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Abstract

Background

The incidence and mortality rates of stroke are declining 
in high‑income countries  (HIC), whereas in low‑  and 
middle‑income countries  (LMIC) it is increasing.[1] There 
is a high proportion of hemorrhagic strokes  (about 70%) 
and 87% of stroke‑related deaths and disability‑adjusted 
life‑years (DALYs) at a younger age in these contexts.[1] Although 
motor weakness is one of the common visible consequences 
associated with stroke, close to 53.4% of stroke survivors 
develop cognitive impairments that are not visible.[2] The 
incidence of cognitive impairment is six‑to‑nine times higher 
in stroke survivors than that in survivors without stroke, with 
adverse repercussions for themselves, their families, and 
society at a large.[3]

A variety of factors including the location of lesion, the 
brain hypoperfusion, the functional deactivation of distant 
areas in the brain (diaschisis), or excessive pressure on the 
surrounding brain tissue by the lesion caused by stroke 
are likely consequences of cognitive deficits.[4] As far as 
risk factors are concerned, an international cohort study 
revealed that diabetes mellitus worsened performance in 
global cognition.[5] Similarly, poorer performance in global 
cognition, communication, and executive functions can 
be seen in individuals with previous history of stroke and 
hypertension.[5]

Additionally, the demographic, clinical, psychological, 
and physical factors of the affected individuals are also 
likely to influence cognitive function among stroke 
survivors. Age is one of the main predictors of cognitive 
impairment among stroke survivors.[6] Unhealthy lifestyle, 
for instance, increased alcohol consumption, physical 
inactivity, poor sleep pattern, irregular health check‑up, and 
inadequate consumption of vegetables, fruits, and milk were 
identified as potential risk factors of post‑stroke cognitive 
impairment.[6] Clinical factors such as low pre‑morbid 
intellectual ability, pre‑existing cognitive impairment, 
depression and high stroke severity, recurrent stroke or 
transient ischemic stroke  (TIA), post‑stroke dysphasia, 
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and urinary incontinence (aconuresis) showed higher risk 
of cognitive decline post stroke.[7]

Given the substantial impact of post‑stroke on cognition, it is 
inevitable to manage post‑stroke disability with an inclusive 
approach.[8] Incorporating effective interventions that target 
post‑stroke cognitive impairments and capturing the outcomes 
of those interventions with an evidence‑based approach are 
very pertinent.[9] However, very little importance and lack 
of awareness exist among stroke rehabilitation experts, and 
the stroke survivors and their families for effective cognitive 
rehabilitation, respectively.[10] Cognitive impairments are 
also so complex in its presentation, implying that not one 
single interventional approach and its impact on the outcomes 
are sufficient to enhance functional recovery. Therefore, 
post‑stroke cognitive rehabilitation includes a wide variety 
of interventions, approaches, and outcome measures to enable 
functional independence among those affected.

Early post‑stroke cognitive functioning is evident to be an 
independent predictor of long‑term functional outcomes of 
activities of daily living (ADL).[11] Stroke severity is associated 
with poor performance in tasks and requires higher mental 
functions like motor control, problem solving, and memory. 
A few studies revealed that the lower performances in cognitive 
functions are significantly correlated with dependency on 
ADL.[12] All these aspects points out to cognition as an important 
domain to consider and address during stroke rehabilitation, 
but yet it is very neglected. Thus, this implies the need for 
extensive research on this aspect for evidence‑based practice 
of assessments and rehabilitation of post‑stroke cognitive 
impairments. Therefore, a review of interventions and outcome 
measures for post‑stroke cognitive impairments was carried out 
to understand the recent advancements and existing evidence 
on cognitive rehabilitation for stroke survivors.

Objectives

To review all available information on the recent advancements 
in intervention and outcome measures for post‑stroke cognitive 
impairments.

Methods

Criteria for considering studies to be included in the review.

Inclusion criteria
1.	 Studies on rehabilitation of post‑stroke cognitive 

impairment published between August 2001 and 
September 2021 in the English language

2.	 Cognitive rehabilitation in acute, subacute, and chronic 
phases after stroke

3.	 Only randomized, controlled trials
4.	 Studies with at least one outcome measuring the cognitive 

impairment.

