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Abstract

Objective- The objective of this narrative review is to determine the effectiveness of Telerehabilitation in
management of stroke patients. Method- A systematic search was conducted using PubMed, scopus, cocraine
databases to identify review articles published in indexed journals from 2016-2021. The articles were chosen
based on eligibility criteria, and then we included additional articles that we deemed were relevant to the topic of
our research. Result- The search strategy identified 340 studies. After the removal of duplicate, 240 studies were
screened for title and abstract. 120 studies progressed to the next stage and were reviewed in full text. Total 100
were then excluded. 20 studies were consequently included in this review. Conclusion-Telerehabilitaion methods
have significant potential outcome in management of stroke patients and it can be a reliable and feasible method
to deliver effective treatment during pandemic, where many measures are being taken to minimize direct contact
between therapist and patient.
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INTRODUCTION

Stroke is described as a sudden neurological outburst
caused by inadequate blood vessel perfusion to the
brain.™ A stroke affects one out of every four persons
at some point in their lives, and there are more than 80
million stroke survivors worldwide.® Stroke, which
includes both ischemic and hemorrhagic strokes,
affects 13.7 million people worldwide each year and is
the second greatest cause of death, with 5.5 million
deaths per year.®# Ischemic stroke's incidence and
prevalence have changed throughout time. In 2016,
there were 9.5 million cases of ischemic stroke
worldwide. ¢

Ischemic stroke (which occurs in 85 percent of cases)
and hemorrhagic stroke are the two types of strokes
(which occurs in the remaining 15 percent of cases) ©

be changed, while others are unchanged. Age, gender,
race/ethnicity, TIA, and heredity are all risk factors
that cannot be modified. All modifiable risk factors
include hypertension, obesity, alcohol and substance
abuse, physical inactivity, hyperlipidemia, nutrition,
diabetes mellitus, atrial fibrillation, and genetics.
Aphasia, a disturbance in language function that can
damage the capacity to speak and involves difficulty
with speech production, auditory comprehension,
reading, and writing, is one of the most devastating
consequences of stroke. It affects one-third of stroke
survivors, with 60% of patients showing persistent
communicative impairment one year after their stroke.
Recovery  from aphasia  requires effective
rehabilitation. ©

Stroke risk rises with age, and in men and women over Coronavirus disease 2019 (COVID-19) was declared \O
the age of 55, it doubles. Some stroke risk factors can a pandemic by the World Health Organization in N
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March 2020. (V According to certain mathematical
estimates, the COVID-19 pandemic might extend until
2022, with the chance of a relapse of the disease as late
as 2024. ® COVID-19 is communicated from person
to person, hence rehabilitation services that can be
offered remotely (i.e. telerehabilitation) © without in-
person contact are possible. While telerehabilitation
provides certain major benefits, such as reducing the
need for in-person contact and travel, as well as
enhanced accessibility for persons in rural and isolated
locations, the obstacles connected with it have been
well-documented. 9 The inability to provide hands-
on treatment and a lack of knowledge to troubleshoot
communication technology were two common issues.
(11.12) The distance between a client and a clinic is no
longer an impediment to treatment. Clinicians' reach
can be extended well beyond the physical walls of a
healthcare centre, to local clinics, community health
care facilities, and, in certain situations, directly to
clients in their homes, using information and
communication technologies (ICT). A wide range of
diagnostic and therapy interventions can be offered to
clients using remote monitoring systems, inertial
sensors, robotic and haptic devices, and synchronised
cooperation with internet content, in addition to basic
videoconferencing.®  Telerehabilitation (TR) and

virtual reality (VR) are two new and novel ways to
provide stroke survivors with rehabilitation
services.!¥  Telerehabilitation is the use of
communication technologies to give rehabilitation
services to those who live far away.!® ““Use of
interactive simulations built with computer hardware
and software to give users with chances to engage in
settings that appear and feel comparable to real-world
objects and events" is how VR is defined."* Stroke
rehabilitation is an important part of post-stroke care,
and the sooner it begins, the better. Stroke
rehabilitation therapy seeks to help patients improve
their physical, cognitive, emotional, and social well-
being. “® In rehabilitation therapy, home-based
technologies offer the flexibility of place and time, as
well as the ability to get feedback from therapists
remotely. 7

