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 Neurological diseases, such as stroke are the main cause of disability in the 

world, including in Indonesia. The 2018 Basic Health Research 

(RISKESDAS) showed that there has been a continuous increase in its 

prevalence annually. In the era of technology 4.0, hospitals must have 

telemedicine as a strategic marketing plan to improve their health care 

services and reach distant patients, including neurology services. This was 

evident after the incidence of the coronavirus disease 2019 (COVID-19), 

where they were required to adopt these systems. Several studies reported 

that telemedicide in neurology services (teleneurology, telestroke, 

telerehabilitation) can improve the outcomes of patients. Furthermore, 

distance, neurological deficit disorders, as well as COVID-19 provided the 

opportunity for teleneurology to become a superior service at the brain and 

neurosurgery hospitals because it prevents delays in the provision of health 

care services and aids the continuity at home. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

The state of neurological care in most parts of the world is poor due to the lack of access to appropriate health 

care services. In Indonesia, the total number of neurologists as of July 2021 is 1,860, with a total population 

of 277,844,964 people. This indicates that the ratio of neurologists to Indonesians is 1:144,380. Furthermore, 

the World Health Organization (WHO) and the World Federation of Neurology (WFN) reported that “the 

resources available for neurological services in most countries are insufficient compared to the global need 

for these services care” [1]. 

 

Problems in the field of brain and nerve health (neurology) in Indonesia have also increased and more 

integrated treatment methods are required. Representation of morbidity and mortality due to neurological 

diseases in Indonesia, and comprehensive management from inpatient to outpatient care can be seen in the 

National Brain Center Hospital Prof. Dr. Mahar Mardjono, the hospital which specializes in the brain and 

nervous system. There has been a continuous increase in the number of patients annually, where 60% and 

70% of the cases were strokes and ischemic stroke diagnoses, respectively. Therefore, comprehensive 

treatment is needed from the prehospital stage of treatment to discharge, where patients need routine 

rehabilitation. 
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Telemedicine and telehealth are often considered the same. The term telemedicine was first coined in the 

1970s, and it means “healing from afar.” It was also defined by WHO as the use of Information and 

Communication Technologies (ICTs) to improve patient outcomes by increasing access to medical care and 

information [2]. Meanwhile, telehealth is the most basic part of eHealth, which involves the use of 

telecommunications and virtual technology to deliver health care outside the traditional facilities [3]. The 

advantages of telemedicine include (1) it provides clinical support, (2) overcomes geographic barriers by 

connecting users that are not in the same location, (3) involves the use of various types of ICT, and (4) aims 

to improve health outcomes. Its main goals are to (1) increase access to health care in rural areas, (2) provide 

doctors with better access to tertiary consultations, (3) enable doctors to conduct examinations remotely, (4) 

reduce health care costs, (5) provide health care services to a larger geographic area and/or population, (6) 

reduce the need to transfer patients to care centers, and (7) improve health care services. Telemedicine is 

expected to replace direct care and is conceptualized as a comprehensive service including (1) teleassistance, 

which is used for patient counseling and medical care, (2) telemonitoring, which is used to evaluate changes 

in the health condition over time, and (3) telerehabilitation to assess and improve body function remotely, 

with sequential activities, and participation [4]. 

 

Telehealth is considered a new model that can address the problem facing the medical world, and it involves 

the use of technology to provide health care, education, and remote monitoring. In the 20th century, 

telephones were used to connect geographically dispersed patients, while video conferencing and 

smartphones have increased the capabilities and availability of telehealth in the 21st century. Telehealth is 

divided into synchronous and asynchronous forms, where the synchronous variant connects patients and 

physicians at the same time. Meanwhile, the asynchronous form, such as e-mail and remote monitoring is a 

store-and-forward technique, where clinical information including images, EEG tracings, or case histories are 

collected, and then sent to doctors for review and consultation. The use of telehealth apps for neurological 

disorders is called teleneurology, and this study highlights telestroke, a telehealth for stroke cases, as one of 

its model.1 Telestroke services are a subcategory of telemedicine, which are often used for medical 

consultations in rural areas, where acute stroke care facilities are inadequate. However, the design and 

implementation of a hub-and-spoke network is very complex [5]. 

 

The capitalization of the telemedicine market was more than 60.9 billion USD in 2020 and is expected to 

increase by 18.2% between 2021 and 2027. The increasing prevalence of chronic diseases as well as the need 

for patient management, positively affect market revenues. The growth of the telecommunications network 

and the reduction of health care costs also drive the growth of the industry [6]. 

