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Abstract

The visual system and associated skills are of particular importance in stroke rehabilitation. The process of
neuroplasticity involved in restoring cognitive function during this period is mainly based on anatomical and
physiological mechanisms. However, there is little evidence-based knowledge about the effects of visual skills
training that could be used to improve therapeutic outcomes in cognitive rehabilitation. A computerized
systematic literature search was conducted in the PubMed, Medline, and Web of Science databases from 1 January
1960 to 11 Febuary 2024. 1,787 articles were identified, of which 24 articles were used for the calculation of
weighted standardized mean differences (SMD) after screening and eligibility verification. The findings revealed
moderate effects for global cognitive function (SMD=0.62) and activities of daily living (SMD=0.55) as well as small
effects for executive function (SMD=0.20) - all in favor of the intervention group. The analyses indicate that the
results may not be entirely robust, and should therefore be treated with caution when applied in practice. Visual

skills training shows positive effects in improving cognitive and executive functions, especially in combination with
high cognitive load and in an early phase of rehabilitation. An improvement in activities of daily living can also be
observed with this type of intervention. The high heterogeneity of the studies and different treatment conditions
require the identification of a relationship between certain visual skills and executive functions in future research.
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Introduction

Stroke is one of the most prevalent neurological dis-
eases in the world, with incidence and mortality rates
decreasing by 11.3% and 34%, respectively, since 1990
[1]. A significant general risk factor is the association
with low- and middle-income countries, where 87% of
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the disability-adjusted life years are observed, impacting
individuals at a relatively young age [2]. Individual risk
factors include hypertension, air pollution, diabetes, and
a diet high in fat and cholesterol [3]. Primary and second-
ary prevention strategies have been extensively studied
in the literature and illustrate a homogeneous associa-
tion between risk factors and intervention or patient
behavior [4, 5]. In clinical practice, treatment starts in the
acute phase up to 3 weeks after stroke, where hemody-
namic and metabolic factors are crucial [6]. Treatment
approaches in this phase are clearly emphasized in the lit-
erature in the area of endovascular [7, 8], exosome [9, 10],
and stem cell-based [11-13], as well as pharmacological
[14-16] approaches. In the subacute and early chronic
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phase, respectively 3—-11 and up to 24 weeks after stroke,
cognitive rehabilitation supports the patient in regaining
normal function or compensating for deficits caused by
the affected brain areas [17].

McDonald et al. [18] state that there is no consensus on
an approach in current stroke rehabilitation due to a lack
of evidence. They emphasize the necessity for thorough
investigations into the effectiveness and applicability of
the many promising innovations emerging in this field.
Stinear et al. [19] similarly note the persistent reliance
on conventional interventions in stroke rehabilitation,
highlighting, that though these are effective in increasing
quality of life and activity capacity, updated strategies are
needed. They see potential for novel therapies that bet-
ter address the challenges of a faster-paced, multi-media
world and its multiple stressors and to achieve more
rapid progress, particularly in improving executive func-
tions and motor skills. These interventions include brain-
computer interfaces [20, 21], robot-assisted therapy [22],
virtual-reality rehabilitation [23], and various types of
physical training [24, 25], all of which can now be deliv-
ered in a goal-directed manner outside of clinical reha-
bilitation as home-based interventions [26]. The common
element of all these interventions is that they achieve
effectiveness explicitly via neuroplasticity, i.e. the adapta-
tion of the structures and function of the brain to intrin-
sic and extrinsic stimuli [27]. According to Sweatt [28],
especially in cognitive and executive functions, structural
plasticity is implied via long-lasting, recurrent stimuli
that strengthen synapses between neurons. In contrast,
functional plasticity involves the strengthening of neural
connections due to constant shared activity between neu-
rons, thus adjusting the functional connectivity between
brain areas. Further, neurogenesis, the brain’s ability to
form new neurons as an adaptation to change, has also
taken on new importance in stroke rehabilitation [29].
Guggisberg et al. [30] illustrate that the reorganization of
structural network systems can compensate for impaired
cognitive and motor functions due to the loss of previous
pathways. They advocate for tailored sensory stimulation
and the processing of complex stimuli targeting the indi-
vidually affected area of the brain and its core function.
Visual sequelae affect 60% of all stroke survivors [31] and
are the most disabling effect following cerebral infarction
due to the anatomy of the central nervous system, which
is largely dedicated to vision [32].

The role of the visual system in neuroplasticity-based
stroke rehabilitation

As previously stated, current post-stroke rehabilitation
approaches prioritize enhancing executive functions,
recognized as pivotal for managing activities of daily liv-
ing [33]. The visual system holds significant importance
in shaping both structural and functional neuroplasticity,
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as well as neurogenesis [34—36]. Moreover, it has been
specifically associated with the rehabilitation of executive
functions in stroke patients [37]. According to Marinho
et al. [38], there is also a mutual correlation between
decision-making processes and executive functions in
stroke patients, both of which affect information process-
ing and motor action. The authors explicitly highlight
the significance of sensory input quality in the decision-
making process and thus for performance in executive
functions. The significance of the visual system in these
processes can be exemplified by everyday situations, such
as crossing a green traffic light. In this scenario, many
different visual stimuli affect the person, ultimately con-
tributing to determining their behavior. Research sug-
gests that the activity in the orbitofrontal cortex predicts
successful recognition of visual objects and may receive
visual input after initial sensory processing [39]. These
give rise to predictions that guide specialized higher
visual processing [40] and, according to the model of
Borji et al. [41], fundamentally influence the decision on
whether and how to respond to the traffic light. In addi-
tion to the visual stimuli, there are other cognitive stress-
ors involved when responding to a traffic light, such as
the noise level or the uncertainty about one’s walking
speed. Mathews et al. [42] report that as the cognitive
load increases, differences between conscious perception
and the rapid, reflexive eye movements called saccades
become more pronounced when individuals process situ-
ations. Since cognitive load and executive functions are
negatively correlated [43—45], a bias in visual processing
and thus influence on both the unconscious and con-
scious decision-making process is to be expected. This
practical relevance of the visual system and its influence
on cognitive and executive functions, as well as the trans-
fer to activities of daily living after a stroke, serve as the
objective for this paper.

The importance of investigating visual skills training
in post-stroke rehabilitation is underscored by recent
advances in our understanding of neuroplasticity and its
role in recovery. A recent meta-analysis by Hao et al. [46]
showed that the visual system plays a key role in the neu-
roplastic effects of virtual reality interventions in stroke
patients, while Ferreira et al. [47] highlighted the impor-
tance of visual skills training during the rehabilitation
process. However, visual skills-based interventions are
mainly used in stroke patients for a general, interactive,
and stimulating effect [48], or more recently also specifi-
cally as visual skills training for visual impairments after
stroke [49]. It may be relevant for clinicians to consider
whether their interventions to improve cognitive and
executive function should be targeted at improving visual
skills. To the authors’ knowledge, no systematic review
or meta-analysis has examined the effects of visual skills
training in stroke patients.
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This systematic review and meta-analysis assesses the
current state of research on the effects of visual skills
interventions used in post-stroke rehabilitation to restore
cognitive function or improve functional performance. It
aims to provide relevant insights for clinical practice as
well as new implications for future research.

Methods

This meta-analysis follows the recommendations of the
preferred reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement guidelines [50],
which are shown in Table S1 (Supplement 1).

Literature search

A systematic computerized search for relevant empirical
studies was performed in PubMed, Medline, EMBASE,
Cochrane Library, APA PsycINFO, and Web of Science
using the following Boolean search strategy: (visual OR
vision OR oculomotor OR “eye movement” OR visuomo-
tor) AND (training OR exercise OR intervention) AND
(“cognitive function” OR “executive function” OR cog-
nition OR “activities of daily living”) AND stroke. The
search was limited to the following criteria: publication
dates: 1 January 1960 to 11 February 2024, language: Eng-
lish, article type: no review. To identify further studies
for the analysis, the reference lists of the included studies
were subsequently screened.

