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Deficits in Poststroke Aphasia?
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ABSTRACT: Although language deficits are the primary area of weakness, people with poststroke aphasia often experience
challenges with nonlinguistic cognitive skills, including attention processing. The purpose of this review is to synthesize
the evidence for the relationship between attention deficits and language deficits in people with poststroke aphasia. Three
different types of studies are reviewed: (1) studies exploring whether people with poststroke aphasia exhibit concomitant
attention and language deficits, (2) studies explicitly exploring the relationship between attention and language deficits in
people with poststroke aphasia, and (3) either language or attention (or both) treatment studies exploring whether treatment
gains in one domain generalize to the other. In the last section, we briefly review research evidence for the neural basis of

the attention-language relationship in aphasia.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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guage functions caused by brain damage. Although

linguistic deficits remain the primary area of weak-
ness, growing evidence suggests that many people with
poststroke aphasia (PWA) also experience challenges
with global, underlying cognitive abilities, including atten-
tion," memory? executive function® and learning. The
degree of interdependence between language and other
cognitive deficits in aphasia, beyond its theoretical inter-
est, also has important clinical implications regarding the
prognosis of aphasia, the planning of language rehabilita-
tion and the autonomy and quality of life of PWA. However,
this topic remains an important open question. This review
aims to evaluate the frequency and the profile of atten-
tion deficits in PWA and link these deficits to treatment
outcomes as well as their neural correlates. The reason
we focus on attention is that, among the abovementioned
cognitive processes, attention is the most fundamental,
being essential for the successful execution of a variety of
other more complex operations. As such, attention impair-
ment can compromise patients’ participation in rehabilita-
tion as well as the benefit of treatment. References for

Aphasia is described as the loss or impairment of lan-

this review were identified by searches of Google Scholar
and PubMed, and references from relevant articles. The
search terms “aphasia” and “attention” combined with the
operator “AND” were used. There were no time restric-
tions, however only studies published in English were
reviewed. The final reference list was generated based on
relevance to the topics covered in this review. Specifically,
studies should have explored at least one of the following
topics: (1) attention deficits in PWA, (2) the relationship
between attention and language deficits in PWA, (3) the
role of baseline attention deficits in language treatment
outcomes, and (4) the effects of attention treatment on
language recovery and vice versa. Based on these crite-
ria, we identified 29 studies; 28 studies were identified
during the initial search and 1 study was published while
the article was under revision. One study was eliminated,
because the analyses performed included principal com-
ponent factors that included measures of other cognitive
domains as well, resulting in 28 studies in total.
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Attention is a complex, multidimensional construct.
There exist many different models of attention in healthy
individuals from various theoretical,®® neuroanatomi-
cal/ and clinical® perspectives. A common feature of
these models is the existence of multiple types or lev-
els of attention, depending on task demands. For the
purposes of this review, we will primarily refer to the
types of attention presented in Sohlberg and Mateer's
clinical neuropsychological model® According to this
model, the first and simplest type of attention is focused
attention (ie, the ability to respond discretely to spe-
cific stimuli), followed by the more complex sustained
attention or vigilance (ie, the ability to maintain attention
or respond consistently over a period of time). Next is
selective attention (ie, the ability to attend to relevant
stimuli and disregard or suppress irrelevant competing
stimuli) followed by alternating attention (ie, the ability
to shift attention between tasks or features), and finally,
the most complex type, divided attention (ie, the abil-
ity to simultaneously respond to multiple attentional
demands).

The existence of different types of attention is
highly relevant to understanding attention in the con-
text of aphasia. Depending on the task and the situa-
tion, both assessment and treatment require most, or all
the types of attention. For instance, maintaining focus
throughout an assessment or treatment session likely
places demands on sustained attention, whereas selec-
tive attention may be required in cases of busy therapy
settings with numerous sources of visual and auditory
distractions.® A recurrent debate is whether language
deficits in PWA are simply a consequence of attention
deficits or if these 2 may be disentangled. Hula and
McNeil™® proposed that language deficits in PWA are
caused by damage to the attentional processes that
support language processing rather than damage to lin-
guistic knowledge itself. Villard and Kiran® suggested a
weaker relationship between attention deficits and lan-
guage deficits; they agree that various levels of attention
provide support for language processing tasks, however,
being independent components of cognition, both atten-
tion and language may be selectively affected by brain
damage.

Table 1.

Attention Deficits in Aphasia

As attention is a multifaceted process, the assess-
ment of attention requires the use of specific neuro-
psychological tests. The studies reviewed here utilized
various standardized, normed assessments that evaluate
different aspects of attentional skills. These tests can
be categorized into b distinct paradigms, namely cross-
out or symbol search, (cued) flanker, co/no-go, and tone
discrimination tasks. A few studies used more com-
plex paradigms, using 2 tasks simultaneously (ie, dual
tasks). A short description of the paradigms is provided
in Table 1.

