Current Psychology
https://doi.org/10.1007/s12144-024-06526-z

®

Check for
updates

Remote delivered cognitive rehabilitation programs in Acquired Brain
Injury: a systematic review of methods and outcomes

3,4,5 é2,6

Joana Camara"?’® . Andreia Geraldo - Manuela Vilar'® - Eduardo Ferm

Accepted: 5 August 2024
© The Author(s) 2024

Abstract

Remote delivered cognitive rehabilitation programs (r-CRP) are increasingly recognized as alternative and complementary
intervention approaches to traditional cognitive rehabilitation (CR) in the context of several neurological conditions, including
acquired brain injuries (ABI). This systematic review examines the methodological characteristics of currently available r-CRP
for ABI patients and investigates their impact on cognitive and noncognitive outcomes. A systematic search was performed on
EBSCOhost, PubMed, and Web of Science, complemented by a manual search. The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses and the Cochrane Collaboration Guidelines were followed. Out of 1624 studies, a total of 19 stud-
ies were included. The results demonstrate that most r-CRP were administered to middle-aged community-dwelling chronic
stroke survivors and that there was no consensus regarding assessment and intervention protocols. Moreover, most r-CRP were
delivered through information and communication technologies (ICTs), primarily relying on cognitive training (CT) interven-
tions addressing multiple cognitive domains (e.g., attention, memory). These ICT-based CT programs included tasks with low
ecological validity, i.e., tasks with limited real-world application (e.g., cancelation tasks with artificial stimuli), and were asyn-
chronous, meaning that participants performed the sessions at their own pace, without real-time monitoring from a therapist.
In terms of the impact of r-CRP, class I studies reported mixed and inconsistent results regarding the effect of this mode of
delivery on cognitive and noncognitive outcomes of ABI patients while supporting its high feasibility and acceptability among
patients. Specific recommendations for future research are provided to improve the methodological quality of clinical studies
and establish the evidence base for r-CRP.

Keywords Cognitive Rehabilitation - Acquired Brain Injury - Remote delivered interventions - Protocols - Efficacy -
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Introduction (Campbell, 2004). These injuries can lead to a broad spec-

trum of transient or chronic deficits, which can be quite dis-
Acquired brain injuries (ABI) can be described as a set of  abling in the short and long term. Worldwide, the two most
non-congenital and non-degenerative conditions affecting =~ common types of ABI are stroke and traumatic brain injury
the brain as a result of traumatic and non-traumatic injuries ~ (TBI), accounting for high mortality and morbidity rates
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(Tagliaferri et al., 2006). Generally, ABI negatively affects
several dimensions of human functioning, namely the
physical, the cognitive, the emotional and the psychosocial
(Cernich et al., 2010; Entwistle & Newby, 2013). Consider-
ing ABI’s multidimensional consequences, patients’ reha-
bilitation is often undertaken by a multidisciplinary team,
including neurologists, physiatrists, rehabilitation nurses,
neuropsychologists, physical and occupational therapists,
speech and language therapists, nutritionists, and social
workers (Brasure et al., 2013).

Neuropsychological rehabilitation (NR) is a non-phar-
macological approach defined as a “two-way interactive
process concerned with the amelioration of the cognitive,
emotional, psychosocial, and behavioral deficits caused
by an insult to the brain” (Wilson, 2019, p.1). Cognitive
rehabilitation (CR) is a key component of NR and aims at
producing functional gains and improving social and com-
munity participation, as well as promoting patients’ quality
of life. CR combines restorative (e.g., paper-and-pencil cog-
nitive training (CT), computer-based CT) and compensatory
approaches (e.g., internal and external strategies training)
(Fish & McKnight, 2021).

Nonetheless, CR in traditional clinical environments is
not always available or accessible to many ABI patients,
especially if patients live far from health centers (Allott &
Lloyd, 2009; Lawson et al., 2022). There are three signifi-
cant main barriers narrowing patients’ access to face-to-face
CR, namely: (a) the scarce availability of these services due
to the lack of specialized healthcare staff or the existence of
long waiting-lists; (b) patients’ cognitive and motor restric-
tions; and (c) travel distance and economic costs associated
with in-presence sessions attendance (Allott & Lloyd, 2009;
Lawson et al., 2020). Moreover, unprecedented events, such
as the COVID-19 pandemic, can highly limit the delivery
of in-presence healthcare services to vulnerable popula-
tions (Dores et al., 2020; Geraldo et al., 2022). Informa-
tion and communication technology (ICT)-based solutions
(e.g., telehealth, computer-based interventions, virtual real-
ity [VR]) have emerged as a promising alternative to face-
to-face methods, enabling the delivery of remote CR and
thereby fostering continuity of care (Maggio et al., 2020;
Mantovani et al., 2020).

The World Health Organization (WHO) defines tele-
health as “the delivery of healthcare services, where patients
and providers are separated by distance” (WHO, 2022, p.
7). Telerehabilitation is a telehealth branch involving the
provision of remotely supervised rehabilitation services
to patients through ICTs (Stephenson et al., 2022). Telere-
habilitation interventions can be divided into three differ-
ent types: (a) therapist-facilitated, (b) self-guided and (c)
hybrid (Tsaousides & Ashman, 2017). On the one hand,
therapist-facilitated telerchabilitation requires synchronous
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supervision, meaning that therapists must provide real-time
feedback and support to patients during sessions. This first
type can be further categorized into four different types: (i)
telephone communication (e.g., Bombardier et al., 2009),
(i1) videoconference (e.g., Torrisi et al., 2019), (iii) instant
messaging (IM) (e.g., Bergquist et al., 2009), and (iv) screen
sharing (e.g., Man et al., 2006) (O’Neil et al., 2020; Tsaou-
sides & Ashman, 2017). On the other hand, self-guided
telerehabilitation involves asynchronous supervision, and
therapists monitor and provide feedback to patients after the
session has been completed through videoconference, tele-
phone or the email (O’Neil et al., 2020; Tsaousides & Ash-
man, 2017). Examples of remotely supervised self-guided
interventions are web-based platforms (e.g., Véliméki et al.,
2018), computer-based programs (e.g., Zhou et al., 2018),
mobile applications (e.g., Choi et al., 2016), and VR sys-
tems (e.g., Mendes et al., 2021). Finally, hybrid interven-
tions combine both of the approaches described above.
Remote delivered CR programs (r-CRP) offer numerous
advantages over face-to-face CRP, such as the reduction
of inpatient hospital stays; the extension of rehabilitation
care to patients with motor impairments or that live in rural
areas, thus, increasing the programs accessibility; flexibility
and convenience; the involvement of patients’ social sup-
port network (e.g., significant others such as a friend or fam-
ily member) on the rehabilitation process; and the increase
of rehabilitation intensity and personalization through the
use of ICT-based CR tools, which allow training adaptation
to patients specificities (e.g., neuropsychological profile,
performance between tasks) (Camara et al., 2022; Dores et
al., 2020; Geraldo et al., 2018; Solana et al., 2014).
Considering the current clinical relevance and applica-
tion of r-CRP, it is urgent to shed light on the characteristics
of available r-CRP and to understand if they are, in fact, an
effective intervention approach for ABI patients. Nowadays,
a growing number of studies are focused on assessing the
efficacy of r-CRP in ABI (Gil-Pages et al., 2022; Lawson et
al., 2020; Torrisi et al., 2020; Withiel et al., 2018). Previous
systematic and scoping reviews have analyzed: the efficacy
of CRP compared to face-to-face rehabilitation programs in
several neurological conditions (e.g., mild cognitive impair-
ment, multiple sclerosis, and ABI) (Cacciante et al., 2022);
the use of remote supervision in TBI rehabilitation (O’Neil
et al., 2019); the application of mobile Health (mHealth)
in TBI (Juengst et al., 2019); and the use of telerehabilita-
tion approaches to improve poststroke patient’s functional
prognosis (Chen et al., 2015). For instance, Cacciante et
al. (2022) found improvements in the cognitive telereha-
bilitation groups to be at least comparable to those obtained
through face-to-face CR. While this study focused on cog-
nitive telerehabilitation, a form of r-CR, it did not explore
other r-CR approaches. Besides, it analyzed cognitive
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telerehabilitation in a very wide spectrum of neurologi-
cal conditions, encompassing both neurodegenerative and
acquired conditions. Also, Juengst et al. (2019) concluded
that mHealth can be a promising tool to support patients in:
(a) compensatory strategies use for multidimensional cogni-
tive impairment (e.g., memory, organization, planning and
problem-solving deficits); (b) social and community par-
ticipation, as well as goal attainment; and (c) monitoring
and reducing chronic symptoms typically observed follow-
ing TBI (e.g., pain, depression). Despite promising results,
methodological issues such as the small sample sizes, the
heterogeneity of the clinical samples, and the significant
variability of assessment measures and intervention pro-
grams prevent the scientific community from producing
solid evidence base recommendations on the efficacy of
r-CRP.

