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Abstract 

Background Stroke is a leading cause of death and disability worldwide. Despite the prevalence and associated 
burden of cognitive impairment post-stroke, there is uncertainty regarding optimal cognitive rehabilitation for people 
post-stroke. This study aimed to assess whether a multicomponent intervention, called OptiCogs, is feasible, acceptable, 
and safe for people with cognitive impairment post-stroke. A secondary aim was to explore changes in cognitive func-
tion, fatigue, quality of life, physical function, and occupational performance, from pre-intervention to post-intervention.

Methods A feasibility study was conducted where people post-stroke with cognitive impairment enrolled in a 6-week 
multicomponent intervention. The primary outcomes recorded included response rate, recruitment rate, retention rate, 
adherence to the intervention protocol, adverse events, and acceptability of the intervention to people post-stroke. 
Secondary outcomes included (i) change in cognitive functioning using the Addenbrooke’s Cognitive Examination III, (ii) 
fatigue using the Fatigue Severity scale, (iii) quality of life using the Stroke Specific Quality of Life scale (iv) physical function 
using the patient-reported outcomes measurement information system, and (v) patient-reported occupational perfor-
mance using the Canadian Occupational Performance Measure. The Consolidated Standards of Reporting Trials extension 
reporting guidelines were followed, for pilot and feasibility studies, to standardize the conduct and reporting of this study.

Results The response rate was 10.9%. Nine eligible participants were enrolled during the 4-month recruitment 
period, with eight participants completing the entire 6-week intervention, as well as the pre- and post-interven-
tion outcome measures. There were no reported adverse events. Participants were satisfied with the intervention 
and found it acceptable overall. Results of the secondary outcomes were promising for cognitive function (ACE III, 
pre: 63.3 ± 23.9 to post: 69 ± 24.6), fatigue (FSS, pre: 52.5 ± 7.3 to post: 45.6 ± 7.2), quality of life (SSQoL, pre: 131.0 ± 26.3 
to post: 169.9 ± 15.3), physical function (PROMIS-PF, pre: 15.5 ± 6.3 to post: 15.8 ± 5.3), and occupational performance 
(COPM performance, pre: 9.3 ± 2.3 to post: 22.9 ± 4.2) and COPM satisfaction, pre: 9.9 ± 2.1 to post: 22.7 ± 3.5).

Conclusion Preliminary results suggest low-modest recruitment and high retention rates for the OptiCogs inter-
vention. Changes in cognitive function, fatigue, quality of life, and self-reported occupational performance show 
improvement from pre- to post-intervention. These potential benefits require further testing in a larger pilot trial.
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Trial registration NCT05414539.
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Key messages regarding feasibility

1) What uncertainties existed regarding the feasibility?

Key uncertainties with regard to the recruitment, 
Retention, and adherence rates to a multicomponent 
intervention for PpS with cognitive impairment were 
addressed.

2) What are the key feasibility findings?

A combined cognitive-physical intervention of a 
6-week duration is feasible to implement, Is largely 
acceptable to PpS, and is a safe intervention to imple-
ment for PpS with cognitive impairment

3) What are the implications of the feasibility findings 
for the design of the main study?

Components of the intervention schedule, Such as the 
optimal method of delivery of the intervention compo-
nents, require modification prior to a future pilot RCT.

Background
Stroke is among the leading causes of death and disabil-
ity-adjusted life years worldwide [1]. Cognitive impair-
ment in people post-stroke (PpS) occurs in up to 60% of 
people with ischemic stroke [2] with varying incidence 
rates between 20 and 80% of PpS [3–5]. Over 50% of 
PpS who recover well from the physical effects of stroke 
experience long-term cognitive deficits [6]. Data from 
a prospective population-based stroke register found 
the prevalence of cognitive deficits in 22% of people at 
5 years post-stroke and 21% of people at 14 years post-
stroke [7]. Cognitive impairment post-stroke is inde-
pendently associated with a poorer quality of life [8], 
higher rates of mortality and institutionalization [9], 
increased caregiver burden [10], and increased health-
care costs [11].

A priority-setting partnership in the UK, the James 
Lind Alliance, identified that cognitive impairment 
post-stroke was the leading priority among the top 10 
research priorities for PpS [12]. Despite this, much 
stroke rehabilitation focus is placed on the improve-
ment of physical deficits, [13, 14], with PpS reporting a 
focus placed on physical needs over non-physical needs 
such as social re-integration and psychological support 

[15]. Previous Cochrane reviews have explored the 
effectiveness of cognitive rehabilitation interventions 
on single domains of cognitive function post-stroke, 
such as memory, executive function, attention, apraxia, 
neglect, and perception [16–21].

An overview by Gillespie et  al. [22] synthesized evi-
dence across these Cochrane reviews and reported 
favorable outcomes of cognitive rehabilitation across 
the domains of attention, spatial neglect, and motor 
apraxia immediately post-intervention. However, 
Gillespie et al. [22] noted that improvements were not 
likely to persist in the long-term and did not improve 
the function of PpS. Given the multi-faceted, and often 
diffuse nature, of cognitive impairment post-stroke, 
focusing on domain-specific cognitive outcomes post-
stroke, may fail to capture the interconnected cognitive 
deficits which present in PpS [3, 23]. There remains a 
need to move beyond the narrow scope of specific cog-
nitive rehabilitation interventions focusing on one spe-
cific domain of a cognitive function.