The rest of the article is organized as follows. The first
section includes studies whose focus is to determine
whether PWA also suffer from domain-general attention
deficits using nonlinguistic tasks, as well as studies that
directly compare the performance of PWA on linguistic
versus nonlinguistic attention tasks. Next, studies inves-
tigating the relationship between attention deficits and
language deficits in PWA using correlation and regres-
sion analyses are reviewed. The next section includes
studies examine (1) the role of attention deficits in lan-
guage treatment outcomes and (2) the effects of atten-
tion treatment on language recovery and vice versa. The
final section reviews neuroimaging studies that provide
evidence for the neural basis of the attention-language
relationship. In the conclusions section, an updated ver-
sion of Villard and Kiran's® schema of attention and lan-
guage in aphasia is presented.

Attention Deficits in Aphasia

Our review revealed 9 studies whose aim was to explore
attention deficits in PWA, without linking those deficits to
language impairments (Table 2). Five out of these studies
investigated attention deficits using nonverbal attention
tasks, whereas 3 studies investigated attention deficits
using both linguistic and nonlinguistic stimuli.

LaCroix and colleagues' used a cued flanker task
(ie, a central imperative stimulus is flanked by distrac-
tors that can indicate the same or opposite response
to the imperative stimulus) to assess the 3 subsets of
selective attention according to Posner and Petersen’s
model,*® namely alerting attention (ie, the ability to

Types of Tests Used for the Evaluation of Attention Abilities in Patients With Aphasia

Paradigm Short description

Cross-out/symbol search task

Participants cross-out specific figures within similar figures

(Cued) flanker task

(neutral flankers)

Participants make directional responses to certain targets flanked by non-target stimuli which correspond either to the
same directional response as the target (congruent flankers), to the opposite response (incongruent flankers), or to neither

Go/no-go task

Participants respond by pressing a button when they see a “go” signal, and not respond when they see the “no-go” signal

Cueing task

Participants decide whether a target symbol is present or not. In some trials, a cue correctly/incorrectly indicates the loca-
tion of the target (valid/invalid cue trials)

Tone discrimination task

Participants manipulate a continuous stream of sounds in different ways (eg, decide whether or not a tone stimulus is high
or low, distinguish a complex harmonic sound from pure tone sounds, etc)

Dual-task

Participants perform 2 tasks simultaneously (eg, tone discrimination while sorting cards)
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Table 2. Studies Investigating Attention Deficits in PWA

Attention Deficits in Aphasia

Study

Participants

Attention assessment

Relevant findings

Studies using nonverbal st

imuli

LaCroix et al''

Chronic PWA (n=22)
Controls (n=20)

ANT"?

Impaired performance on at least one
attention task/condition

Robin and Rizzo™

Chronic PWA (n=4)
Stroke survivors w/out aphasia (n=4)
Controls (n=30)

Orienting Tasks

Impaired performance on at least one
attention task/condition

Hunting-Pompon
etal™

Chronic PWA (n=14)
Controls (n=9)

COVAT'®
COVAT+Read

Impaired performance on at least one
attention task/condition

Erickson et al'®

Chronic PWA (n=10)
Controls (n=10)

Tone discrimination task combined with
the Wisconsin Card Sorting Task'”

Impaired performance on at least one
attention task/condition

Spaccavento et al'®

Acute and chronic PWA (n=77)

TAP'®

Impaired performance on at least one

Acute and chronic stroke survivors w/out
aphasia (n=127)
Controls (n=42)

attention task/condition

Studies using both linguistic and nonlinguistic stimuli

Chronic PWA (n=10)
Controls (n=10)

Laures et al*®

Tone discrimination task

Impaired performance on at least one
attention task/condition regardless of the
nature of the stimuli

Chronic PWA (n=16)
Controls (n=8)

Murray et al*'

Tone discrimination task

Worse performance when the secondary
task includes linguistic stimuli

Hula et al?? Chronic PWA (n=15)

Controls (n=20)

Tone discrimination task

Worse performance when the secondary
task includes linguistic stimuli

ANT indicates attention network test; COVAT, covert orienting of visuospatial attention test; PWA, patients with aphasia ; and TAP, test of attentional performance.

achieve and maintain an alert state), orienting atten-
tion (ie, the ability to select specific information from
a given stimulus), and executive control (ie, the ability
to achieve a correct response when relevant stimulus
information conflicts with irrelevant stimulus informa-
tion). The results showed that overall stroke survivors
were slower and less accurate than neurotypicals.
Within-group analyses showed that stroke survivors
exhibited the expected executive control effects (ie,
slower responses for incongruent trials compared with
congruent trials); however, their alerting and orienting
attention abilities were disrupted (ie, no alerting effect
was observed, and the orienting effect had the oppo-
site direction, with better performance on double cue
trials compared with center cue trials). Orienting atten-
tion was also assessed by Robin and Rizzo'®and Hunt-
ing-Pompon and colleagues.'* Using a cueing task (in
which an arrow cue was presented prior to a stimulus
on the left or the right), Robin and Rizzo'® found that
all stroke patients performed slower than neurotypi-
cals, but only PWA failed to benefit from the cues. This
suggested that attentional cueing may be disrupted in
PWA. Hunting-Pompon et al'* manipulated the timing
of cue presentation to test automatic processing (cue
presented 100 ms prior to the target) and controlled
processing (cue presented 800 ms prior to the target).
They found that PWA were slower than controls during
the 100 ms interval, indicating impaired automatic pro-
cessing. They also administered a more complex ver-
sion of the task, in which participants were instructed
to read aloud a word that appeared on the screen while

Stroke. 2023;54:565-66. DOI: 10.1161/STROKEAHA.122.037936

continuing to complete the primary task again at 2
interstimulus intervals. PWA were slower than controls
regardless of the interval, indicating deficits in both
automatic and selective attention during the complex
version of the task.

