
stroke outcomes, as the mRS does not account for cogni-
tive deficits." >

Although our sample size was small, we found evidence
suggesting rt-PA was associated with significant improve-
ment in processing speed and automaticity as indexed by the
mental control component of the WMS III. This was valid
both when examining the z-score of overall outcome, as well
as post linear-regression, accounting for factors that con-
tribute to poor cognitive baseline. Additionally, there was a
statistical trend suggesting improvement in the SDMT and
Digit Span subtest of the WMS III in patients receiving rt-
PA. Both measurements are designed to assess processing
speed. One could explain this potential finding as these tests
reflects global cognitive function, and be most affected by
poor physiologic neuro-infrastructure on the cellular level.

To describe the underlying mechanism of cognitive def-
icits in TIA/MIS is beyond the scope of this study. Con-
sidering that TIA/MIS can result from multiple etiologies,
the specific pathophysiology of each mechanism of injury
would need to be addressed individually. It is possible
that for certain etiologies, such as pure hypoperfusion, rt-
PA would provide no benefit. Nonetheless, based on our
findings, these deficits are not the result of an injury to a
specific eloquent anatomical region. It is more likely a
multifactorial process that involves the disruption of
complex neuronal networks on a cellular level, beyond
the sensitivity of our diagnostic tools. This is supported
by our observation that patients with more severe WMD
showed better recovery at 90 days, as these patients are
more likely to be sensitive to even minor insults.

The major limitation to our pilot study is small sample
size, particularly in the cohort examining potential effects
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of rt-PA in MIS. As an exploratory study, a-priori sample
size was not calculated; thus, outcome predictions cannot
be made. Additionally, the study clearly demonstrated fea-
sibility of early cognitive assessment in patients with MIS
and TIA, and high prevalence of detectable cognitive
impairment within 24 h of symptom onset. Given our
strict exclusion criteria, we believe that our screening bat-
tery is effective in selecting for cognitive deficits in the acute
phase. Nonetheless, we acknowledge that a brief screening
is not a substitute for a comprehensive neuro-psychological
evaluation that could more accurately define areas
impaired. In most situations, a complete evaluation would
be impractical in the acute phase, given the extensive time
and resources such assessments require. Thus, a single rapid
screening tool could function to both determine if deficits
are present acutely, as well as enable monitoring impair-
ment over time.’® While too small a study to reach defini-
tive interpretations, this pilot cohort’s results support that
larger studies may add value to our body of knowledge and
ultimately improve patient outcomes.

Summary

Cognitive deficits are common and overlooked sequelae
of MIS and TIA. Screening for deficits in the acute phase
is feasible and could focus on areas of processing speed,
executive functioning, and functional memory. Based on
our data, further studies are needed to assess for treat-
ment effects of rt-PA on cognitive deficits in this popula-
tion. Detecting a treatment effect would make cognitive
screening an important element of AIS evaluation. Lastly
as suggested by other studies, persistent cognitive deficits
continue for months after the acute event; thus, screening
for deficits might help design better medical regimens to
improve functional recovery.
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