Exclusion criteria
1.	 Studies not providing any intervention or assessment for 

cognitive dysfunctions

2.	 Non‑ English articles.

Electronic searches
Search strategies
This review was conducted based on the Preferred Reporting 
Items for Systematic Reviews and Meta‑Analyses (PRISMA) 
guidelines and the electronic databases, namely, PubMed, 
Medline, Google Scholar, and the Cochrane Library  (of 
systematic reviews) were used to identify articles relevant to 
the topic. The systematic search was done using key terms 
with Boolean operators: Cognitive OR Attention OR Dementia 
OR Executive function OR Visuo‑perceptual AND Stroke OR 
Post Stroke OR Post‑ Stroke OR Cerebrovascular accident OR 
Cerebrovascular Disease OR Ischemic Stroke OR intracerebral 
haemorrhage AND Rehabilitation OR Therapy OR Treatment 
AND Compensatory OR Remediation [Appendix 1].

Study selection
All the studies were screened by three reviewers independently 
on the basis of their title and abstract. Level two screening and 
data extraction of full articles fulfilling the inclusion criteria 
were done by two reviewers independently [Figure 1].

Data extraction
A data collection form was developed. Relevant data from the 
included studies on the title, inclusion, and exclusion criteria, 
type of intervention, study design, outcome measures used, 
limitations, feasibility, and adherence were extracted. Then 
the data were classified on the basis of the type of intervention 
along with the details related to frequency, intensity, duration 
of intervention, and the domain targeted for rehabilitation. The 
results were narratively synthesized and summarized under 
the subheadings: Type of cognitive impairment, evidence of 
rehabilitative approaches, and outcome measures for cognitive 
impairment post stroke to assess the existing evidence and 
gaps to improve further rehabilitation for post‑stroke cognitive 
impairment [Table 1].

Results

The electronic database search yielded 2018 records. Initial 
screening retrieved 117 [Figure 1] articles and after full‑text 
screening, we included 12 articles for data extraction and 
synthesis [Table 1] based on the inclusion criteria. The included 
studies addressed cognitive impairment after stroke, and out 
of these most of the studies targeted global cognitive deficits 
in ischemic stroke patients in chronic phase. The results are 
summarized into three main categories: prevalence of cognitive 
impairment, available evidence of intervention and commonly 
used outcome measures.

Prevalence of cognitive impairment
Many studies showed high prevalence of cognitive impairment 
poststroke even though it has also been evident that the 
available data still underestimate the frequency of dementia 
and cognitive decline in stroke survivors.[13] The cross‑sectional 
study conducted in ten different countries suggested that 
about 30% of ischemic stroke survivors show a cognitive 
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Figure 1: Prisma flowchart

impairment which is determined by the mini‑mental state 
examination (MMSE) score which was lower than 27.[14]

In the U.K. and Sweden, the prevalence of cognitive 
impairment three months after stroke ranged from 24% to 
39%, according to the MMSE.[15] The studies in Australia 
showed that according to a series of neuropsychological tests, 
the prevalence of cognitive deficits three months post stroke 
was 50% to 58%.[16] A prospective study conducted in India 
manifested that the prevalence of cognitive impairments was 
about 20% in total stroke survivors; likewise, in China the 
prevalence was about 21.8% as measured by the MMSE.[17]

One of the studies revealed that stroke‑induced impairment 
for different domains varied in each hemisphere. Cognitive 
impairments were found to be significant in the left 
hemisphere stroke compared to right hemisphere stroke, that 
is, for global cognition  (P  =  0.004), memory  (P  <  0.001), 
language (P < 0.001), and executive function (P < 0.001).[5]

Brain region of stroke, size of stroke, and educational level
Rogers et al.[23] in 2019 included 21 patients of which 12 had 
right‑sided lesion and 9 patients had left sided lesion of stroke. 
Mean years of education of the included subjects was 13. Faria 
et al. in 2016 included 11 patients with left‑sided stroke and 
7 patients with right‑sided stroke with 4–9 years of education. 