Selection criteria

To be included in the systematic review, the eligible
studies had to contain relevant information regarding
the PICOS (Population, Interventions, Comparators,
Outcomes, Study design) approach, which is shown in
Table 1. To assess the relevance, the following criteria
were set: (a) Population: diagnosed stroke patients; (b)
Intervention: training explicitly focused on visual skills;
(c) Comparator: active or passive control group (ie.,
other interventions not focused on visual skills, no train-
ing at all); (d) Outcome: at least one measure of cogni-
tive function or activities of daily living; (e) Study design:
controlled trials with pre- and post-measures. The fol-
lowing were set as criteria for exclusion in the selection
process: (a) participants were blind or had acute eye or

Table 1 Overview of the applied inclusion and exclusion criteria
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vision injuries (i.e., cataract); (b) inaccurate or insuffi-
cient reporting of data (i.e., no measure of central ten-
dency and dispersion in the results section); (c) effects
were examined without control condition; (d) procedures
did not include measurement of parameters for cognitive
function or activities of daily living; (e) cross-sectional
study design or reviews. When defining the intervention
criteria, special attention was paid to the fact that the
included studies explicitly stated the training of visual,
oculomotor, or lower or higher visual system skills as
the aim of the intervention. Interventions that only use
the capabilities of the visual system but do not aim to
improve them, such as most virtual reality interventions,
were excluded.

Data extraction and Assessment of Methodological Study
Quality
The following information was extracted from the
included studies: Authors, year of publication, study
population and clinical condition, total sample size and
sample size per group, type of visual skills intervention,
cognitive or activities of daily living parameters targeted
by the intervention, and pre-and post-measurements.
The variables of interest were methods for measur-
ing cognitive function such as the Montreal Cogni-
tive Assessment (MoCA) [51] or the Mini-Mental State
Examination (MMSE) [52] for global cognitive function.
Furthermore, tests for specific executive functions, such
as the Wechsler Adult Intelligence Scale digit span test
(WAIS-DS) [53], and procedures that measure several
cognitive domains at the same time, such as the Trail
Making Test (TMT) [54], were included. In this case, the
results were assigned to the outcome measure to which
the test can primarily be attributed. When only median
and range were reported in studies [55-59], values were
converted to means and standard deviations as in Wan et
al. [60]. In studies where only graphs were published as
results, data values were obtained using a plot digitizer.
To determine methodological study quality and mini-
mize the risk of bias, each eligible article was assessed
independently by two authors (MN, JS) according to the
Scottish Intercollegiate Guidelines Network methodol-
ogy checklist for randomized controlled trials [61]. The

Category Inclusion criteria

Exclusion criteria

Population
Intervention

diagnosed stroke patient
training explicitly focused on visual skills

Comparator active or passive control group (i.e., other interventions
not focused on visual skills, no training at all)
Outcome at least one measure of cognitive function or activities of

daily living

Study design controlled trials with pre- and post-measures

participants were blind or had acute eye or vision injuries (i.e., cataracts)

inaccurate or insufficient reporting of data (i.e, no measure of central
tendency and dispersion in the results section)

effects were examined without a control condition

procedures did not include measurement of parameters for cognitive
function or activities of daily living

cross-sectional study design or reviews
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possible classifications are low quality (-), acceptable
quality (+), and high quality (++). Studies classified as
unacceptable (0) were rejected. The results are shown in
Table S2 (Supplement 2).

Synthesis of results

The included studies were screened for the outcome
variables of interest, which resulted in this meta-analysis
focusing on different outcome measures. As many dif-
ferent test procedures are used in the literature, the pre-
ferred and alternative measures for each outcome were
presented in Table 2 to reduce the heterogeneity of the
included studies.

In the category of global cognitive function, the MMSE
was identified as the most common test, illustrating high
factorial validity [62] and low influence on the type of
stroke or other comorbidities, particularly in geriatric
patients [63]. In the areas of executive function, the TMT
Part A and Part B were used most as measures of visual
processing speed and cognitive flexibility respectively.
Part A illustrates a high sensitivity in measuring visual
processing speed [54], whereas Part B is more sensitive
to cognitive flexibility [64]. The WAIS-DS is referred to
as the best indicator of working memory ability of all
subtests and demonstrates high validity as a working
memory measure [53]. When considering selective atten-
tion, the Visual continuous performance test (V-CPT)
has been identified as the most commonly used mea-
sure. It is often used in the assessment of stroke patients
[65], although validity has not been demonstrated [66].
The Stroop task (ST) was included as an alternative out-
come because, although it encompasses several executive
functions, it was originally developed as a test of selec-
tive attention [67] and has recently been associated with
selective-attention related hemodynamic activity [68].

Other outcomes used in the included studies that
matched the categories were listed as alternative out-
comes in Table 2.

In addition, the use of different treatment modalities
and their combinations during an intervention was taken
into account. Treatment modality was coded using the
following parameters: Training weeks/sessions and ses-
sion duration. In cases where the studies considered did
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not contain conclusive results, the authors were con-
tacted by email [69, 70]. If the authors did not respond
to the request [69, 70], the respective study was excluded
from further analysis.

Statistical analysis

To determine the effects of visual skills training on cogni-
tive function and activity of daily living, the standardized
between-subjects mean difference was calculated as SMD
= (mean post-test in [INT] - mean post-test in [CON]) /
pooled standard deviation [71]. A random-effects meta-
analysis model of Review Manager version 5.4.1 was used
for calculation, where SMD can be positive or negative.
Positive SMD values indicate an improvement in the
measured parameters in favor of the intervention group
(INT), while negative values indicate an improvement in
favor of the control group (CON). According to Cohen
[72], 0<0.49 for small effects, 0.50<0.79 for moderate
effects, and >0.80 for large effects are classified and inter-
preted accordingly. During analysis, heterogeneity (/%)
was calculated using the formula reported by Deeks et al.
[73]: I = (Q - df | Q) * 100%, where Q is the chi-squared
statistic and df represents the degrees of freedom [74].
Following Deeks et al. [73], heterogeneity can be inter-
preted as trivial (0<40%), moderate (30<60%), substan-
tial (50<90%), or considerable (75<100%). To account
for heterogeneity in the characteristics of the study sam-
ples, sensitivity analyses were performed by successively
excluding one study. In the following, a-priori sub-groups
were identified on the basis of theoretical reasoning [75].
Additionally, a separate (global cognitive function/execu-
tive functions/activities of daily living) qualitative funnel
plot evaluation, as well as Egger’s regression was per-
formed to examine a potential publication bias.

Results

Selection of studies

The search strategy and selection process for visual skills
interventions are illustrated in Fig. 1. A total of 2,343
articles on visual skills interventions were identified
for further analysis in the PubMed, Medline, EMBASE,
Cochrane Library, APA PsycINFO, and Web of Science
databases and supplemented by 13 additional articles

Table 2 Overview of the preferred and alternative outcome by category

Category Preferred outcome

Alternative outcome

Global cognitive function  Mini-Mental Status Examination (MMSE; n=6)
Working memory function
Visual processing speed

Cognitive flexibility

Trail Making Test Part A (TMT-A; n=5)
Trail Making Test Part B (TMT-B; n=3)
Selective attention

Activities of daily living Modified Barthel Index (MBI; n=15)

Visual continuous performance test (V-CPT, n=3)

Montreal Cognitive Assessment score (MoCA; n=5)

Wechsler Adult Intelligence Scale Digit Span score (WAIS-DS; n=5) -

Stroop test (ST, n=2)

MoCA=Montreal Cognitive Assessment; WAIS-DS=Wechsler Adult Intelligence Scale digit span score; MMSE=Mini-Mental Status Examination; MBI=Modified
Barthel Index; V-CPT=Visual continuous performance test; TMT-A=Trail Making Test Part A; TMT-B=Trail Making Test Part B; ST=Stroop test
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Fig. 1 PRISMA flow diagram illustrating the systematic literature search, study selection, and respective reasons for exclusion of records

derived from a manual search of the reference lists. After
removing duplicates, excluding articles based on title
or abstract, as well as reviews, case studies, and experi-
mental study designs, 83 articles remained for full-text
consideration. 36 articles were excluded that did not spe-
cifically focus their intervention on visual skills. Fourteen
studies did not examine outcome measures relevant to
the present systematic review and meta-analysis, seven
did not specify only stroke patients as the population,
and two did not provide conclusive data.

Study characteristics

The characteristics of the included studies are listed
in Table 3 and illustrate the authors, year of publica-
tion, participant characteristics, time since stroke,

intervention and control groups, details of the interven-
tions implemented, test procedures and outcome mea-
sures, the results of each group, and the methodological
study quality.