Methodology: We conducted a systematic literature
search in the following three electronic databases:
PubMed, scopus, cocraine. The included articles were
published between 2016 and 2021.The search strategy
included keywords: stroke rehabilitation, home-based,
telerehabilitation, virtual reality. These keywords had
to appear together in the article's title, abstract, or
complete text.

were identified

Using a database search, 340 articles

removed=100

Number of duplicate articles

Studies were screened after

Studies excluded using inclusion

using title and abstract 240

\ 4

Full text articles assessed for
eligibilitv 120

Studies included in review 20
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and exclusion criteria 120

Full text articles excluded as did
not meet inclusion 100
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Table 1: Inclusion and exclusion criteria

INCLUSION CRITERIA

EXCLUSION CRITERIA

1) 18yrs and above both men or women

1) Patients with condition other than stroke

2) Diagnosis of ischemic or hemorrhagic stroke

2) Less than 18yrs

3) Impaired motor function after stroke limiting
activities of daily living

3) Unstable medical condition, seizures or vertigo, or
are unable to safely perform mild to moderate
exercise.

4) Have sufficient preserved cognitive ability to learn
VRT

4) Severe primary disease of heart, liver, kidney, or
hematological system

5) Willing to perform exercises in home setting

5) Visual or cognitive deficits preventing use of the
VR system

6) Patient with Aphasia

6) Complete Aphasia

7) Unstable hypertension

8) Glasgow Coma Scale (GCS) scores less than 15
9) Declined to participate

Discussion: The Aim of this review is to determine the
effectiveness of telerehabilitation in management of
stroke patients. Stroke is one of India's most common
causes of death and disability. *® due to uncertainty of
covid 19 pandemic and to avoid person to person
contact rehabilitation services can be provided via
virtual reality (telerehabilitation). Time restrictions,
resource  limitations,  geographic  remoteness,
compliance with rehabilitation, and a lack of
understanding are just a few of the difficulties that
stroke survivors experience while seeking regular
face-to-face care.

Telerehabilitation uses technology to provide
rehabilitation services to patients, allowing them to
have more alternatives, offer services more efficiently,
and remove geographic limitations to healthcare. %
To obtain a comprehensive overview of the current
approach, a wide range of telerehabilitation
interventions were included. While telerehabilitation
was a common mode of intervention delivery, the
specific interventions given differed throughout the
studiesThe interventions were modified in terms of
frequency and duration. A systemic review by
Appleby Emma et al showed positive impact of
telerehabilitation on motor function in stroke patients
which included intervention like constraint induced
movement therapy (CIMT), task specific training. The
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lack of effect of telerehabilitation on balance was an
interesting finding in this systematic review.® other
study which had sitting up training, balance training,
walking function training showed safe and effective
improvement in rehabilitation of motor function and
the quality of life of stroke patients®® Home
rehabilitation technology solutions have enormous
potential for supporting the short- and long-term
performance of motor cognitive rehabilitation plans in
a highly engaging environment, thereby empowering
the patient, increasing motivation, positive therapy
compliance, and improved quality of life. Such
advantages are especially essential for post-stroke
patients, particularly those in the chronic phase, who
are frequently affected by mobility issues (which can
be linked to various levels of depression), making it
difficult for them to get to clinics and participate in
rehabilitation programmes.®Y With the introduction
and increased affordability of telecommunication and
interactive technologies, promising revolutionary
rehabilitation treatment options incorporating TR as
well as virtual reality (VR) are emerging. In between
unsupervised sessions, the clinician can assess the
patient's progress reports and make treatment changes
using TR systems that work offline or asynchronously.