Faria et al.[24] in 2020 included 36 participants. The side of the 
lesion was not highlighted. The mean years of education for 
the reh@city group was 8.00 ± 5.32 and 5.50 ± 3.15 for the 
task generator group. Yin et al.[28] in 2020 included 34 patients 
with 13 right‑sided stroke, 10 left‑sided and 11 bilateral 
stroke patients. The mean years of education was 9–10 years. 
Barker‑Collo et al.[18] in 2009 included 78 patients of which 
32 had right‑sided stroke, 39 had left sided stroke and 4 had 
bilateral stroke. The years of education ranged from 8 to 
18 years in both the groups. Haire et al.[21] included 30 patients, 
of which 17 had right‑sided stroke and 13 had left‑sided stroke. 
The average years of education was 15 in the control group, 16 
in the therapeutic instrumental music performance (TIMP)+ 
compensatory motor imagery group and 17 in the TIMP + 
motor imagery group.

Clara Rozental‑Iluz et  al.[31] did not mention about the 
lateralization of stroke. The average years of education for 
the participants of this study was 14.8  years. Park et  al.[19] 
included 30 patients comprising of 11 patients with right‑sided 
stroke and 19 patients with left‑sided stroke. No comment was 
made on the level of education of the included participants. 
Sebastian Koch et  al.[32] included 131 participants with an 
average of 13  years of education. The stroke lateralization 
was not documented. Zheng et  al.[20] included a sample of 
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Table 1: Characteristics of included studies

Author and 
Year

Domain Targeted Sample 
Size

Phase of 
Stroke

Intervention Dosage of Intervention

Jeffrey M. 
Rogers; 
2019[23]

Global cognitive function 21 Subacute Virtual reality+Treatment as 
usual

30-40‑minute session (4 weeks)

Ana Lucia 
Faria; 2016[22]

Visuospatial abilities, 
executive functions, 
memory, attention

18 Chronic Computer‑based intervention 12 sessions of 20 minutes (4-6 weeks)

Ana Lucia 
Faria; 2020[24]

General cognitive functions 36 Chronic Two groups:
a) Adaptive VR simulations;
b) Task‑generated adaptive  
paper‑pencil training

12 sessions

Martina 
Maier; 
2020[26]

Attention, memory, 
executive function, or spatial 
abilities

30 Chronic Adaptive conjunctive cognitive 
training (ACCT) 

30 minutes of daily training ( 6 weeks)

Mingyu Yin; 
2020[28]

Executive function, memory, 
attention, language. and 
visuospatial function

34 Subacute/
Chronic

Repetitive tanscranial magnetic 
stimualtion (rTMS) treatment

5 days a week for 4 weeks

Suzanne 
L Barker; 
2009[18]

Attention 78 Chronic Attention process training (APT) Participants received up to 30 hours of 
APT (1 hour*4 weeks)

Catherine M. 
Haire; 2021[21]

Executive function, 
cognitive flexibility, 
short‑term memory

30 Chronic a) Therapeutic instrumental 
music training (TIMP alone)
b) TIMP and cued motor imagery 
(TIMP+cMI)
c) TIMP and Motor Imagery 
(TIMP+ MI)

Three experiment alarms:
(1) 45 minutes of active TIMP,  
(2) 30 minutes of active TIMP+15 minutes 
of  metronome‑cued motor  
 imagery (TIMP+cMI), 
(3) 30 minutes of active  
 TIMP+15  
 minutes of motor  
 imagery without cues  
 (TIMP+MI).  
 for 3 times*3 weeks

Clara 
Rozental‑Iluz; 
2016[31]

Executive function 39 Chronic Interactive video‑game group 
intervention

Two 1‑hour group sessions per week for 3 
months

Attention, executive function 30  Chronic Cognitive‑motor dual‑task 
training (CMDT) + Auditory 
motor synchronization 
training (AMST) 

Intervention session of 30 minutes CMDT 
* 15 minutes+AMST * 30 minutes. 
3 sessions per week for 6 weeks

Sebastian 
Koch; 2020[32]

Attention, memory, working 
memory, processing speed, 
and executive function

131 Chronic Combined aerobic and resistance 
training (CARET) + Cognitive 
training intervention (CTI)

3 weekly, 40 to 60 minutes of combined 
aerobic and resistance training (CARET) 
and 40 minutes of CTI sessions

B. Machner; 
2014[29]

Visuospatial 23 Acute HEPOKS+usual stroke 
care (physio, speech, and 
occupational therapy).