Participant characteristics

A total of 889 participants were examined in the included
studies of this meta-analysis. All participants had a his-
tory of diagnosed stroke and were aged between 30 and
77 years. One study examined participants with a mean
age of 30.9-39.8 years [56], 14 studies of 52.5-62.6 years
[55, 58, 59, 76, 78, 80, 82—84, 87, 88, 90, 92, 94], six of
64.0-67.6 years [57, 77, 81, 85, 86, 91], and three of 70.7—
77.7 years [79, 89, 93]. A total of 357 women and 532 men
were studied. One study considered one woman and 28
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men [92] and another five women and 25 men [76]. All
other studies had a more balanced female-to-male ratio.
The localisation was indicated by five studies with right
hemisphere [58, 78, 81, 86, 94], six with various [55, 57,
59, 77, 87, 90], while all others did not provide any infor-
mation. The main symptoms of the participants indicated
eleven studies with cognitive dysfunction [55-57, 59, 78,
79, 82, 83, 86—88], five with motor dysfunction [58, 77,
90, 92, 94], three with visual disorders [80, 81, 89], and
five did not provide any information [76, 84, 85, 91, 93].
For the time since stroke event, one study gave no indica-
tion [89], two generally less than 3 months [55, 90], two
from 3 to 6 months [56, 80], three less than 6 months
[57, 59, 87], two 0.5-0.6 months [58, 86], seven 1.0-3.2
months [77, 81, 85, 88, 91, 93, 94], two 4.0—-4.9 months
[79, 92], one more than 6 months [84], and four 8.3-20.8
months [76, 78, 82, 83]. Six populations were analyzed
in China [55, 57, 58, 90-92], four in Korea [79, 83, 84,
88], two in Germany [77, 81], two in Italy [56, 87], two
in Canada [85, 86], and one each in Pakistan [80], Egypt
[76], Iran [78], the Netherlands [93], Finland [94], Russia
[59], South Africa [89], and Sweden [82].

Intervention characteristics

In the selection of therapy methods, four studies illus-
trated general visual skills training [55, 56, 85, 86], four
visuomotor training [76, 79, 92, 93], four visual-spatial
training [59, 82, 83, 87], three visual feedback training
[58, 90, 91], three visual scanning training [80, 81, 94],
two eye-movement training [57, 89], and two visual-
cognitive training [77, 78]. One study each used vision
control dual-task training [84] and eye-tracking visual
cognitive training [88] as an intervention approach. All
included studies differed significantly in the total period
of intervention, number of sessions, and session dura-
tion, ranging from 10 days to 10 weeks, eight to 48 ses-
sions, and 20 to 270 min.

Std. Mean Difference
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Six studies carried out eight to 16 sessions with a total
of 300-600 min of visual training [55, 58, 59, 77, 78, 91],
10 conducted 20-25 sessions and 600—4200 min [80-87,
89, 92], and six 28-48 sessions and 840-11520 min [57,
76,79, 88, 90, 94]. One study did not provide information
on the number of sessions or session duration [93] and
one did not provide information on session duration [56].

Outcome measures

Of the included studies, nine measured at least one out-
come for cognitive function [55, 59, 76, 78, 82-85, 94],
nine only measured activities of daily living [58, 77, 80,
81, 87, 90-93], and six studies considered both outcomes
[56, 57, 79, 86, 88, 89]. In the area of cognitive function,
six examined global cognitive function [55-57, 59, 76,
89], six executive functions [78, 82—85, 94], and three
considered both outcomes [79, 86, 88]. To measure global
cognitive function the MoCA was used in three studies
[55, 57, 76], the MMSE in four [56, 79, 88, 89], and two
studies considered both tests [59, 86]. The WAIS-DS was
used to measure working memory function in five studies
[79, 82, 83, 86, 94], the TMT-A for visual processing time
in five [79, 83-86], and the TMT-B for cognitive flexibil-
ity in three studies [84—86]. The V-CPT was used as a
measurement instrument for selective attention in three
studies [78, 79, 88] and the ST in two, one of which used
the ST to measure selective attention [84] and the other
to measure inhibitory control [82]. Table 3 shows all the
effects of the visual skills interventions on cognitive and
executive function as well as activities of daily living in
stroke patients.

Effects of visual skills training on global cognitive function,
executive functions and activities of daily living in stroke
patients

Figure 2. Effects of visual skills training on global cogni-
tive function (e.g., MMSE) in stroke patients. CI=con-
fidence interval;, CON=control group; df=degrees of

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
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Rizkalla [2011] 221 06 7T.9% 2.21[1.03,3.39)
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Total (95% CI) 100.0% 0.62 [0.15, 1.10] <D
Heterageneity: Tau®= 0.39; Chi®= 33.33, df= 8 (P = 0.0001}; F= 76% f4 12 b é i

Test for averall effect: Z=2.56 (F=0.01)

Favours [CON] Favours [INT]

Fig. 2 shows the effects of visual skills training on global cognitive function. In total, the weighted mean SMD resulted in 0.62 (Chi*=33.33, df=38,
p<.0001, *=76%), indicating a moderate-sized effect favoring the INT groups
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freedom; INT=intervention group; IV=inverse variance;
SE=standard error; Std. = standard.

The effects of visual skills training on executive func-
tions in stroke patients are outlined in Fig. 3. The
weighted mean SMD amounted to 0.20 (Chi*=29.61,
df=17, p=.03, P=43%), which indicates a small-sized
effect in favor of the INT groups. Further, a subgroup-
analyses revealed small-sized effects for working mem-
ory function (SMD=0.44, Chi*=14.71, df=4, p=.005,
PP=73%), visual processing speed (SMD=0.15, Chi*=2.91,
df=4, p=.57, P=0%), cognitive flexibility (SMD=0.27,
Chi*=3.65, df=2, p=.16, P=45%), and selective attention
(SMD=0.13, Chi*=7.75, df=4, p=.10, P=48%).

For the effects of visual skills training on activities of
daily living in stroke patients, illustrated in Fig. 4, the
weighted mean SMD indicated 0.55 (Chi*=48.29, df=14,
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p<.0001, P=71%), thus revealing a moderate effect in
favor of the INT-groups.

Reporting bias and sensitivity analysis
Funnel Plots are illustrated in Fig. 5A-C. For all measures,
the symmetry is limited, indicating a possible publica-
tion bias. However, Egger’s test showed no asymmetry
for global cognitive function (value = -0.374; p=.709),
executive functions (value=1.058; p=.290), and activities
of daily living (value=0.565; p=.572), respectively. The
results therefore give no indication of a publication bias.
After finding high heterogeneity (I>=76%) regard-
ing global cognitive function, the study by Chen et al
[55] was removed for sensitivity analysis, resulting in
a reduced I? value of 58%. Further removing the study
by Rizkalla [86] reduced heterogeneity significantly

Std. Mean Difference Std. Mean Difference
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Heterogeneity: Tau*=0.00; Chi*=2.91, df =4 (P=057), F=0%

Test for overall effect Z=1.17 (P=0.24)

1.2.3 TMT-B: Cognitive flexibility

Kim et al. [201 3] -01 039 52% -0.10 [-0.86, 0.66] I

Mazer et al. [2003] 016 0.z 9.8% 016 [-0.23, 0.55] -

Rizkalla [2011] 1.07 n.4a 37% 1.07 [0.09, 2.09] —
Subtotal (95% CI) 18.8% 0.27 [-0.25, 0.80] L
Heterogeneity: Tau*=0.10; Chi*= 3.65, df= 2 {(P=0.16); F= 45%

Test for overall effect Z=1.02 (P =0.31)

1.2.4 V-CPT/ST: Selective attention

Kim et al. [2011] -0.3 037 5.6% -0.30 [-1.03,0.43] ——

Kim et al. [2013] 021 039 52% 0.21 [-0.55, 0.97] -

Moon et al. [2022] 056 033 6.4% 0.56 [-0.08,1.21] T
Fashang etal. [2019] -0.64 0.46 4.2% -0.64 [-1.54, 0.26] 1
Westerherg et al. [2007] 08 049 3.8% 0.80 [-0.16,1.76] T
Subtotal (95% CI) 25.3% 0.13 [-0.36, 0.62] <
Heterogeneity: Tau*=0.15; Chi*=7.75, df=4 {(P=0.10); F= 48%

Testfor averall effect Z= 052 (P = 0.60)

Total (95% CI) 100.0% 0.20 [-0.02, 0.42] P
Heterogeneity: Tau®= 0.09; Chi*= 29.61, df=17 (P = 0.03); F= 43% 54 52 3 é 4:1
Testfor overall effect Z=1.82 (P = 0.07) Favours [CON] Favours [INT]

