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ABSTRACT

Objectives: This study assessed cognitive performance of subjects with aphasia during the acute stage of
stroke and evaluated how such performance relates to recovery at 3 months.

Materials & methods: Patients with aphasia following a left hemisphere stroke were evaluated during
the first (baseline) and the fourth-month post onset. Assessment comprised non-verbal tests of attention/
processing speed (Symbol Search, Cancelation Task), executive functioning (Matrix Reasoning, Tower of
Hanoi, Clock Drawing, Motor Initiative), semantic (Camel and Cactus Test), episodic and immediate memory
(Memory for Faces Test, 5 Objects Memory Test, and Spatial Span. Recovery was measured by the Token Test
score at 3 months. The impact of baseline performance on recovery was evaluated by logistic regression
adjusting for age, education, severity of aphasia and the Alberta Stroke Program Early CT (ASPECT) score.
Results: Thirty-nine subjects (with a mean of 66.5 + 10.6 years of age, 17 men) were included. Average
baseline cognitive performance was within normal range in all tests except in memory tests (semantic,
episodic and immediate memory) for which scores were <—1.5sd. Subjects with poor aphasia recovery
(N = 27) were older and had fewer years of formal education but had identical ASPECT score compared
to those with favorable recovery. Considering each test individually, the score obtained on the Matrix
Reasoning test was the only one to predict aphasia recovery (Exp(B)=24.085 p = 0.038).

Conclusions: The Matrix Reasoning Test may contribute to predict aphasia recovery. Cognitive performance
is a measure of network disruption but may also indicate the availability of recovery strategies.
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Introduction The aim of this study is to evaluate the cognitive abilities of
subjects with acute aphasia (besides the domain of language),
by using a battery of non-verbal cognitive tests, and to evaluate

the impact of these abilities on aphasia recovery at 3 months.

Aphasia affects up to 42% of first-ever stroke survivors"* and has
wide-range of social and financial implications with few patients
regaining full independence.’ Recovery of aphasia is related to
initial severity, lesion size and brain plasticity for reorganization.*
Yet most models of recovery can only predict 50-60% of the Material & methods
variance. Several studies have shown that aphasia may be accom-

. . . . . Study design
panied by changes in memory, attention and executive functions® y deslg

and subjects with aphasia tend to present lower cognitive scores
than controls, although their performance may be within normal
range.%” Vascular lesions follow vascular territories that encom-
pass multiple brain networks involved in different cognitive func-
tions. It is therefore not surprising that other cognitive domains
may be affected. Yet, the pattern of cognitive performance is not
uniform and its relation with verbal comprehension or aphasia
severity is not linear.%® Cognitive functions such as motivation,
inhibitory control, attention or memory are often impaired after
stroke? but are necessary to effective speech and language ther-
apy, and it is possible that a marked or multi-domain cognitive
impairment may be associated with a poor recovery. However,
little is known about the contribution of those abilities to the
recovery processes and outcome of aphasia.

In this observational, prospective, longitudinal study, we evalu-
ated the predictive value of a baseline cognitive assessment on
aphasia recovery at 3 months in a sample of aphasic participants
(AP) with single ischemic lesions of the left hemisphere. The
Token test score was used as the main recovery outcome.

Patients

Patients with aphasia due to a first ischemic stroke of the left
hemisphere were recruited from six Hospitals. Patients were
invited to participate by their neurologist or speech and language
therapist, after explaining the purpose and procedures of the
study. Patients or their families (whenever patients were unable
to write) signed a written consent.
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The inclusion criteria were: (a) age >50 years; (b) a mini-
mum of 4 years of education; (c) single ischemic stroke of the left
hemisphere based on clinical examination and imaging exams;
(d) time post stroke <30 days and (e) no evidence of previous
dementia (clinical diagnosis). The exclusion criteria were a his-
tory of alcohol or drug dependency, other neurological or psy-
chiatric disease and severe medical illness.

The protocol was approved by the Institutional Joint Ethics
Committee for the Faculty of Medicine, University of Lisbon and
North Lisbon Hospital Centre.

