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Central Message

ABSTRACT Telemedicine employs digital, information,

X and  communication  fechnologies  to
Introduction: Teleneurology, which involves the use of telecommunication technologies to provide facilicte remote medical  pracice,
remote medical assistance in neurology, is becoming increasjn(ﬁly relevant in the freatment of stroke due ey cae,  cdasien
to its ability to connect patients in remote areas to stroke specialists in real time. research, prevention, management, and
Objective: To investigate whether teleneurology offers sufficient benefits to justify its regulation and health promotion. In the confext of stroke
implementation in stroke treatment services. management, if stands out as an essential
Method: The systematic review was conducted following a series of methodological steps. First, the fool, allowing for up-fo-date diagnoses
theme “Teleneurology and its role in stroke therapy” was established and the guiding question “Does and freatmens.

teleneurology have sufficient benefit to be regulated and used in stroke treatment services?” was
formulated. Next, inclusion and exclusion criteria for articles were defined, as well as the information to
be extracted from the selected studies. A comprehensive search was conducted in academic databases
using a combination of telemedicine and stroke-related descriptors.

Perspective
Recent studies show that telemedicine is
essential fo improve stroke management.

Result: The review identified 782 relevant articles, of which 35 were selected for analysis. The results It contributes significantly fo the reduction
highlight the importance of telemedicine in stroke treatment, especially in early thrombolysis and post- of sequelae, optimization of medical
treatment monitoring. Additionally, the ethical implications of telemedicine, technological advancements infervention fime and equitable access
including the use o?artificial intelligence and telemetry, and telemedicine-based care models such as fo neurovascular care, incorporating the
mobile stroke units and telestroke networks were discussed. lotest guidelines and clinical practices.

Conclusion: Teleneurology offers significant benefits in stroke treatment, including reducing the time to
treatment inifiation and improving clinical outcomes. However, further research is needed to fully explore
the potential of telemedicine in stroke management and address ongoing ethical and technological
issues.
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RESUMO

Introducdo: A teleneurologia, que envolve o uso de tecnologias de telecomunicacéo para
fornecer assisténcia médica remota em neurologia, estd se tornando cada vez mais relevante
no tratamento do AVC devido & sua capacidade de conectar pacientes em dreas remotas a
especialistas em AVC em tempo real.

Objetivo: Investigar se a teleneurologia oferece beneficios suficientes para justificar sua
regulamentacdo e implementacdo nos servicos de tratamento de AVC.

Método: A revisdo sistemdtica foi conduzida seguindo uma série de etapas metodolégicas.
Primeiro, foi estabelecido o tema “Teleneurologia e seu papel na terapia de AVCs” e formulada a
questdo norteadora “A teleneurologia tem beneficio suficiente para ser regulamentada e utilizada
em servicos de tratamento de AVCs2”. Em seguida, foram definidos os critérios de incluséo e
exclusdo dos artigos, bem como as informacdes a serem extraidas dos estudos selecionados.
Ampla pesquisa foi realizada em bases de dados académicas usando combinacdo de descritores
relacionados & telemedicina e ao AVC.

Resultado: A revisdo identificou 782 artigos relevantes, dos quais 35 foram selecionados
para andlise. Os resultados destacam a importancia da telemedicina no tratamento do AVC,
especialmente na trombdlise precoce e na monitorizacdo pés-tratamento. Além disso, foram
discutidas as implicacdes éticas da telemedicina, os avancos tecnolégicos, incluindo o uso de
inteligéncia artificial e telemetria, e os modelos de cuidados baseados em telemedicina, como
unidades méveis de AVC e redes de telestroke.

Conclusdo: Resultados sugerem que a teleneurologia oferece beneficios significativos no
tratamento do AVC, incluindo a reducéo do tempo até o inicio do tratamento e a melhoria dos
resultados clinicos.

PALAVRAS-CHAVE: AVC. Tecnologias de telessadde. Telemedicina. Teleneurologia.
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INTRODUCTION

elemedicine, according to the World Health

Organization, is related to the care of

health services, by professionals who use
information and communication technologies not only
to validate the diagnosis, treatment and prevention
of diseases, but also to research and carry out the
continuing education of professionals to be trained
for this purpose. This technology has the potential to
increase medical assessments, minimize disparities in
access to healthcare, and reduce the time between
follow-up visits. These benefits can redesign clinical
work, which can streamline the management of
complex medical conditions both between tertiary
referral centers and in primary care.!