Glasses were worn all day for 7 days+OKS 
session: Daily (15 minutes each). Seventy 
colored geometric objects were coherently 
moving on an 18.4″ notebook monitor from 
right to left at varying speed (8-12°/s).

Polly V. 
Peers; 2021[27]

Executive function 
visuospatial, visual 
short‑term memory

80 Subacute/
Chronic

A series of 3-5‑minute 
time‑limited games for attention 
training and memory training to 
challenge cognitive capacities

4 weeks

G. Zheng; 
2020[20]

Global cognitive function, 
memory, processing speed, 
execution, attention, and 
visuospatial ability

48 Chronic Baduanjin exercise (3 days a 
week and 40 minutes per day)

24 weeks

T. Yeh; 
2019[25]

Global cognition, attention, 
recognition, color and shape 
identification, calculation, 
visual perception, 
visuospatial processing, and 
executive function

30 Chronic Aerobic exercise training 
for 30 minutes (3 minutes 
of warm up, 25 minutes of 
progressive resisted stationary 
bicycling, 2 minutes of cool 
down) followed by 30 minutes 
of computer‑based cognitive 
training at each session with the 
BrainHQ program

12-18 weeks.
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48 patients with 24 patients of left‑ and right‑sided stroke each 
and an average of 10 ± 2 years of education. Five included 
studies did not comment on the side of the stroke. The size of 
the lesion was only documented in two studies, namely, Faria 
et al.[24] and Machner, et al.[29]

Interventions for post‑stroke cognitive impairments
Non‑pharmacological/cognitive rehabilitation
Four[18–21] out of 12 studies identified used cognitive retraining 
and compensatory approach in rehabilitating domains like 
attention and global cognition. A study[18] showed attention 
process training  (APT), that is, a theoretically based, 
hierarchical, multi‑level treatment including sustained, 
selective, alternating, and divided attention as a restorative 
approach that resulted in a significantly greater improvement 
on attention than standard care. The duration of training was 
one hour for 4 weeks. Park et al.[19] identified cognitive‑motor 
dual‑task training  (CMDT) technique that consisted of 
performing a cognitive task during the execution of a motor 
task, and auditory motor synchronization training  (AMST) 
that used rhythmic auditory cues for stimulation. The duration 
of the session was 30  minutes which included 15  minutes 
of CMDT + AMST, 3 sessions per week for 6 weeks which 
exerted a positive effect on attention, memory, and executive 
function. It was more effective in improving  attention capacity 
and attention.

Zheng, et  al.[20] showed that Baduanjin exercise, which 
consisted of eight separate and smooth movements with 
a frequency of 3  days a week and 40  minutes per day 
for 24  weeks, had a significant improvement on the 
global cognitive function in post‑stroke survivors and 
small‑to‑moderate beneficial effects on memory, executive 
function, attention, and ADL after a 24‑week treatment. Haire 
et al.[21] identified that TIMP and motor imagery group used 
selected and positioned acoustic and electronic instruments 
for 3 times per week for three weeks resulted in significant 
improvement in executive functioning.

Neurotechnology as a tool for cognitive rehabilitation
Six[22–27] out of 12 studies used neurotechnological tools 
as rehabilitation training for post‑stroke cognitive deficits. 
Two studies[22,23] showed that the use of virtual reality with 
conventional treatment compared with usual care for four 
weeks showed improvement in global cognitive function, 
attention, memory, visuospatial ability, and executive 
functions. Faria et  al.[24] used adaptive virtual reality  (VR) 
simulations which was compared with task‑generated adaptive 
paper pencil trainings. The results indicated that VR group had 
showed significant improvement in general cognitive function. 
Where domain specific improvement is concerned, the VR 
group showed improvement in visuo‑executive functions and 
attention, whereas the control group showed improvement in 
orientation domain.