Integrating off-line monitoring into VR-based TR Q0

systems could allow stroke survivors to continue
training and progressing their training at home without
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real-time therapist supervision, allowing for a higher
intensity and duration of home-based rehabilitation
with fewer resources, allowing for optimal functional
recovery. ?? Individuals who have had a mild stroke
and have been discharged from intensive care can use
it to speed up their return to normal function.
Maintaining or increasing therapy intensity after
discharge from inpatient rehabilitation is also effective
for patients with more severe strokes. Once a patient
has been discharged from official rehabilitation, VRT

can allow them to continue with therapeutic activity.
23)

A study by S. Tyagi et al. described how stroke
patients, carers, and rehabilitation therapists in an
Asian environment regarded the challenges and
facilitators of telerehabilitation (TR). Patients
identified affordability and accessibility as facilitators,
whereas tele-therapists saw filling a service gap as a
facilitator. Unexpected benefits, such as diagnosis of
uncontrolled hypertension, were shared by both
patient and tele-therapist. Patients identified
equipment setup issues and a limited scope of
exercises as barriers; tele-therapists identified patient
assessments, interface problems, and a limited scope
of exercises as barriers; and connectivity barriers were
common to both. ®¥ Many of the barriers to high
dosage therapy, such as transportation limitations or
restricted regional access, can be solved via telehealth
approaches.®

The ETNS is a novel therapy approach that combines
neuromuscular electrical stimulation and EMG
biofeedback.® It has become a novel treatment
alternative in treating paralysed patients because it can
raise stroke patients' motivation to participate in
rehabilitation training and effectively improve motor
function of the afflicted limb and daily living
activities.?” In stroke patients, a home-based motor
training telerehabilitation intervention lasting up to 12
weeks with a goal of 10 rehabilitation training sessions
per week with 60 minutes of physical therapy and 20
minutes of ETNS for each session has a beneficial
effect on motor function.®

Action observation therapy (AOT) and mirror therapy
(MT) are two examples of novel stroke motor recovery
approaches that are based on neuroscientific evidence.
Patients can safely perform movements and motor
tasks with AOT, which involves action observation
and action execution. AOT has been found to be an
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effective and helpful method of improving patient
motor function. Over the last decade, Mirror therapy
(MT) has developed as yet another revolutionary
stroke-rehabilitation technique. Participants in this
treatment are instructed to move their arms and look in
the mirror at the action reflection of the non-affected
arm as if it were the affected one. MT has the potential
to be a more practical, less expensive, and successful
stroke rehabilitation therapy in clinical settings. ¢

Aphasia, a disturbance in language function that can
damage one's ability to communicate and involves
difficulties with speech production, auditory
comprehension, reading, and writing, is one of the
most devastating outcomes of a stroke.®? Virtual
reality (VR) systems could be used to monitor, alter,
and boost the aphasic patient's contact with their
surroundings in order to promote functional recovery,
according to a growing field of innovative
technologies.®? Our research by G. Maresca et al has
shown that a home-based telerehabilitation
programme for poststroke aphasia, delivered via a
touch-screen tablet with a virtual reality system, is
successful (i.e., the VRRS-Tablet). This home training
did, in fact, have a positive impact on the rehabilitation
of linguistic functions, mood, and perception of one's
health. @Y As measured by the corresponding
subsections of the Norwegian Basic Aphasia
Assessment and the Verb and Sentence Test,
augmented telerehabilitation provided through
videoconference resulted in a considerable increase in
the capacity to repeat words and form phrases. ®?

One study suggested stroke patients recovering at
home, smart technology performed no better than
traditional paper-based home exercise programmes.
©3) In contrast a study by steven c et al suggest that
telerehabilitation has the potential to greatly expand
large-scale access to rehabilitation therapy. For
improving arm motor function and stroke knowledge,
TR is not inferior than in-clinic (IC)
therapy.G9According to Thielbar KO et al Virtual
Environment for Rehabilitative Gaming Exercises
(VERGE) system, developed to permit interactions
among multiple users located remotely which
concluded Multi-user VR activities might be an
effective way to bring clinical therapy into the
home.®® In Low- and Middle-Income Countries, a
rehabilitation strategy involving the family of stroke
survivors and remote supervision via telemedicine
may be a feasible and cost-effective intervention to
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explore.®® Tele-rehabilitation could be a viable option
for providing rehabilitation services in Singapore,
reducing obstacles to health-care utilisation and
encouraging continued participation in therapy after
release from the hospital following a stroke.®” one
study found that, as compared to standard care, the
novel nurse-trained, family member-delivered
rehabilitation model improved physical recovery as
measured by BI scores while reducing caregiver stress
in rural stroke patients in southwest China.®)