To the best of our knowledge, there is no systematic
review describing the assessment and intervention protocols
of currently available r-CRP administered following ABI,
and exploring their impact on cognitive and noncognitive
patient’s outcomes. Thus, we aim to synthetize the meth-
odological features of available r-CRP (i.e., assessment and
intervention protocols) for ABI patients and to understand
these intervention’s effects on patient’s outcomes to better
inform clinical practice and decision-making in the field of
CR (e.g., selection of the most adequate remote delivered
intervention approach considering patients characteristics
and specific needs).

The following research questions (RQ) guided this
review:

e RQ 1: In what stage and severity of ABI are r-CRP usu-
ally initiated?

e RQ 2: What type of r-CRP are typically implemented
(e.g., therapist-facilitated or self-guided cognitive
telerehabilitation, therapist-facilitated or self-guided
computer-based or tablet-based programs)?

e RQ 3: What is the usual dose of r-CRP (i.e., number of
sessions, frequency, session and intervention duration)?

e RQ 4: What techniques, target domains, content, adap-
tation and personalization procedures are employed in
r-CRP?

e RQ 5: What are the assessment procedures frequently
utilized to assess the efficacy of r-CRP (i.e., assessment
moments, timing of assessment, target variables and in-
struments used)?

o RQ 6: What are the main results of r-CRP?

Materials and methods

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Review and
Meta-analysis Protocols (PRISMA-P) (Moher et al., 2009)
and the Cochrane Collaboration guidelines (Shamseer et al.,
2015).

Search strategy

A comprehensive literature search between 1985 and
December 2022 was performed across multiple databases,
including EBSCOhost (APA PsycInfo, Academic Search
Ultimate, Psychology, and Behavioral Sciences Collec-
tion, ERIC, APA PsycArticles, Library & Information Sci-
ence Source, and Fonte Académica), PubMed, and Web of
Science. Additionally, to mitigate potential selection and
publication biases, we conducted a manual search of the ref-
erence lists of included studies and contacted authors in the
field to inquire about unpublished data. The search equation,
restricted to titles and abstracts, was: (Tele OR remote OR
at-distance OR online OR web-based OR home-based OR
at-home OR eMental OR e-Mental OR computer-assisted
OR computer-mediated OR cyber OR digital OR virtual-
reality OR new technolog®) AND (neurorehabilitat* OR
cognitive rehabilitat* OR cognitive train* OR neuropsy-
cholog* rehabilitat* OR cognitive remediat* OR cognitive
retrain®* OR cognitive stimul*) AND (head injur* OR brain
injur* OR cerebrovascular accident™* OR stroke OR brain
tumor OR encephalitis) NOT (upper limb OR upper extrem-
ity OR postural OR motor).

Study selection

Studies were included if they met the following eligibility
criteria: (a) participants were adults diagnosed with ABI
(=18 years old); (b) studies describing r-CRP and focus-
ing on the assessment of their efficacy in ABI adults-related
outcomes; (c) studies reporting the use of at least one per-
formance-based cognitive outcome measure (e.g., Montreal
Cognitive Assessment to measure global cognition); and (d)
studies published in English, Portuguese or Spanish. Con-
versely, the following exclusion criteria were applied during
the preliminary study selection stage: (i) systematic reviews
and meta-analysis, book chapters, dissertations, editorials,
study protocols, qualitative or survey studies; (ii) studies
conducted with pediatric populations (e.g., children and
adolescents with ABI diagnosis) or with adults diagnosed
with non-acquired brain conditions (e.g., neurodegenerative
disorders, psychiatric disorders); (iii) studies reporting and
investigating interventions that were not classified as r-CRP,
such as cognitive stimulation therapy, motor rehabilitation,
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occupational therapy, neurofeedback, if it was not possible
to isolate the results of r-CRP; (iv) studies presenting solely
in-person CRP; and (v) studies retrieved under the search
string that were not related to the main theme of the sys-
tematic review (e.g., animal studies, assessment instruments
validation or psychiatric studies).

Two independent researchers (JC and AG) selected the
studies for eligibility according to the Cochrane Collabora-
tion’s recommendations (Higgins & Green, 2011). This pro-
cess was conducted using the Rayyan Intelligent Systematic
Review software (Ouzzani et al., 2016), a research collabo-
ration platform to conduct literature and systematic reviews,
which integrates a blind mode functionality to minimize the
selection bias. The study selection process comprised two
stages. In the first stage, both researchers independently
screened the retrieved studies titles and abstracts, applying
the pre-defined criteria outlined in the study selection sub-
section. Following independent screening, (i) an inter-rater
agreement was calculated using the Cohen’s Kappa calcu-
lator, (ii) a comparison of both researchers’ decisions was
performed, and (iii) all disagreements, if any, were solved
with the assistance of a third reviewer (MV). Subsequently,
the second stage involved full-text reading of all potentially
eligible studies identified during the initial screening stage.
Then, a second inter-rater agreement value was calculated,
and any remaining conflicts were again solved by a third
reviewer.

Data collection, management and analysis

Data extraction for each study was facilitated by a stan-
dardized coding matrix developed in Microsoft Excel©,
which included the following data: first author, year, study
objectives and hypotheses, experimental design, study class
according to Cicerone’s quality assessment of research
studies (i.e., class I, class Ia, class II, and class IIT) (Cice-
rone et al., 2000); characteristics of the study sample (e.g.,
ABI subtype, experimental conditions, control conditions,
number of participants, gender, age, level of education,
time since ABI); r-CRP usual dose (e.g., session duration,
frequency, number of sessions); r-CRP main characteris-
tics (e.g., name of the r-CRP, format of delivery, type of
r-CRP, target domains, rehabilitation techniques, adapta-
tion and personalization procedures); the passive or active
control intervention characteristics, if any, (brief descrip-
tion of the intervention); assessment protocol used in the
study (assessment moments and timings, variables and
performance-based and/or self-report instruments used to
assess the intervention efficacy); intervention methods (i.e.,
description of the study implementation procedure); main
outcomes (i.e., programs’ impact in the target cognitive and
noncognitive variables); limitations and future directions.
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An additional column was added to insert complementary
information that might be relevant (e.g., reference of an
article cited on the reviewed study that could be potentially
included in this systematic review). Furthermore, the analy-
sis of the r-CRP outputs focused on the presence or absence
of statistically significant differences in participants’ per-
formance and/or self-report outcomes from pre- to post-
intervention, and, when available, from pre-intervention to
follow-up. Comparisons were made between the interven-
tion and control groups if applicable.

Results

A total of 1624 studies were identified from database search,
and three included by manual search. After removing the
duplicates, two independent researchers screened the titles
and abstracts of 1076 studies. One thousand and twenty
articles were excluded after applying the abovementioned
exclusion criteria. In this first phase, the inter-rater agree-
ment was calculated, and Cohen’s k-coefficient values were
0.936, indicating an almost perfect agreement between
reviewers (Landis & Koch, 1977). The remaining 56 studies
were considered for full-text analysis, and 37 were excluded
due to the following reasons: in-person CRP studies (n =12);
studies lacking performance-based cognitive outcome
measures (n=15); rehabilitation programs not classified
as r-CRP (n=4); assessment study (n=1); study protocol
(n=1); poster (n=1); abstract (n=1); case-study with a
multiple sclerosis patient (n = 1); and inability to access full-
text (n=1). In this final phase, the values found for Cohen’s
k coefficient were 0.849, indicating an almost perfect agree-
ment (Landis & Koch, 1977). Ultimately, 19 studies were
included in this systematic review (cf. Figure 1). To facili-
tate results’ readability, studies are numbered from 1 to 19
throughout the text according to Tables 1, 2 and 3.