Material

First language and cognitive evaluation took place within the
first 30 days of stroke. The cognitive assessment consisted of a
battery of neuropsychological tests that did not require language
production. The battery included 10 tests (producing 13 meas-
ures) directed to three cognitive domains: memory, executive
functions, and attention and speed processing. The memory
domain, included the 5 Objects Memory Test (which assesses
episodic memory - immediate and delayed recall),' Spatial Span
of Wechsler Memory Scale IIT (a measure of immediate mem-
ory),!! Memory of Faces both immediate and delayed recall;'' and
Camel and Cactus Test (a semantic memory test).!> To evaluate
executive functions, the Tower of Hanoi (a measure of planning
and problem-solving), was used !> Matrix Reasoning of WASI
(which evaluates abstract thinking),'* Clock Drawing (visual and
constructive ability and planning) and Motor Initiative of the
Lisbon Battery for Assessment of Dementia, BLAD (a graphical
switching test).!® Attention and speed processing was evaluated
by the Symbol Search of the Wechsler Adult Intelligence Scale -
WALIS (a test for sustained attention and speed processing)'® and
the Cancelation Task of BLAD (to assess sustained attention).!
Test description is presented in Table 1.

The tests selected did not require language production or
involved only a minimum component of language. All tests had
been previously used in aphasic populations® and age and education

Table 1. Neuropsychological battery and language tests.

Cognitive domain Test

Memory 5 Objects Memory Test (immediate and
delayed recall)

Spatial span of Wechsler Memory Scale Il
(WMS)

Memory of Faces of WMS (Immediate and
delayed recall)

Camel and Cactus Test

Tower of Hanoi

Matrix reasoning of Wechsler Abbreviate
Scale of Intelligence (WASI)

Clock drawing of Lisbon Battery for Assess-
ment of Dementia (BLAD)

Motor initiative of BLAD

Symbol Search of Wechsler Adult Intelli-
gence Scale (WAIS)

Cancelation task of BLAD

Lisbon Battery for Assessment of Aphasia
(BAAL):

Speech fluency

Object naming

Verbal comprehension (Object identifica-
tion and Sentence comprehension

Word repetition

Token test (22 -item short-version)

Executive functions

Attention and speed processing

Language

adjusted norms for the population were available. Each test was
preceded by two training items to guarantee that the patient under-
stood the procedure. Only subjects that passed those items pro-
ceeded to the evaluation. Tests were administered in the same order
to all participants. The obtained scores were converted to standard
scores (Z scores), adjusted for age and education according to nor-
mative values. A composite cognitive score (CCS) was calculated by
averaging the standard values obtained in all cognitive tests applied.

Language was assessed by a comprehensive language battery
(Lisbon Aphasia Assessment Battery, BAAL)!” with tests of flu-
ency, object naming, word and sentence comprehension, word
repetition, Aphasia Quotient (AQ), and the Token test.!®

Neuroimaging data were retrieved from medical records.
Lesions were analyzed on the first CT or MRI scan where the
lesion was visible. Lesion analysis followed the Alberta Stroke
Program Early CT Score (ASPECTS)."” Two independent exam-
iners, blind to the clinical information, evaluated the presence or
absence of a lesion in ten different areas of the left MCA territory.
Affected regions were summed and the total was subtracted from
10, producing a score ranging between 0 (lesion in all MCA terri-
tory) and 10 (no visible lesion). Whenever there was no complete
agreement the images were reviewed and scored by consensus.

Aphasia recovery was evaluated three months later (on the 4th
month post-stroke). This time interval corresponds to the greater
recovery of language in vascular aphasia.?® Aphasia recovery was
dichotomized according to Token test score'® obtained in the
second evaluation. A score of >17 (in a maximum of 22) was
considered a favorable recovery since it denotes a normal score
for individuals with 4 or more years of education.

Statistical analyses

Statistical analyses were performed using the software Statistical
Package for Social Sciences (version 21.0). Descriptive statistics
were used to characterize the sample. An intraclass correlation
was computed to estimate interrater reliability in the neuroim-
aging analysis. Related-Samples Wilcoxon signed rank tests were
used to compare within subjects scores in the two evaluation
moments.