Erickson et al'® examined auditory sustained and
divided attention using a tone discrimination task com-
bined with the Wisconsin Card Sorting Task'”; partici-
pants listened to a series of nonlinguistic pure tones
and had to identify a target complex harmonic (in the
simple condition), while they were simultaneously sort-
ing cards (in the complex condition). PWA performed
like neurotypicals in the simple condition involving
only the tones and harmonics, but they exhibited lower
accuracy than neurotypicals during the more complex
condition. These results suggest that sustained atten-
tion may be intact in PWA, especially when the task
involves one set of stimuli, whereas divided attention
required during more complex conditions involving
additional sets of stimuli is impaired. Finally, Spac-
cavento et al’® reported that PWA tended to be slower
than patients without aphasia in a Go-No Go task mea-
suring selective attention.

The studies reviewed above examined domain-general
attention in aphasia using tasks with nonlinguistic stimuli.
Although they differ in terms of the methods and metrics
used to examine attention, it is notable that each of them
found evidence of impaired performance in PWA relative
to neurotypicals on at least 1 task condition. Therefore,
the results collectively suggest that stroke survivors with
aphasia suffer from a broad attention deficit that impacts
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different types of attention in both the auditory and visual
modalities, although the stimuli have no language.

Apart from the studies using nonlinguistic stimuli to
assess attention deficits in aphasia, our review revealed
3 studies that attempted to investigate attention defi-
cits in aphasia as a function of the nature of the stimuli,
that is they attempted to directly compare PWA's per-
formance on linguistic versus nonlinguistic attention
tasks. In Laures et al's?® study, PWA performed a dis-
crimination task with linguistic (ie, a target monosyllabic
word, “myth,’ and 4 non-target monosyllabic phonetically
dissimilar words such as “pad”) and nonlinguistic (ie, a
target harmonic signal and 4 non-target pure tones)
stimuli. Overall, the results showed decreased sustained
attention in PWA regardless of the nature of the stimuli.
Interestingly, the next 2 studies reported that in dual-
task paradigms, where attention demands are higher,
linguistic and nonlinguistic stimuli affect performance
differently. Specifically, Murray et al*' reported compa-
rable accuracy among PWA and neurotypicals during
the isolation conditions (ie, participants completed each
task without distraction); however, PWA responded less
accurately and more slowly than neurotypicals during
the focused and divided attention conditions (ie, the pri-
mary and secondary stimuli were presented simultane-
ously, but participants completed only the primary task).
In addition, all participants showed greater disruption of
their skills when the secondary task included linguistic
compared with nonlinguistic stimuli. Similar results have
also been reported by Hula et al*? in a study that used
a comparable paradigm. Taken together, these stud-
ies suggest that PWA have difficulties with dual-task
paradigms and, therefore, impaired focused and divided
attention. In addition, they showed that these difficulties
become worse when language processing demands are
added, as in the cases with a linguistic secondary task.
This shows that a highly taxed attention system might
have a negative impact on language processing in PWA,
which in turn suggests that, to some extent, language
deficits may be attributed to attention deficits in some
PWA.? This topic is further discussed in the following
section, where studies that explicitly investigate the
relationship between attention and language deficits in
aphasia are reviewed.

ON THE RELATIONSHIP BETWEEN
ATTENTION AND LANGUAGE DEFICITS IN
APHASIA

The fact that several studies report evidence of a con-
comitant attention deficit in PWA has led researchers to
directly explore the relationship between attention and
language deficits in this population. A strong association
between attention severity and language severity would
be consistent with the concept of language deficits
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driven primarily by attention deficits. Our review resulted
in 14 studies that have investigated this topic using a
variety of language and attention assessment batteries.
Two studies were excluded because the analyses per-
formed included either total scores or principal compo-
nent factors that included measures of other cognitive
domains as well, resulting in twelve studies (Table 3).
Our review begins with studies investigating the rela-
tionship between attention severity and overall aphasia
severity (eg, Western Aphasia Battery?*~Aphasia Quo-
tient; n=7 studies) and continues with studies that focus
on specific levels or aspects of language processing (eg,
single word naming, reading, connected speech produc-
tion etc; n=b5 studies).

Attention Deficits and Overall Aphasia Severity

The evidence regarding the association between per-
formance on attention tasks and aphasia severity is
mixed. Specifically, Murray et al*' were among the first
to search for such an association using the Western
Aphasia Battery—Aphasia Quotient (WAB-AQ) and
scores on the divided attention condition 2 (see previ-
ous section for attention task description). The authors
reported nonsignificant correlations. Gordon-Pershey
and Wadams?® also reported lack of an association,
which was attributed to individual variability. Specifi-
cally, multiple case comparisons showed that attention
might be differentially affected in PWA and, there-
fore, the variability in performance did not allow for a
trend between measures of language and attention to
emerge at a group level. Finally, Yao et al?® also found
no association between WAB-AQ and attention, which
was interpreted as an artifact of the scoring proce-
dure, and the authors recommended the use of a more
comprehensive battery when assessing attention in
aphasia.