Study characteristics

The characteristics of the included studies are summarized
in Table 1. The methodological quality of the studies was
analyzed considering Cicerone et al. (2000) classification.
Hence, a total of ten studies were classified as belonging to
Class I (prospective, randomized and controlled experimen-
tal design); two studies to Class Ia (prospective design with
quasi-randomized assignment to treatment conditions); one
to Class II (prospective and nonrandomized cohort studies
or retrospective studies with nonrandomized control group;
or clinical series with control group); and six to Class III
(clinical series without controls or case-study designs).

In total, the included studies comprised 694 participants,
of which 414 were male (59.65%) and 280 were female
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(40.35%). Participants’ ages ranged between 18 and 82
years old, and years of formal education between 9 and 27
years. Six studies did not report formal education (studies
2,3,4,7,11, 17) and two reported education levels (stud-
ies 8, 19). Regarding the type of ABI, stroke was the most
referred cause of brain injury (n=385; 55.48%), followed
by TBI (n=224; 32.28%), brain tumor (n=49; 7.06%),
arterioventricular malformation (n=27; 3.89%), unspeci-
fied ABI (n=8; 1.15%), and, finally, anoxic brain damage
(n=1; 0.14%). The time since the brain injury ranged from
1 month to 40 years. Three studies did not report this infor-
mation (studies 1, 13, 15).

Comparison groups were included in class I, class la
and class II studies. The experimental group (EG), i.e.,
participants allocated to the target r-CRP, was compared to
active control groups (aCG) in six studies (studies 1, 5, 6,
7, 15, 19), while three (studies 3, 13, 17) compared it with
a passive control group (pCG). In three studies the EG was

compared with both aCG and pCG (studies 2, 8, 12). In
terms of the aCG, participants attended conventional CRP
delivered face-to-face or unstructured treatments delivered
remotely, and participants in the pCG did not perform any
non-pharmacological treatment (waiting list). Conversely,
all class I1I studies lacked a CG (studies 4, 9, 10, 11, 14, 18).
Lastly, studies were published in 19 different journals,
and the journal with a greater number of records was the
“Neuropsychological Rehabilitation” (n=3).

Intervention characteristics

Target ABI stage and severity for initiating remote
delivered cognitive rehabilitation programs

Regarding the ABI stage and severity for implementing

r-CRP (RQ 1), while most r-CRP were administered in the
chronic stage (n=11; studies 2, 4, 5, 6, 8, 9, 10, 11, 14,
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17, 19), information about the severity of the condition was
lacking (n=14; studies 1, 2, 3, 5, 7, 8, 9, 10, 11, 13, 15, 16,
17, 19). Two studies conducted interventions in the subacute
stage (studies 7, 16), and the remaining did not report this
information (n=3; studies 1, 13, 15). In addition, only four
studies indicated ABI severity, specifically: moderate ABI
(n=1; study 4), mild to severe ABI (n=2; studies 14, 19),
and moderate to severe ABI (n=1; study 12) (cf. Table 2).

Types of remote delivered cognitive rehabilitation
programs

In terms of the types of r-CRP (RQ 2), a total of sixteen
ICT-based programs were described: the adapted version
of the Monash Memory Skills Program (study 1), CogniFit
(study 2), online Adaptive Attention Training (SAT) (stud-
ies 3, 17), Cogmed (studies 3, 17), BrainHQ (studies 4, 6),
Constant Therapy — Research app (CT-R) (studies 5, 11),
Wispirit Inc. (study 7), Online Therapist Interactive Com-
puter-assisted Analogical Problem-Solving Skills Training
(study 8), Active Brain Training (ABT) (study 9), Lumos-
ity (study 10), Virtual Centre for the Rehabilitation of Road
Accident Victims (VICERAVI) (study 12), Remind app
(study 13), Cortex with InSight (study 14), Virtual Real-
ity Rehabilitation System-Tablet (VRRS-Tablet) (studies
15, 16), iAphasia app (study 18), and Guttmann NeuroP-
ersonal Trainer (GNTP) (study 19). Among the various
ICTs used, studies reported that programs were delivered
through web-based platforms (n=7; studies 2, 3, 4, 6, 10,
14, 17), telehealth systems (n=6; studies 1, 7, 8, 15, 16,
19), VR platforms (n =2; studies 9, 12), and mobile applica-
tions (n=4; studies 5, 11, 13, 18). Internet connection was
required for accessing r-CRP.

Furthermore, most r-CRP were classified as asynchro-
nous and self-guided (n=11; studies 2, 3, 5, 6, 10, 11, 13,
14, 17, 18, 19), which means that the interaction between
therapists and participants was conducted at different times,
i.e., not during the programs’ sessions, through various
means of communication, such as the telephone, email,
videoconference or by accessing the software/web-based
platform logs. On the other hand, seven studies reported
therapist-facilitated r-CRP involving real-time interaction
between therapists and participants (studies 1, 4, 8, 9, 12,
15, 16). One study reported a hybrid r-CRP (i.e., involving
both self-guided and therapist-facilitated sessions) (study
12), and another study omitted this information (study 7)
(cf. Table 2).

@ Springer

Usual dose of remote delivered cognitive rehabilitation
programs

Considering the r-CRP’s usual dose (RQ 3), the number
of sessions varied from seven (study 1) to 80 sessions
(study 12), and seven studies did not report this informa-
tion (studies 2, 7, 11, 13, 15, 16, 18). Session’s frequency
ranged from three (study 16) to six times a week (study
11), with the most reported frequency being five times a
week (n=09; studies 3, 4, 5, 6, 10, 12, 14, 15, 19). A total of
eight studies did not report this information (studies 2, 7,
8,9, 13,15, 18, 19), and one study simply mentioned ses-
sions were administered on a weekly basis (study 1). Dura-
tion of sessions ranged from 20 (study 3) to 180 min (study
13), with 30 (n=4; studies 2, 4, 5, 10) and 60 min (studies
6,7, 11, 19) being the most reported. Two studies reported
an interval of duration (studies 9, 12), and three lacked this
information (studies 15, 18, 19). The r-CRP length ranged
from four (studies 3, 4, 7, 17, 18) to 16 weeks (study 12),
with the most reported intervention period being four
weeks (cf. Table 2).

Techniques, target domains, content, adaptation and
personalization procedures of remote delivered cognitive
rehabilitation programs

Most studies employed one rehabilitation technique (RQ 4),
with CT being the most common (n=16; studies 2, 3,4, 5, 6,
7,8,9,10, 11, 14, 15, 16, 17, 18, 19). Few studies reported
r-CRP involving two (studies 1, 12) or more rehabilitation
techniques (study 13). In terms of target domains (RQ 4),
most r-CRP addressed multiple cognitive domains (n=11;
studies 2, 4, 5, 6, 7, 11, 12, 13, 14, 16, 19). Content-wise
(RQ 4), most r-CRP training tasks had low ecological valid-
ity (e.g., memorization of series of numbers, picture iden-
tification, n-back tasks) (n=14; studies 2, 3, 4, 5, 6, 7, 10,
11, 14, 15, 16, 17, 18, 19). Hence, a minority of programs
incorporated some tasks that resembled daily life activities
(e.g., learning how to use a calendar system, paying the
correct amount of money for groceries, and implementing
specific problem-solving strategies when performing daily
life activities) (n=5; studies 1, 8, 9, 12, 13), with the aim of
promoting generalization of intervention gains to patient’s
functional outcomes (cf. Table 2).

Lastly, most studies indicated r-CRP had adaptation and
personalization features (RQ 4) (n=14; studies 2, 4, 5, 6, 7,
8,9,10, 11, 14, 15, 16, 17, 19). Overall, the majority of the
studies provided generic descriptions about this procedure.
Some examples being: (a) training was incrementally adap-
tative by increasing task difficulty through the modulation
of task parameters as participants improved (n=S§; studies
2,4,9,10, 14, 15, 16, 17); (b) training was progressive and
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paced according to participants ability (n=1; study 8); (c)
a Neuroperformance Engine optimized adaptation based on
participants performance (n=1; study 5); and (d) an auto-
mated process was engaged to adjust difficulty levels (n=1;
study 19) to participants’ assessment and performance
throughout sessions. The remaining three studies stated spe-
cific criteria to personalize training, referring that progres-
sion throughout tasks implied completing 80% of the trials
correctly (n=1; study 6) or attaining above 80% accuracy in
each task (n=2; studies 7, 11) (cf. Table 2).