Yeh et  al.[25] concluded that aerobic exercise training with 
computer‑based cognitive training using the BrainHQ program 
for 12–18 weeks resulted in significant improvement in terms 

of general cognitive functions and visuo‑spatial memory. 
However, adaptive conjunctive cognitive training  (ACCT) 
using rehabilitation gaming systems with 30 minutes of daily 
training for six weeks showed significant changes in attention, 
spatial awareness, and generalized cognitive functioning.[26] 
Similarly, a series of 3–5‑minute time‑limited games for 
attention training and memory training to challenge cognitive 
capacities showed greater levels of improvement in everyday 
functioning rather than working memory training or waitlist 
participants.[27]

Neurostimulation‑based cognitive rehabilitation
Two out of 12 studies used neurostimulation cognitive training. 
Repetitive transcranial magnetic stimulation (rTMS) showed 
improvement in executive function in stroke survivors,[28] 
whereas another study[29] showed that rehabilitated hemi‑spatial 
neglect via HEPOKS  (optokinetic stimulation)  in addition 
to the usual stroke care had no additive therapeutic effect on 
the spontaneous remission of spatial neglect in acute stroke 
survivors.

Type of outcome measures
The national clinical guidelines for stroke by the intercollegiate 
working team of Royal College of Physicians, London, 
emphasized the importance of neuropsychological assessment 
for stroke rehabilitation services.[30] In the included studies, 
the most used outcome measure for global cognition is the 
Montreal Cognitive Assessment (MOCA) among others like 
Mini‑Mental State Examination and Addenbrooke Cognitive 
Evaluation. For attention, the commonly used tools are 
trail making test A and B and digit span forward. Similarly, 
executive function performance test was used to assess the 
executive functions. Table  2 shows the commonly used 
assessment tools in the included studies.

Discussion

This current review revealed that the conventional method 
of using paper and pencil tasks is still the most widely used 
method for provision of cognitive rehabilitation and for 
measuring its impact. However, over the past two decades, 
computer‑based versions have started to become clinically 
feasible and acceptable. Also evident is the technology‑based 
virtual reality interventions as acceptable solutions to improve 
post‑stroke cognitive impairment. However, there is an absence 
of specific methodologies that inform the health professionals 
about the precise approaches to utilize these innovative 
interventions, especially the intensity of the intervention 
for different kinds of cognitive impairments among stroke 
survivors with different severity of these impairments. It 
has also been observed that there is a variability in cognitive 
impairment post stroke, and it was also identified that studies 
exclusively on specific domains, their assessment, and 
management are scarce. Several limitations contribute toward 
this, such as limited availability of domain‑specific intervention 
and outcome measures. Although in the included studies a 
wide range of outcome assessments were used, not all were 
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tested for its validity and reliability on the target population 
with sufficient power [Table 2].

Also, there is no set protocol or national and international 
guidelines that enhance evidence‑based practice for cognitive 
rehabilitation. Apart from varying datasets on dosage, 
frequency, and modes of intervention, there are no reliable 
measures in rehabilitating cognitive impairment post stroke 
from the included studies. This review could not establish 
any appropriate therapy including its frequency and intensity, 
as it varied widely in all the included studies. Moreover, the 
domain‑specific intervention is lacking except for attention, 
on which there is immense literature available. Besides, this 
review have been relatively successful in addressing the global 
cognitive deficits using different cognitive rehabilitation 
approaches. Virtual reality and repetitive transcranial magnetic 
stimulation are two different techniques used in combination 
with usual practice that have been proven effective and that 
manipulate neural activity and drive plasticity.

Although, technology‑driven interventions and outcome 
assessments are increasingly utilized for cognitive 
rehabilitation, there is paucity of evidence on its systematic 

development and validity. These innovations are also mostly 
coming from high‑income countries, and implementation 
of these interventions and outcome measures in LMICs are 
highly debatable. There is a huge need for rigorous research on 
the validation of these innovative interventions and outcome 
measures, especially in the context of LMICs.