A logistic regression was carried out to investigate the relation
between performance in each cognitive test and the recovery of
aphasia at 3 months. To control for the extent of the lesion (as
indexed by ASPECTY), age, education and the severity of aphasia
(AQ), we included these variables as covariates in the analysis.

Results

Fifty patients were enrolled and completed the baseline evalua-
tion. The revaluation was performed in 39 of them. Two patients
were excluded because of new stroke and medical complications,
8 for lost contact and in one case imaging data was not available.

Thirty-nine subjects (17 men) were included in the analysis.
They had an average age of 66.5 (+ 10.6) years, ranging between
50 and 87 years old and an average number of years of formal
education of 7.7 (+ 5.0). Baseline assessment and revaluation
took place at 14.1 + 10.4 (2-30) and 98.1 + 6.8 (87-122) days
post onset, respectively.

The majority (29 subjects, 74.4%) received rtPA in the acute
stage and 10 subjects (25.6%) received conventional treatment.
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All participants except four (89.7%) received speech therapy,
with an average of three hours per week. In the first evalua-
tion, all patients presented aphasia syndromes, notably global
and anomic aphasia (Table 2). These syndromes were changed
at 3 months due to language recovery.

Brain imaging analysis was carried out on CT (36 cases) or
MR performed 0.69 + 1.03 days (range 0 to 3 days) post onset.
Average ASPECT score was 7.08 + 1.74 (3-10). The interrater
reliability was 0.89, 95% CI [0.81, 0.94], p < 0.001. In 8 cases
(20.5%), lesion localization had to be decided by consensus. Most
of the lesions were located on insula ribbon, lateral MCA cortex,
and lentiform nucleus. The less affected region was the caudate
nucleus (Table 3).

Cognitive assessment

Average scores obtained in the first (baseline) and second eval-
uation (3 months later) are presented in Table 4. Cognitive per-
formance at baseline was within average range in most cognitive
domains, except in the memory domain. Performance in the
semantic memory test (Camel and Cactus Test), short term
memory test (Spatial Span) and episodic memory test (imme-
diate and delayed recall of the 5 Objects Memory Test) was below
—1.5sd of the mean.

There was a significant improvement in all language tests from
the first to the second evaluations. Score improvement was also
observed in all cognitive tests except for the Tower of Hanoi. The
difference between the two moments was statistically significant
in 9 out of 13 measures.

Aphasia recovery

Twelve (30.8%) patients had a favorable recovery from aphasia
(final Token test score >17) at 3 months (Table 5). These patients
were younger, had more years of formal education, and had sig-
nificantly better scores in all language tests at baseline compared
to individuals with poor recovery. In contrast, both groups had
a similar ASPECT score (M = 7.04 for patients with favorable
recovery and M = 7.17 for patients with poor recovery), and an
identical lesion localization, considering the 10 sub-regions of
the ASPECTS score, except for the M4 region (corresponding to
the middle frontal gyrus, in the anterior branches of the middle
cerebral artery territory) which was significantly more affected
in those with poor recovery (x* = 5.394 p = 0.043). Likewise,
patients’ performance in the cognitive battery at baseline was
similar across the two recovery groups in most tests. Significant
differences between the two groups were only found for the

Table 2. Aphasia diagnosis at baseline and at 3 months.

1st evaluation 2nd evaluation

Diagnosis (Baseline) N (%) (at 3 months) N (%)
Global 11(28.2) 6(15.4)
Anomic 8(20.5) 12 (30.8)
Transcortical Motor 5(12.8) 8(20.5)
Broca’s 4(10.3) 5(12.8)
Wernicke's 4(10.3) 0
Conduction 3(7.7) 4(10.3)
Mixed Transcortical 2(5.1) 0
Transcortical Sensory 2(5.1) 0
Sequelae 0 4(10.3)
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attention/speed processing tests (Symbol Search and Cancelation
task), Memory for Faces and Matrix Reasoning. Performance in
these tests was worse in the group with poor recovery, resulting
in a worse global composite cognitive score (CCS).