Assessment procedures

Regarding the assessment moments (RQ 5), all studies com-
prised a pre- and post-intervention assessment (see Table 3).
Most studies did not conduct a follow-up assessment (n=11;
study 4, 5,7, 8,9, 11, 12, 14, 15, 16, 17). Among the eight
studies that performed a follow-up assessment (studies 1, 2,
3,6, 10, 13, 18, 19), the follow-up timing ranged from one
(study 18) to 12 months (study 13) after the intervention,
with the most frequently reported timing being three months
(n=3; studies 2, 3, 6).

The included studies assessed a wide range of cognitive
and noncognitive variables, as their target domains varied
across interventions (see Table 3). In result, different instru-
ments were used among studies to measure the target vari-
ables. For instance, the cognitive variables (RQ 5) assessed
among studies were cognitive functioning (n=7; studies 5,
6, 11, 12, 13, 14, 16); attention and processing speed (n="7,;
studies 2, 3, 4, 12, 16, 17, 19); memory (n=10; studies 1,
2,3, 4,10, 12, 13, 16, 17, 19); language (n=10; studies
5,7,8, 11, 12, 13, 15, 16, 18, 19); communication (n=1;
study 7); executive functioning (n=7; studies 2, 4, 8, 9,
12, 16, 19); and subjective cognitive, attentional or mem-
ory failures/complaints (n=7; studies 1, 3, 6, 10, 13, 14,
19). The assessment of cognitive variables relied mostly on
the administration of performance-based instruments (RQ
5). Notably, a significant variation in assessment tools was
observed across studies, even when addressing the same
target cognitive variables, which posed a considerable chal-
lenge in making meaningful comparisons of r-CRP effects
(see Table 3). Cognitive functioning was mostly assessed by
the Montreal Cognitive Assessment (MoCA) (n=2; studies
12, 16); attention and processing speed by the Trail Making
Test (n=35; studies 2, 4, 12, 16, 19); memory by the Rey
Auditory Verbal Learning Test (RAVLT) (n=35; studies 1,
4, 10, 16, 19); language by the Western Aphasia Battery
(WAB) (n=4; studies 5, 7, 11, 18); and executive functions
by the Stroop Test (n=2; studies 12, 19).

On the other hand, the noncognitive variables (RQ 5)
assessed included: depressive symptoms (n=7; studies 2,
4,6, 12, 13, 15, 16); behavioral functioning (n=35; studies

2, 6, 13, 14, 19); quality of life (n=35; studies 3, 5, 12, 15,
17); anxiety symptoms (n=3; studies 4, 12, 16); fatigue
symptoms (n=2; studies 4, 13); goal attainment (n=2;
studies 1, 10); instrumental activities of daily living (n=2;
studies 6, 8); compensatory strategies use (n=1; study 1);
overall health (n=1; study 6); sleep, pain and fatigue (n=1,
study 4); adaptability (n=1; study 6), post-traumatic stress
symptoms (n=1; study 6); positive and negative affect
(n=1; study 4); self-awareness (n=1; study 19); compe-
tency (n=1; study 19); neglect impact (n=1; study 3); and
psychosocial impact ( n=1; study 15). Lastly, the r-CRP
feasibility and acceptability among participants were mea-
sured in seven studies (studies 1, 2, 9, 10, 13, 14, 19). Simi-
larly, distinct self-report instruments (RQ 5) were used to
evaluate subjective cognitive complaints and noncognitive
variables (see Table 3). Among the different subjective cog-
nitive self-report measures, the Cognitive Failures Ques-
tionnaire (CFQ) was the most used to assess participant’s
cognitive failures (n =4; studies 3, 6, 13, 14). For noncogni-
tive variables, depressive symptoms were mainly assessed
by the Beck Depression Inventory-II (BDI-II) (rn=2; stud-
ies 4, 6) and the depression subscale of the Hospital Anxi-
ety and Depression Scale (HADS) (n=2; studies 12, 13);
behavioral functioning by the Behavior Rating Inventory of
Executive Function (BRIEF-A) (n=3; studies 2, 13, 19);
quality of life by the European Brain Injury Questionnaire
(EBIQ) (n=2; studies 3, 17); and anxiety symptoms by the
anxiety subscale of the HADS (n=2; studies 12, 13). Other
self-report instruments included the Goal Attainment Scale
(GAS) (n=2; studies 1, 10), and the Patient Competency
Rating Scale (PCRS) (n=1; study 19). Concerning the
programs’ feasibility and acceptability, studies considered
essentially participants’ rates of enrollment and attrition
(n=2; studies 1, 13), adherence (n=3; studies 1, 10, 13),
and satisfaction (n=3; studies 2, 13, 19) with the r-CRP.

Intervention methods and outcomes
Class | and Class la studies overview

Among the 10 class I studies, most described self-guided
r-CRP (n=6; studies 2, 3, 5, 6, 13, 17). Valimiki et al.
(2018) (study 2) investigated whether rehabilitation gaming
(EG: CogniFit) was a more effective approach than enter-
tainment gaming (aCG: PlayStation 3) in TBI participants.
Also, Peers et al. (2020, 2021) (studies 17, 3) compared the
effects of computerized CT through either the SAT (EG I)
and the Cogmed (EG II) on attention and working memory
outcomes, respectively, versus a pCG. Furthermore, Braley
et al. (2021) (study 5) assessed the feasibility and efficacy
of a 10-week tablet-based intervention with the CT-R app
in poststroke aphasia in comparison to standard therapy

@ Springer
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(aCG). In another study, Mahncke et al. (2021) (study 6)
assessed the efficacy of a 13-week self-led computerized
plasticity-based CT program (BrainHQ app) targeting sev-
eral cognitive functions in a sample of veteran military
participants with mild TBI, and compared it to an aCG
(engaged in 13 computer games like the Hangman, Boggle,
Mabh-jong). van der Linden et al. (2021) (study 13) evalu-
ated the effects of a 10-week tablet-based multicomponent
r-CRP (ReMind app) for brain tumor patients compared to a
pCG (no intervention).

Now, regarding therapy-facilitated r-CRP (n=3; studies
8, 15, 16), one study (study 8) investigated the effective-
ness of a 20-session analogy-based problem-solving skill
training program delivered in three formats — online-admin-
istered (screen-sharing) (EG), computer-assisted (aCG 1),
and therapist-administered (aCG II) — in comparison to a
pCG (no intervention). Two other studies (studies 15, 16)
compared the effectiveness of a 12-week telerchabilita-
tion program involving the VRRS-Tablet with traditional
speech-language treatment (aCG; study 15), and face-to-
face conventional CRP (aCG; study 16).

Finally, Zhou et al. (2018) (study 7) assessed the efficacy
of a computerized cognitive and speech-language training
intervention delivered via telehealth to discharged stroke
patients with aphasia and compared it to an aCG (family
topics communication). In this study it was not clear if the
intervention was therapist-facilitated or self-guided.

Concerning the two class Ia studies, Mendes et al. (2021)
(study 12) assessed the effects of the VICERAVI program,
an online VR-based platform entailing both CT and affective
and psychosocial training for TBI patients, when compared
to two control conditions (aCG: face-to-face holistic NR;
and pCG: no intervention). Gil-Pagés et al. (2022) (study
19) conducted a pilot double-blind cross-over clinical trial
with a three-month washout period, involving the adminis-
tration of two different r-CRP to chronic stroke patients in
two different phases: phase I (T1-T2) and phase II (T3-T4).
The first group (Group A) performed a customized CT with
the GNPT platform, while the second group (Group B) was
enrolled in a sham intervention, receiving non-customized
CT. For the purposes of this review, we will focus on the
results obtained during phase I (T1-T2), prior to the cross-
over to the other intervention group. Therefore, we will con-
sider Groups A and B as the EG and the aCG, respectively.

Performance-based outcomes of Class | and Class la studies
Five out of 10 class I studies reported significant improve-
ments in objective cognitive outcomes after the completion
of the r-CRP. Specifically, when comparing the EG to an
aCG or pCG, there were post-intervention significant gains
favoring the EG in the following cognitive domains: global
cognition (n=2, studies 6, 17), attention (n=2, studies 17,

18), working memory (n=1, study 18), verbal memory
(n=1, study 17), language (n=4, studies 5, 7, 16, 17), and
communication (n=1, study 7). Among these five studies,
the only study assessing the long-term impact of the r-CRP
confirmed the maintenance of global cognitive gains at one-
month follow-up (study 6). The remaining three studies with
a follow-up assessment did not find any changes between
the r-CRP and the controls (studies 2, 3, 13). Noteworthy,
while Man et al. (2006) (study 8) failed to demonstrate
r-CRP’s superiority over the two aCG, this finding was still
considered to be encouraging. It suggested that r-CRP may
be as effective in improving executive functioning (prob-
lem-solving abilities) as the other approaches (computer-
assisted, and face-to-face therapist guided training).