The abovementioned studies indicate that the degree
to which attentional skills are affected in aphasia is not
consistently related to aphasia severity. However, other
studies have yielded opposite results. Fonseca et al®!
found a significant correlation between the WAB-AQ and
the Symbol Search scores of the Wechsler Adult Intel-
ligence Scale. In a similar vein, Lee et al*® correlated the
confidence index of Conners’ Continuous Performance
Test-ll (a derived summary measure of attention per-
formance with a higher score indicating greater confi-
dence that an impairment is present) with the WAB-AQ.
The results revealed a significant negative association
indicating that better language skills were associated
with better attentional skills. The authors repeated this
analysis using the WAB-Revised Language Quotient and
showed similar findings. Huang et al*® reported a signifi-
cant correlation between aphasia severity and executive
control inverse efficiency, an adjusted reaction time mea-
sure derived from the Attention Network Test by dividing
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Table 3. Studies Investigating the Relationship Between Attention Deficits and Language Deficits in PWA

Study Participants Attention assessment

Language assessment Relevant findings

Attention deficits and overall aphasia severity

Chronic PWA (n=16) Tone discrimination task

Controls (n=8)

Murray et al?'

WAB? No association between attention
deficits and aphasia severity

Gordon-
Pershey et al®

Chronic PWA (n=8)
counting subtests of the TEA?®

Cognitive Linguistic Quick Test?”

Map search and telephone search while WAB2
Mazes and Symbol Trails subtests of the

Sustained Attention subtest of Leiter-R?®

No association between attention
deficits and aphasia severity

Yao et al?® Acute PWA (n=45) Loewenstein occupational therapy cognitive | WAB?* No association between attention
Acute stroke patients assessment®® deficits and aphasia severity
w/out aphasia (n=41)
Controls (n=44)
Fonseca et Chronic PWA (n=48) Symbol Search of the WAIS®? Lisbon Aphasia Assess- Association between attention deficits
al®! Letter Cancelation of the Lisbon BLAD3? ment Battery® and aphasia severity
Lee et al*® Chronic PWA (n=14) CPT-II%8 WAB-R¥” Association between attention defi-

cits and aphasia severity

Chronic PWA (n=26) ANT2
Controls (n=26)

Huang et al*®

Chinese version of the Association between attention defi-
WAB?3® cits and aphasia severity

Meier et al*° Acute PWA (n=23)

Battery*'

FICA Test from the NIH Toolbox Cognition

WAB-R*” Association between attention defi-

cits and aphasia severity

Attention deficits and specific aspects of language deficits

Kalbe et al*?
Controls (n=106)

Chronic PWA (n=154) | Attention Task of the Aphasia Check List*?

Association between attention defi-
cits and reading, listening, and writing

Language Task of the
Aphasia Check List*?

Pérez Naranjo | Chronic PWA (n=21) CPT-II%8
et al® Controls (n=24)

Association between attention
deficits and phonological sound
discrimination and semantic
association

Phonological processing
lexical access semantic
association

Chronic PWA (n=26) ANT2
Controls (n=26)

Huang et al*®

Subtests of the Chinese
version of the WAB®®

Association between attention
deficits auditory comprehension and
repetition

Schumacher Chronic PWA (n=32) TAP®
et al* TEA%

Subtests 1, 2, 8,and 9 of | Only performance in one TEA subtest
PALPA% associated with overall severity of
Word-to-picture matching, | language impairments

naming, and camel and No association between attention
cactus tests of the Cam- components and overall severity of
bridge Semantic Battery*® | language impairments

BNT#” Limited association between attention
Synonym judgement?*® measures and language components
Spoken sentence compre-
hension of the CAT*®
Picture description of the
BDAE®®

Frankel et al®' | Case study with
chronic PWA tests®

Echopraxic tasks®*

Forward digit span and bells cancellation

Stroop color-word interference test®®

Association between attention defi-
cits and conversational skills

Connected speech

ANT indicates Attention Network Test; BDAE, Boston Diagnostic Aphasia Examination; BNT, Boston Naming Test; CAT, Comprehensive Aphasia Test; CPT-II, Conners’
Continuous Performance Test-Il; FICA, Flanker Inhibitory Control and Attention; PALPA, psycholinguistic assessments of language processing in aphasia; PWA, patients
with aphasia; TAP, test of attentional performance; TEA, test of everyday attention; WAB, Western Aphasia Battery; WAB-R, Western Aphasia Battery-Revised; and WAIS,

Wechsler Adult Intelligence Scale.

reaction time by its corresponding percentage accuracy.
Finally, Meier et al*® performed a principal component
analysis in which they included scores from several lin-
guistic and cognitive tasks, including the Flanker Inhibi-
tory Control and Attention scores. This analysis revealed
2 components, a linguistic and an executive control one,
which were entered in regression models predicting
WAB-AQ. The results showed that both linguistic and
executive control components were significant predic-
tors of acute aphasia severity.

