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Abstract: Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is 
a highly contagious viral infection. In addition to its association with common pulmonary and gastrointestinal complications, COVID- 
19 is also associated with numerous neurological and neuropsychiatric conditions. This minireview aims to cover current literature 
addressing the application of telemedicine in neurological disorders and neuropsychiatric conditions, especially in response to the 
COVID-19 pandemic. This article revealed that quarantine, masking, and social distancing policies practiced during the COVID-19 
pandemic involved restrictions and challenges to providing medical services, especially for patients with neurological disorders with or 
without COVID-19 infection. During the pandemic, both healthcare administrators and clinicians, including neurologists, have rapidly 
adapted or introduced telemedicine technologies for delivering specialty care. In some areas in the world, telemedicine has been 
successfully applied to reduce the impact imposed by COVID-19. Conclusively, this article supports the idea that telemedicine is an 
effective tool for providing specialized healthcare for patients with neurological conditions while adhering to social distancing or 
lockdown policies instituted during the COVID-19 pandemic. Government and medical/healthcare authorities, physicians and 
healthcare providers need to work together to expand the adoption of telemedicine applications, even after the COVID-19 crisis. 
Keywords: COVID-19 infection, neurological disorders, social distancing, telemedicine

Introduction
Coronavirus disease 2019 (COVID-19), which is caused by the virus severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), is a highly contagious infection transmitted easily human-to-human through respiratory droplets and 
saliva, as evidenced in the recent global outbreak from 2019 to the present.1,2 In addition to pulmonary, gastrointestinal, 
renal and hematologic complications, COVID-19 is causally associated with numerous neurological and neuropsychiatric 
effects.3 In addition, patients with pre-existing neurological diseases are at higher risk for complications if they contract 
the coronavirus.4 Neurological manifestations of COVID-19 involve both the central nervous system (CNS) and 
peripheral nervous system, and vary in severity from mild (eg, anosmia and ageusia, headache) to severe (eg, ischemic 
stroke, encephalitis).3,5 Underlying mechanisms involve both indirect (inflammatory consequences, thrombotic compli
cation, hypoxia, blood pressure dysregulation), and direct (neurotropic properties of the virus) pathways.5 Currently, 
although several vaccines have been developed, there are no highly safe and effective therapeutic drugs or vaccines, and 
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social distancing policies remain the most important measures to reduce the spread of COVID-19. However, strict social 
distancing policies have brought restrictions and challenges to provision of medical services, especially for those with 
neurological or neuromuscular diseases who require routine face-to-face health care. Moreover, quarantine and isolation 
requirements for people with COVID-19 infection or suspected COVID-19 infection may initiate new psychiatric 
symptoms in people without mental illness or may aggravate existing conditions.6

Telemedicine, noted for delivering direct healthcare services from nurses and clinicians to distant recipients, has been 
implemented more often and more widely in the COVID era to help address the challenges in medical care delivery 
during periods of physical distancing and lockdown.7 Telemedicine has been particularly useful for patients with long- 
term chronic conditions and could be considered essential to help reduce physical contact during outbreaks such as 
COVID-19.8,9 This article presents our narrative mini-review of the current literature, focusing on the development and 
application of telemedicine in treating neurological disorders and neuropsychiatric conditions, particularly over the last 
two years in response to COVID-19. Finally, as a broader concept that encompasses telemedicine, digital health for this 
issue is also briefly described.

Mini-Review of the Literature
In this narrative mini-review, we identified and selectively reviewed the current literature, published within the last ten years 
(2012 to 2022), before and during the recent years of the COVID-19 era (2019–2022). We focused on the application of 
telemedicine in the care of different neurological disorders during the global pandemic. Studies from 2012 to 2018 were included 
as applicable to the background of telemedicine development and patterns of use in treating certain neurological disorders prior to 
the pandemic. Study selection involved electronic and manual search of the literature using the databases PubMed and Cochrane 
Database of Systematic Reviews. All types of articles except basic studies were considered eligible if the main topic was 
telemedicine in neurological disorders, including original articles, clinical research, essays and review articles. Information from 
the reviewed studies was summarized narratively to present the most relevant findings. Below we report our integrated findings 
from the selected studies, which are grouped by telemedicine development and use in specific neurological disorders.