It allows the provision of health services at a
distance using connectivity technologies; for this, it
can involve teleconsultation, teleconferencing or even
teleeducation.? Telemedicine offers medical care to
patients with difficult access to health professionals
responsible for their treatment and follow-up. In
addition, the use of telemedicine is safe to support the
outpatient follow-up of some patients, including those
who are postoperative, those who do not have access
to quality hospitals, and those who have difficulty
moving or in whom the process of leaving their homes
can be expensive (elderly patients or those with
dementia).®

In the last 2 decades, teleneurology has been
developing with the expansion of technological
resources and the COVID-19 pandemic has intensified
this process. Different modalities of telemedicine
are studied in various areas of neurology, including
teleconsultation, teleconsultation, telerehabilitation,
telemonitoring and teleeducation. The advances
achieved by teleneurology in this period stimulated
technological innovations and health processes that
created opportunities to improve the care provided to
patients treated through this system.?

Current evidence indicates that telemedicine is a
potential tool to be used as a complement to face-
to-face consultations in various areas of neurology.?
It is clear that the number of neurologists per
inhabitant is unequal worldwide 1, which often causes
problems for the access of patients outside the large
metropolitan centers, and teleneurology is crucial to
avoid these difficulties. In this context, neurological
consultation through real-time online video platforms
is useful for both outpatients and inpatients, so that
consultations and follow-ups can be carried out.
With the right technical support, teleconsultations
work well when it comes to diagnostic accuracy, in
part because telemedicine-enabled neurological
testing can be just as good as bedside testing, and
it also reduces hospital stays. Patient satisfaction with
teleconsultation, as assessed by questionnaires1, is
high, although some patients have concerns about
confidentiality, which can be an important point in the
evaluation of the services provided by telemedicine.

In light of these considerations, the importance

of this theme for the medical literature is perceived.
Nevertheless, the present study aimed to review the
literature to validate this theme with pertinent ideas
that put practicality and efficiency of telemedicine
applied to the treatment of strokes.

METHOD

This article is a systematic review of the literature.
To carry out the present study, the following
methodological steps were followed: identification
of the theme and guiding question of the research;
definition of inclusion and exclusion criteria;
identification of the information to be extracted from
the selected articles; analysis and interpretation of the
results and presentation of the review.

At first, the theme “Teleneurology and its role in
stroke therapy” was established. Subsequently, the
guiding question was defined “Does teleneurology
have sufficient benefit to be regulated and used in
stroke treatment services2”.

The DeCS/MeSH descriptors “Telemedicine”,
“Teleneurology”, “Brain Stroke”, “Rehabilitation”,
“CVA units”, “SMASH-U", “Telestroke”,
“Cardiovascular  risk” and  “Cerebrovascular
Accident” were searched using the DeCS/MeSH
descriptors, intersecting with the Boolean operators
“AND” and “OR”, for the search in the PubMed,
BVS, Google Scholar and ScienceDirect databases.
Thus, 782 articles were found, according to the
inclusion criteria, language in English, or Portuguese
or Spanish, publication period from 2009 to 2024,
free text in full and relevant aspects on the guiding
question, such as the main foundations of stroke, as
well as its diagnosis, management and treatment,
being related to telemedicine, so that this technology
can not only improve medical conduct but also
improve the prognosis of patients. At the end of the
articles analyzed, 35 were selected to compose the
present review.

The search results were selected based on the
exclusion and exclusion criteria that were applied
to the articles made available in full. Only original
studies related to the theme were included, focusing on
clinical trials and randomized studies that answered
the guiding question in English and Spanish. At the
same time, duplicate articles, review articles, and
those that did not fit the theme of this review were
excluded.

DISCUSSION

Telemedicine: importance related to stroke

Stroke treatment is one of the most frequent and
consolidated conditions in the telemedicine-assisted
model, having been the first area of neurology to
effectively use and implement telemedicine. There
are not enough trained neurologists to treat stroke
patients in all locations in the world4, so that the
emergence and consolidation of teleneurology are
closely linked to the responses of stroke patients
treated with the aid of teleneurology. Increasing the
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risk of complications is a crucial point that can be
managed by telemedicine.

During the last 2 decades, the concept of
telestroke has spread around the world and has been
perfected. Mobile stroke units have been developed
to optimize pre-hospital care. They are specially
equipped ambulances with CT scans, a laboratory at
the point of care for blood analysis, medications and
interdisciplinary staff. Telemedicine allows the support
of a stroke specialist and, if indicated, thrombolysis
can be started in the ambulance, before arrival at the
hospital.® In this context, in which every effort is made
to reduce the time between the onset of symptoms and
the start of reperfusion therapy6, telestroke allows
remote specialists to indicate thrombolysis through
information provided by the hospital physician,
close to the patient.” Scientific evidence shows that
stroke treatment has benefited from the digital health
revolution. The use of teleneurology for stroke has
had a significant impact on the acute treatment of
cerebrovascular diseases in many countries.?