Of the two class Ia studies, one (study 12) found that the
EG demonstrated post-intervention improvements in ver-
bal memory and executive functions (planning, abstraction,
mental flexibility, sequencing) compared to the aCG. Addi-
tionally, the study hypothesized that the VR-based program
would lead to equivalent results to those of the aCG (face-
to-face NR) across cognitive measures, and this hypothesis
was supported for working memory, executive functions
(cognitive flexibility and concentration) and language (com-
prehension) at post-intervention. Despite the benefits the
EG over the aCG, participants in the pCG showed similar
improvements in various cognitive domains (e.g., global
cognition, attention, working memory), which were attrib-
uted to learning effects and spontaneous recovery. In this
study, maintenance of long-term gains was not assessed.

Self-report outcomes of Class | and Class la studies Among
the 10 class I and the two class la studies that assessed non-
cognitive outcomes, only five identified statistically greater
improvements in the r-CRP (studies 1, 16, 17, 18, 19). In
one study (study 1) the EG showed medium to large effect
size improvements in subjective memory failures and inter-
nal strategies use at post-intervention, further reporting less
memory failures at six weeks follow-up in comparison to the
aCG. Similarly, in another study (study 19) the EG reported
significantly less memory complaints and subjective atten-
tional difficulties after the r-CRP than the aCG. Regarding
emotional state, two studies (studies 16, 17) found signifi-
cant improvements in depressive symptoms immediately
after the r-CRP in comparison to the aCG, with one of the
studies (study 17) also identifying improvements in anxi-
ety symptoms at post-intervention. Moreover, in other two
studies (studies 12, 18) participants in the r-CRP reported
significantly higher quality of life compared to the controls.
The long-term assessment of noncognitive outcomes was
performed in four studies, with three (studies 2, 3, 13) not
revealing any significant differences between participants
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in the r-CRP and the control condition, and one showing a
significantly greater improvement in post-traumatic stress
symptoms in the aCG (study 6). Lastly, of the remaining
studies that did not find differences between the EG and the
controls, it is important to note that one of them (study 8)
concluded that both the r-CRP and the two aCG significantly
improved self-reported instrumental activities of daily liv-
ing at post-intervention, something that did not happen in
the pCG. In addition, three studies measuring feasibility and
acceptability (studies 1, 2, 13) revealed high participant’s
adherence and satisfaction with the r-CRP.

Class Il studies overview

The only class II study compared the EG (compensatory
memory rehabilitation program via telehealth) with an
aCG (face-to-face compensatory memory program) (study
1), and performed a follow-up assessment to measure the
r-CRP impact at long-term' in a sample of stroke patients.

Performance-based outcomes of Class Il studies This study
demonstrated that both the EG and the aCG groups exhib-
ited significant improvements in prospective memory at
post-intervention, and six-week follow-up. Conversely, both
groups significantly declined in new learning and delayed
memory at post-intervention and follow-up.

Self-report outcomes of Class Il studies The EG improved
significantly in subjective everyday memory failures and
internal strategies, having maintained the former at six-
weeks follow-up. Both groups improved in subjective mem-
ory failures and goal attainment, suggesting that telehealth
delivery of memory rehabilitation is comparable to face-to-
face memory rehabilitation. Moreover, participants in the
r-CRP reported high feasibility compared to participants in
the aCG.

Class lll studies overview

All six class III studies described in this review lacked a
control group (n=6; studies 4, 9, 10, 11, 14, 18). Most
r-CRP were self-guided (studies 10, 11, 14, 18) and deliv-
ered to chronic stroke patients (studies 9, 10, 11, 19). Three
studies administered multidomain r-CRP (studies 4, 11, 14),
while the remaining r-CRP were single-domain (studies 9,
10, 19). Overall, only two studies measured maintenance of

! The results regarding the administration of a booster session (i.e.,
plus one intervention session) are not described as these sessions were
randomized regardless of the group (i.e., EG or aCG).

@ Springer

gains after one month (study 18) and six weeks (study 10)
since the r-CRP.

Regarding multidomain r-CRP, Eilam-Stock (2020)
(study 4) conducted a case study of a TBI patient who under-
went 20 sessions of therapist-delivered remotely supervised
transcranial direct current stimulation (tDCS) over the left
dorsolateral prefrontal cortex paired with multidomain
adaptive CT (BrainHQ). In another study (study 11), four
stroke patients were enrolled in multidomain CT (e.g.,
attention, memory, language and executive functions) with
the CT-R app. Similarly, Lebowitz et al. (2012) explored
the feasibility and impact of self-guided computerized brain
plasticity-based CT (Cortex with Insight software) in 10
community-dwelling mild to severe TBI.

In terms of single domain r-CRP, Shochat et al. (2017)
(study 9) assessed the initial efficacy of the ABT — a novel
VR exergames platform targeting executive functions — in
six ABI patients. Withiel et al. (2018) (study 10) conducted
an AB single-case design with follow-up across five par-
ticipants with stroke to explore the feasibility and efficacy
of self-guided six-week computerized CT intervention
(Lumosity app) on objective and subjective memory out-
comes. Finally, Choi et al. (2016) (study 18) assessed the
effects of a four-week tablet-based telespeech intervention
(iAphasia app) in poststroke aphasia patients.

Performance-based outcomes of Class lll studies Consider-
ing participants’ baseline performance, five out of six stud-
ies reported significant post-intervention improvements in
performance-based outcomes after the r-CRP (studies 4, 10,
11, 14, 18). Two out of two studies with a follow-up assess-
ment reported maintenance of some cognitive improve-
ments (studies 10, 18).

Eilam-Stock et al. (2021) (study 4) found clinically sig-
nificant post-intervention improvements in visual attention,
processing speed and semantic verbal fluency, which were
consistent with the site of stimulation. Kiran et al. (2014)
(study 11) concluded that all stroke patients improved their
cognitive functioning and language abilities (WAB coeffi-
cients) following 10-weeks of CT-R training. Lebowitz et al.
(2012) (study 14) reported: small to medium, and medium
to very large effect size improvements on self-reported cog-
nitive failures; and small to medium effect size improve-
ments on many ANAM4 domains, such as processing speed
and efficiency, spatial processing, visuospatial working
memory, and delayed memory. Withiel et al. (2018) (study
10) found that three out of five stroke patients presented at
least one significant improvement in visual memory or ver-
bal memory at post-intervention, which were then retained
at six-week follow-up. Finally, Choi et al. (2016) (study 18)
verified that poststroke aphasia patients revealed significant
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improvements in the WAB mean scores (fluency and audi-
tory comprehension), as well as in the WAB-AQ mean
scores, retaining gains at one-month follow-up and exhibit-
ing new ones in the reading domain (WAB).

Self-report outcomes of Class Il studies Of the six class III
studies, five included self-report outcomes. Noncognitive
improvements were found in three of the studies. Specifi-
cally, noncognitive significant gains were demonstrated in
emotional state (study 4), goal attainment (study 10), cogni-
tive failures (study 14), and behavioral functioning (study
14) at post-intervention. Importantly, in one study goal
attainment was the only outcome that was maintained at fol-
low-up in most participants (3/5 stroke survivors achieved
at least one rehabilitation goal) (study 10). Lastly, five stud-
ies measured feasibility and acceptability, with participants
reporting high scores on both indicators (studies 9, 10, 11,
14, 18).

Discussion

In the last few years, the scientific and clinical communities
are experiencing a paradigm shift in the field of CR: transi-
tioning from in-presence to remote delivered CR (Dores et
al., 2020; Cogollor et al., 2018; O’Neil et al., 2020; Maggio
et al., 2020; Mantovani et al., 2020). This shift aims to facil-
itate the access of patients to CR services. In this context,
the purposes of this systematic review were primarily to
describe the r-CRP methodological characteristics through
the specification of the assessment and intervention proto-
cols, and to summarize their main results in cognitive and
noncognitive domains of ABI patients. A total of 19 studies
were included in this systematic review, and most studies
were classified as class I (Class I=10; Class [a=2), mean-
ing that they were developed under rigorous methodologi-
cal standards. To enhance the clarity and organization of the
discussion, we will structure it around the RQ outlined in
the introduction.