Testfor subgroup differences: Chi*= 0.65, df= 3 (P =089, F=0%

Fig. 3 Effects of visual skills training on executive functions (e.g., WSAI-DS) in stroke patients. C/=confidence interval; CON= control group; df=degrees

of freedom; INT=intervention group; /V=inverse variance; SE=standard error,

- Std. = standard
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Fig. 4 Effects of visual skills training on activities of daily living (e.g., MBI) in stroke patients. C/=confidence interval; CON= control group; df =degrees of
freedom; INT=intervention group; /V=inverse variance; SE =standard error; Std. = standard
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Table 4 Sub-group/moderator analysis of time since stroke and global cognitive function

Mixed-Effects Model (k=8)

Estimate se z p Cl Lower Bound Cl Upper Bound
Intercept 1.748 0.506 345 <0.001 0.756 2.740
Moderator -0.496 0.225 -2.21 0.027 -0.936 -0.056

Note. Tau? Estimator: Maximum-Likelihood; Van Wyk [89] did not report any data and was therefore excluded

Table 5 Sub-group/moderator analysis of proportion of male participants and working memory function

Mixed-Effects Model (k=5)

Estimate se V4 p Cl Lower Bound Cl Upper Bound
Intercept -0.794 1.54 -0.515 0.607 -3.815 2.228
Moderator 2344 290 0.807 0.420 -3.349 8.037

Note. Tau? Estimator: Maximum-Likelihood

(I’=18%), also revealing a reduction of the weighted
mean SMD to 0.32, indicating small-sized effects. An
sub-group analysis was conducted to explore the poten-
tial mediating effect of time since stroke on global cogni-
tive function scores. The analysis revealed a statistically
significant association (p=.027, Table 4) between time
since stroke and global cognitive function, suggesting
that time since stroke may serve as a moderating factor.

As a high heterogeneity was found for executive
functions in the working memory function subgroup
(I’=73%), the study by Kim et al. [79] was removed for
the sensitivity analysis, which reduced I* to a value of
39%. The exclusion of Westerberg et al. [82] resulted in
a homogeneous outcome (I°=0%) and did not alter the
effect size (SMD=0.46). When looking at the study char-
acteristics, the large number of men compared to women
was apparent in both studies. A quotient was calculated
to determine the proportion of male participants in each
study and analyzed as a potential moderator variable.
The analysis showed no significant correlation (p=.420)
between the average number of male participants and the
working memory function (Table 5).

Discussion

To the best of the authors’ knowledge, this is the first sys-
tematic review with meta-analysis on the effects of visual
skills training on cognitive functions in stroke patients
and provides a quantitative analysis. Despite the influ-
ence of the visual system on the outcomes of a variety of
post-stroke rehabilitation strategies, the empirical knowl-
edge on the impact of interventions explicitly targeting
visual skills is deficient. The meta-analysis conducted
includes 24 studies and illustrates (i) moderate-sized
effects on global cognitive function and (ii) small-sized
effects on executive functions and activities of daily liv-
ing in favor of the INT groups. However, due to the high
heterogeneity and moderating variables, the results are
not very robust and must therefore be interpreted with
caution.

Effects of visual skills training on measures of global
cognitive function

The included studies that investigated the effects of visual
skills training on global cognitive function predomi-
nantly showed positive effects. In terms of the interven-
tion approach, the studies illustrated mixed results.
Studies involving general visual skills training were the
only ones to exhibit large effects [55, 86], while another
study showed low effects [56]. However, the latter was
the only one of this group to combine visual skills train-
ing with conventional rehabilitation and did not indicate
the amount of visual skills training. The age of the par-
ticipants, the time since the stroke, the total length of the
intervention, the number of sessions, and their duration
did not appear to influence the outcomes observed in the
studies. Studies in which visual skills training explicitly
involved the loading of multiple cognitive components
and systems [55, 86] illustrated stronger effects than
those in which the intervention was less complex [56,
57, 59, 76, 79, 88, 89]. This is consistent with the find-
ings of Mathews [42] indicating that increased cognitive
load due to higher complexity enhances cortical adapta-
tion processes. This is also supported by the findings of
Appelbaum and Erickson [95] who reported improved
effectiveness of visual skills training in athletes by adding
dual-tasks. The analysis revealed that training in visual
skills had a significant impact on patients within three
months of a stroke. However, small effects were observed
beyond this period. These results are consistent with
Bergsma et al. [96], who found that training the visual
system has a stronger impact on cognitive function, par-
ticularly in the immediate post-stroke phase. This effect
is more pronounced than in later stages. Recent research
has shown that surviving neurons in the peri-infarcted
tissue enlarge their dendritic trees and sprout axons,
highlighting the importance of neuroplasticity, especially
in the early phase [97]. In summary, visual skills training
can improve global cognitive function, especially when
it is more complex, involves additional cognitive load
and is applied early after stroke. Future research should
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investigate visual skills interventions with and without
additional cognitive load, as well as the type of cognitive
load (e.g., visual, auditory, tactile).

Effects of visual skills training on measures of executive
function

The results of the studies that examined the effects on
executive functions only partially illustrated positive
effects. Among the subgroups, the greatest effects were
observed in working memory function and cognitive flex-
ibility. Correlations between the improvement of visual
skills and certain subdomains of cognitive functions have
been scarcely explored in the literature. Only Knéllner et
al. [98] investigated the connection between visual skills
and executive functions and referred to the strongest cor-
relation between visual skills and working memory func-
tion. Regarding time since stroke, the studies with the
longest time since stroke showed negative and the low-
est positive effects for visual processing speed [84, 90]
and negative effects for cognitive flexibility [84]. These
results are in line with van de Ven et al. [99], who found
that cognitive flexibility improves independently with
increasing time after onset, even without training. This
could limit the effects of therapy depending on how long
ago the stroke occurred. When classifying the analysis on
selective attention, it should be noted that the two studies
with negative effects [78, 79] both had low methodologi-
cal study quality and significantly lower values at baseline
in the INT compared to the CON groups, so that a com-
parison of the treatment effects should be interpreted
with caution. Overall, the heterogeneity of the included
studies in terms of different tests and interventions is
too high to draw therapy-relevant conclusions. It can be
stated that the basic correlation between visual skills and
executive functions should be investigated in future stud-
ies to prioritize interventions according to the individual
limitations of stroke patients.

Effects of visual skills training on measures of activities of
daily living

The results in the area of activities of daily living as a
secondary outcome of this meta-analysis were predomi-
nantly positive. It should be noted that the only two stud-
ies with negative effects [79, 88] were both of low study
quality and the baseline values were significantly lower in
the INT group than in the CON group. Even though the
heterogeneity of the included studies is very high, it can
be concluded that visual skills training to improve activi-
ties of daily living can be useful, taking into account the
aforementioned aspects.
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Strengths and limitations of this systematic review with
meta-analysis

There are obvious strengths and limitations to this arti-
cle. One important aspect is that this is the first meta-
analysis to evaluate the benefits of all visual system-based
interventions in stroke patients and includes eight papers
published in the last three years. Overall, the included
studies are of low to high methodological quality. The
most common methodological shortcomings are the lack
of blinding of investigators and subjects or inadequate
concealment methods. However, no study of unaccept-
able quality had to be excluded from the meta-analysis.
Another weakness of our meta-analysis is the inconsis-
tency of the studies regarding the interventions (different
visual training methods, different control interventions,
different intervention duration) and the heterogeneous
location of the stroke event. Furthermore, the popula-
tion of the included studies showed a broad spectrum of
cognitive and motor symptoms, as well as partial impair-
ment of the visual system. This means that only general,
but no specific conclusions can be drawn about the effec-
tiveness of the interventions. This must be taken into
account when analyzing the results. The interpretation of
the results is also limited by the small sample sizes of the
included studies, with the largest being 97 participants,
and by the fact that only a few studies investigated the
long-term effects.