Development of Telemedicine and Benefits to Patients
Telemedicine describes direct provider-to-patient services delivered from a distance, including nursing services, mon
itoring and physician consultation.7 Modern telemedicine was developed during the 1970s and 1980s to meet the needs 
for medical care during space travel.10 At present, telemedicine has become even more accessible given the advances in 
mobile and electronic technologies. Today’s telemedicine formats include the telephone, video, digital photography and 
remote monitoring using electronic devices that capture patient health data for review by healthcare providers, enabling 
early intervention as needed, synchronously or asynchronously.7 However, despite rapid evolution over earlier decades, 
telemedicine still has unresolved issues surrounding regulatory laws across state lines and lacks supportive payment 
structures, which keeps the technology from being more widely implemented.10,11

In response to the COVID-19 pandemic, administrators and clinicians have been forced to quickly adapt or introduce 
telehealth technology to provide specialty care. Some procedures, such as teleconsultations, were not adopted until the 
advent of the COVID-19 pandemic. The main benefits derived by patients from telemedicine include saving time and 
reducing costs of consultation and specialists’ visits while gaining remote access to professional medical care (including 
specialist consultation when needed), which is especially valuable when contagion and rapid spreading of disease are 
a concern, as in the COVID era.10,13 However, telemedicine also has certain disadvantages or deficiencies compared to 
in-person physical consultation, including that performing physical examinations remotely or online is nearly impossible 
and some patients, such as older adults living alone or those with comorbid chronic disease or dementia may lack the 
knowledge or resources needed to use mobile devices or computers that would allow them to participate in telemedicine 
visits.13,14 The security of patient data is another issue that remains to be addressed.10

Telemedicine in Neurological Practice
As neurological patients are more susceptible to SARS-CoV-2 infection and associated complications,3,4 the use of 
telemedicine may benefit these patients by reducing physical contact while maintaining medical care. Indeed, during the 
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COVID-19 pandemic, the use of telemedicine in neurology has increased worldwide, as well as in Taiwan.3,15 

Application of telemedicine in some neurological practice is summarized in Table 1.

Telemedicine in Stroke
Telestroke, or using telemedicine for stroke care, is among the earliest uses of telemedicine in neurological practice.16 It 
is also one of the most successful applications of telemedicine, accessing the experience of stroke specialists by hospitals 
that lack sufficient stroke expertise, and the number and extent of telestroke networks continues to grow worldwide.17 In 
fact, telestroke services are expanding to help reduce or avoid physical contact during the COVID-19 pandemic.8 In some 
countries during the initial onset of COVID-19, the reported number of acute stroke admissions was reduced by 50%– 
80%,18 suggesting that many patients with moderate and even severe stroke were avoiding seeking medical care, 
probably due to fear of contracting infection if referred to a hospital. Inpatient telemedicine has become an important 
tool for treating stroke patients with suspected or confirmed COVID-19, enabling stroke specialists to perform essential 
monitoring and assessment of patients’ neurological status in dedicated COVID-19 areas, especially during shortages of 
trained personnel.12 Emergency department evaluation of stroke patients can also be entirely conducted virtually using 
telestroke equipment.7 Telestroke is shown to be safe, and standardization of stroke treatment throughout a telestroke 
network ensures the quality of treatment. Outcomes after intravenous recombinant tissue plasminogen activator (rt-PA) 
treatment via telestroke compare favorably to outcomes of face-to-face evaluations.8

Recently, Singh and co-researchers conducted a global-scaled individual patient data meta-analysis and reported that 
encephalopathy and cerebrovascular events (mainly ischemic and hemorrhagic stroke) were the most frequent identified 
neurological manifestations of COVID-19, whereas a poor outcome (moderate to severe disability or death) was more common 
in cerebrovascular cases than in encephalopathy, suggesting that stroke is a major factor associated with poor prognosis in 
neurological COVID-19 disease.19 Cardiovascular diseases are also highly associated with COVID-19, serve both as a risk factor 
and prognostic indicator, and can be a complication of the disease itself.20 In sight of these findings, it is important to identify 
patients potentially developing cardio/cerebrovascular complications, especially during the COVID-19 era. Telemedicine may be 
helpful for this issue. For example, blood pressure monitoring is well suited to telemedicine approaches.21 We think telemedicine 
may lead to better monitoring that can facilitate patient self-management, improve medication adherence, or encourage healthier 
lifestyles that reduce the risk of cardiovascular and cerebrovascular diseases, although more evidence is needed.