Target ABI stage and severity for implementing
remote delivered cognitive rehabilitation programs

Concerning the RQ 1 (“In what stage and severity of ABI
are r-CRP usually initiated?”’), most studies were con-
ducted in samples of chronic ABI survivors, and have omit-
ted information on the severity of the brain injury. In regard
to the stage of the ABI, the guidelines recommend that ABI
patients are enrolled in CR at the early stages of recovery
to capitalize on the “brain’s spontaneous recovery window”
(within the first six months after the injury), in which brain

plasticity mechanisms are activated (e.g., diaschisis, func-
tional network recovery and behavioral compensatory read-
justments) in order to better cope with the consequences
of the brain insults (Fasotti, 2017). Thus, precocious CR
has the potential to decrease the likelihood of patients
learning maladaptive behavioral patterns to manage their
impairments and develop psychopathologic conditions that
negatively affect their prognosis (e.g., depression, anxiety,
post-traumatic stress disorder) (Bennett, 2001). Ledn-Car-
rion et al. (2013) found that early rehabilitation is key for
functional recovery; patients initiating rehabilitation within
nine months post-injury demonstrate enhanced global
functionality, translated into greater locomotion function
(92.31%), communication (91.67%), cognitive functioning
(85%), and psychosocial adjustment (68.42%), in compari-
son with patients that started rehabilitation later. Notably,
most patients enrolled in the r-CRP included in this review
have initiated rehabilitation in the chronic phase, having
apparently missed the ideal timeframe for achieving opti-
mal cognitive and noncognitive benefits. However, some
reasons for starting r-CRP in the chronic phase must be
drawn. First, enrollment in inpatient rehabilitation programs
(e.g., speech therapy, physiotherapy, occupational therapy),
can pose challenges for clinical trial recruitment due to the
complexity of managing and controlling confounding fac-
tors. Second, multidomain impairments (e.g., cognitive,
emotional, physical) can compromise patient’s compliance
with remote interventions (Buckingham et al., 2022). Third,
r-CRP may not be accessible due to the limited availability
of r-CRP, and lack of trained and specialized healthcare pro-
viders. Finally, patients in the early stages of recovery may
want to prioritize learning how to cope with their diagnosis
and symptoms, while also dedicating time to their families
(van der Linden et al., 2021).

Furthermore, the fact that most studies in this review have
not specified the ABI severity is consistent with a previous
review by Bogdanova et al. (2015). The underreporting of
information regarding the ABI severity can compromise the
applicability and replicability of the studies’ findings. In
fact, the severity of the condition is an important determi-
nant of several factors impacting the rehabilitation process,
including the establishment of patient-centered goals based
on the areas of strength and weakness, the specific rehabili-
tation plan according to the areas of concern (e.g., emphasis
on restoration, substitution, or compensation), and the mode
of delivery of the intervention (i.e., if in-presence or at-dis-
tance). For instance, with respect to the mode of delivery
of the intervention, patients with moderate to severe physi-
cal, sensory and cognitive impairments may not be the most
suitable candidates for self-led remote interventions due to
their increased need for feedback, monitoring and support
from healthcare providers and significant others, compared
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with patients with milder deficits (Buckingham et al., 2022).
We speculate that in this context, in-presence CRP may
be the most effective option for patients with moderate to
severe impairments. However, no conclusions can be drawn
in relation to this specific indicator, as this information is
lacking in most studies reporting r-CRP.

Types of remote delivered cognitive rehabilitation
programs

Considering the RQ 2 (“What kind of r-CRP are typically
implemented [e.g., therapist-facilitated or self-guided cog-
nitive telerehabilitation, therapist-facilitated or self-guided
computer-based or tablet-based programs]?”’) most r-CRP
described were ICT-based, and delivered through web-
based platforms and telehealth systems, requiring internet
connection. Moreover, the most frequently referred r-CRP
were the Cogmed, SAT, BrainHQ, VRRS-Tablet, and the
CT-R app. Over the last few years, many ICT-based pro-
grams have been developed and are increasingly recognized
as a complementary therapeutic option over traditional
methods (e.g., paper-and-pencil rehabilitation tasks), hav-
ing the potential to be delivered remotely by resorting to
several technological devices (e.g., tablet, computer, lap-
top) (Geraldo et al., 2018; Maggio et al., 2020; Mantovani
et al., 2020). In the majority of the included studies, most
programs were asynchronous and self-guided; in this case,
patients performed sessions without the direct supervision
from the therapists, having only received feedback after
the sessions were completed. This mode of delivery may
be suitable for patients in the chronic phase of stroke with
milder deficits, and with support networks in order to facili-
tate adherence to rehabilitation. Nonetheless, it is not clear
from this review if patients with moderate to severe deficits
were exposed to self-guided r-CRP, as most of the studies
did not mention this information, as reported earlier.

Usual dose of remote delivered cognitive
rehabilitation programs

In response to the RQ 3 (“What is the usual dose of -CRP
[i.e., number of sessions, frequency, session and interven-
tion duration]”?) there is no consensus on the session’s
number, frequency and duration, as well as to the interven-
tion length, a finding that is consistent with previous sys-
tematic reviews (Bogdanova et al., 2015; Cicerone et al.,
2000, 2019; Rogers et al., 2018). Nevertheless, it has been
identified that 20 intervention sessions ranging between 30
and 60 min, delivered five times a week for a total of one
month, is the most commonly reported r-CRP dose. There
are yet no established recommendations for the “ideal” inter-
vention dose for ABI patients engaging in CR. However,
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results from a recent systematic review and meta-analysis
showed that delivering CR interventions three times a week
or for more than 20 h in total was not reliably associated
with larger effect sizes for most cognitive outcomes (Rogers
et al., 2018). Therefore, the assumption that “the more CR,
the better” may be misleading, as the effects of CR might
not be linearly related to the treatment dose. Future research
should focus on identifying the optimal dose-response rela-
tionship for different cognitive functions, therefore maxi-
mizing rehabilitation cost-effectiveness while reducing
patients’ burden and fatigue.

Techniques, target domains, content, adaptation
and personalization procedures of remote delivered
cognitive rehabilitation programs

Furthermore, in response to RQ 4 (“What techniques,
target domains, content, adaptation and personalization
procedures are employed in r-CRP?”), the majority of
programs: (a) employed CT as the only rehabilitation tech-
nique, having, therefore, a restorative focus despite being
mostly implemented in the chronic stage of stroke; (b) tar-
geted multiple cognitive functions, as ICT-based programs
encompassed several CT tasks aimed at addressing impaired
cognitive domains (e.g., sustained attention, working mem-
ory, problem-solving, and verbal fluency); (c) included CT
tasks with low ecological validity, meaning that tasks typi-
cally resembled digital versions of traditional paper-and-
pencil CT tasks; and (d) mentioned the presence of adaptive
and personalization features that allowed training difficulty
adjustment based on participant’s performance in individual
tasks, but did not specify the criteria used to do so.
According to evidence-based recommendations (Cice-
rone et al., 2000, 2019), training with a restorative focus
appears to be less effective for chronic cognitive deficits,
especially memory deficits, which are typically more respon-
sive to external compensatory strategies implementation
in daily living (e.g., calendars, shopping lists, notebooks).
Only 15.79% (n=13) of the studies reviewed presented other
intervention components aside from CT, including com-
pensatory strategies training and social skills training. In
terms of the multidomain nature of the r-CRP reported in
this review, previous research stated that targeting several
cognitive domains within a program can promote general-
ization of gains beyond the trained tasks, potentially leading
patients to improve their performance on daily life activi-
ties (Gil-Pagés et al., 2022). However, despite most of the
reported r-CRP allowed the training of multiple cognitive
domains, the majority of training tasks were considered to
have low ecological validity, which can actually affect this
generalization of gains to patients real-world functioning
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(e.g., ability to participate in society and perform activities
of daily living) (Parsons, 2016; Pinto et al., 2024).

Finally, --CRP commonly incorporates tasks that are
grouped in different difficulty levels, with tasks being
assigned to patients according to their performance. These
personalization features differ from software to software,
and are not given sufficient detail in most studies. Still, they
are considered to enable an optimal training adjustment to
patients’ intervention needs (Camara et al., 2022; Solana et
al., 2014).