Conclusion:  Telerehabilitaion  methods  have
significant potential outcome in management of stroke
patients and it can be a reliable and feasible method to
deliver effective treatment during pandemic, where
many measures are being taken to minimize direct
contact between therapist and patient.

References:

1. Kuriakose D, Xiao Z. Pathophysiology and
Treatment of Stroke: Present Status and Future
Perspectives.  International  Journal  of
Molecular Sciences. 2020 Jan;21(20):76009.

2. Global Burden of Disease Stroke Expert Group.
Global, regional, and country-specific lifetime
risks of stroke, 1990 and 2016. The New
England Journal of Medicine. 2018 Dec
20;379(25):2429-37.

3. Gorelick PB. The global burden of stroke:
persistent and disabling. The Lancet
Neurology. 2019 May 1;18(5):417-8.

4. Lindsay MP, Norrving B, Sacco RL, Brainin
M, Hacke W, Martins S, Pandian J, Feigin V.
World Stroke Organization (WSO): global
stroke fact sheet 2019.

5. Musuka TD, Wilton SB, Traboulsi M, Hill MD.
Diagnosis and management of acute ischemic
stroke: speed is critical. Cmaj. 2015 Sep
8;187(12):887-93.

6. @ra HP, Kirmess M, Brady MC, Winsnes IE,
Hansen SM, Becker F. Telerehabilitation for
aphasia—protocol of a pragmatic, exploratory,
pilot randomized controlled trial. Trials. 2018
Dec;19(1):1-0.

7. WHO. World Health Organization,
Coronavirus Disease 2019 (COVID-19)
Situation Report — 66. Accessed February 23,
2021.

© 2021 JMSCR. All Rights Reserved

10.

11.

12.

13.

14.

15.

https://www.who.int/docs/defaultsource/coron
aviruse/situation-reports/20200326-sitrep-66-
covid19.pdf?sfvrsn=9e

Kissler SM, Tedijanto C, Goldstein E, Grad
YH, Lipsitch M. Projecting the transmission
dynamics of SARS-CoV-2 through the
postpandemic period. Science (80- ). 2020;
368:860-868.

Hoffmann TC, Glasziou PP, Boutron I, et al.
better reporting of interventions: Template for
intervention  description and  replication
(TIDieR) checklist and guide. BMJ. 2014;348.

Laver KE, Adey-Wakeling Z, Crotty M,
Lannin NA, George S, Sherrington C.
Telerehabilitation services for stroke. Cochrane
Database Syst Rev. 2020;2020. doi:
10.1002/14651858.CD010255.pub3

Theodoros D, Russell T. Telerehabilitation:
current perspectives. Stud Heal Technol Inf.
Downloaded from
https://academic.oup.com/ptj/advance-
article/doi/10.1093/ptj/pzab083/6158008 by
guest on 14 May 2021UNCORRECTED
MANUSCRIPT 22 2008; 131:191-2009.
Accessed February 23, 2021.
https://pubmed.ncbi.nlm.nih.gov/18431862/

Standing C, Standing S, McDermott ML,
Gururajan R, Kiani Mavi R. The Paradoxes of
Telehealth: a Review of the Literature 2000—
2015. Syst Res Behav Sci. 2018; 35:90-101

Brennan DM, Mawson S, Brownsell S.
Telerehabilitation: enabling the remote delivery
of healthcare, rehabilitation, and self-
management. Stud Health Technol Inform.
2009 Jan 1;145(231):48.