This review presented various modalities with varied dosage to 
address the post‑stroke cognitive deficits. However, this study 
also has some limitations due to heterogeneity and narrow 
database search. Therefore, it might be difficult to pose any 
evidence synthesis and also the standard protocol for post 
stroke cognitive rehabilitation could not be established from the 
available search. Most of the studies are from developed and 
upper‑middle‑income countries. There is very limited number 
of studies available and large trials are needed to confine the 
applicability of these findings. However, we have been able 
to identify the existing gaps in the literature and recommend 
the following measures to improve the quality of post‑stroke 
cognitive rehabilitation:
a.	 Long‑term recovery trajectory studies are required
b.	 Studies to build recommendations on specific approaches 

to cognitive rehabilitation
c.	 Studies on domain‑specific intervention and assessment
d.	 Development of clinical care guidelines on cognitive 

rehabilitation and also inclusion of standardized 
assessment outcomes for evaluation of cognitive deficits.

e.	 Large trials are required to make recommendations on the 
dosage and frequency of intervention.

Conclusion

This review identified the emergence of technology‑driven 
interventions and outcome assessments as a tool for 
contemporary cognitive rehabilitation. There are a number of 
promising interventions available. However, the effectiveness 
and scalability of these innovations for cognitive rehabilitation 
still needs rigorous research. This could be potentially possible 
through well‑powered rehabilitation trials that can target 
the different domains in post‑stroke cognitive impairments. 
To accelerate the progress in developing the evidence base 
and to tackle the multiple gaps in the provision of cognitive 
rehabilitation poststroke, coordinated efforts are required with 
synergistic collaborations between HICs and LMICs.
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Appendix 1: Summary of all the included studies

Author and 
Year

Domain 
Targeted

Phase of 
Stroke 

Intervention Duration of 
Intervention

Findings Limitation

Suzanne L. 
Barker, 2009

Attention Chronic (6 
months 
after 
stroke)

Attention process 
training (APT): APT is 
a theoretically based, 
hierarchical, multilevel 
treatment, including 
sustained, selective, 
alternating, and divided 
attention.

Participants received 
up to 30 hours of APT. 
APT conducted for 1 
hour*4 weeks.

APT resulted in a 
significantly greater 
improvement in 
attention than standard 
care. Differences in 
other measures of 
attention and broader 
outcomes were not 
significant.

Strict inclusion criteria
Sample size is too small
The number of t tests 
performed may have 
led to chance findings
Because of the nature 
of the intervention, 
it was not possible 
to blind the treating 
neuropsychologist or 
participants and this 
may have influenced 
outcomes.

B. Machner; 
2014

Visuospatial Acute HEPOKS in addition 
to the usual stroke 
care (physio‑, speech, 
and occupational 
therapy). 
HEP was applied by 
spectacle frames of 
which the right half was 
patched with dark tape.

Glasses were worn 
all‑day for 7 days and to 
be removed only for the 
OKS session. 
OKS Session: 
Daily (15 minutes 
each); seventy colored 
geometric objects were 
coherently moving on an 
18.4″ notebook monitor 
from right to left at 
varying speed (8-12°/s).

There was significant 
improvement in 
individual patients, 
independent of the 
allocated intervention. 
The early intervention 
of combined HEPOKS 
had no additive 
therapeutic effect to the 
spontaneous remission 
of spatial neglect in 
acute stroke patients.

Spontaneous remission 
from acute spatial 
neglect was not taken 
into account. Two 
subjects dropped out of 
the sample size.

Ana Lucia 
Faria; 2016

Visuospatial 
abilities, 
executive 
functions, 
memory, and 
attention

Chronic Virtual reality‑based 
intervention (Reh@
city)

12 sessions of 
20 minutes distributed 
from 4 to 6 weeks

Within group; 
experimental group 
showed improvement 
in global cognitive 
function, attention, 
memory, visuospatial 
ability, executive 
functions, emotion 
AND within control 
group memory and 
social participation. 
Between the groups, VR 
group showed greater 
improvement in global 
cognition, attention, and 
executive functions.

a) Small sample size;
b) Outcome assessor 
not blinded;
c) Heterogeneity 
between group in  
 terms of time post 
stroke

Clara 
Rozental‑Iluz; 
2016

Executive 
function

Chronic Interactive video‑game 
group intervention

Two 1‑hour group 
sessions per week for 3 
months

Interactive video 
games have potential 
to improve executive 
functioning because of 
combined cognitive and 
motor stimulation

Park MO; 
2018 

Attention, 
executive 
function

Chronic Cognitive‑motor 
dual‑task training 
(CMDT) + Auditory 
motor synchronization 
training (AMST): 
CMDT is a training 
technique of performing 
a cognitive task during 
the execution of a 
motor task.  
AMST uses rhythmic 
auditory cues for 
stimulation.