Table 1 Application of Telemedicine in Major Neurological Disorders

Neurological 
Disorders

Current Status or Tips

Stroke ● The earliest uses of telemedicine in neurological disorders16

● Currently the most successful application of telemedicine17

● Outcome of rt-PA treatment via telestroke is comparable to those achieved with in-person evaluations8

Epilepsy or seizure ● Doctors can adjust anti-epilepsy drugs use via telemedicine22

● Telephone review is non-inferior to in-person review in terms of patients’ cost and the number of patients retained in 

follow-up23

Alzheimer disease (AD) ● Telemedicine and related technologies (domotics, virtual reality, augmented reality, or gaming) have been applied as 
non-pharmacological treatment for AD even before the COVID-19 pandemic24

● Telemedicine was regarded valuable in providing assessment and care to dementia patients at home25,26

Parkinson disease (PD) ● Telemedicine approaches can help PD patients continue exercise and physical therapy during the COVID-19 

pandemic28

● A well-established supra-hospital telephone service for PD patients may effectively reduce the need for in-person 
consultation31

Neuropsychiatry ● Many psychiatric organizations in the US have issued new or updated guidelines on the use of telemedicine35

● Telemedicine has been shown to be noninferior to in-person visits for diagnosing dementia in geriatric populations, 
and can be used to perform differential diagnoses of cognitive vs psychiatric diseases33,34
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Telemedicine in Epilepsy or Seizure
Several aspects of telemedicine are of particular note for patients with epilepsy or seizure. First, telemedicine consulta
tion may help physicians determine whether patients will require clinic visits or if the telemedicine approach will 
suffice.11,14 Secondly, the side-effects of anti-epilepsy drugs (AEDs) can be reviewed and adjusted via telemedicine and 
in situations where side-effects are critical, clinic appointments may still be required.22 Lastly, some patients with 
epilepsy may practice dietary therapy, and clinicians can confirm their dietary compliance via telemedicine; or dieticians 
can provide online dietary counseling.14 Results of a randomized controlled trial conducted by Bahrani et al23 showed 
that telephone review was non-inferior to in-person review for outpatients with epilepsy in terms of patients’ costs and 
the number of patients retained in follow-up. As with other clinical conditions, the feasibility and accessibility of 
telemedicine for patients with epilepsy influence whether or not they continue to rely on telemedicine. Despite the risk of 
contracting infection during the COVID-19 pandemic, patients with epilepsy are still encouraged to physically visit 
hospitals and laboratories or imaging centers when in-person clinical testing is required (eg, blood tests, cerebrospinal 
fluid tests, electroencephalogram, or neuroimaging).14

Telemedicine in Alzheimer Disease
Alzheimer disease (AD), the most widespread form of two types of dementia, is a chronic disease with progressive 
deterioration of cognition, function, and behavior leading to disability and death.24 Most patients with AD are aged 65 
years and older and are included in the older adult population more susceptible to SARS-CoV-2 infection. These patients 
are often unaware of the hygienic measures and social distancing requirements mandated by government and healthcare 
authorities during the pandemic, and these practices must be reinforced continuously by caregivers.3 In the absence of 
highly effective pharmacologic treatments for AD, virtual reality, augmented reality, and gaming were applied as non- 
pharmacological treatment, even before the COVID-19 pandemic, contributing to at-home patient assessments and 
providing consultation for caretakers.24 Studies have also found that telemedicine can help patients with dementia 
maintain their independence in their own homes, improving their safety and clinical outcome.25,26 The use of tele
medicine has increased during the COVID era due to its ability to help provide cognitive neurorehabilitation for AD 
patients outside of conventional care settings.27

Telemedicine in Parkinson Disease
Parkinson disease (PD) is the second most common neurodegenerative disorder following Alzheimer disease, affecting 
nearly 1% of people over age 60 years.28 Studies have found that COVID-19 increases the risk of mortality in PD 
patients by 20%–40% compared to the 7%–19% mortality risk of the general population.29,30 Quarantine measures also 
pose long-term negative effects on PD patients because healthcare services such as physical therapy, which can be critical 
for chronically ill patients, are significantly reduced. Physical therapy and exercise, which are known to improve motor 
and non-motor symptoms of PD patients, and PD patients may be severely affected if these practices are interrupted. 
Many telemedicine approaches can be applied to help PD patients continue to exercise and receive physical therapy, 
including telerehabilitation, apps, motivational tools, virtual reality exercise and exergaming.28 In fact, these approaches 
have shown great potential for the support and wellbeing of PD patients even though long-term efficacy remains to be 
validated. During COVID-19 quarantine, PD patients and patients with other neurological diseases are also prevented 
from travelling to hospitals for appropriate care. Two different types of synchronous telemedicine, telephone and video 
links, have been used to address this issue. Cilia and colleagues31 established a supra-hospital telephone service delivered 
by Parkinson disease nurse specialists (PDNS) with access to a multidisciplinary team. Telephone service can be 
combined with video consultation with a neurologist when required, and results showed that only about 1 in 45 PD 
patients originally contacted by a PDNS actually received consultation.