There appears a pressing need to develop a compre-
hensive and clinically relevant rehabilitation interven-
tion for people with cognitive deficits post-stroke. The 
Medical Research Council (MRC) Framework offers 
guidance on the development and evaluation of com-
plex interventions [24]. This framework emphasizes 
developmental and early piloting phases of interven-
tions, wherein iterative and flexible processes are used 
to guide development. For instance, the first devel-
opment phase of the MRC framework highlights the 
importance of identifying the existing evidence-based. 
O’Donoghue et  al. (2022) conducted a systematic 
review and meta-analysis of 64 studies, addressing all 
types of non-pharmacological rehabilitation interven-
tions which may improve multiple cognitive domains 
in PpS. Within this review, rehabilitation interventions 
were categorized as multicomponent interventions, 
physical activity interventions, cognitive rehabilitation 
interventions, non-invasive brain stimulation proto-
cols, occupational-based interventions, and other inter-
ventions. The most consistent evidence in this review 
supported multicomponent interventions, with signifi-
cant improvement demonstrated for general cognitive 
function (MD 1.56, 95% CI 0.69, 2.43) and memory 
(SMD 0.49, 95% CI 0.27, 0.72). Within these analyses of 
multicomponent interventions, cognitive rehabilitation 
training was used in conjunction with a form of physi-
cal activity. Physical activity interventions improved 



Page 3 of 13O’ Donoghue et al. Pilot and Feasibility Studies           (2023) 9:178  

outcomes of neglect (MD 13.99, 95% CI 12.67, 15.32) 
and balance (MD 2.97, 95% CI 0.71, 5.23). Occupa-
tional-based intervention conducted within 3  months 
post-stroke showed an effect in favor of the interven-
tion group for general cognitive function (MD 0.39, 
95% CI (0.02 to 0.76).

Alongside this meta-analytic evidence, and in keep-
ing with the MRC framework guidance of engaging key 
stakeholders [24], an in-depth qualitative study was con-
ducted with PpS, caregivers, and healthcare professionals 
working in stroke rehabilitation [25]. Factors identified 
by stakeholders as being key to intervention development 
emphasized meaningful engagement, both in the type of 
intervention delivered, as well as the intervention setting 
[25]. The capacity of PpS to engage in rehabilitation, as 
well as the optimal timing and delivery of the interven-
tion, was highlighted [25]. Drawing on this qualitative 
evidence, in conjunction with meta-analytic evidence 
from our systematic review, a multicomponent rehabili-
tation intervention aimed at improving cognitive func-
tioning in PpS was systematically developed which we 
called Opticogs.

Randomized controlled trials are required to provide 
a robust evidence-based for a complex multicomponent 
intervention to improve cognitive functioning in PpS. The 
feasibility of such an intervention requires examination 
prior to proceeding with a pilot randomized controlled 
trial. The delivery approach of OptiCogs was created 
in response to public health guidelines aligned with the 
COVID-19 pandemic and thus adopted a telehealth 
approach to intervention delivery [26] and presents the 
proof of concept testing of OptiCogs in preparation for 
larger scale evaluations, in accordance with the MRC 
framework [24].

Specific aims
The primary aim of this study was to assess the feasibility, 
acceptability, and safety of a multicomponent rehabilita-
tion intervention for PpS with cognitive impairment. The 
secondary aim was to explore pre-to-post-test changes in 
outcome measures relating to cognitive function, fatigue, 
quality of life, physical function, and patient-reported 
occupational performance as proof of concept for a 
future larger-scale investigation.

Material and methods
Participants and setting
This study was conducted as a single-arm feasibility study 
using a pre-test to post-test design. The study design was 
chosen with the aim of testing the feasibility of a multi-
component rehabilitation intervention for people with 
cognitive impairment post-stroke [27]. The Consolidated 
Standards of Reporting Trials (CONSORT) extension 

for pilot and feasibility studies was followed to standard-
ize the conduct and reporting of this study [28]. Ethical 
approval was obtained from the HSE-Mid Western Area 
Research Ethics Committee [REC: Ref: 121/2021] and the 
University of Limerick, Faculty of Education and Health 
Sciences Research Ethics Board [REC: 2022_03_07_EHS 
(OA)].

Participant eligibility
Inclusion criteria

• People with a diagnosis of stroke. Stroke may have 
been ischaemic or hemorrhagic in nature.

• People aged ≥ 18  years old; with confirmed mild to 
moderate cognitive impairment using the Adden-
broke’s examination III (ACE III) with a cutoff score 
of 88/100 [29].

• People post-stroke who had a modified rankin Scale 
(MRS) score of 0–3

• People post-stroke who were able to express their 
basic needs, verbally or not

• Had access to a smartphone, laptop, or tablet with an 
internet connection

Exclusion criteria

• Physician-confirmed contraindications for undertak-
ing physical activity, e.g., safety, presence of unstable 
heart disease

• People with diagnosed TIA
• People post-stroke with known active delirium or 

dementia
• People post-stroke with a diagnosis of known pre-

stroke cognitive impairment
• People post-stroke with moderate or severe visuospa-

tial neglect

Sample size
The target sample size of n = 10 participants was based 
on a pragmatic approach to the assessment of feasibility 
in the context of the study resources (i.e., funding and 
personnel) [30]. Recruitment took place over 12  weeks, 
where all eligible participants who expressed interest in 
participating in the study were invited to partake.