Cerebrovascular  disorders  require  periodic
evaluations to verify the effectiveness, dose, and
side effects of medications. Mobile platforms and
real-time online video platforms have been used
in secondary and tertiary prevention, with the aim
of encouraging the monitoring of hypertension,
body weight, waist circumference, blood lipid
profile, smoking and blood glucose.? In this context,
telemedicine is used by videoconference, providing
remote contact with health professionals, as well as
monitoring of this datal for thrombolysis and for the
general management of stroke. It can be of special
use in rural areas and/or in need of this specialized
service.

Telestroke is an “audio-visual communication
network and computer systems that provide the basis
for a model of collaboration and interprofessional
care focused on acute stroke patients.”” Developments
in telestroke have led to recommendations for the
implementation of these programs based on the
existing evidence base.'® Telestroke networks are
designed in a “hub and spoke” system in which
the stroke center (hub) provides high-quality care
to distant locations that do not have [stroke center
(spokes). For instance, the Remote Evaluation for
Acute Ischemic Stroke (REACH) telehealth network
is a telehealth program that aims to improve stroke
outcomes in rural hospitals in Georgia and South
Carolina, through more efficient diagnoses and
treatments for patients with acute ischemic stroke."
There is a growing amount of evidence to suggest
that telestroke is feasible, safe, and effective in the
treatment of acute ischemic strokes. Stroke mortality
rates in hospitals that use it are similar to those in
specialized stroke centers.”

In addition, the use of telestroke can dramatically
increase the number of patients treated in non-
specialized settings, especially in the critical 4.5
window.'? When assessing the impact of telestroke on
mortality, it was found that participation in a telestroke

network significantly decreases the chances of death
compared to hospitals without it."? Participation in
telestroke also seems to reduce the impact of length
of hospital stay on mortality, with a marginal smaller
difference in hospitals with it.

In general, the size of the hospital seems to
have a great impact on the association between in-
hospital mortality, time of arrival, and participation
in telestroke. Patients admitted to small/medium-
sized hospitals are more likely to die, regardless
of arrival time or participation in telestroke. In
addition, the impact of participation in it was lower
in small/medium-sized hospitals compared to larger
hospitals.'? Its networks are designed to increase the
specialist’s reach to all hospitals in the network2, but
the impact appears to be greater in larger hospitals.
This suggests that differences in hospital staffing,
resources, and structure between larger and small/
medium-sized hospitals have an impact on the clinical
outcomes of stroke patients, and that telehealth
networks do not affect all hospitals in the same way.'

Telemedicine in stroke diagnosis

Telemedicine operates in the context of stroke with
diverse models of care, with the main one being Hub
and Spoke, in which the Hub is a central hospital that
offers telestroke consultations to smaller hospitals,
usually without neurology or neurosurgery services.
In this model, the health professional of the satellite
hospital receives the guidance of a teleneurologist
of the central hospital about the case, as well as
the opinion of a teleradiologist about the patient’s
imaging studies, most commonly non-contrast CT. If
the ambulance has the appropriate equipment, the
video call can start on the way to the hospital.™

For the proper functioning of this model, the
DICOM (Digital Imaging and Communications in
Medicine) server is essential, which allows the rapid
remote visualization of non-contrast CT images of
the head obtained during telestroke consultations.™
In addition, it is crucial to perform a rapid review of
these images to identify conditions that may mimic
focal neurological deficits, such as abscesses or
masses, and to rule out contraindications for intra-
arterial thrombolysis with tPA, such as hemorrhage or
metastatic cerebral malignancy, since the application
of this is more effective up to 4.° h after the onset of
symptoms. Additionally, some telestroke hospitals
have the ability to perform CT angiograms of the
head and neck, which provides additional information
about the location of clots that can be removed
through thrombectomy procedures."

One of the main factors that impact the mortality
of stroke cases is the delay in diagnosis and treatment,
which includes the delay in the patient’s admission
to the hospital, with studies indicating that the pre-
hospital delay prevents between 40% and 85% of
patients from arriving at the hospital in less than 3 h
after the onset of symptoms.™ This model, therefore,
allows smaller hospitals access to patient evaluation
by a specialist in a shorter time, reducing the door-
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to-needle time 15 with studies indicating a significant
reduction in stroke mortality in hospitals that are part
of a telestroke network compared to those that do
not, due to telemedicine providing a reduction in the
influence of admission time on the patient’s risk of
death.’