Stroke. 2023;54:565-66. DOI: 10.1161/STROKEAHA.122.037936

Attention Deficits and Specific Aspects of
Language Deficits

The rest of this section is devoted to studies that have
investigated the relationship between attention and spe-
cific aspects of language processing rather than, or in
addition to, the broad aphasia severity index. In the arti-
cle describing the newly developed Aphasia Check List,
Kalbe et al*? reported significant correlations between
scores on the cross-out attention task and scores on
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several language subtests, including reading aloud, read-
ing comprehension, auditory comprehension, writing to
dictation and word generation subtests. Similar results
have been reported by Pérez Naranjo et al.*® Correla-
tion analyses showed significant associations between
focused attention indices and performance in phono-
logical sound discrimination and semantic (word knowl-
edge) association tasks. Regression analyses revealed
that focused attention predicted language performance
even after accounting for performance in related linguis-
tic tasks, indicating that attention has an influence over
language deficits shown in PWA. In a more recent study,
Huang et al*® found that measures of alerting and orient-
ing attention were correlated with repetition and audi-
tory comprehension respectively. Stepwise regression
analyses controlling for demographic variables revealed
that executive control reaction time predicted auditory
comprehension, whereas alerting and orienting atten-
tion predicted repetition. The authors suggested that in
PWA, language is related to specific attention functions
and, therefore, disentangling the mechanism of atten-
tion deficits in this population may supplement rehabili-
tation strategies. Finally, in a recently published study,
Schumacher et al** administered several attention and
language tasks in PWA and found that only performance
in the Elevator Counting with Distraction task of the Test
of Everyday Attention was associated with severity of
overall language impairment, whereas no association
was observed between attention components derived
through principal component analysis and severity of
overall language impairment.

The studies presented in the previous paragraphs
were group studies reporting associations between sev-
eral types of attention and word- and sentence-level lan-
guage deficits in aphasia. A final study, which is a case
study by Frankel et al’’ examined if attention deficits
impacted conversational difficulties. The authors analyzed
connected speech samples using Conversation Analysis
procedures,®® with a focus on turn taking, topic manage-
ment, and repair. The authors reported that the patient
exhibited preserved simple sustained attention, which
occurred together with the ability to maintain concentra-
tion and track meaning during conversation with 1 inter-
locutor. On the other hand, shifting attention (reflected
in performance on trail making) was impaired, indicating
an inability to shift focus. This occurred together with dif-
ficulties on tracking meaning during multi-party conver-
sations, in which topics and speakers change rapidly, as
well as on conversational repair.

In summary, although the evidence presented in the
previous section indicates that PWA demonstrate atten-
tion deficits, the evidence for associations between atten-
tion deficits and aphasia severity, as reviewed in the first
part of this section is mixed. Large-scale studies suggest
that severe aphasia is related to attention deficits; how-
ever, smaller-scale studies report a lack of association,

60  January 2023

Attention Deficits in Aphasia

which may be attributed either to lack of power or the
way attention deficits were assessed and scored. On the
other hand, the majority of studies that have investigated
the relationship between attention and specific aspects
of language processing suggest that attention deficits,
especially deficits on more complex types of attention,
are related to (and in some cases even predict) deficits in
various aspects of language processing, including word-
and sentence-level processing as well as conversational
skills.

ATTENTION TRAINING, LANGUAGE
TREATMENT, AND APHASIA RECOVERY

Given the albeit mixed research evidence suggesting
a relationship between attention deficits and language
deficits, several researchers have attempted to further
investigate this relationship within the context of apha-
sia recovery and treatment outcomes (Table 4). The
first set of studies have investigated treatment-induced
(n=1) and spontaneous (n=1) aphasia recovery as a
function of baseline attention skills. The second set
includes studies that have investigated language
improvement in PWA as a function of attention treat-
ment (n=4). The third set includes studies that have
investigated treatment outcomes using both types of
treatment, namely language and attention treatments
(n=2). Finally, the fourth set includes a study that has
explored attention improvement in PWA as a function
of language therapy (n=1).

Aphasia Recovery and Baseline Attention Skills

Lambon Ralph et al*® examined the relationship between
gain after anomia therapy and baseline performance on
cognitive tasks, including tasks that assess sustained
and divided attention. Correlation analyses with pooled
data from 4 previous studies showed a significant asso-
ciation between baseline performance on elevator count-
ing with distraction and therapy gain both immediately
after therapy and at follow-up. In @ more recent study,
Fonseca et al”” assessed attention skills of PWA during
the acute stage of stroke and evaluated how their perfor-
mance relates to aphasia recovery at 3 months. Contrary
to the Lambon Ralph et al®® study, the authors reported
that the average baseline performance on the attention
tasks was within normal range and, most importantly, did
not predict aphasia recovery.

Language Improvements Following Direct
Attention Training

The studies discussed next have implemented a treat-
ment approach that was directed towards improv-

ing attentional skills. In an early case study, Coelho®
reported data from an individual with mild aphasia

Stroke. 2023;54:55-66 DOI: 10.1161/STROKEAHA.122.037936
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Table 4. Studies Investigating the Relationship Between Attention Deficits and Aphasia or/and Attention Recovery in PWA

Study Participants Treatment type

Recovery measure Relevant findings

Aphasia recovery and baseline attention skills

Lambon Chronic PWA
Ralph et al*® | (n=33)

Language Therapy targeting anomia

Proportion of the potential maximal Association between baseline attention
gain deficits and therapy gain

Fonseca et | Acute PWA (n=39) | NA

al5?