Procedures
Participants were scheduled to complete baseline data 
collection during the pre-assessment week, i.e., week 0 of 
the intervention schedule (see Supplementary Table  1). 
Data collection took place in one-to-one sessions with the 
first author (MOD) via Microsoft Teams, and the ACE 
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III measure was completed to establish participants’ pre-
intervention cognitive function. A questionnaire was sent 
to all participants using MS forms, where participants 
were asked to complete demographic questions about 
their age, gender, education level, comorbidities, and rural/
urban living environment. Data were collected the week 
subsequent to the completion of the 6-week intervention. 
These data were collected in the same sequence (one-to-
one MS team meeting and questionnaires via MS forms).

Patient and public partnership statement
A partnership-focused framework [31] guided the estab-
lishment of a patient and public partnership (PPI) panel 
of PpS and clinical experts in stroke rehabilitation to 
inform this study. In line with the INVOLVE principles 
and values [32], a PPI panel was established including 
three PpS with self-reported cognitive impairment, and 
three clinical experts in stroke rehabilitation, namely 
a Clinical Specialist Occupational Therapist in stroke 
rehabilitation, a senior Occupational Therapist and sen-
ior Physiotherapist in Early Supported Discharge for 
stroke. PPI began in November 2021, with panel mem-
bers actively advising the research team on intervention 
refinement of OptiCogs until week 1 of intervention 
delivery which began in May 2022.

In terms of intervention refinement of OptiCogs, the 
PPI panel was initially consulted in November 2021, 
with the panel members giving their insights and MOD 
facilitating the sessions. A decision was made for PpS and 
clinical experts to meet separately in order to promote 
fairness of opportunity in line with the INVOLVE guide-
lines (Hayes et al. 2012). To this end, an agenda was set 
for each PPI meeting in advance, wherein the PPI panel 
members reviewed the meeting agenda and were encour-
aged to contact MOD should any queries arise. The 
agenda for the series of meetings with PpS and clinical 
experts in stroke rehabilitation were as follows:

Meeting date 
and agenda with  
clinical experts

Meeting agenda - Outcomes of meeting

Meeting 1 (November 
2021): Intervention 
development

The preliminary 
intervention schedule 
was sent to the inter-
vention development 
one week in advance 
of the meeting 
for their review

- Strengths and weak-
nesses of the interven-
tion schedule were 
discussed
- Approaches to facili-
tate optimal engage-
ment in an online 
cognitive rehabilitation 
intervention post-stroke 
were discussed
- MOD re-drafted 
the intervention 
schedule post-meeting 
and circulated it 
to panel members 
for any further feedback

Meeting 2 (February 
2022): Recruitment 
and further review 
of intervention 
schedule

Given the slow recruit-
ment rates from UHL, 
input was sought 
from clinical experts 
on how to expand 
recruitment channels
The panel was asked 
to review the Opti-
Cogs intervention 
program and outline 
any changes they 
would recommend 
to facilitate optimal 
engagement

- Recruited was extended 
to other clinical sites 
within the UL Hospitals 
group namely, St. Camil-
lus and St. Ita’s Hospital 
Newcastle West, as well 
as recruiting via a gate-
keeper from the Irish 
Heart Foundation
- The intervention 
schedule was short-
ened from including 6 
cognitive domains to 3 
cognitive domains as fol-
lows: attention, memory, 
and executive function

Meeting date 
and agenda with peo-
ple post-stroke 
with self-reported 
cognitive impairment

Meeting agenda Outcomes of meeting

Meeting 1 (February 
2022): Introduction 
to other panel mem-
bers and the research 
topic

The panel members 
were introduced 
to one another
The boundaries 
of the group were 
discussed as well 
as the optimal 
approach to con-
duct the meetings, 
i.e., it was decided 
that a meeting agenda 
be sent out one week 
in advance of the meet-
ing in order for time 
to read the informa-
tion and pose any 
queries to MOD prior 
to the meeting date

A safe and friendly 
environment was cre-
ated where PpS felt 
empowered to express 
their opinions in line 
with the INVOLVE 
guidelines and fairness 
of opportunity to con-
tribute

Meeting 2 (March 
2022): Review 
of the participant 
information leaflet 
and discussion 
of the recruitment 
process

The panel was asked 
to review the par-
ticipant information 
leaflet

Following their review, 
proposed changes 
to the leaflet from panel 
members were as follows:
- Fewer words overall
- Use of larger fonts
- Visuals to convey 
the message quickly
- Use of layman terms 
and less use of “research 
terms”
- Additional information 
regarding the ability 
of participants to reach 
out for support dur-
ing the intervention 
should any needs arise 
and know that their 
needs will be listened to, 
and dealt with accord-
ingly and with confiden-
tiality

Meeting 3 (April 2022): 
Proposed change 
of method of delivery 
of OptiCogs from face-
to-face to an online 
method of interven-
tion delivery