A logistic regression (Table 6) was applied to create a model
capable of predicting language recovery based on the independ-
ent variables identified as significant in the univariate analysis
(age, years of formal education, initial aphasia severity (AQ)
and Z-scores obtained in tests of immediate Memory for Faces,
Matrix Reasoning, Cancelation Task and Symbol Search, as illus-
trated in Table 5). ASPECT score was also included as a covariate.
The analysis showed that the overall model explained 0.76 of the
variance. The most important predictor of recovery, and the only
one that was statistically significant, was the Matrix Reasoning
score (odds ratio: 24.085; 95% CI [1.185, 489-627], p < 0.001).
This shows that as the score obtained in the Matrix Reasoning
at baseline increases, so do the odds of language recovery. None
of the other variables contributed significantly to the predictive
value of the language recovery model.

Discussion

This study aimed to evaluate how cognitive performance of sub-
jects with aphasia at the acute stage of stroke influences their
subsequent recovery process.

Patients presented low scores in nonverbal tests of semantic,
episodic and immediate memory at the acute stage of stroke,
but performed within the normal range in 8 of the 12 measures
applied, notably in tests of executive functioning, attention, and
processing speed. Moreover, one cognitive measure improved
the predictive model of recovery.

Few studies have assessed the cognitive profile of patients
with acute aphasia beyond the language domain and these have
revealed contradictory findings,” which may result from different
selection criteria, follow-up time, the type of evaluation per-
formed and the pattern of lesions.*?' Studies on chronic pop-
ulations® reported preserved cognitive abilities in memory and
executive functions but impairments in semantic and short-term
memory related to deficits in comprehension.?

El Hachioui et al.,” studied 147 subjects with aphasia in the
acute phase, at 3 months and at one year. Memory was the most
impaired cognitive domain in all the evaluations. Our results
are in agreement with this finding. The Camel and Cactus Test
presented one of the most severe impairments. The poor perfor-
mance in semantic memory tests may stem from different mech-
anisms namely an executive dysfunction rather than a disruption
of semantic memory.**

About 30% of patients presented a favorable recovery at
3 months as measured by a normal score in the token test.
Baseline aphasia severity, patients” age, and ASPECTS score had
small and statistically non-significant contributions. The score
obtained in a Matrix Reasoning task was the single best predictor
of recovery, even when controlling for the other variables.

Most models of aphasia recovery explain about 60% of recov-
ery variance. This is the case of the model described by Pedersen
et al,” which included aphasia severity, neurological stroke
severity, age and sex as variables. In the series reported by Lazar
et al.,> 83% of recovery variance was predicted by the aphasia
composite mean, lesion volume and patients age. However, this
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Table 3. Local of lesion by ASPECTS scale.

Localization Frequency %

C - Caudate 4 10.3
M3 - Posterior MCA cortex 5 12.8
IC - Internal capsule 8 20.5
M1 - anterior MCA cortex 9 23.1
M6 - posterior immediately superior to M3 9 23.1
M4 - anterior immediately superior to M1 10 25.6
L - Lentiform (putamen) 12 30.8
M5 - lateral immediately superior to M2 15 385
M2 - Lateral MCA cortex 17 43.6
| —Insular ribbon 25 64.1

study intends to simply assess the difference between the initial
WARB tests and their performance 90 days later, not intending to
measure almost complete recovery. El Hachioui et al.,> model
explained 55.7% of recovery including a phonological score,
Barthel index score, age, educational and stroke subtype as varia-
bles. Finally, Forkel et al.,*® showed that 62% of the variance could
be explained by age, sex, lesion size and volume of the arcuate
fasciculus. Some authors have suggested that the remaining var-
iance of recovery models (about 40%) may be explained by indi-
vidual factors namely the pattern of language organization and
the degree of expertise attained in some language functions.?’
None of the above-mentioned models used any cognitive abilities
beyond language as predictors. In the present study, we were able
to improve the predictive variance to 76% by adding the Matrix
Reasoning Test, a simple “paper and pencil test” that does not
require expensive technology and is easily used in a clinical/
therapeutic setting.

The impact of cognitive functions on aphasia recovery can be
explained by different mechanisms.