Veras M, Kairy D, Rogante M, Giacomozzi C,
Saraiva S. Scoping review of outcome
measures used in telerehabilitation and virtual
reality for post-stroke rehabilitation. Journal of
telemedicine and telecare. 2017 Jul;23(6):567-
87.

Piron L, Turolla A, Tonin P, Piccione F, Lain
L, Dam M. Satisfaction with care in post-stroke
patients undergoing a telerehabilitation
programme at home. Journal of telemedicine
and telecare. 2008 Jul;14(5):257-60.

(&)

[<T)]

[
A



Dr Satyam Bhodaji at al International Journal of Medical Science and Current Research (IJMSCR)

16.

17.

18.

19.

20.

21

22

23

24

Johansson T, Wild C. Telerehabilitation in
stroke care—a systematic review. Journal of
telemedicine and telecare. 2011 Jan;17(1):1-6.

Chen 'Y, Abel KT, Janecek JT, Chen Y, Zheng
K, Cramer SC. Home-based technologies for
stroke rehabilitation: A systematic review.
International journal of medical informatics.
2019 Mar 1;123:11-22.

Pandian JD, Sudhan P. Stroke epidemiology
and stroke care services in India. Journal of
stroke. 2013 Sep;15(3):128.

Appleby E, Gill ST, Hayes LK, Walker TL,
Walsh M, Kumar S. Effectiveness of
telerehabilitation in the management of adults
with stroke: A systematic review. PloS one.
2019 Nov 12;14(11):e0225150.

Wu Z, Xu J, Yue C, Li Y, Liang Y.
Collaborative care model based
telerehabilitation exercise training program for
acute stroke patients in China: A randomized
controlled trial. Journal of Stroke and
Cerebrovascular Diseases. 2020 Dec
1;29(12):105328.

Bellomo RG, Paolucci T, Saggino A, Pezzi L,
Bramanti A, Cimino V, Tommasi M, Saggini
R. The WeReha Project for an Innovative
Home-Based Exercise Training in Chronic
Stroke Patients: A Clinical Study. Journal of
Central Nervous System Disease. 2020 Dec;
12:1179573520979866.

Kairy D, Veras M, Archambault P, Hernandez
A, Higgins J, Levin MF, Poissant L, Raz A,
Kaizer F. Maximizing post-stroke upper limb
rehabilitation using a novel telerehabilitation
interactive virtual reality system in the patient's
home: study protocol of a randomized clinical
trial. Contemporary clinical trials. 2016 Mar
1;47:49-53.

Sheehy L, Taillon-Hobson A, Sveistrup H,
Bilodeau M, Yang C, Welch V, Hossain A,
Finestone H. Home-based virtual reality
training after discharge from hospital-based
stroke rehabilitation: a parallel randomized
feasibility trial. Trials. 2019 Dec;20(1):1-9.

Tyagi S, Lim DS, Ho WH, Koh YQ, Cai V,
Koh GC, Legido-Quigley H. Acceptance of

© 2021 JMSCR. All Rights Reserved

25

26

27

28

29

30

tele-rehabilitation by stroke patients: perceived
barriers and facilitators. Archives of physical
medicine and rehabilitation. 2018 Dec
1;99(12):2472-7.

Cramer SC, Dodakian L, Le V, McKenzie A,
See J, Augsburger R, Zhou RJ, Raefsky SM,
Nguyen T, Vanderschelden B, Wong G. A
Feasibility Study of Expanded Home-Based
Telerehabilitation After Stroke. Frontiers in
Neurology. 2021 Feb 3;11:1807.

Chen J, Jin W, Dong WS, Jin Y, Qiao FL,
Zhou YF, Ren CC. Effects of home-based
telesupervising rehabilitation on physical
function for stroke survivors with hemiplegia:
a randomized controlled trial. American
journal of physical medicine & rehabilitation.
2017 Mar 1;96(3):152-60.

Chen J, LiuM, Sun D, Jin Y, Wang T, Ren C.
Effectiveness and neural mechanisms of home-
based telerehabilitation in patients with stroke
based on fMRI and DTI: a study protocol for a
randomized controlled trial. Medicine. 2018
Jan;97(3).