The panel was asked 
to detail their views 
on the potential to run 
OptiCogs via an online 
method of delivery 
in response to Covid-
19

- The pros and cons 
of telehealth were 
discussed
- The panel members 
emphasized that small 
group numbers were key, 
i.e., no more than 3 par-
ticipants per Teams call
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The main objective of the panel was to provide con-
sensus on key aspects of the intervention design. This 
objective was achieved through collaborative interpreta-
tion of the existing evidence, in conjunction with patient 
values and clinical expertise. Feedback on the feasibility 
and acceptability of the intervention schedule was gath-
ered from a series of meetings with stakeholders. Key 
principles of complex intervention development are that 
it is, “dynamic, iterative, creative, open to change and 
forward-looking to future evaluation and implementa-
tion” [33]. In accordance with these principles, the clini-
cal experts in stroke rehabilitation detailed what would 
be feasible in clinical practice, given their experience in 
the context in which OptiCogs would be delivered. This 
input was balanced with the continual input from PpS, 
who provided their insights into intervention develop-
ment drawing from their experiential expertise of stroke, 
gained from their lived experiences [34].

Description of OptiCogs
OptiCogs is a 6-week multicomponent intervention, con-
sisting of both cognitive rehabilitation and physical activ-
ity components. The cognitive component was delivered 
via telehealth by an occupational therapist, while the 
physical activity component was delivered via telehealth 
by a chartered physiotherapist and first author (MOD).

For the cognitive component of the intervention, there 
were both group-based cognitive intervention sessions, 
as well as three individualized one-to-one cognitive ses-
sions for each participant. The individualized component 
was devised drawing on the goals of the PpS identified 
via the COPM pre-intervention. One-to-one cognitive 
sessions were tailored in accordance with the cognitive 
profile of the PpS, based on scores from the ACE-III as 
well as their established pre-assessment goals using the 
COPM [35]. For full details of the cognitive component 
of the intervention schedule, please see supplementary 
Table  1. Group-based domain-focused cognitive inter-
vention was delivered in relation to attention, memory, 
and executive function.

The physical activity component was informed by 
exercise recommendations for stroke survivors [36] and 
supplemented by findings of our quantitative systematic 
review and qualitative findings [25, 37]. Group-based 
exercise classes, delivered via telehealth, adopted a cir-
cuit class style, with sessions progressively increasing 
in intensity from week 1 to week 6. Sessions included a 
full body warm-up for approximately 5  min, followed 
by a circuit of eight strengthening exercises, target-
ing each major muscle group. Sessions were structured 
to allow for progressive overload, wherein participants 
were educated on how to exercise to fatigue on each set 
of the resistance exercises. For full details of the physical 

activity component of the intervention schedule, please 
see Supplementary Table 1.

Primary outcome measures
The recruitment response rate, expressed as a percent-
age, was computed as the number of people recruited 
to the study divided by the number who were screened 
as eligible and invited to participate. The recruitment 
rate was calculated as a percentage, with the number of 
people enrolled (numerator) over the number of eligible 
participants (denominator). Retention was calculated 
as the proportion of individuals who, after enrolment, 
completed the pre-intervention outcome measures and 
post-intervention outcome measures. Adherence to the 
intervention schedule was assessed through recording 
attendance at all sessions. Reasons for non-attendance 
were recorded by facilitators. Participants were consulted 
by MOD on a weekly basis to document adherence to 
the intervention protocol, discuss if any adverse events 
were occurring or at risk, and any other issues raised 
by participants throughout the intervention period. 
Adverse events were assessed using a self-report diary 
and included (1) pain during or after a session, (2) fall 
during or after a session, (3) emotional distress, (4) exac-
erbation of fatigue, or (5) other neurological symptoms 
post-stroke. These were self-reported by participants in 
response to questioning by the facilitators (MOD) at the 
beginning of each session. Acceptability of the OptiCogs 
intervention was assessed using a self-report question-
naire developed by the researchers containing 5-point 
Likert scales: 1 = “strongly disagree,” 2 = “disagree,” 
3 = “neutral,” 4 = “agree,” and 5 = “strongly agree.”

Secondary outcome measures
The secondary objectives of this study were to examine 
changes in the following outcome measures following the 
OptiCogs intervention:

• Cognitive function: The Addenbrooke’s Cognitive 
Examination-III (ACE-III) is a cognitive test that 
assesses five cognitive domains namely, attention, 
memory, verbal fluency, language, and visuospatial 
abilities [38]. The optimal ACE-III cutoff scores to 
detect mild cognitive impairment are 88/100 (sensi-
tivity 0.77, specificity 0.92) [29].

• Fatigue: The Fatigue Severity Scale (FSS) is a 9-item 
scale which measures the severity of fatigue and its 
effect on activities of daily living on a 7-point scale. A 
total score of 36 or more indicates that one is experi-
encing fatigue. The FSS is shown as a valid and reli-
able measure of fatigue in PpS [39].