In other models, such as Mobile Stroke Units
(MSU) or Mobile Stroke Treatment Units (MSTU),
the ambulances responsible for performing the first
care are not only equipped to perform the video
call, but also to perform exams such as non-contrast
CT and the application of IV tPA.*7 In the MSUs,
the teleneurologist evaluates the patient on the way
to the hospital, having access to the imaging tests
performed in the vehicle, making a reliable diagnosis
and being able to guide the start of treatment in
cases in which thrombolysis should be performedsé,
resulting in a significantly lower mean time from port
to thrombolysis.™

In addition, after the neurologist’s opinion, the
patient can be referred to the most appropriate
treatment center for the case, whether this emergency
service is prepared for stroke treatment or a
specialized hospital for more complex procedures.'
Another positive point pertinent to MSUs is their low
cost compared to a specialized center for stroke
treatment, allowing quality care in rural or less
favored regions.™

Another technological advance that allows an
increase in the accessibility of Telemedicine for
the diagnosis of stroke are the tools to be used for
neuroimaging analysis; studies show that portable
devices such as tablets, iPads and smartphones
allow equally adequate analysis of imaging exams
by professionals, using applications that do not store
the images in the device, Providing greater patient
safety, these devices obtained sensitivity, specificity
and accuracy of 100% in making the diagnosis. In
addition, another possible advance for the future of
neuroimaging in telemedicine is the use of artificial
intelligence (Al) for the analysis of imaging exams,
resulting in a fully automated system.” In addition,
the use of helicopters equipped as Air Mobile Stroke
Units (Air-MSU) has been used as an alternative in
Australia to allow rapid access to patients in more
distant regions.'®

The main obstacles to the use of telemedicine in
the diagnosis of stroke, in turn, are, in general, linked
to infrastructure, given the need for high-quality
mobile internet network access to send images in
real time and make video calls in good quality,
which may be inaccessible in regions far from large
urban centers.” However, according to studies,
loss of connection has been shown to be rare and,
in most cases, brief, both in hub and spoke models
and in MSUs, with a 4G connection being sufficient
to carry out the consultation with satisfactory quality
and with the possibility of quick switching to a 3G
connection if necessary.*”"" In addition, a satellite
telemedicine network was successfully implemented
in India in order to circumvent possible infrastructural

and connection problems.

In addition, another factor that hinders the
approach to stroke in relation to telemedicine is the
limitation of non-contrast-enhanced CT for diagnosis,
since some changes perceptible in other imaging
studies, such as magnetic resonance imaging and CT
angiography, only begin to become clear in normal
CT scans after the onset of symptoms.”® However,
this obstacle has been overcome after the successful
implantation of CT angiography and CT perfusion
devices in MSUs, which are effective for observing
the intracranial circulation."”

Telemedicine in stroke management

Telemedicine acts in the management of stroke
aiming to reduce the time until the start of treatment and
in this the MSTUs and In-Transit Telestroke stand out, in
which the patient’s consultation with the teleneurologist
takes place while still in the ambulance, resulting in
a reduction in the door-to-needle time.?° Regarding
safety and efficacy, studies have shown that patients
with acute ischemic stroke who received thrombolytic
therapy through telemedicine had similar results to
patients who received the same treatment in person at
a medical facility. These findings provide additional
evidence that telemedicine can be effectively used to
support regional hospitals with limited experience in
treating stroke patients through thrombolytic therapy,
as well as contributing to raising the standard of care
and reducing inequalities in access to treatment.?'-%

Another care model that employs telemedicine
in stroke is the hubless or horizontal model, in which
hospitals are part of a network and telemedicine
consultations are carried out with specialized
professionals belonging to different centers in this
network, without having a specific hospital that serves
as a reference.” ' The horizontal network-based
telemedicine model for hyperacute care delivery has
several advantages over the more common center-
satellite model. By relying on shared resources
of stroke clinicians, the system becomes more
sustainable, as opposed to relying on a single center
team. In addition, this approach promotes a sense
of collaborative partnership, benefiting cooperation
between different service locations.