Token Test®® No association between baseline atten-

tion deficits and aphasia recovery

Language improvements following direct attention training

Coelho®® Case study with APT-II Reading comprehension scores and | Attention training resulted in improved
chronic PWA reading rate (ie, words per minute) reading abilities

Murray et Case study with APT-[I® Paragraph listening accuracy and Minimal changes in language abilities

al®® chronic PWA reaction time following attention training

Lee et al®’ Chronic PWA (n=6) | APT-III®2 Maze reading tasks Attention training resulted in improved

reading abilities

Peach et al®® | Chronic PWA (n=4) | L-SAT®
APT-[152

Improvement on treatment tasks
Western Aphasia Battery-Revised
Aphasia Quotient (WAB-R AQ)%
Object and Action Naming Battery®®
Discourse Comprehension Test®®

Language-specific attention training and
domain-general attention training result
in language improvement

Language treatment versus language plus attention training

and memory™

Zhang et Chronic PWA Impairment-specific language therapy | Subtest scores and Aphasia Quo- Combination of language and atten-

al®? (n=40) Impairment-specific language therapy | tient WAB2 tion training is more successful than
+ gradual attention training®® language training alone

Modarres Case study with Language therapy targeting anomia Naming probes Combination of language and atten-

et al®® chronic PWA Attentive rehabilitation of attention tion training is more successful than

language training alone

Attention improvements following language treatment

Marinelli et Acute-to-chronic
al” PWA (n=20)

Language Therapy targeting auditory
and written comprehension and
production as well as articulatory
difficulties

CoBaGa™ Language therapy may result in

improved attention abilities

APT-Il indicates Attention Process Training-ll; APT-IIl, Attention Process Training-lll; CoBaGa, Cognitive Test Battery for Global Aphasia; L-SAT, language-
specific attention treatment; PWA indicates patients with aphasia; and WAB, Western Aphasia Battery.

whose primary complaint was difficulties in reading. The
patient received attention treatment, during which they
were engaged in a series of repetitive tasks address-
ing sustained attention, in the beginning, and progress-
ing through alternating, selective, and divided attention.
Reading abilities were monitored throughout the treat-
ment via reading an article from various magazines and
answering comprehension questions, and 2 indices of
change were derived, namely reading comprehension
scores and reading rate (ie, words per minute). The
treatment probe data revealed that the reading com-
prehension scores gradually improved over the course
of the treatment and that increased accuracy was main-
tained at the follow-up. The reading rate data showed
a trend towards decreasing, more stable reading rate.
According to Coelho, the patient's reading improve-
ments were attributable to sustained attention, coping
with distractions, and increased concentration.

In another case study, Murray et al®® used the same
attention training program as Coelho in a patient with mild
aphasia to investigate whether attention improvements
would evoke concomitant improvements in auditory com-
prehension as well as the patient's and their spouse’s
perception of their daily attention and communication

Stroke. 2023;54:565-66. DOI: 10.1161/STROKEAHA.122.037936

difficulties. Throughout treatment, auditory comprehen-
sion was monitored via a paragraph listening task, in
which the patient listened to 4 prerecorded passages
and then answered prerecorded multiple-choice ques-
tions. During the treatment tasks, the patient demon-
strated gradual improvements in reaction time, accuracy,
or both, and therefore was able to acquire the specific
attention skills that the treatment targets. Improved
scores on attention tasks tapping into skills like those
practiced during treatment were also achieved. Regard-
ing auditory comprehension during the paragraph probe,
the authors reported a trend towards improved listening
accuracy, which they attributed to exposure effects, and
reaction time, which they interpreted as improved speed.
Finally, the authors reported minimal change in basic
and high-level language abilities as measured with the
standardized assessments, and in how the patient and
their spouse rated the adequacy of the patient's com-
munication abilities following treatment, and moderate
improvements on the attention skills. Based on these
findings, Murray and colleagues proposed that structured
attention training may result in improvements limited to
specific attention skills, whereas positive changes in
untrained functions, including language, are less likely.
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That is, cross-domain generalization did not occur in this
instance.

Lee et al®' used attention training to treat individuals
with chronic mild aphasia and concomitant reading com-
prehension problems, with an emphasis on the meta-
cognitive component of the treatment. Specifically, the
attention training program included 2 features that pro-
mote metacognitive behavior, namely effort and motiva-
tion self-ratings and presentation of detailed data. Over
the course of the treatment and after each attention task,
participants were asked to rate their effort and motiva-
tion and were shown their accuracy results on a line
graph. A battery of assessments was administered prior
to and after treatment to characterize attention deficits
and evaluate response to intervention. Reading compre-
hension was monitored with maze reading tasks, during
which participants were asked to read maze passages
silently and to circle the word in parenthesis that appro-
priately completes each sentence. The authors reported
that 3 of the 6 participants showed a positive change
in maze accuracy. The aggregated effect size was sta-
tistically significant. Based on these results, the authors
argued that the attention training program used in this
study has the potential to improve reading skills in PWA.