• Quality of life: The Stroke-Specific Quality of Life 
Scale-12 (SSQoL-12) is a 12-item scale containing 
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49 items in 12 domains, namely, mobility, energy, 
upper extremity function, work/productivity, mood, 
self-care, social roles, family roles, vision, language, 
thinking, and personality. Each item is scored on a 
5-point Likert scale with higher scores indicating 
better functioning [40]. The SSQoL-12 displays good 
criterion validity for all subsets of stroke [41].

• Physical function: The patient-reported outcome 
measurement information system (PROMIS) scale 
(PROMIS-10) scale is indicated for use by an interna-
tional expert panel within the “standard set” of stroke 
measures [42]. The PROMIS-10 has been validated 
within the stroke population [43]. The physical func-
tion (PF) subset of the PROMIS-10 is shown to be 
feasible to obtain a measurement of PF in ischaemic 
stroke patients, with lower patient burden in compar-
ison to the Stroke Impact Scale and minimal ceiling 
effect [44]. The items of the PROMIS-PF are scored 
numerically for an individual’s response to each ques-
tion, with scores added up to find the total raw score.

• Participant-rated goal attainment: The Canadian 
Occupational Performance Measure (COPM) is a cli-
ent-centred tool designed to capture the individual’s 
self-perception of performance within three occupa-
tional performance areas: self-care, productivity, and 
leisure [35]. The individual is asked to use a 10-point 
scale to rate their own level of performance and sat-
isfaction with performance for each the five identi-
fied areas for improvement. The therapist calculates 
an average COPM performance score and satisfac-
tion score, typically ranging between 1 and 10, with 
1 indicating poor performance and 10 indicating very 
good performance and high satisfaction. Systematic 
review evidence shows the COPM to be an appropri-
ate tool for clinicians in assessing outcomes and col-
laborative goal-setting in PpS, with good test–retest 
reliability within the stroke population [45].

Statistical analysis
Summary statistics were used to describe participant 
characteristics at baseline using proportions (percent-
age) or means and standard deviations (SD). Numeric 
data were assessed for skewness using visual plots and 
the Shapiro–Wilk test of normality. Primary feasibility 
and adherence outcomes are reported as proportions. 
Analysis of the secondary outcomes variables compared 
differences between the pre-intervention and post-
intervention scores using mean difference (post–pre) 
with associated 95% confidence intervals. SPSS software 
(Version 28.0 Armonk, NT: IBM Corp) was used for all 
analyses.

Results
Primary outcomes
Response rate
As displayed in Fig. 1, the response rate was as follows: 
15/137 × 100% = 10.9%.

Recruitment and retention rates
As displayed in Fig. 1, from February to May 2022, nine 
participants enrolled in the intervention, with eight par-
ticipants completing the study. The target sample size 
of ten participants was not reached as a result of this 
screening process with eligibility criteria as outlined 
previously. Table 1 provides an overview of the baseline 
characteristics of participants. One individual withdrew 
from the study before commencing the intervention 
phase due to medical reasons. Therefore, eight partici-
pants in total (88.9%) completed the 6-week intervention 
and all outcome measures. Five participants attended all 
the physical and cognitive elements of the intervention. 
The flow of participants is outlined in Fig. 1.

Adherence
The intervention consisted of six group-based cognitive 
rehabilitation sessions, six group-based physical activ-
ity sessions, and three one-to-one cognitive sessions. Six 
(75%) participants attended all three one-to-one cogni-
tive sessions. Five participants (62.5%) attended all six 
group-based cognitive sessions. The group-based physi-
cal activity sessions were attended in full by four (50%) 
participants. Barriers such as difficulty in using the 
required hardware/software to attend telehealth sessions 
were recorded. Participants also reported challenges with 
monitoring emails for information on when to attend ses-
sions. Also, the lack of a face-to-face meeting with facili-
tators and other participants was reported as the reasons 
for non-adherence by some participants.

Adverse events
There were no reported adverse events by participants 
during the intervention phase. One participant dropped 
out for a medical reason, which was independent of the 
intervention itself.

Acceptability
The responses to the participant acceptability ques-
tionnaire (Likert scale) are shown in Table  2. Mean 
scores ranged from 3.6 (SD ± 0.74) regarding the 
physical activity component of the intervention to 
4.9 (SD ± 0.35) on the overall level of satisfaction with 
OptiCogs.
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Secondary outcomes
Secondary outcomes for pre- and post-intervention 
time points are provided in Table 3. Cognitive function 
as measured by the ACE III scores improved, MD = 5.8 
(95% CI 0.9, 10.6). Fatigue severity as measured by 
the FSS decreased, MD =  − 6.9 (95% CI − 12.6, − 1.2). 
Changes in the quality of life post-stroke as meas-
ured by the SSQoL scale improved, MD = 38.9 (95% 
CI 19.7, 58.0). There was little change in physical 

function as measured by the PROMIS-10, MD = 0.3 
(95% CI − 2.1, 2.6). COPM scores improved for perfor-
mance, MD = 13.6 (95% CI 8.9, 18.3) and satisfaction, 
MD = 12.9 (95% CI 8.6, 17.1).

Discussion
The current study findings demonstrated the feasibility, 
acceptability, and safety of this multicomponent interven-
tion for people with cognitive impairment post-stroke. 