Overall, the diverse r-CRP characteristics explored in
prior sections, particularly the substantial variation in inter-
vention protocols (e.g., usual dose, rehabilitation techniques,
target domains), coupled with the underreporting of crucial
information, poses significant challenges to establishing
clear, evidence-based guidelines for therapists working with
ABI patients. This lack of consistent reporting makes it dif-
ficult for therapists, for instance, to select the most adequate
CR for individual patients, optimize intervention delivery
and standardize intervention protocols across clinical set-
tings in order to replicate successful interventions. This
conclusion aligns with the findings of a recent systematic
review on the quality of post-stroke CR protocols (Small et
al., 2022), in which the authors concluded that descriptions
of intervention protocols remain highly variable and often
lack detail, hindering therapists’ and researchers’ ability to
comprehend, replicate and implement evidence-based CR
in clinical practice. Hence, this substantial heterogeneity in
terms of intervention protocols will necessarily hamper the
determination of the efficacy of r-CRP in the context of ABI.
To address this critical issue, future research should incor-
porate reporting checklists, such as the 12-item Template
for Intervention Description and Replication (TIDieR). The
integration of such a checklist would ensure comprehensive
descriptions of CR interventions, facilitating their imple-
mentation in clinical practice, thereby reducing the risk of
errors that can potentially undermine the effectiveness of
the interventions while optimizing research and healthcare
resource allocation (Small et al., 2022).

Assessment procedures

In response to RQ 5 (“What are the assessment procedures
frequently utilized to assess the efficacy of r-CRP [i.e.,
assessment moments, timing of assessment, target vari-
ables and instruments used]?”’), we only found consensus
among studies in terms of assessment moments. Indeed, all
studies incorporated at least two assessment moments (pre-
and post-intervention assessments), allowing the evalua-
tion of the programs’ immediate effects, and about 47.37%
(n=9) performed a follow-up assessment to measure the
programs’ long-term impact (maintenance of gains, if any

have been verified). However, there was high heterogeneity
among studies in terms of timing of assessment, target vari-
ables and instruments used to measure these variables. For
instance, the timing of assessment varied greatly depending
on the study, and was determined by the specific structure
and characteristics of the interventions. Also, the number
of variables (RQ 5) considered among studies ranged from
two (studies 7, 18) to 16 (study 19). Regarding the cogni-
tive variables, a high number of studies focused on language
and communication (7= 10; 52.63% of studies), and learn-
ing and memory (n=9; 47.37% of studies), which typically
represent two of the most commonly impaired cognitive
domains following ABI (van Heugten, 2017; Ponsford &
Dymowski, 2017). Indeed, with respect to language and
communication, about 41% of stroke survivors have aphasia
(37.537 out of 88.974) and present communication difficul-
ties (57.150 out of 88.974) (Mitchell et al., 2021). Deficits in
these domains are also commonly reported in TBI patients,
with 57% diagnosed with a cognitive-communication disor-
der and a smaller percentage with aphasia (16%) (Norman
et al., 2021). Relatively to learning and memory deficits, a
survey conducted by the Stroke Association (2017) found
that about 77% of stroke survivors have memory deficits.
Similarly, these deficits are quite prevalent in mild TBI
(31% in the acute phase and 26% in the subacute phase),
as well as in moderate-to-severe TBI (49% in the subacute
phase and 21% of in the chronic phase) (Tsai et al., 2021).
It is important to note that the included studies have consid-
ered multiple assessment instruments to measure the pro-
grams’ target cognitive variables, even when they were the
same across studies. Despite there being quite heterogenous
assessment protocols, we verified that the most consensual
instruments used to assess language and memory abili-
ties were the WAB (n=4; Braley et al., 2021; Zhou et al.,
2018; Kiran et al., 2014; Choi et al., 2016), and the RAVLT
(n=5; Lawson et al., 2020; Eilam-Stock et al., 2021; With-
iel et al., 2018; Torrisi et al., 2019; Gil-Pagés et al., 2022),
respectively. Concerning the noncognitive variables tar-
geted in the different studies, the most assessed were the
emotional status (n=6; 31.58%), behavioral functioning
(n=5; 26.32%), and quality of life (n=5; 26.32%). These
domains are known to be frequently compromised in ABI
patients with cognitive impairment (Brasure et al., 2013;
Cernich et al., 2010; Entwistle & Newby, 2013). Similarly,
studies reported multiple self-report instruments to assess
the different noncognitive variables. Nevertheless, anxiety
and depressive symptoms were most typically assessed by
the BDI-II (n=2; Eilam-Stock et al., 2021; Mahncke et al.,
2021) and the HADS (rn=2; Mendes et al., 2021; van der
Linden et al., 2021), behavioral functioning by the BRIEF-
A (n = 3; Valimiki et al., 2018; van der Linden et al., 2021;
Gil-Pagés et al., 2022), and quality of life by the EBIQ (n
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= 2; Peers et al., 2020, 2021). Despite the high heteroge-
neity of instruments used among studies, it is important to
emphasize that 84.21% of included studies (n=16) pre-
sented both cognitive and noncognitive outcome measures,
which positively contributed to enhancing the ecological
validity of the assessment protocols. Indeed, besides evalu-
ating the programs’ effect on cognitive dimensions, such as
global cognition, learning and memory, and executive func-
tions, most studies recognized the importance of consider-
ing participant’s self-report on emotional, neurobehavioral
and functional abilities domains. The inclusion of mul-
tidomain measures is a crucial step in predicting real-life
performance. Nonetheless, most studies conducted these
assessments in traditional clinical settings (e.g., hospital,
rehabilitation center, research institution) and were based
solely on participants’ self-reports. Ultimately, to increase
the protocol’s ecological validity, it is fundamental to incor-
porate performance-based measures or, ideally, to assess
functional abilities outside rehabilitation settings, to create
a more complete picture of the real-life skills of the patient
and to understand further if generalization has occurred
(Cicerone et al., 2019).

Another aspect that should be highlighted is that none of
the studies combined neurobehavioral measures with other
biological correlates, such as neurophysiology or neuroim-
aging. In a recent systematic review (Geraldo et al., 2022)
focused on understanding the contribution of functional
connectivity analysis combined with behavioral indicators
(i.e., neuropsychological instruments) for the assessment of
the efficacy of CRP. These authors found that all programs
were significantly associated with changes in functional
connectivity, and 32 studies reported that changes in func-
tional connectivity were related to improvements in neuro-
psychological outcomes (e.g., cognitive functioning, quality
of life, and emotional state). Therefore, to evaluate more
comprehensively the efficacy of r-CRP it could be important
to perform a multilevel assessment, which incorporates both
neurobiological and behavioral outcomes, to further deepen
our understanding of the neural correlates or CR interven-
tions, and to inform the development of more tailored CR
interventions.

Finally, as pointed earlier in the sections describing the
r-CRP intervention characteristics, the high variability of
assessment protocols that was found among studies raises
several challenges when establishing the efficacy of r-CRP
in order to provide evidence-based support for its clinical
application (e.g., deciding which interventions are more
advantageous for patients with a particular ABI diagnosis,
sociodemographic background and neuropsychological pro-
file). Indeed, the inconsistency in standardized assessment
procedures may increase the risk of bias among studies, as
some assessment protocols may be more sensitive to change
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than others. For instance, language deficits might show
greater improvement with a particular ICT-based CT pro-
gram compared to memory deficits. If a study solely relies
on language assessments, it could suggest that the interven-
tion is effective for language, but its impact on memory
would remain undetermined. Besides, this inconsistency
further hinders the generalization of the results to studies
with different protocols; if another study investigates the
same ICT-based CT program and assesses its impact with
a different language instrument, the results obtained might
not be the same due to differences in the instrument’s psy-
chometric properties. Moreover, given the high heterogene-
ity of the studies assessment protocols, it is not possible to
conduct a meta-analysis to provide quantitative estimates
for the effects of r-CRP in different outcome measures. For
this reason, it is a priority to carry out multicentric stud-
ies focusing on investigating specific r-CRP across different
countries, employing a standardized assessment (focusing
on core domains) and intervention protocol with larger
patient samples (Bogdanova et al., 2015; Geraldo et al.,
2018; O’Neil et al., 2019). Hence, the results obtained in
such studies would be able to inform the development of
new practice guidelines in the field of r-CRP, specifying the
most appropriate methodology to implement r-CRP in clini-
cal practice, and conduct robust scientific research to repli-
cate the findings of multicentric studies in order to further
consolidate the evidence base for r-CRP.