Intervention session 
of 30 minutes in 
which CMDT is of 
15 minutes+AMST is of 
30 minutes 
3 sessions per week for 
6 weeks

Combined CMDT and 
AMST using rhythmic 
auditory cues exerted 
a positive effect on 
attention, memory, and 
executive function. It 
was more effective in 
improving attention 
capacity and attention.

Small number of 
participants; no 
follow‑up on long‑term 
cognitive changes

Contd...
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Appendix 1: Contd...

Author and 
Year

Domain 
Targeted

Phase of 
Stroke 

Intervention Duration of 
Intervention

Findings Limitation

Jeffrey M. 
Rogers; 2019

Global 
cognitive 
function

Subacute Virtual 
reality+treatment as 
usual

30-40 mis session for 
four weeks

Both groups showed 
significant improvement 
with substantially 
higher magnitude 
of effect size for 
intervention group

a) Predominantly done 
on mild severity; 
 of ischemic stroke 
patients only;
b) Treatment session in 
terms of time in  
 therapy is not balanced 
between the  
 groups;
c) Outcome assessors 
are not blinded  
 which can increase the 
risk of bias;
d) Shorter follow‑up 
period of only one 
month

T. Yeh; 2019 Global 
cognition, 
attention, 
recognition, 
color and 
shape 
identification, 
calculation, 
visual 
perception, 
visuospatial 
processing, 
and executive 
function

Chronic Aerobic exercise 
training for 
30 minutes ( 3 min of 
warm up, 25 min of 
progressive resisted 
stationary bicycling, 
2 min of cool down) 
followed by 30 minutes 
of computer‑based 
cognitive training at 
each session with the 
BrainHQ program.

12-18 weeks. In post‑stroke patients 
with 
cognitive dysfunction, 
12-18‑week sequential 
aerobic exercise and 
computerized cognitive 
training resulted in 
significantly improved 
cognitive abilities 
in terms of general 
cognitive functions and 
visuospatial memory.

a) Lack of follow‑up 
assessment.
b) Small sample size.
c) The control group 
had more number of 
older patients with 
more chromic stroke.

Ana Lucia 
Faria; 2020

General 
cognitive 
functions

Chronic Two groups: Adaptive 
VR simulations; and 
Tas‑ generated adaptive 
paper‑pencil training

12 sessions and 2 
months follow‑up

Reh@city VR group 
showed significant 
improvement in general 
cognitive function; 
where domain‑specific 
improvement is 
concerned, VR group 
showed improvement 
in visuo‑executive 
functions and attention, 
whereas control group 
showed improvement in 
orientation domain

 Groups differed in 
motor demand of the
training VR group 
require to use paretic 
arm while its hard 
or impossible to use 
paretic arm during 
pencil task;
b) Small sample size;
c) Max lost to 
follow‑up;
d) Outcome assessor 
not blinded

Martina 
Maier; 2020

Attention, 
memory, 
executive 
function, 
or spatial 
abilities

Chronic Adaptive conjunctive 
cognitive 
training (ACCT) using 
rehabilitation gaming 
system

30 minutes of daily 
training for 6 weeks

Significant changes 
in attention spatial 
awareness and 
generalized cognitive 
functioning were seen. 
No significant changes 
in executive functioning 
and memory domain

 a) Small sample size
b) Number of 
neuropsychological 
tests performed were 
excessive for the  
 sample size tested
c) Unable to blind the 
patients and  
 could only partly blind 
the outcome  
 assessor
d) Lack of attention 
from therapist on  
 EG
e) Different locations 
might have  
 influenced EG
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Contd...

Appendix 1: Contd...