Fig. 1 Participant flow diagram
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These findings will add to the future development of the 
intervention, wherein further development and refine-
ment will be conducted in accordance with the MRC 
framework [24]. Participant behavior and feedback offer 
practical applications and clinical recommendations for 
future work in this field.

Participants reported high levels of satisfaction with 
the intervention schedule, with overall satisfaction 
with the intervention reported at 4.9 points (SD ± 0.35). 
Adherence rates, ranging from 50 to 75%, demonstrated 
modest rates of adherence for completion of the 6-week 
intervention phase of OptiCogs. Also, no adverse events 
were reported in this study. This study did not seek to 
examine if participants experienced significant changes 
in secondary outcomes from pre-intervention to post-
intervention. However, there were improvements in sec-
ondary outcome measures relating to cognitive function, 
fatigue, quality of life, physical function, and goal attain-
ment in occupational performance.

In terms of recruitment, retention, and adherence, 
the results of this study suggest some modifications to 
the intervention are necessary. The delivery of Opti-
Cogs via telehealth, for example, resulted in barriers to 
recruitment and optimal engagement in the interven-
tion for some. The delivery of OptiCogs was developed 
within the context of the COVID-19 pandemic and in 
keeping with public health guidelines adopted a tele-
health approach to intervention delivery (World Health 
Organization 2021). In light of the barriers observed 
by participants engaging in OptiCogs, offering cogni-
tive telerehabilitation post-stroke as the sole service 
model is not recommended and a more flexible model 

Table 1 Participant demographics

Gender
 Female 4 (50%)

 Male 4 (50%)

Age 55.8 (16.1)

Marital status
 Living with a partner 3 (37.5%)

 Married 5 (62.5%)

Employment
 Retired 3 (37.5%)

 Unable to work due to health reasons 1 (12.5%)

 Work full-time 3 (37.5%)

 Work part-time 1 (12.5%)

Time post-stroke (years) 2.2 (1.6)

Type of stroke
 Hemorrhagic stroke 2 (25%)

 Ischemic stroke 6 (75%)

Education level
 Secondary school—leaving certificate 3 (37.5%)

 Third level—diploma/certificate/degree 5 (62.5%)

Mobility level
 Ambulatory with bilateral assistance (canes, crutches, 
walker frame)

1 (12.5%)

 Ambulatory without aid 7 (87.5%)

Co-morbidities
 Mild asthma 1 (12.5%)

 Overweight 1 (12.5%)

 Pacemaker 1 (12.5%)

Previous fall
 No 6 (75%)

 Yes 2 (25%)

Table 2 Participant acceptability questionnaire

5-point Likert scale employed across questions (score of 1 = “strongly disagree”; 
2 = “disagree”; 3 = “neutral”; 4 = “agree”; 5 = “strongly agree

Questions Mean (SD)

Q1. I had good support from my healthcare profes-
sional during participation in OptiCogs

4.8 (0.46)

Q2. The content of the cognitive rehabilitation was 
acceptable and met my needs

4.1 (0.64)

Q3. The content of the physical activity component 
was acceptable and met my needs

3.6 (0.74)

Q4. The individualized calls with the occupational 
therapist were acceptable and met my needs

4.3 (0.46)

Q5. Taking part in OptiCogs for 6 weeks was accept-
able and met my needs

4.5 (0.53)

Q6. Please, tick the appropriate box that indicates your 
overall satisfaction with OptiCogs

4.9 (0.35)

Table 3 Secondary outcomes pre- and post-intervention

ACE III Addenbrooke’s Cognitive Examination III (higher scores reflect 
improvement in cognitive function), FSS Fatigue Severity Scale (lower scores 
reflect a decrease in fatigue), Global Fatigue scale (a subset of the FSS, wherein 
lower score reflects a decrease in fatigue), PROMIS-PF patient reported 
outcomes measurement information system-physical function subset, SSQoL 
Stroke Specific Quality of Life scale (higher score reflects an increase in quality 
of life), COPM Canadian Occupational Performance Measure (scores on level 
of performance and satisfaction of performance range from 1 to 10, where 1 
indicates poor performance and low satisfaction, with 10 representing high 
performance and high satisfaction),*n = 7 participants completed the COPM 
measure

Pre Post Mean difference (95% 
CI)

ACE-III 63.3 (23.9) 69 (24.6) 5.8 (0.9, 10.6)

FSS 52.5 (7.3) 45.6 (7.2)  − 6.9 (− 12.6, − 1.2)

Global Fatigue 8.0 (1.4) 6.9 (1.4)  − 1.1 (− 1.8, − 0.4)

SSQoL 131.0 (26.3) 169.9 (15.3) 38.9 (19.7, 58.0)

PROMIS-PF 15.5 (6.3) 15.8 (5.3) 0.3 (− 2.1, 2.6)

COPM Performance* 9.3 (2.3) 22.9 (4.2) 13.6 (8.9, 18.3)

COPM Satisfaction* 9.9 (2.1) 22.7 (3.5) 12.9 (8.6, 17.1)
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should be considered in the future including face-to-
face, hybrid, and telehealth options. This mirrors cur-
rent research into telehealth and stroke rehabilitation 
where the so-called digital divide results in participants 
encountering challenges in accessing digital technolo-
gies due to a lack of skills and education in technologi-
cal usage [46].