Effects of remote delivered cognitive rehabilitation
programs

Finally, concerning RQ 6 (“What are the main results of
r-CRP?”), we found that r-CRP results varied widely
according to the methodological quality of the studies, with
class III studies being more consistently supportive of this
type of intervention approach especially when referring to
noncognitive outcomes assessed by means of self-report
rating scales/questionnaires. Overall, considering the class
I and class Ia studies in this review, 33.33% (n=4) reported
superior benefits for the group that underwent the r-CRP
when compared to an aCG (Zhou et al., 2018; Maresca et
al., 2019; Torrisi et al., 2019) or a pCG (Peers et al., 2020).
These benefits were observed in specific cognitive domains,
such as global cognitive functioning, attention, verbal
memory, language and communication, which were associ-
ated with the targets of r-CRP, as well as other noncogni-
tive domains, including emotional status (e.g., depressive
and anxiety symptoms) and quality of life. Moreover, 50%
(n=06) of the studies reported almost equivalent cognitive
and noncognitive results for patients in the r-CRP and the
aCG (Braley et al., 2021; Gil-Pagés et al., 2022; Man et al.,
2006; Mahncke et al., 2021; Mendes et al., 2021; Valimaki
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et al., 2018), while 33.33% (n=4) of the studies reported
practically no differences between patients in the r-CRP and
the pCG (Mendes et al., 2021; Peers et al., 2021; Valimaki
et al., 2018; van der Linden et al., 2021). The four class I
studies that included a follow-up assessment yield mixed
results regarding the maintenance of cognitive and non-
cognitive benefits resulting from the r-CRP. For instance,
Mahncke et al. (2021) reported that patients in the r-CRP
retained gains in cognitive functioning at follow-up, but
patients in the aCG, on the other hand, presented greater
reductions in post-traumatic stress symptoms at this stage.
Furthermore, Peers et al. (2021) found no changes between
patients that underwent the r-CRP and the passive control
condition at this stage, and both Viliméki et al. (2018) and
van der Linden (2021) identified specific improvements at
follow-up that were exhibited by patients enrolled on the
r-CRP and the other groups (i.e., aCG or pCQG). As a result,
the reviewed class I studies assessing ABI patients cognitive
and noncognitive-related outcomes offer inconclusive evi-
dence on r-CRP’s long-term effects. The only class II study
(Lawson et al., 2020) found that the therapist-delivered
compensatory memory rehabilitation in telehealth (EG) and
face-to-face (aCG) formats led to similar results in 100%
of the objective cognitive domains, with both groups of
patients improving in prospective memory at post- and fol-
low-up assessments, while revealing declines in new learn-
ing and delayed memory at post-intervention and follow-up.
On the other hand, the telehealth delivery of the program
led to better results in noncognitive domains, more specifi-
cally in subjective everyday memory failures and internal
compensation strategies adoption, than the face-to-face
delivery. Noteworthy, results on goal attainment and subjec-
tive memory failures were the same for both groups. For
these outcomes, follow-up gains were maintained, except
for internal compensation strategies use. Five out of six
class III studies reported significant improvements in spe-
cific cognitive outcomes, and all indicated significant gains
on noncognitive outcomes immediately after the r-CRP
with CT as the only intervention technique. Among these,
two studies measured the long-term effect of the r-CRP, and
results were, once again, inconsistent. One study provided
inconclusive results following Lumosity training (Withiel et
al., 2018) in objective (e.g., verbal and visual memory) and
subjective memory-related variables (e.g., subjective every-
day and prospective memory failures), with some patients
maintaining the improvements at follow-up, while others
exhibiting maintenance of the declines at this stage. In con-
trast, the other study (Choi et al., 2018) found maintenance
of language-related gains (e.g., auditory comprehension,
fluency) at one month-follow up. Finally, irrespective of the
studies’ class, almost all studies reported the high feasibility
and acceptability of r-CRP among participants.

In sum, this systematic review identified limited and
inconclusive evidence for the efficacy of r-CRP in ABI
patients-related cognitive and noncognitive outcomes, both
in the short and in the long-term.

Limitations

This systematic review is not without limitations. Firstly,
we only considered studies published in English, Portu-
guese and Spanish, and consequently can have disregarded
studies with robust results published in other languages.
Secondly, while we employed Cicerone et al. (2000) crite-
ria to assess the studies’ quality, the absence of a formal
risk-of-bias assessment could have potentially impacted the
reliability and interpretability of our findings. Additionally,
the substantial heterogeneity across clinical populations,
interventions and assessment protocols precluded meaning-
ful comparisons between studies, significantly limiting our
ability to conduct a meta-analysis that could have provided
more comprehensive insights on interventions efficacy.
Fourthly, the non-inclusion of qualitative data from semi-
structured interviews narrows our understanding of patient
experiences during r-CRP. Lastly, this systematic review did
not capture the perspectives of caregivers and healthcare
providers regarding the application of r-CRP in real-world
settings. Notably, the studies included in this review did
not report on these perspectives. Consequently, our ability
to identify key facilitators and barriers that may have influ-
enced the successful implementation and dissemination of
these r-CRP remains limited.

Conclusions

With the advent of technological advances in CR and the
influence of the COVID-19 pandemic, resulting in the rapid
transformation in the delivery of healthcare services, r-CR
has been emerging as a complementary or even substitu-
tive approach to face-to-face CR. The present review syn-
thesized the current state of the art in the field of r-CRP,
and provided a comprehensive overview of the assessment
and intervention protocols of studies reporting on the use of
available r-CRP. The characterization of the assessment and
intervention protocols used in studies describing r-CRP can
be useful for therapists working with ABI patients. Indeed,
systematizing this information can provide therapists with
the knowledge and tools necessary to make informed deci-
sions regarding the identification and implementation of the
most suitable interventions in their clinical practice, consid-
ering the specificities of their ABI clients.

The findings of this review suggest that r-CRP is fea-
sible and widely accepted among participants with ABI.

@ Springer



Current Psychology

Nonetheless, results from Class 1 studies provide incon-
sistent evidence on the effects of r-CRP in cognitive and
noncognitive domains, in result of considerable method-
ological heterogeneity among studies, preventing us from
determining if these approaches lead to actual benefits for
ABI patients.

Hence, this review highlights the need for developing
sufficiently powered clinical trials able to detect differences
between EG and aCG, and to demonstrate the noninferiority
of r-CRP compared to face-to-face CRP to establish the effi-
cacy of r-CRP compared to conventional in-presence meth-
ods. Thus, in light of the aforementioned limitations, we
present the following recommendations for future research,
namely: (a) provision of a detailed description of the clini-
cal population characteristics (e.g., stage of ABI, severity
of ABI, years of formal education, time post-ABI, digital
literacy, pre-morbid functioning) to facilitate the identifica-
tion of subgroups that are likely to be more or less respon-
sive to these interventions; (b) development of clinical trials
with larger and more homogenous samples; (c) analysis of
the efficacy of r-CRP at different stages of ABI, and com-
parison between a r-CRP and a face-to-face counterpart; (d)
enhancement of the ecological validity of the assessment
protocols by integrating, apart from performance-based
and self-report cognitive instruments, measures of quality
of life, functionality, emotional, and neurobehavioral func-
tioning; (e) establishment of the neural correlates of r-CRP,
through the use of functional connectivity measures such
as the electroencephalogram (EEG) and functional mag-
netic resonance imaging (fMRI); (f) provision of a detailed
description of the method section to allow replication — this
means adding information on inclusion and exclusion crite-
ria, assessment (instruments and timings of assessment) and
intervention protocol (e.g., number of sessions, frequency,
duration, type of program, training content); (g) inclusion
of a follow-up assessment to explore the maintenance of
gains/effects; (h) integration of aCG and pCG to account for
the placebo effect of having an intervention and the impact
of spontaneous recovery in initial stages of recovery; (i)
exploration of individual and external factors influencing
response to r-CRP in order to recruit more adequate candi-
dates; and (j) explore the perspectives of ABI caregivers and
healthcare providers on facilitators and barriers to r-CRP
adoption in order to both develop effective implementation
strategies and optimize r-CRP delivery in clinical and com-
munity settings, ultimately improving patient-related out-
comes. In sum, these recommendations can inform future
research, guiding researchers and therapists in developing
more rigorous methodologies, ultimately strengthening the
body of evidence supporting r-CRP.
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