Telemedicine in Neuropsychiatry
Among the above-mentioned neurological disorders, stroke, PD, AD, and epilepsy may involve neuropsychiatric 
manifestations during disease development.32–35 The prevalence of PD-related psychosis is estimated to be 50% or 
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more throughout the disease course.35 Depending on patients’ dementia subtype, psychosis is reported to occur broadly in 
10% to 75% of people with dementia. If left untreated, psychosis symptoms tend to reduce the quality of life, leading to 
poor outcomes, increased mortality, and high healthcare costs.32 Notably, neuropsychiatric symptoms could be indepen
dently caused by SARS-CoV-2 infection. In 2020, Lu et al36 firstly reported a case of a COVID-19 patient who had no 
history of psychiatric disorder but developed manic-like symptoms when the vital signs recovered on illness day 17. The 
manic episode, according to the author, might be a delayed response to CNS infection by SARS-CoV-2. Recently, it has 
been increasingly obvious that patients with COVID-19 have higher incidence of neuropsychiatric manifestations 
including depression, anxiety, and post-traumatic stress symptoms when compared with non-COVID controls.37 The 
possible underlying mechanisms, as summarized in a review article by E. Jansen van Vuren et al,38 may involve 
unmitigated neuro-inflammatory responses.

Telemedicine has been used successfully in long-term care residents with dementia and those with neuropsychiatric 
symptoms. These patients have been treated successfully using telemedicine, and many medical and psychiatric organizations 
in the US have updated their guidelines on the use of telemedicine during the COVID-19 era.35 Telemedicine has been shown 
to be noninferior to in-person visits for diagnosing dementia in geriatric populations, and can be used to perform differential 
diagnoses of cognitive vs psychiatric diseases.33,34 Successful telemedicine in long-term care facilities or nursing homes 
requires collaboration between specialists, facility administrators and staff. Some long-term care facilities or nursing homes 
that are facing closure because of the COVID-19 pandemic may seek to stay open by offering behavioral or psychiatric 
specialty care, which can be facilitated readily through adopting telemedicine.35

Digital Health for This Issue
In several studies, terms like “telehealth” or “digital health” were used instead of “telemedicine”. According to FDA, digital 
health represents a broad-scope concept that encompasses mobile health, health information technology, wearable devices, 
telehealth and telemedicine, and personalized medicine.39 Regarding the use of digital health in the COVID-19 era, 
a systematic review exploring the deployment of digital health technologies in South Africa showed that various specific 
digital health technologies have been successfully applied, including short messaging service-based solutions, mobile health 
applications, telemedicine and telehealth, WhatsApp-based systems, artificial intelligence, and chatbots and robotics.40 These 
innovative technologies, as indicated by the authors, have been employed for purposes such as screening infectious and non- 
infectious diseases, disease monitoring, medication and treatment compliance, creating awareness and communication.40 For 
neurological disorders, digital health technologies may accelerate objective evaluation of changes in cognitive functioning,41 

which is of particular benefit.

Discussion
This article presents the findings of our mini-review of recent literature, which focused on the use of telemedicine in 
neurological disorders during the COVID-19 pandemic. The unique ability of telemedicine to deliver healthcare remotely 
makes it an effective tool for providing specialized healthcare for patients with chronic neurological conditions while meeting 
social distancing or lockdown policies instituted to reduce physical contact. Recent studies have stated that telemedicine 
replicates almost everything that can be done through in-person consultation. It is also generally popular with patients, reduces 
patients’ healthcare costs and has a low carbon footprint. This article supports the idea that telemedicine is useful for the 
neurological disease care in the COVID-19 era, thereby encouraging the adoption of telemedicine in neurological practices, 
especially for those requiring persistent medical care but with reduced patients seeking care, such as stroke.