We noted higher rates of adherence for the one-to-
one therapy sessions. This may have been positively 
influenced by one-to-one contact with a healthcare 
professional during these individualized sessions. It is 
known that HCP communication is significantly posi-
tively correlated with patient adherence, wherein the 
odds of patient adherence are 1.62 times higher when a 
HCP is trained in communication skills [47]. This again 
suggests the importance of clinician-patient contact 
and points to the need to consider offering personalized 
and flexible choices to people with post-stroke cogni-
tive impairment to optimize participation in such inter-
ventions. This individualized approach is supported by 
the work of Clare et al. [48] who conducted the “Goal-
oriented cognitive rehabilitation for early-stage Alz-
heimer’s and related dementias: the GREAT RCT”. The 
GREAT RCT offered a cognitive rehabilitation program 
to n = 475 people with Alzheimer’s disease or vascular 
or mixed dementia or had mild to moderate cognitive 
impairment. GREAT was delivered by nine occupa-
tional therapists and one nurse, over a 3-month period 
in the participants’ homes. At three months, there were 
statistically significant large positive effects for partici-
pant-rated goal attainment as measured by the COPM 
[mean change in the CR arm: 2.57; mean change in the 
TAU arm: 0.86; Cohen’s d = 0.97, 95% confidence inter-
val (CI) 0.75 to 1.19]. These positive findings for par-
ticipant-rated goal attainment in the GREAT RCT are 
mirrored in the current study, wherein COPM scores 
improved for levels of satisfaction relating to goal 
attainment (MD = 12.9 (95% CI 8.6, 17.1) post-inter-
vention, i.e., 6 weeks.

The results of this study provide preliminary evidence 
that a multicomponent intervention may be beneficial in 
improving cognitive function, fatigue, quality of life, and 
occupational performance in PpS. These potential bene-
fits are tentatively interpreted and require further testing 
in a larger pilot randomized trial. In particular, changes 
in ACE III and SSQoL scores suggest improvements of 
cognitive function and quality of life post-intervention, 
i.e., 6  weeks. This mirrors previous literature wherein a 
combined intervention of physical activity and cognitive 
training significantly improved cognitive function [49–
52] and quality of life post-intervention in people post-
stroke [51].

The current study findings demonstrated a positive 
trend in reducing fatigue severity post-intervention. Also, 
there was a small trend toward improvement in physical 
function demonstrated post-intervention. These results 
are supported in a randomized controlled trial of n = 73 
PpS who were randomized to either an intervention com-
bining cognitive therapy with graded activity training 
(COGRAT) or cognitive therapy alone [53]. While this 
study found that both treatments demonstrated signifi-
cant improvements on fatigue and physical endurance, 
the combined COGRAT intervention exceeded those 
of the single-component cognitive therapy intervention. 
Specifically, the number of participants showing clini-
cal improvements in measures of fatigue was higher in 
the COGRAT versus the single component cognitive 
therapy (58% of participants versus 24% of participants) 
[53]. In addition, gains in the COGRAT group for physi-
cal endurance exceeded those of the single-component 
cognitive therapy intervention (p < 0.001) [53]. However, 
the low satisfaction rate in relation to the online delivery 
of the physical activity component must be noted. Par-
ticipants encountered challenges with the completion 
of physical activity via telehealth, namely, difficulty fol-
lowing commands in the context of a group-based set-
ting and difficulty with Internet connection. The current 
study suggests that telerehabilitation is likely most suit-
ably situated as a component within a complex interven-
tion, as opposed to being the sole method of intervention 
delivery. Its centrality to the delivery of the intervention 
may negatively impact the level of engagement from 
participants, a finding mirrored in the literature and the 
so-called digital divide referring to the lack of access to 
digital technologies and connectivity within certain pop-
ulations, and the lack of motivation to engage in reha-
bilitation interventions delivered via telehealth [46]. PpS 
who experience communication and/or cognitive impair-
ment are also likely to encounter more difficulty with 
telerehabilitation than those without [54] It seems there-
fore that offering telerehabilitation as the primary service 
model may not be recommended.

The results of this study must be interpreted in the 
context of its strengths and limitations. OptiCogs was 
developed following a comprehensive systematic review 
and meta-analysis [37], followed by an in-depth qualita-
tive exploration of key stakeholders in stroke rehabilita-
tion [25] and meaningful PPI engagement, guided by the 
MRC framework [24]. The transparent development of 
OptiCogs will allow for intervention replication and sets 
the foundation for a pilot RCT to be conducted, wherein 
estimate effect sizes will be calculated and further inter-
vention refinement can be conducted in line with the 
MRC framework [24].
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However, these preliminary data are encouraging and 
suggest a larger pilot study is warranted. In discussing 
the implications of the current study findings, the single-
arm feasibility study design must be considered. Without 
a control group, it is difficult to ascertain how much of 
these improvements are as a result of natural recovery. 
Therefore, the potential benefits observed are interpreted 
with caution and require further testing in a larger pilot 
trial. Given the lack of blinded outcome assessment, the 
potential for detection bias is acknowledged.