Author and 
Year

Domain 
Targeted

Phase of 
Stroke 

Intervention Duration of 
Intervention

Findings Limitation

Mingyu Yin; 
2020

Executive 
function, 
memory, 
attention, 
language, and 
visuospatial 
function

Sub‑acute 
and chronic 
stroke 
(between 
1 and 6 
months)

Repetitive 
tanscranial Magnetic 
stimulation (rTMS) 
treatment

Once a day, 5 days per 
week for 4 weeks

rTMS improved 
cognitive functions and 
ADLs; rTMS at DLPFC 
improved executive 
function for PSCI 
patients. The results 
were in accordance 
with a previous study 
reporting that TMS 
improves executive 
function for patients 
of cerebrovascular 
disease with cognitive 
impairment

a) Small sample size
b) Males more than 
females
c) Usage of one 
parameter
d) Lack of follow‑up 
assessment

Sebastian 
Koch; 2020

Attention, 
memory, 
working 
memory, 
processing 
speed, and 
executive 
function

Chronic Combined aerobic 
and resistance 
training (CARET): 
Stationary treadmill 
or bicycle ergometer 
were used for aerobic 
training. Strength 
training included core 
exercises and resistance 
exercises. 
Cognitive Training 
Intervention: The CTI 
included an adaptive 
computerized platform 
which was designed 
to target auditory and 
visual attention as well 
as memory, working 
memory, processing 
speed, and executive 
function.

3 weekly 40 to 
60 minutes combined 
aerobic and resistance 
training (CARET) 
and 40 minutes 
cognitive training 
intervention (CTI) 
sessions

Only a modest gain in 
MoCA scoring, which 
do not differ from 
control group, that is, 
no significant changes 
in cognitive function 
after intervention

Intervention period too 
short to show 
significant differences 
between the groups, 
particularly regarding 
cognitive outcomes. No 
blinded assessment of 
outcomes

G.Zheng; 
2020

Global 
cognitive 
function, 
memory, 
processing 
speed, 
execution,  
attention, and 
visuospatial 
ability

Chronic Baduanjin exercise 
consisted of eight 
separate and smooth 
movements, with a 
frequency of 3  
days a week and 
40 minutes per day

24 weeks Baduanjin exercise 
training had a 
significant improvement 
on the global 
cognitive function in 
post‑stroke patients 
and small‑to‑moderate 
beneficial effects on 
memory, executive 
function, attention and 
ADL after a 24‑week 
treatment.

Performance bias due 
to lack of blinding of 
the coaches. Small 
sample size. 
Results not 
generalisable to all 
stroke patients because 
majority of participants 
were high NIHSS 
scores and mild cog 
impairment

Catherine M. 
Haire, 2021

Executive 
function, 
cognitive 
flexibility, 
short‑term 
memory

Chronic Therapeutic 
instrumental music 
training (TIMP) + 
motor imagery: 
TIMP is a music 
therapy which uses 
selected and positioned 
acoustic and electronic 
instruments.

Three experimental 
arms:
(1) 45 minutes of  
 acti TIMP,
(2) 30 minutes of 
active TIMP followed 
by 15 minutes of 
metronome‑cued motor 
imagery (TIMP+cMI),
(3) 30 minutes of active 
TIMP followed by 
15 minutes of motor 
imagery without 
cues (TIMP+MI).  
for 3 times*3 weeks

Executive functioning 
appears to be enhanced 
by therapeutic 
instrumental music 
training+motor imagery

Small clinical trial, 
heterogeneous group 
compositions, and less 
intervention sessions
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Appendix 1: Contd...

Author and 
Year

Domain 
Targeted

Phase of 
Stroke 

Intervention Duration of 
Intervention

Findings Limitation

Polly V.Peers; 
2021

Executive 
function, 
visuospatial, 
visual 
short‑term 
memory

Subacute A series of 3-5‑minute, 
time‑limited games 
for attention training 
and memory training 
to challenge cognitive 
capacities

4 weeks Attention training 
participants showed 
greater levels of 
improvement in 
everyday functioning 
than working memory 
training or waitlist 
participants.

Dropouts from WMT 
group, variability 
in time since stroke 
between participants.D
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