First, cognition may be mediated by language, and be an
indirect measure of language ability. In this study, we found a
correlation between AQ and matrix reasoning task at the baseline
(r=0.347 p = 0.030) and at the 3-month evaluation (r = 0.464
p =0.003), somehow supporting this hypothesis

Table 4. Language and cognitive assessment at baseline and at 3 months.

Second, cognitive performance can be an indirect measure of
lesion size. However, in the present study, there was no signifi-
cant correlation (r = 0.179 p = 0.275) between Matrix reasoning
test and ASPECTS scores, which suggests that this effect was
not mediated by lesion extension in the middle cerebral artery
territory.

Third, aphasia recovery depends upon the use of alternative
networks or strategies to perform the same function. The impact
of damage to one system depends on the integrity of another.?’”
While the recovery of speech production depends on slowly
evolving activation changes in the left hemisphere of peri-infarct
tissue, the recovery of speech comprehension appears to depend
on both left right temporal lobe activation.?® In this study, we do
not have imaging data to evaluate this hypothesis. In addition,
these abilities are necessary to fully involve the patients in speech
therapy.

Fourth, the importance of learning ability for successful
rehabilitation had been emphasized by Ferguson,? as well as
by Fillingham et al.,*® Fillingham et al.,*! reported a relation
between episodic memory, good attention and naming ability in
11 patients with aphasia. Lambon Ralph et al.,* found a relation-
ship between the treatment of anomia and tests of semantic and
spatial memory, visuospatial capacities and attention. Although
the results reported are rather heterogeneous, these and our find-
ings suggest that nonverbal abilities should be better explored
and may be used as independent predictors of aphasia recovery.

Finally, it is possible that the performance in Matrix Reasoning
Test can be an indirect measure of cognitive reserve. Reserve
is the ability to optimize performance, for any given degree of
lesion load,* by using brain structures or networks not engaged
in the intact brain.** It is usually associated with previous cog-
nitive stimulation and development as measured by literacy and
vocabulary performance. However, in a subject with aphasia
vocabulary abilities cannot be measured and other measures of
cognitive reserve need to be found. The finding that patients with
a worse recovery were older and had fewer years of education

1st evaluation (Baseline)

2nd evaluation (at 3 months)

N Max score Mean+SD Mean+SD U p
5 objects memory Test
Immediate recall 38 -2.63+3.51* —-1.41+244 184.000 0.062 ns
Delayed recall 37 —1.61+£3.48* —0.46+1.89 371.000 0.044
Spatial span of WMS 39 -1.56+1.49* -1.34+1.22 336.000 0.178 ns
Memory of faces of WMS
Immediate recall 31 —0.48+1.63 0.01+1.53 348.000 0.005
Delayed recall 29 —0.31+£0.98 0.09+1.30 255.500 0.002
Camel and Cactus Test 27 —3.19+2.24* —1.93+2.74* 314.000 <0.001
Tower of Hanoi 21 0.40%+1.97 —0.04+£1.17 40.500 0.267 ns
Matrix reasoning of WASI 39 -1.18+0.86 -0.84+0.92 455.000 0.007
Clock drawing of BLAD 26 0.47+1.02 0.85%+0.70 15.000 0.041
Motor initiative of BLAD 24 -0.13+0.98 0.16+0.86 18.500 0.084 ns
Symbol search of WAIS 19 —0.65+1.04 0.06+1.68 90.500 0.016
Cancelation task of BLAD 28 —-0.04+1.15 0.47+1.26 326.500 0.001
CCs 39 -1.39+1.61 -0.59+0.94 657.000 <0.001
Speech fluency (NF/F) 39 (22/17) (16/23) x2=20.964 <0.001
Fluency (rating) 39 5 2.67+1.38 344+1.29 Xz =32.389 0.001
Naming 39 16 521+5.12 9.44+6.05 491.000 <0.001
Comprehension 39 24 19.54+5.75 22.56+3.76 627.500 <0.001
Word repetition 39 30 14.46+13.45 19.72+12.68 228.000 <0.001
Token test 35 22 55+4.84 12.36+£6.32 528.000 <0.001
AQ 39 100 49.01+£25.96 67.71+£27.12 741.000 <0.001

“Test with scores below — 1.5 sd of the mean.
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Table 5. Differences in baseline language and cognitive performance between groups with poor or favorable language recovery.