With regard to the future intervention development 
of OptiCogs, the value of a process evaluation of Opti-
Cogs should be considered. This process evaluation 
would further outline the potential modifications needed 
for OptiCogs. The MRC guidance on process evalua-
tions described by Moore et al. (2015) suggests that early 
evaluation of these testing phases should encompass 
a process evaluation in which quantitative data is com-
bined with an in-depth qualitative exploration to pro-
vide detail on the implementation and functioning of the 
intervention on a small scale [55]. Process evaluations 
serve a very important role in health service research by 
providing detailed insight into the experiences of those 
exposed to the intervention [56]. This is of particular 
note in stroke rehabilitation research where the transla-
tion of interventions into practice has been described as 
“impossible’, due to the prevalence of insufficient imple-
mentation strategies and methodological descriptions 
[57]. Trials which include a process evaluation are known 
to yield higher-quality results, which can help translate 
intervention findings and enhance the potential general-
isability and optimization of the proposed intervention in 
clinical practice [58]. In this way, a process evaluation of 
OptiCogs would shed light on the previously described 
‘black box’ of cognitive rehabilitation interventions [59]. 
Through the conduct of a process evaluation, OptiCogs 
could be evaluated further in terms of economic con-
siderations, cost–benefit analysis, and the use of clinical 
outcomes to inform sample size calculation. To this end, 
future process evaluations of OptiCogs should be con-
sidered in line with the key recommendations regarding 
the planning, design, evaluation, and reporting of process 
evaluations for complex interventions [55].

Furthermore, the small sample size which limits gen-
eralisability, and so, these results should be interpreted 
with caution. On reflection, perhaps a more pragmatic 
approach to recruitment should have been taken. For 
example, alternative pathways of recruitment may need 
to be considered. Given the challenges to recruitment 
for rehabilitation studies in the early phase post-stroke 
[60], it is unsurprising that community-based stroke tri-
als have the most efficient recruitment rates [61]. This is 
evident from the initial recruitment phase which via an 

acute hospital (the ESD stroke service in University Hos-
pital Limerick) which resulted in one participant being 
recruited over a period of 4 months. Subsequently, hav-
ing opened our recruitment to community-based stroke 
rehabilitation services via the Irish Heart Foundation, 
seven participants were recruited within one month. 
Thus, in consideration of the recruitment rates of this 
feasibility study, and in the context of the wider litera-
ture on stroke rehabilitation trials, it may be interpreted 
that PpS in the sub-acute to the chronic phase of recov-
ery are in a better position to be approached regarding 
trial participation. Perhaps the immediate psychological 
and physical implications of stroke have subsided, and 
the most intensive period of standard rehabilitation is 
likely to have been carried out once in the sub-acute to 
chronic phase post-stroke. Furthermore, a lack of com-
munity care and limited support from primary healthcare 
services is known to contribute to a perception of mar-
ginalization and a feeling of abandonment by PpS and 
their caregivers following discharge from the hospital set-
ting [62]. Again, this was mirrored by the qualitative find-
ings of O’ Donoghue et  al. [25] wherein PpS and carers 
felt isolated once discharged from acute stroke services 
and were back into the community. To this end, recruit-
ment forecasting for a future pilot trial of OptiCogs 
should carefully consider the stage of rehabilitation post-
stroke when specifying eligibility criteria and locations of 
recruitment.

Also, the delivery of OptiCogs was driven by public 
health guidelines aligned with the COVID-19 pandemic 
and thus adopted a telehealth approach to intervention 
delivery. However, there are barriers to telerehabilitation 
interventions and the so-called digital divide wherein 
participants encounter challenges in accessing digi-
tal technologies due to a lack of skills and education in 
technological usage [46]. There are complex challenges in 
embedding telerehabilitation services for PpS. A recent 
systematic review of 41 RCTs of stroke telerehabilita-
tion interventions synthesized the barriers and facili-
tators of stroke telerehabilitation delivery [63]. While 
usability and acceptability with telerehabilitation were 
high across the included studies, issues relating to inac-
cessibility and technical challenges, as well as training 
requirements for intervention delivery were described 
as barriers to the adoption of telerehabilitation in stroke 
services [63]. These findings were mirrored in the current 
study, wherein PpS reported technical issues and the lack 
of clinician-patient rapport as barriers to participation in 
OptiCogs. It seems, therefore, that offering telerehabili-
tation appears feasible; however, modifications to Opti-
Cogs are needed to ensure optimal engagement from 
PpS. To this end, the delivery of cognitive rehabilitation 
via telerehabilitation platforms as the primary service 
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model may not be recommended and future research in 
this area is needed.

Conclusions
To the authors’ knowledge, there are no studies investi-
gating the effectiveness of a combined cognitive rehabili-
tation and physical activity multicomponent intervention 
for cognitive rehabilitation for PpS. While the results of 
this single-arm feasibility study indicate that some modi-
fications to OptiCogs are needed prior to the commence-
ment of a larger pilot trial, preliminary results suggest 
that OptiCogs is feasible, safe, and acceptable to PpS. 
Changes in cognitive functioning scores between baseline 
and post-intervention assessment suggest improvements 
in general cognitive functioning, fatigue, and quality of 
life outcomes. These findings serve as a preliminary step 
to inform the development of an evidence-based future 
pilot randomized control trial.
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