Conclusions

The present systematic review with meta-analysis aimed
to identify the existing evidence for training that explicitly
focuses on visual skills in relation to cognitive and execu-
tive functions and also to establish a link with activities
of daily living. The results presented in this meta-analy-
sis suggest a potential relationship between visual skills
training and the improvement of cognitive functions.
Based on the analysis of this work, it can be stated that
visual skills training, especially when designed to include
a high cognitive load, can achieve considerable effects in
the area of global cognitive function and should therefore
be used in clinical practice. However, the large number of
different interventions and variations in delivery in this
area make it difficult to draw precise conclusions about
the nature of the intervention, so further research aimed
at specifying and refining the approaches used in visual
skills training appears necessary. Furthermore, the clini-
cal manifestations of stroke are non-specific and highly
variable, as different functional systems can be affected.
In future research, therefore, not only the brain areas of
the lesion should be named, but in particular the func-
tional limitations of the affected individual should be
identified. This approach would allow for a more precise
understanding of the therapy outcomes, attributing them
more accurately to the specific functional impairments.



Niering and Seifert Journal of NeuroEngineering and Rehabilitation

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512984-024-01338-5.

Supplementary Material 1

Supplementary Material 2

Author contributions

Conceptualization: MN; methodology: MN and JS; formal analysis: MN and JS;
writing—original draft preparation: MN; writing—review and editing: MN and
JS. All authors discussed the results and contributed to the final manuscript.

Funding

This research did not receive any specifc grant from funding agencies in the
public, commercial, or not-for-proft sectors.

Open Access funding enabled and organized by Projekt DEAL.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 14 December 2023 / Accepted: 8 March 2024
Published online: 26 March 2024

References

1. Avan A, Digaleh H, Di Napoli M, et al. Socioeconomic status and stroke inci-
dence, prevalence, mortality, and worldwide burden: an ecological analysis
from the global burden of Disease Study 2017. BMC Med. 2019;17:191.
https://doi.org/10.1186/512916-019-1397-3

2. Johnson W, Onuma O, Owolabi M, Sachdev S. Stroke: a global response is
needed. Bull World Health Organ. 2016;94:634-634. https://doi.org/10.2471/
BLT.16.181636. A.

3. LanasF, Seron P Facing the stroke burden worldwide. Lancet Global Health.
2021;9:€235-6. https://doi.org/10.1016/52214-109X(20)30520-9

4. Caprio FZ, Sorond FA. Cerebrovascular disease. Med Clin North Am.
2019;103:295-308. https://doi.org/10.1016/j.mcna.2018.10.001

5. Owolabi MO, Thrift AG, Mahal A, et al. Primary stroke prevention worldwide:
translating evidence into action. Lancet Public Health. 2022;7:e74-85. https.//
doi.org/10.1016/52468-2667(21)00230-9

6. Bath PMW, Lees RL. Acute stroke. West J Med. 2000;173:209-12. https://doi.
org/10.1136/ewjm.173.3.209

7. Powers WJ, Rabinstein AA, Ackerson T et al. (2019) Guidelines for the early
management of patients with Acute ischemic stroke: 2019 update to the
2018 guidelines for the early management of Acute ischemic stroke: a
Guideline for Healthcare professionals from the American Heart Associa-
tion/American Stroke Association. Stroke 50:. https://doi.org/10.1161/
STR.0000000000000211

8. Silva GS, Nogueira RG. (2020) Endovascular Treatment of Acute Ischemic
Stroke. CONTINUUM: Lifelong Learning in Neurology 26:310-331. https://doi.
0rg/10.1212/CON.0000000000000852

9. CaiY, LiuW,Lian L, et al. Stroke treatment: is exosome therapy superior to
stem cell therapy? Biochimie. 2020;179:190-204. https://doi.org/10.1016/].
biochi.2020.09.025

10. Zhang ZG, Buller B, Chopp M. Exosomes — beyond stem cells for restorative
therapy in stroke and neurological injury. Nat Rev Neurol. 2019;15:193-203.
https://doi.org/10.1038/541582-018-0126-4

(2024) 21:41

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 19 of 21

Bang QY, Kim EH. Mesenchymal stem cell-derived extracellular vesicle ther-
apy for stroke: challenges and Progress. Front Neurol. 2019;10:211. https://doi.
0rg/10.3389/fneur.2019.00211

Borlongan CV. Concise Review: Stem Cell Therapy for Stroke patients: are

we there yet? Stem Cells Translational Med. 2019;8:983-8. https://doi.
0rg/10.1002/sctm.19-0076

Jian Z, Liu R, Zhu X, et al. The involvement and therapy target of Immune cells
after ischemic stroke. Front Immunol. 2019;10:2167. https://doi.org/10.3389/
fimmu.2019.02167

Lambertsen KL, Biber K, Finsen B. Inflammatory cytokines in experimental
and human stroke. J Cereb Blood Flow Metab. 2012,32:1677-98. https://doi.
0rg/10.1038/jcbfm.2012.88

Lambertsen KL, Finsen B, Clausen BH. Post-stroke inflammation—target

or tool for therapy? Acta Neuropathol. 2019;137:693-714. https://doi.
0rg/10.1007/500401-018-1930-z

Tuttolomondo A, Di Raimondo D, di Sciacca R, et al. Inflammatory

cytokines in Acute ischemic stroke. CPD. 2008;14:3574-89. https://doi.
0rg/10.2174/138161208786848739

De Luca R, Calabro RS, Bramanti P. Cognitive rehabilitation after severe
acquired brain injury: current evidence and future directions. Neuropsycho-
logical Rehabilitation. 2018;28:879-98. https://doi.org/10.1080/09602011.201
6.1211937

McDonald MW, Black SE, Copland DA, et al. Cognition in stroke rehabilita-
tion and recovery research: Consensus-based core recommendations from
the second stroke recovery and Rehabilitation Roundtable. Int J Stroke.
2019;14:774-82. https://doi.org/10.1177/1747493019873600

Stinear CM, Lang CE, Zeiler S, Byblow WD. Advances and challenges in stroke
rehabilitation. Lancet Neurol. 2020;19:348-60. https://doi.org/10.1016/
51474-4422(19)30415-6

Mane R, Chouhan T, Guan C. BCI for stroke rehabilitation: motor and beyond.
J Neural Eng. 2020;17:041001. https://doi.org/10.1088/1741-2552/aba162
Mrachacz-Kersting N, Jiang N, Stevenson AJT, et al. Efficient neuroplasticity
induction in chronic stroke patients by an associative brain-computer
interface. J Neurophysiol. 2016;115:1410-21. https://doi.org/10.1152/
jn.00918.2015

Hobbs B, Artemiadis P. A review of Robot-assisted Lower-Limb stroke therapy:
unexplored paths and future directions in Gait Rehabilitation. Front Neuroro-
bot. 2020;14:19. https://doi.org/10.3389/fnbot.2020.00019

Maggio MG, Latella D, Maresca G, et al. Virtual reality and Cognitive Rehabili-
tation in people with stroke: an overview. J Neurosci Nurs. 2019;51:101-5.
https://doi.org/10.1097/JNN.0000000000000423

Miller KK, Porter RE, DeBaun-Sprague E, et al. Exercise after Stroke: Patient
Adherence and beliefs after Discharge from Rehabilitation. Top Stroke Reha-
bil. 2017;24:142-8. https://doi.org/10.1080/10749357.2016.1200292
Pin-Barre C, Laurin J. Physical Exercise as a Diagnostic, Rehabilitation, and Pre-
ventive Tool: influence on Neuroplasticity and Motor Recovery after Stroke.
Neural Plast. 2015;2015:1-12. https://doi.org/10.1155/2015/608581

Chen'Y, Abel KT, Janecek JT, et al. Home-based technologies for stroke reha-
bilitation: a systematic review. Int J Med Informatics. 2019;123:11-22. https.//
doi.org/10.1016/j.ijmedinf.2018.12.001

Raefsky SM, Mattson MP. Adaptive responses of neuronal mitochondria

to bioenergetic challenges: roles in neuroplasticity and disease resis-

tance. Free Radic Biol Med. 2017;102:203-16. https://doi.org/10.1016/j.
freeradbiomed.2016.11.045

Sweatt JD. Neural plasticity and behavior - sixty years of conceptual
advances. J Neurochem. 2016;139:179-99. https://doi.org/10.1111/jnc.13580
Koh S-H, Park H-H. Neurogenesis in Stroke Recovery. Transl Stroke Res.
2017;8:3-13. https://doi.org/10.1007/512975-016-0460-z

Guggisberg AG, Koch PJ, Hummel FC, Buetefisch CM. Brain networks and
their relevance for stroke rehabilitation. Clin Neurophysiol. 2019;130:1098-
124. https://doi.org/10.1016/j.clinph.2019.04.004