The studies reported above utilized a domain-gen-
eral approach for attention training, such that treat-
ment only included nonlinguistic stimuli. The alternative
to such an approach is the use of tasks that address
language-specific attention skills. Peach et al®® examined
the comparative effectiveness of the 2 diverging atten-
tional approaches to aphasia recovery in a small-scale
randomized controlled cross-over single-subject study.
Specifically, all participants in their study were exposed
to 2 attention treatment programs: a language-specific
attention treatment with language-based tasks and stim-
uli that impose increasing attentional demands on lexical
and sentence processing, and a direct attention training
program. Steady, linear improvements on the treatment
tasks followed the language-specific attention treatment,
whereas more variable and unpredictable patterns of
performance were associated with direct attention train-
ing program. The improvements following the language-
specific attention treatment were reliable, as reflected
by the statistically significant effect sizes for most of
the tasks. The results of the standardized assessments
also favored the language-specific attention treatment.
Although simple sums of change scores for the 3 stan-
dardized language tests showed that either treatment (or
both) may result in language improvements, 3 of the 4
participants exhibited reliable improvements on WAB-
AQ following the language-specific attention treatment.
Peach and colleagues argued that either a language-
specific or a domain-general attention training program
may produce some language improvements in aphasia;
however; a language-specific treatment seems to be a
preferable approach for aphasia rehabilitation.
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Language Treatment Versus Language Plus
Attention Training

Zhang et al®” conducted a randomized controlled ftrial,
in which the first group received impairment-specific
language therapy, whereas the second group received
additional gradual attention training.t® Prior to and after
treatment, language function was assessed by com-
ponents of the WAB, including spontaneous speech,
auditory comprehension, repetition, and naming, and
WAB-AQ was calculated. The authors reported that both
groups had similar language function at the baseline;
however, after treatment, the group that received addi-
tional gradual attention training exhibited significantly
higher scores in the auditory comprehension and naming
components of the WAB compared with the group that
received language treatment only.

Similar results have also been reported in a case
study by Modarres et al%® The patient who participated
in this study received naming treatment via language-
based tasks followed by a combined program in which
language-based tasks and attention training were both
presented. The language-based tasks included seman-
tic and phonological activities, whereas attention training
was delivered via the Attentive Rehabilitation of Atten-
tion and Memory™ program targeting sustained, selec-
tive, alternating, and divided attention using nonlinguistic
stimuli. According to the authors, the patient exhibited
improvements on their naming ability during both treat-
ment programs, however more gains were associated
when the language tasks were combined with atten-
tion training. Most importantly, this combined treatment
protocol resulted in generalization to untrained linguistic
items in this participant.

Attention Improvements Following Language
Treatment

The studies presented in the previous parts of this sec-
tion suggest that direct attention training alone or com-
bined with language treatment may result in language
improvements. In this last part, we review a study that
investigates the opposite relationship, that is whether
language treatment may generalize to improvements
in the attention domain. Specifically, Marinelli et al™
reported data from patients with severe aphasia who
received language treatment focusing on auditory
and written comprehension and production as well
as on rehabilitation of articulatory difficulties. All par-
ticipants also completed standardized attention tasks.
The results showed a significant improvement for com-
prehension and repetition, and, most importantly, a
significant improvement for attention. The authors inter-
preted this finding as evidence for a strong relationship
between language impairments and general cognitive
functioning.
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THE NEURAL BASIS OF THE ATTENTION-
LANGUAGE RELATIONSHIP IN APHASIA

The evidence reviewed in the previous sections indicate a
high prevalence of attention deficits in aphasia. It is also
important to note emerging evidence that the status of
the attention skills of PWA affect the extent of aphasia
recovery. This behavioral relationship is likely to have a
neural basis as well. To illustrate, domain-general attention
is thought to be subserved by different brain regions com-
prising the dorsal attention network and ventral attention
network. The dorsal attention network, organized bilaterally
and comprising the intraparietal sulcus and the frontal eye
fields of each hemisphere, is considered a goal-driven or
“top-down” attentional system.” The Ventral attention net-
work is thought to be a stimulus-driven or “bottom-up”
attentional system largely right lateralized and comprising
the temporoparietal junction and the ventral frontal cor-
tex.” Several studies have investigated the activation pat-
terns of these networks (or regions that belong to these
networks) in stroke survivors (with or without aphasia)
compared with healthy adults and have addressed their
role in attention skills and/or aphasia recovery.

Carter et al” reported that, within 4 weeks after
stroke, decreased interhemispheric connectivity of
homologs within the dorsal attention network (eg, left
and right intraparietal sulcus) correlated with worse per-
formance on a spatial attention task. Sandberg™ reported
that chronic PWA have decreased connectivity within
the dorsal attention network compared with controls.
Interestingly, in the same study, comparisons within the
PWA group showed that higher connectivity in the dorsal
attention network was associated with less severe apha-
sia. Duncan and Small™® reported that imitation-based
treatment resulted in increased functional connectiv-
ity within resting-state networks, including the dorsal
attention network, and decreased functional connectivity
between the networks. These findings indicate that mod-
ularity, a key organizational principle in resting-state net-
works, increased as a function of treatment. The authors
also found that this increased modularity was positively
correlated with improvement in post-treatment narrative
production. Siegel et al” found that stroke survivors had
lower modularity than healthy adults in the 2 attention
networks 2 weeks poststroke. Interestingly, their modu-
larity increased over the first year, and this increase was
associated with better recovery of language and atten-
tion. Barbieri et al’” found greater upregulation in a group
receiving treatment in regions within the dorsal attention
network, and the upregulation was positively related with
behavioral gains resulting from treatment. Finally, several
studies have reported changes in activation or connectiv-
ity—following treatment—in regions implicated in atten-
tional processing, including the middle frontal gyrus,®-8°
and the superior parietal lobule,®%®' reflecting increased
engagement of top-down attentional mechanisms.®?
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CONCLUSIONS