Telemedicine and post-stroke rehabilitation

As already defined, telehealth aims to outline
and carry out health practices, making it possible to
exchange information for the diagnosis, prevention,
and treatment of diseases. It can be used for
continuing education of health professionals, as well
as for research and evaluation purposes.?® In addition
to the risk of death, stroke also has a prognosis with
a potential limiting factor for daily activities, causing
permanent sequelae if the patient does not undergo
rehabilitation. Many individuals after the event
become dependent to perform basic and instrumental
activities of daily living.?* Cognitive impairment is a
frequent sequela, which directly affects functionality
and well-being, and can cause difficulty in staying
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independent,
27,28

employed,  being
relationships and driving vehicles.

Disabilities are usually alleviated if rehabilitation
is carried out within the time window of 3 to é months
after the stroke. Due to the high frequency of people
who are affected worldwide, and the disabilities they
may present after the episode, stroke is considered a
public health and economic problem in Brazil.2¢

The goal of rehabilitation is to maximize
communication, develop the cognitive and motor
functioning of patients; therefore, it does not only aim
to recover, but to reintegrate the individual.?’

To recover from the damage caused by stroke, it is
necessary to have a multidisciplinary team, composed
of physiatrists, physiotherapists, speech therapists
and occupational therapists. However, limitations
in the health service are common, often with these
professionals not being available to rehabilitate the
patient after stroke, in addition to other situations,
which can limit patients to access these services,
which are essential for their recovery. In this way,
causing recovery with extensive motor and cognitive
limitations.?°

Telerehabilitation is  the  application  of
communication and digital technologies in order to
provide rehabilitation therapy to patients, through
specialists, to post-stroke patients.® In addition to
expanding access to care, enabling professionals
from other places to monitor and treat the person
after suffering a stroke, complying with the policies of
universality, equity and integrity that are fundamental
for good care.®

It is important to understand that expanding
and advancing existing possibilities  through
telerehabilitation is a way to increase the effectiveness,
adherence and positive results of rehabilitation.
Because investment in communication technologies
is required in order to provide rehabilitation at
a distance, this method has not yet been widely
explored. Despite this, it has demonstrated efficiency
in relation to conventional methods.??

The moment when telehealth was most heard
about was during the COVID-2019 pandemic, a
time when, mainly, stroke rehabilitation services
could not be suspended. In this way, the Federal
Council of Physical Therapy and Occupational
Therapy released teleconsultation, synchronously
or asynchronously. It sought to evaluate balance
training through telerehabilitation in patients with
neurological dysfunction. However, previous studies
are still considered heterogeneous in relation to the
sample, patient profile, and service platform. Most
of the participants suffered stroke, being considered
one of the most prevalent neurological disorders, in
addition to Parkinson’s disease, multiple sclerosis and
motor neuron diseases.?

According to technological advances,
telerehabilitation becomes more accessible and
viable, making it easier for the individual in relation to
place and time. The synchronous form of care allows
the techniques to be applied in real time, evaluating

maintaining

ENE

the patient’s performance and condition; therefore, it
has been the most used. In this way, it enables the
patient to actively participate in the recovery process,
motivating the continuity of rehabilitation care.®

Despite the benefits, the method still has limitations
that must be corrected, such as the possibility of
technical problems occurring during the service,
which may require the presence of someone in person
due to their severe neurological dysfunction, in
addition to the lack of home structure. Unfortunately,
this can be a reality for many patients who need
telerehabilitation.3?

It is clear from the analyzed studies that
telemedicine can offer important advantages in the
management of stroke patients, from diagnosis to
management, such as reducing the need to travel,
faster access to specialized care, and improving
patient satisfaction, among others. Scientific evidence
shows that stroke treatment has benefited from the
digital health revolution. The use of stroke-related
teleneurology has had a significant impact on the
acute treatment of cerebrovascular diseases in many
countries, as this technology provides individualized
treatment, addressing the specific needs of each
person, in order to promote greater follow-up of the
therapeutic plan and, consequently, the prognosis
of patients. In addition, telemedicine emerges as an
ally in the treatment of stroke due to the increased
possibility of complying with stroke windows (care up
to 4.° h) providing a reduction in sequelae, increasing
quality of life.

CONCLUSION

The advances achieved by teleneurology in this
period stimulated technological innovations that,
when incorporated into health processes, created
opportunities to improve the care provided to patients
treated through this system. However, the reliability
of patients when it comes to data security is a fact
to be analyzed for the full consolidation of the use
of telemedicine combined with stroke treatment. Thus,
understanding that the present review is not enough to
give the final verdict on telemedicine, there is a need
to search for strategies that guarantee this reliability
and clinical studies that prove these ideas.
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