Rowe FJ, Hepworth LR, Howard C, et al. High incidence and prevalence of
visual problems after acute stroke: an epidemiology study with implications
for service delivery. PLoS ONE. 2019;14:0213035. https://doi.org/10.1371/
journal.pone.0213035

Pula JH, Yuen CA. Eyes and stroke: the visual aspects of cerebrovascu-

lar disease. Stroke Vasc Neurol. 2017;2:210-20. https://doi.org/10.1136/
svn-2017-000079

Laakso HM, Hietanen M, Melkas S, et al. Executive function subdomains are
associated with post-stroke functional outcome and permanent institutional-
ization. Eur J Neurol. 2019,26:546-52. https://doi.org/10.1111/ene.13854


https://doi.org/10.1186/s12984-024-01338-5
https://doi.org/10.1186/s12984-024-01338-5
https://doi.org/10.1186/s12916-019-1397-3
https://doi.org/10.2471/BLT.16.181636
https://doi.org/10.2471/BLT.16.181636
https://doi.org/10.1016/S2214-109X(20)30520-9
https://doi.org/10.1016/j.mcna.2018.10.001
https://doi.org/10.1016/S2468-2667(21)00230-9
https://doi.org/10.1016/S2468-2667(21)00230-9
https://doi.org/10.1136/ewjm.173.3.209
https://doi.org/10.1136/ewjm.173.3.209
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1212/CON.0000000000000852
https://doi.org/10.1212/CON.0000000000000852
https://doi.org/10.1016/j.biochi.2020.09.025
https://doi.org/10.1016/j.biochi.2020.09.025
https://doi.org/10.1038/s41582-018-0126-4
https://doi.org/10.3389/fneur.2019.00211
https://doi.org/10.3389/fneur.2019.00211
https://doi.org/10.1002/sctm.19-0076
https://doi.org/10.1002/sctm.19-0076
https://doi.org/10.3389/fimmu.2019.02167
https://doi.org/10.3389/fimmu.2019.02167
https://doi.org/10.1038/jcbfm.2012.88
https://doi.org/10.1038/jcbfm.2012.88
https://doi.org/10.1007/s00401-018-1930-z
https://doi.org/10.1007/s00401-018-1930-z
https://doi.org/10.2174/138161208786848739
https://doi.org/10.2174/138161208786848739
https://doi.org/10.1080/09602011.2016.1211937
https://doi.org/10.1080/09602011.2016.1211937
https://doi.org/10.1177/1747493019873600
https://doi.org/10.1016/S1474-4422(19)30415-6
https://doi.org/10.1016/S1474-4422(19)30415-6
https://doi.org/10.1088/1741-2552/aba162
https://doi.org/10.1152/jn.00918.2015
https://doi.org/10.1152/jn.00918.2015
https://doi.org/10.3389/fnbot.2020.00019
https://doi.org/10.1097/JNN.0000000000000423
https://doi.org/10.1080/10749357.2016.1200292
https://doi.org/10.1155/2015/608581
https://doi.org/10.1016/j.ijmedinf.2018.12.001
https://doi.org/10.1016/j.ijmedinf.2018.12.001
https://doi.org/10.1016/j.freeradbiomed.2016.11.045
https://doi.org/10.1016/j.freeradbiomed.2016.11.045
https://doi.org/10.1111/jnc.13580
https://doi.org/10.1007/s12975-016-0460-z
https://doi.org/10.1016/j.clinph.2019.04.004
https://doi.org/10.1371/journal.pone.0213035
https://doi.org/10.1371/journal.pone.0213035
https://doi.org/10.1136/svn-2017-000079
https://doi.org/10.1136/svn-2017-000079
https://doi.org/10.1111/ene.13854

Niering and Seifert Journal of NeuroEngineering and Rehabilitation

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Baroncelli L, Lunghi C. Neuroplasticity of the visual cortex: in sickness

and in health. Exp Neurol. 2021;335:113515. https://doi.org/10.1016/j.
expneurol.2020.113515

Castaldi E, Lunghi C, Morrone MC. Neuroplasticity in adult human visual
cortex. Neurosci Biobehavioral Reviews. 2020;112:542-52. https://doi.
0rg/10.1016/j.neubiorev.2020.02.028

Lunghi C, Emir UE, Morrone MC, Bridge H. Short-term Monocular Deprivation
alters GABA in the Adult Human Visual Cortex. Curr Biol. 2015;25:1496-501.
https://doi.org/10.1016/j.cub.2015.04.021

Sandvig |, Augestad IL, Haberg AK, Sandvig A. Neuroplasticity in stroke recov-
ery. The role of microglia in engaging and modifying synapses and networks.
Eur J Neurosci. 2018;47:1414-28. https://doi.org/10.1111/ejn.13959
MarinhoV, Pinto GR, Bandeira J, et al. Impaired decision-making and time
perception in individuals with stroke: behavioral and neural correlates. Rev
Neurol. 2019;175:367-76. https://doi.org/10.1016/j.neurol.2018.10.004

Bar M, Kassam KS, Ghuman AS, et al. Top-down facilitation of visual recogni-
tion. Proc Natl Acad Sci USA. 2006;103:449-54. https://doi.org/10.1073/
pnas.0507062103

Bar M. The proactive brain: memory for predictions. Phil Trans R Soc B.
2009;364:1235-43. https://doi.org/10.1098/rsth.2008.0310

Borji A, Ahmadabadi MN, Araabi BN, Hamidi M. Online learning of task-driven
object-based visual attention control. Image Vis Comput. 2010;28:1130-45.
https://doi.org/10.1016/j.imavis.2009.10.006

Mathews Z, Cetnarski R, Verschure PFMJ. Visual anticipation biases conscious
decision making but not bottom-up visual processing. Front Psychol. 2015;5.
https://doi.org/10.3389/fpsyg.2014.01443

Byrd-Bredbenner C, Eck KM. Relationships among executive function, cogni-
tive load, and weight-related behaviors in University students. am j Health
Behav. 2020;44:691-703. https://doi.org/10.5993/AJHB.44.5.12

Mousavi SY, Low R, Sweller J. Reducing cognitive load by mixing auditory
and visual presentation modes. J Educ Psychol. 1995;87:319-34. https://doi.
0rg/10.1037/0022-0663.87.2.319

Siregar NR. Explicit instruction and executive functioning capacity: a new
direction in cognitive load theory. J Educ. 2021,002205742110332. https//
doi.org/10.1177/00220574211033256

Hao J, Xie H, Harp K, et al. Effects of virtual reality intervention on neural
plasticity in Stroke Rehabilitation: a systematic review. Arch Phys Med Rehabil.
2022;103:523-41. https://doi.org/10.1016/j.apmr.2021.06.024

Ferreira A, Santos P, Dias P, et al. RehabVisual: application on subjects with
stroke. In: Camarinha-Matos LM, Farhadi N, Lopes F, Pereira H, editors.
Technological Innovation for Life Improvement. Cham: Springer International
Publishing; 2020. pp. 355-65.

Zhang Q, FuY, LuY, et al. Impact of virtual reality-based therapies on Cogni-
tion and Mental Health of Stroke patients: systematic review and Meta-
analysis. J Med Internet Res. 2021;23:231007. https://doi.org/10.2196/31007
Ali SG,Wang X, Li P, et al. A systematic review: virtual-reality-based tech-
niques for human exercises and health improvement. Front Public Health.
2023;11:1143947. https://doi.org/10.3389/fpubh.2023.1143947

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for sys-
tematic reviews and Meta-analyses: the PRISMA Statement. J Clin Epidemiol.
2009;62:1006-12. https://doi.org/10.1016/jjclinepi.2009.06.005

Freitas S, Simées MR, Alves L, Santana I. Montreal Cognitive Assessment:
validation study for mild cognitive impairment and Alzheimer Disease.
Alzheimer Disease Assoc Disorders. 2013;27:37-43. https://doi.org/10.1097/
WAD.0b013e3182420bfe

Tombaugh TN, McIntyre NJ. The Mini-mental State examination: a
Comprehensive Review. J Am Geriatr Soc. 1992;40:922-35. https://doi.
org/10.1111/j.1532-5415.1992.tb01992 x

Hill BD, Elliott EM, Shelton JT, et al. Can we improve the clinical assessment
of working memory? An evaluation of the Wechsler Adult Intelligence
Scale-Third Edition using a working memory criterion construct. J Clin Exp
Neuropsychol. 2010;32:315-23. https://doi.org/10.1080/13803390903032529
Sanchez-Cubillo |, Peridfez JA, Adrover-Roig D, et al. Construct validity of the
trail making test: role of task-switching, working memory, inhibition/interfer-
ence control, and visuomotor abilities. J Int Neuropsychol Soc. 2009;15:438-
50. https://doi.org/10.1017/513556 17709090626

Chen C-X, Mao R-H, Li S-X, et al. Effect of visual training on cognitive function
in stroke patients. Int J Nurs Sci. 2015;2:329-33. https://doi.org/10.1016/].
ijnss.2015.11.002

De Luca R, Calabro RS, Gervasi G, et al. Is computer-assisted training

effective in improving rehabilitative outcomes after brain injury? A

(2024) 21:41

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

69.