This narrative review includes 28 behavioral stud-
ies that investigated the relationship between atten-
tion and language in PWA using various methods and
approaches. Despite the methodological differences,
the studies reviewed in this article indicate that atten-
tion, a domain-general cognitive skill that is fundamen-
tal for more complex tasks and operations, is critical to
examine in aphasia. The relationship between attention
and language in aphasia varies from concomitant defi-
cits to highly interrelated deficits. All studies included in
this review showed that PWA suffer from impairments to
various degrees in their attentional skills. Several stud-
ies also showed that these limitations may be associ-
ated with language deficits in this population, and, more
importantly, may predict the degree of language recovery.
Finally, treatment studies showed that training attention
in PWA may result in language improvements and that
PWA exhibit more treatment gains when the treatment
protocol targets both domains.

Following Villard and Kiran,® we argue that the relation-
ship between attention and language deficits in aphasia
should be considered within the broader context of the
brain status and other factors that are known to affect
aphasia recovery. The schema suggested by Villard and
Kiran® allows for a strong influence of attention on lan-
guage but also takes into account the selective effects of
brain damage on attention and language. In a similar vein
and as shown in the Figure, we suggest that factors such
as the stroke lesion characteristics (ie, lesion volume
and/or location), and overall brain damage (eg, the pres-
ence and severity of other white matter lesions affecting
the brain network topology) may affect both attention
and language in PWA, and therefore individuals’ brain
status plays a role in the attention-language relationship.
Other factors, including individuals’ demographic charac-
teristics, aphasia severity, and treatment-related factors
(eg, time and intensity) should also be considered.

Collectively, the studies reviewed here indicate an
important link between attention and aphasia. They also
underly the applicability of several nonverbal attention
tests to PWA. This further suggests that evaluation of
attention abilities in aphasia is feasible and, therefore,
PWA should not be excluded from studies of vascular or
other dementia due to their language impairment alone.
However, there are several limitations that need to be
considered. First, only few studies were large-scale stud-
ies, whereas a convenience sample was used in most of
the cases (ie, no sample size justification was provided).
In addition, in several cases, participants were not able to
complete all tasks, reducing even more the data available.
Another limitation is the lack of information on PWA's
brain lesions in most of the studies. As a result, the pos-
sible relationship patterns among aphasic symptoms and
attentional skills as a function of the damage to different
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Figure. Schema of attention and language in aphasia.

brain areas and networks cannot be addresses. A third
limitation concerns the methodology followed in the
studies. Specifically, previous research' has confirmed
patterns of intra-individual variability in attention tasks
among PWA. Given that most data come from single
timepoints, the reliability of PWA's attentional skills is not
ascertained. In addition, although most studies report an
association between attention and language, no conclu-
sions toward causation can be drawn due to the cross-
sectional nature of the studies. A fourth limitation is that,
despite the careful selection of tests with a minimal ver-
bal load, one cannot guarantee that the tests are entirely
nonverbal; the instructions were verbal, and one cannot
rule out verbalization of the resolution strategies.

Future work could take several directions. For
instance, given that most (if not all) of the attention
tests that were used in the studies reviewed here have
not been developed for PWA, best practice recommen-
dations for assessing attention in this population are
needed. We suggest that the tasks assessing atten-
tional skills in PWA should include multiple subtests
evaluating different aspects of attention as well as dif-
ferent modalities (e, auditory and visual modalities). In
addition, researchers should choose assessments with
strong construct validity, to minimize involvement and,
therefore, interference from other cognitive processes
beyond attention. For instance, TEA may not be appro-
priate for this population given the linguistic demands
and need for verbal responses. We also suggest that the
assessments should be administered in multiple time-
points to account for intra-individual variability and that
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objective scoring methods should be use to allow for
replicability and reproducibility of the results. Despite
the encouraging evidence that training attention in PWA
may result in language improvements, the reports are
sporadic and mostly case reports or self-controlled stud-
ies. Therefore, language-specific treatments remain the
standard approach in treatment-induced aphasia recov-
ery. Large-scale clinical trials are needed to evaluate the
therapeutic effect of attention training and inform clini-
cal practice. Such studies would also allow us to explore
whether there is a causal relationship between atten-
tion and language deficits in aphasia through appropri-
ate mediation analyses. Longitudinal studies are also
needed to evaluate the dynamic changes in language
and attention impairments in aphasia as well as to check
for further decline over time towards a dementia stage.
Finally, we encourage the combination of neuropsycho-
logical and neuroimaging data providing information
regarding participants’ brain status (eg, stroke lesion
characteristics, white matter lesions, activation, and
connectivity patterns). This combination will allow us
to explore how attentional skills are related to various
aphasic symptoms and neural damage.
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