Chen J, Sun D, Zhang S, Shi Y, Qiao F, Zhou
Y, Liu J, Ren C. The effects of home-based
telerehabilitation in stroke patients: a
randomized controlled trial. Neurology. 2020
Sep 30

Shih TY, Wu CY, Lin KC, Cheng CH, Hsieh
YW, Chen CL, Lai CJ, Chen CC. Effects of
action observation therapy and mirror therapy
after stroke on rehabilitation outcomes and
neural mechanisms by MEG: study protocol
for a randomized controlled trial. Trials. 2017
Dec;18(1):1-8.

@ra HP, Kirmess M, Brady MC, Winsnes IE,
Hansen SM, Becker F. Telerehabilitation for
aphasia—protocol of a pragmatic, exploratory,
pilot randomized controlled trial. Trials. 2018
Dec;19(1):1-0.

Maresca G, Maggio MG, Latella D, Cannavo
A, De Cola MC, Portaro S, Stagnitti MC,
Silvestri G, Torrisi M, Bramanti A, De Luca R.

Toward improving poststroke aphasia: a pilot
study on the growing use of telerehabilitation ¢¥)
for the continuity of care. Journal of Strokeand Y

(&)

[<T)]

[
A



Dr Satyam Bhodaji at al International Journal of Medical Science and Current Research (IJMSCR)

32

33

34

35

Cerebrovascular Diseases. 2019 Oct

1:28(10):104303.

@ra HP, Kirmess M, Brady MC, Partee I,
Hognestad RB, Johannessen BB, Thommessen
B, Becker F. The effect of augmented speech-
language therapy delivered by
telerehabilitation on poststroke aphasia—a
pilot randomized controlled trial. Clinical
rehabilitation. 2020 Mar;34(3):369-81

Emmerson KB, Harding KE, Taylor NF.
Home exercise programmes supported by
video and automated reminders compared with

standard  paper-based home  exercise
programmes in patients with stroke: a
randomized  controlled  trial.  Clinical

rehabilitation. 2017 Aug;31(8):1068-77.

Cramer SC, Dodakian L, Le V, See J,
Augsburger R, McKenzie A, Zhou RJ, Chiu
NL, Heckhausen J, Cassidy JM, Scacchi W.
Efficacy of home-based telerehabilitation vs
in-clinic therapy for adults after stroke: a
randomized clinical trial. JAMA neurology.
2019 Sep 1;76(9):1079-87

Thielbar KO, Triandafilou KM, Barry AJ,
Yuan N, Nishimoto A, Johnson J, Stoykov
ME, Tsoupikova D, Kamper DG. Home-based
upper extremity stroke therapy using a
multiuser virtual reality environment: a

© 2021 JMSCR. All Rights Reserved

36

37

38

randomized trial. Archives
medicine and rehabilitation.
1;101(2):196-203.

Sarfo FS, Adamu S, Awuah D, Sarfo-
Kantanka O, Ovbiagele B. Potential role of
tele-rehabilitation to address barriers to
implementation of physical therapy among
West African stroke survivors: A cross-
sectional survey. Journal of the neurological
sciences. 2017 Oct 15; 381:203-8.

Asano M, Tai BC, Yeo FY, Yen SC, Tay A,
Ng YS, De Silva DA, Caves K, Chew E,
Hoenig H, Koh GC. Home-based tele-
rehabilitation presents comparable positive
impact on self-reported functional outcomes as
usual care: The Singapore Tele-Technology
Aided Rehabilitation in Stroke (STARS)
randomised controlled trial. Journal of
telemedicine and telecare. 2021
May;27(4):231-8.

Chu K, Bu X, Sun Z, Wang Y, Feng W, Xiao
L, Jiang F, Tang X. Feasibility of a Nurse-
Trained, Family Member-Delivered
Rehabilitation Model for Disabled Stroke
Patients in Rural Chongging, China. Journal of
Stroke and Cerebrovascular Diseases. 2020
Dec 1;29(12):105382.

of physical
2020 Feb

(&)

[<T)]

[
A