70.

71.
72.

73.

74.
75.

76.

77.

78.

Page 20 of 21

case-control hospital-based study. Disabil Health J. 2014;7:356-60. https://
doi.org/10.1016/j.dhjo.2014.04.003

He W, JiY, Wei X, et al. Eye Movement technique to improve executive func-
tion in patients with stroke: a Randomized Controlled Trial. Front Neurol.
2021;12:599850. https://doi.org/10.3389/fneur.2021.599850

Liu X, Zhang W, Li W, et al. Effects of motor imagery based brain-computer
interface on upper limb function and attention in stroke patients with
hemiplegia: a randomized controlled trial. BMC Neurol. 2023;23:136. https.//
doi.org/10.1186/512883-023-03150-5

Prokopenko S, Bezdenezhnykh A, Mozheyko E, Petrova M. A comparative
clinical study of the effectiveness of computer cognitive training in patients
with post-stroke cognitive impairments without dementia. Psych Rus.
2018;11:55-67. https://doi.org/10.11621/pir.2018.0205

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard devi-
ation from the sample size, median, range and/or interquartile range. BMC
Med Res Methodol. 2014;14:135. https://doi.org/10.1186/1471-2288-14-135
Baker A, Young K, Potter J, Madan I. A review of grading systems for evidence-
based guidelines produced by medical specialties. Clin Med. 2010;10:358-63.
https://doi.org/10.7861/clinmedicine.10-4-358

Cumming TB, Churilov L, Linden T, Bernhardt J. Montreal Cognitive Assess-
ment and Mini-mental State examination are both valid cognitive tools

in stroke. Acta Neurol Scand. 2013;128:122-9. https://doi.org/10.1111/
ane.12084

Agrell B, Dehlin O. Mini Mental State examination in geriatric stroke patients.
Validity, differences between subgroups of patients, and relationships to
somatic and mental variables. Aging Clin Exp Res. 2000;12:439-44. https.//
doi.org/10.1007/BF03339874

Kortte KB, Horner MD, Windham WK. The trail making test, part B: cogni-

tive flexibility or ability to maintain. Set? Appl Neuropsychol. 2002;9:106-9.
https://doi.org/10.1207/515324826AN0902_5

Barker-Collo SL, Feigin VL, Lawes CMM, et al. Attention deficits after Incident
Stroke in the Acute period: frequency across types of attention and relation-
ships to patient characteristics and functional outcomes. Top Stroke Rehabil.
2010;17:463-76. https://doi.org/10.1310/tsr1706-463

Kasai K, Nakagome K, Hiramatsu K-I, et al. Psychophysiological index during
auditory selective attention correlates with visual continuous performance
test sensitivity in normal adults. Int J Psychophysiol. 2002;45:211-25. https://
doi.org/10.1016/50167-8760(02)00013-2

Treisman A, Fearnley S.The Stroop Test: selective attention to colours and
words. Nature. 1969;222:437-9. https://doi.org/10.1038/222437a0

Yennu A, Tian F, Smith-Osborne A, et al. Prefrontal responses to Stroop

tasks in subjects with post-traumatic stress disorder assessed by functional
near infrared spectroscopy. Sci Rep. 2016;6:30157. https://doi.org/10.1038/
srep30157

De Luca R, Russo M, Naro A, et al. Effects of virtual reality-based training with
BTs-Nirvana on functional recovery in stroke patients: preliminary consider-
ations. Int J Neurosci. 2018;128:791-6. https://doi.org/10.1080/00207454.201
7.1403915

Kang YJ, Ku J, Han K; et al. Development and clinical trial of virtual reality-
based cognitive Assessment in people with stroke: preliminary study. Cyber-
Psychology Behav. 2008;11:329-39. https://doi.org/10.1089/cpb.2007.0116
Deeks J, Higgins J. (2010) Statistical algorithms in review manager 5. Stat
Methods Group Cochrane Collab 1-11.

Cohen J. Statistical power analysis. Curr Dir Psychol Sci. 1992;1:98-101.
https://doi.org/10.1111/1467-8721.ep10768783

Deeks JJ, Higgins JP, Altman DG, on behalf of the Cochrane Statistical Meth-
ods Group. (2019) Analysing data and undertaking meta-analyses. In: Higgins
J,Thomas J, Chandler J, editors Cochrane Handbook for Systematic Reviews
of Interventions, 1st ed. Wiley, pp 241-284.

Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Statist Med. 2002;21:1539-58. https://doi.org/10.1002/sim.1186

Higgins JP, Green S. Cochrane Handbook for systematic reviews of interven-
tions: Cochrane Book Series. 1st ed. Wiley; 2008.

Fadle ES, Elwishy AA, Helmy H, El Rewainy R. Does Mental Imagery Train-

ing affect cognitive functions in patients with stroke? Med J Cairo Univ.
2021;89:2873-9. https://doi.org/10.21608/mjcu.2021.225203

Schéttke H. Rehabilitation Von Aufmerksamkeits-storungen Nach Einem
Schlaganfall - Effektivitdt eines verhaltensmedizinischneuropsychologischen
aufmerksamkeitstrainings. Verhaltenstherapie. 1997,7:21-33. https://doi.
0rg/10.1159/000259005

Pashang S, Zare H, Alipour A, Sharif-Alhoseini M. The effectiveness of cogni-
tive rehabilitation in improving visual and auditory attention in ischemic


https://doi.org/10.1016/j.expneurol.2020.113515
https://doi.org/10.1016/j.expneurol.2020.113515
https://doi.org/10.1016/j.neubiorev.2020.02.028
https://doi.org/10.1016/j.neubiorev.2020.02.028
https://doi.org/10.1016/j.cub.2015.04.021
https://doi.org/10.1111/ejn.13959
https://doi.org/10.1016/j.neurol.2018.10.004
https://doi.org/10.1073/pnas.0507062103
https://doi.org/10.1073/pnas.0507062103
https://doi.org/10.1098/rstb.2008.0310
https://doi.org/10.1016/j.imavis.2009.10.006
https://doi.org/10.3389/fpsyg.2014.01443
https://doi.org/10.5993/AJHB.44.5.12
https://doi.org/10.1037/0022-0663.87.2.319
https://doi.org/10.1037/0022-0663.87.2.319
https://doi.org/10.1177/00220574211033256
https://doi.org/10.1177/00220574211033256
https://doi.org/10.1016/j.apmr.2021.06.024
https://doi.org/10.2196/31007
https://doi.org/10.3389/fpubh.2023.1143947
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1097/WAD.0b013e3182420bfe
https://doi.org/10.1097/WAD.0b013e3182420bfe
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.1080/13803390903032529
https://doi.org/10.1017/S1355617709090626
https://doi.org/10.1016/j.ijnss.2015.11.002
https://doi.org/10.1016/j.ijnss.2015.11.002
https://doi.org/10.1016/j.dhjo.2014.04.003
https://doi.org/10.1016/j.dhjo.2014.04.003
https://doi.org/10.3389/fneur.2021.599850
https://doi.org/10.1186/s12883-023-03150-5
https://doi.org/10.1186/s12883-023-03150-5
https://doi.org/10.11621/pir.2018.0205
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.7861/clinmedicine.10-4-358
https://doi.org/10.1111/ane.12084
https://doi.org/10.1111/ane.12084
https://doi.org/10.1007/BF03339874
https://doi.org/10.1007/BF03339874
https://doi.org/10.1207/S15324826AN0902_5
https://doi.org/10.1310/tsr1706-463
https://doi.org/10.1016/S0167-8760(02)00013-2
https://doi.org/10.1016/S0167-8760(02)00013-2
https://doi.org/10.1038/222437a0
https://doi.org/10.1038/srep30157
https://doi.org/10.1038/srep30157
https://doi.org/10.1080/00207454.2017.1403915
https://doi.org/10.1080/00207454.2017.1403915
https://doi.org/10.1089/cpb.2007.0116
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.1002/sim.1186
https://doi.org/10.21608/mjcu.2021.225203
https://doi.org/10.1159/000259005
https://doi.org/10.1159/000259005

Niering and Seifert Journal of NeuroEngineering and Rehabilitation

stroke patients. Acta Neurol Belg. 2021;121:915-20. https://doi.org/10.1007/
$13760-020-01288-4

79. Kim EJ, Lee KE, Lee KL, et al. Change of visual perception in geriatric strokes
after Visuomotor Coordination Training. J Korean Acad Rehabil Med.
2011;35:174-9.