Favorable recovery

Poor recovery (N=27) N=12)
N Mean +SD Mean=SD U P
Age 39 69.3+10.66 60.33+7.89 81.000 0.013
Education 39 6.19+3.05 11.08 £6.68 226.000 0.052
Speech fluency (NF/F) 39 1.41+0.50 1.50+0.52 x%=0.290 0.730 ns
Fluency (rating) 39 230141 3.50+0.91 XZ =7.899 0.048
Naming 39 3.89+4.79 8.17+4.75 243.000 0.013
Comprehension 39 18.06+6.37 22.88+0.68 248.500 0.007
Word repetition 39 11.70+13.24 20.67+12.28 245.000 0.011
Token test 35 3.37+£3.54 9.58+4.42 239.000 <0.001
AQ 39 41.33+£25.11 66.30+£19.15 251.000 0.006
ASPECTS 39 7.04+1.83 7.17+£1.59 XZ =3.307 0.855 ns
5 objects memory test
Immediate recall 38 -3.04+3.77 -1.75+2.80 191.500 0.269 ns
Delayed recall 37 —2.12+4.02 —-0.56+1.58 140.500 0.761 ns
Spatial span of WMS 39 -1.80+1.50 -1.02+1.36 204.500 0.199 ns
Memory of faces of WMS
Immediate recall 31 -0.90+1.79 0.20+1.07 167.000 0.032
Delayed recall 29 —0.52+0.91 —0.02+1.05 138.500 0.107 ns
Camel and Cactus test 27 —2.71+2.26 —3.88+2.13 57.500 0.134 ns
Tower of Hanoi 21 0.10+£1.20 1.00+£3.04 49.500 1.000 ns
Matrix reasoning of WASI 39 -1.57+£0.54 —0.30+0.81 —5.785 <0.001
Clock drawing of BLAD 26 0.36+1.04 0.63+1.02 87.500 0.799 ns
Motor initiative of BLAD 24 -0.32+1.06 0.09+0.87 89.000 0.331ns
Symbol search of WAIS 19 -1.11£1.01 —0.24+0.92 75.500 0.010
Cancelation task of BLAD 28 —0.54+0.87 0.74+1.14 153.000 0.004
Ccs 39 -1.76+£1.72 —0.56+£0.91 250.000 0.006
Table 6. Logistic regression analysis.
95% Cl for Exp(B)

B SE Wald df p Exp (B) Lower Upper
Age —0.107 0.090 1.437 1 0.231 0.898 0.753 1.071
Education 0.064 0.207 0.095 1 0.757 1.066 0.711 1.599
AQ 0.046 0.028 2.589 1 0.108 1.047 0.990 1.107
ASPECTS -0.034 0.457 0.006 1 0.940 0.966 0.395 2.366
Matrix Reasoning Test 3.182 1.537 4.286 1 0.038 24.085 1.185 489.627
Memory of Faces 0.391 0.639 0.374 1 0.541 1.478 0.422 5171
Cancelation Task 2.074 1.252 2.745 1 0.098 7.959 0.684 92.606
Symbol Search -2.992 2.268 1.740 1 0.187 0.050 0.001 4.279
Constant 6.476 7.906 0.671 1 0.413 649.673

supports this hypothesis. These factors could eventually indicate
less cognitive reserve or a more extensive functional impairment
since there were no significant differences in ASPECTS score.

We acknowledge some limitations in this study namely, the
relatively small sample size with a large variety of aphasia diag-
nosis, the short follow-up time, and the fact that the complete
cognitive battery could not be applied to all patients. In addition,
the measure used for lesion extension is semi-quantitative and
does not identify specific areas. A very strict measure of recovery
was used and did not evaluate partial language improvement.

Despite these limitations, this study suggests that non-ver-
bal cognitive assessment may provide additional information
about aphasia recovery, evidence that may be worth exploring
more systematically in other studies. Furthermore, cognitive
assessment may assist speech therapists in the preparation of
the treatment plan taking in consideration possible limitations.
More studies are necessary to understand the intervention of
cognitive abilities in language recovery strategies and the effect
of rehabilitation.
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