Relatively few neurologists used telemedicine in everyday practice before the pandemic. Although the concept is understood 
and appreciated, issues remain surrounding reimbursement and regulation, which has slowed the implementation of telemedicine 
more broadly into the healthcare system.11 The underutilization of telemedicine can also be attributed in part to a lack of 
incentives for physicians to change their practice methods, and a general concern that using telemedicine may not be entirely 
legal.12 Other barriers may include poorly established patient-physician relationships and patients’ lack of knowledge about 
telemedicine visits.42,43 However, utilization increased as a result of the need for remote care and consultation during the current 
COVID era. Awareness and use of telemedicine may also be improved by providing appropriate incentives for physicians to use 
telemedicine technologies and developing educational tools and programs to teach patients about accessing telemedicine 
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services. Telemedicine legislation was introduced in the US Congress in February 2022 in the form of the bipartisan Telehealth 
Extension and Evaluation Act, which establishes a two-year extension for COVID-19 emergency health waivers.44 It is aimed at 
ending geographic and site restrictions and is intended to support Medicare beneficiaries access telemedicine services at home 
and allow controlled substances to be prescribed remotely. However, it will not be implemented until 2024.

Increased use of telemedicine appears to be unbalanced between countries, according to a global survey on 
telemedicine utilization for movement disorders.45 According to the survey study, major limitations to the adoption of 
telemedicine for movement disorders include restricted internet connection (eg, in remote areas, or prohibitive costs of 
data or devices), lack of physician reimbursement, and patients’ lack of familiarity with telemedicine. This seems to 
suggest that the existing disparities may even increase if these obstacles to use are not addressed and resolved.

In Taiwan, the laws governing medical practices originally restricted the use of telemedicine to provide medical care 
to patients in mountainous regions, outlying islands and remote areas. Nevertheless, because of the highly contagious 
nature of COVID-19, the government has eased restrictions in order to make telemedicine accessible to individuals under 
home quarantine, wherever they are located. Moreover, the new laws stipulate that the Taiwan National Health Insurance, 
which covers 99% of the population, can be used to support telemedicine services.46 Telemedicine services are 
continuously evolving, and to help prepare for this, the Taiwan Ministry of Health and Welfare is developing an official 
mobile app platform to make it easier for patients to pay for services and to obtain prescribed medications. This applies to 
different medical specialties, including neurology.

COVID-19 has made a notable impact on the healthcare system. Authors of a review article that evaluated the 
acceleration of telemedicine for treating children with cerebral palsy indicated that the pandemic has increased the use of 
home-based telemonitoring, and that these services are expected to expand to even broader use beyond the pandemic.47 

In particular, tele-monitoring is exceptionally useful for functional assessments such as gait monitoring and remote 
rehabilitation monitoring in the patients’ natural environment. In the post-pandemic era, telemedicine is expected to 
become more coordinated and patient-centric, providing more tools for assessment and improved payment options such 
as reimbursement of multidisciplinary tele-care.48 Such patient-centric care tends to improve outcomes, increase the 
efficiency of care and reduce patients’ costs.

Limitations
The present review has several limitations. First, it was a narrative review rather than a systematic review of the literature, and 
certain studies that could have been identified through the more detailed and rigorous systematic review may have been 
missed. Additionally, we focused on common neurological disorders even though telemedicine has been applied to many other 
neurological disorders, including head trauma, amyotrophic lateral sclerosis (ALS), and polyneuropathy;8 cerebellar ataxia48 

and cerebral palsy,47 none of which were discussed in depth.

Conclusions
In conclusion, recent studies have demonstrated the safety and effectiveness of telemedicine as a tool for providing 
specialized healthcare for patients with chronic neurological conditions while adhering to social distancing or lockdown 
policies instituted during the COVID-19 pandemic. The use of telemedicine extends well beyond neurological disorders, 
and the advantages of this modern contact-free consultation and delivery of medicine are essentially valid across medical 
specialties. Telemedicine can help achieve the goals of long-term treatment and rehabilitation that have been challenged 
during the pandemic by providing specialized consultation and medical care as needed without physical contact. 
Government and medical/healthcare authorities, physicians and healthcare providers need to work together to expand 
the adoption of telemedicine applications, even after the COVID-19 crisis.

Abbreviations
AD, Alzheimer disease; COVID-19, Coronavirus disease 2019; PD, Parkinson disease; SARS-CoV-2, Severe acute 
respiratory syndrome coronavirus-2.
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