80. Batool S, Zafar H, Gilani SA, et al. Effects of visual scanning exercises in addi-
tion to task specific approach on balance and activities of daily livings in post
stroke patients with eye movement disorders: a randomized controlled trial.
BMC Neurol. 2022;22:312. https://doi.org/10.1186/512883-022-02843-7

81. Kerkhoff G, Bucher L, Brasse M, et al. Smooth pursuit Bedside Training reduces
disability and unawareness during the activities of Daily living in neglect: a
Randomized Controlled Trial. Neurorehabil Neural Repair. 2014;28:554-63.
https://doi.org/10.1177/1545968313517757

82. Westerberg H, Jacobaeus H, Hirvikoski T, et al. Computerized working mem-
ory training after stroke—A pilot study. Brain Injury. 2007;21:21-9. https://doi.
0rg/10.1080/02699050601148726

83. Yoo C,Yong M, Chung J, Yang Y. Effect of computerized cognitive rehabilita-
tion program on cognitive function and activities of living in stroke patients. J
Phys Ther Sci. 2015;27:2487-9. https://doi.org/10.1589/jpts.27.2487

84. Kim D, Ko J, Woo Y. Effects of Dual Task Training with Visual Restriction and an
unstable base on the balance and attention of stroke patients. J Phys Ther Sci.
2013;25:1579-82. https://doi.org/10.1589/jpts.25.1579

85.  Mazer BL, Sofer S, Korner-Bitensky N, et al. Effectiveness of a visual attention
retraining program on the driving performance of clients with stroke. Arch
Phys Med Rehabil. 2003;84:541-50. https://doi.org/10.1053/apmr.2003.50085

86. Rizkalla M. Examining a visuospatial/visuomotor training program as an inter-
vention to induce cognitive improvement during acute post-stroke recovery.
Ottawa: Library and Archives Canada =Bibliotheque et Archives Canada;
2013.

87. Tramontano M, Dell'lUomo D, Cinnera AM, et al. Visual-spatial training in
patients with sub-acute stroke without neglect: a randomized, single-blind
controlled trial. Funct Neurol. 2019;34:7-13.

88. Moon S-J, Park C-H, Jung S, et al. Effects of an Eye-Tracking linkage atten-
tion training system on cognitive function compared to conventional
computerized cognitive training system in patients with stroke. Healthcare.
2022;10:456. https://doi.org/10.3390/healthcare 10030456

89. vanWyk A, Eksteen CA, Rheeder P. The Effect of Visual Scanning Exercises
Integrated Into Physiotherapy in patients with unilateral spatial neglect post-
stroke: a matched-pair Randomized Control Trial. Neurorehabil Neural Repair.
2014;28:856-73. https://doi.org/10.1177/1545968314526306

(2024) 21:41 Page 21 of 21

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Zhu M-H, Zeng M, Shi M-F, et al. Visual feedback therapy for restoration of
upper limb function of stroke patients. Int J Nurs Sci. 2020;7:170-8. https://
doi.org/10.1016/jjnss.2020.04.004

Zhang M, You H, Zhang H, et al. Effects of visual feedback balance training
with the pro-kin system on walking and self-care abilities in stroke patients.
Medicine. 2020;99:e22425. https://doi.org/10.1097/MD.0000000000022425
Wang H, Xiong X, Zhang K, et al. Motor network reorganization after motor
imagery training in stroke patients with moderate to severe upper limb
impairment. CNS Neurosci Ther. 2023;29:619-32. https://doi.org/10.1111/
cns.14065

Braun SM, Beurskens AJ, Kleynen M, et al. A Multicenter Randomized
Controlled Trial to compare Subacute ‘Treatment as Usual’ with and without
Mental Practice among persons with stroke in Dutch nursing homes. J Am
Med Dir Assoc. 2012;13:85. e1-85.e7.

Luukkainen-Markkula R, Tarkka IM, Pitkanen K, et al. Rehabilitation of
hemispatial neglect: a randomized study using either arm activation or
visual scanning training. Restor Neurol Neurosci. 2009;27:665-74. https://doi.
0rg/10.3233/RNN-2009-0520

Appelbaum LG, Erickson G. Sports vision training: a review of the state-
of-the-art in digital training techniques. Int Rev Sport Exerc Psychol.
2018;11:160-89. https://doi.org/10.1080/1750984X.2016.1266376

Bergsma DP, Elshout JA, Van Den Berg AV. Segregation of spontaneous and
Training Induced Recovery from Visual Field defects in Subacute Stroke
patients. Front Neurol. 2017;8:681. https://doi.org/10.3389/fneur.2017.00681
Grefkes C, Fink GR. Recovery from stroke: current concepts and future
perspectives. Neurol Res Pract. 2020;2:17. https://doi.org/10.1186/
$42466-020-00060-6

Knolliner A, Memmert D, von Lehe M, et al. Specific relations of visual skills
and executive functions in elite soccer players. Front Psychol. 2022;13:960092.
https://doi.org/10.3389/fpsyg.2022.960092

van de Ven RM, Buitenweg JIV, Schmand B, et al. Brain training improves
recovery after stroke but waiting list improves equally: a multicenter random-
ized controlled trial of a computer-based cognitive flexibility training. PLoS
ONE. 2017;12:0172993. https://doi.org/10.1371/journal.pone.0172993

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/s13760-020-01288-4
https://doi.org/10.1007/s13760-020-01288-4
https://doi.org/10.1186/s12883-022-02843-7
https://doi.org/10.1177/1545968313517757
https://doi.org/10.1080/02699050601148726
https://doi.org/10.1080/02699050601148726
https://doi.org/10.1589/jpts.27.2487
https://doi.org/10.1589/jpts.25.1579
https://doi.org/10.1053/apmr.2003.50085
https://doi.org/10.3390/healthcare10030456
https://doi.org/10.1177/1545968314526306
https://doi.org/10.1016/j.ijnss.2020.04.004
https://doi.org/10.1016/j.ijnss.2020.04.004
https://doi.org/10.1097/MD.0000000000022425
https://doi.org/10.1111/cns.14065
https://doi.org/10.1111/cns.14065
https://doi.org/10.3233/RNN-2009-0520
https://doi.org/10.3233/RNN-2009-0520
https://doi.org/10.1080/1750984X.2016.1266376
https://doi.org/10.3389/fneur.2017.00681
https://doi.org/10.1186/s42466-020-00060-6
https://doi.org/10.1186/s42466-020-00060-6
https://doi.org/10.3389/fpsyg.2022.960092
https://doi.org/10.1371/journal.pone.0172993

	﻿The effects of visual skills training on cognitive and executive functions in stroke patients: a systematic review with meta-analysis
	﻿Abstract
	﻿Introduction
	﻿The role of the visual system in neuroplasticity-based stroke rehabilitation

	﻿Methods
	﻿Literature search
	﻿Selection criteria
	﻿Data extraction and Assessment of Methodological Study Quality
	﻿Synthesis of results
	﻿Statistical analysis

	﻿﻿Results
	﻿Selection of studies
	﻿Study characteristics
	﻿Participant characteristics
	﻿Intervention characteristics
	﻿Outcome measures
	﻿Effects of visual skills training on global cognitive function, executive functions and activities of daily living in stroke patients
	﻿Reporting bias and sensitivity analysis

	﻿Discussion
	﻿Effects of visual skills training on measures of global cognitive function
	﻿Effects of visual skills training on measures of executive function
	﻿Effects of visual skills training on measures of activities of daily living
	﻿Strengths and limitations of this systematic review with meta-analysis

	﻿Conclusions
	﻿References