 

Telemedicine is considered an effective method for overcoming delays in handling and increasing the 

utilization of medical resources in hospitals. This service is also expected to help reduce the total cost of the 

health care system, and patients treated online or offline can benefit from its implementation. Therefore, 

hospitals specializing in the brain and nerves must implement telemedicine or teleneurology-telestroke in 

two-way method, namely online and offline to improve outcomes and services. Teleneurology is also an 

opportunity to promote strategies and increase hospital revenues. 

 

2. DISCUSSION 

 

2.1 Teleneurology 

Teleneurology is indispensable for the management of chronic conditions. Globally, there has been a rapid 

increase in the number of stroke and neurological disorder cases. The limitations of neurologists, especially 

neuro-pediatrics, include the unequal distribution of experts, distance to service, and patient disability, which 
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make teleneurology important. Patients with neurological disorders, such as amyotrophic lateral sclerosis, 

Parkinson's disease, and Alzheimer's disease, as well as impaired mobility, cognitive function, and rare 

pediatric conditions often receive minimal care. The system is preferred by people affected by chronic disease 

disorders for remote examination because the brain and nerve damage need to be treated immediately [1]. 

 

Craig et al evaluated the use of telemedicine to improve the care of people admitted with neurological 

symptoms in a hospital without an on-site specialist neurologist. The outcomes of inpatients in The Tyrone 

County Hospital (TCH) and the Erne Hospital in Northern Ireland were then compared. All patients with 

neurologic symptom were attended to by neurologists using a 384 kbit/s interactive video link transmission 

telemedicine. Furthermore, the results showed that teleneurology examination can diagnose several diseases 

including non-structural headache, epilepsy/seizures, transient ischemic attack, dizziness/balance 

disturbance, Parkinson's disease, multiple sclerosis, trigeminal neuralgia, myasthenia gravis, radiculopathy,  

meningitis, and polyneuropathy [7]. 

 

Teleneurology is used by neurology subspecialists working at the Royal Hallamshire Hospital, Sheffield, UK 

to treat epilepsy, dementia, neuro-oncology, multiple sclerosis, behavioral neurology, vascular and cognitive 

neurology, general neurology, movement disorders, ataxia, immune mediated neurological diseases, and 

neuropathies. Its usage is also beneficial to practical implications in the field by improving service delivery 

with adequate infrastructure and administrative investment. The method is also suitable for long-distance 

medicine, and helps to increase access as well as the efficiency of neurologist services. However, 

teleneurology has some drawbacks, such as the lack of non-verbal communication and technical problems, 

which reduce the job satisfaction of the doctors [8]. 

 

Primary headache management can be carried out using teleneurology by asking questions about vital signs 

as well as observing mental disorders status, cranial nerves, neck and head movements. It can also be managed 

by checking the motor strength using arm drift for 10 seconds/leg drift for 5 seconds, sensory examination 

with the help of the family, and coordination checks of the nose, finger, heel, and shin. Teleneurology 

provides a good modality for monitoring follow-up care or patients with headache exacerbations during and 

before the COVID-19 pandemic. During a pandemic, it is advisable to use self-administered treatments, such 

as oral/autoinjection medications and neuromodulating devices than medically administered treatments or 

injections including onabotulinumtoxinA or nerve blocks. Identification of secondary headaches or status can 

be carried out using teleneurology, hence, patients can be directed to the appropriate services [9]. 

 

Teleneurology through telephone or video conferencing has the ability to improve the quality of epilepsy 

management as well as increase sufferers and caregiver satisfaction. A previous study revealed that there was 

no difference in the use of telemedicine and face-to-face tracking. The hospital visit of follow-up epilepsy 

outpatient often focuses more on the description of initial seizure semiology, seizure control, adherence, 

monitoring of serum antiepileptic drug levels, side effects, and counseling rather than a physical examination, 

which is also applicable to teleneurology [10]. 

 

Teleneurology can also be used in the diagnosis and cognitive treatment of dementia. Neuropsychiatric testing 

that can be performed using this method includes Geriatric depression scale, Beck Depression Inventory, 

Frontal behavioral inventory, MoCA, Camels and Cactus, Complex figure copy, Northwestern Anagram test, 

as well as neuropsychologic tests and batteries [9]. It is useful for all neurological disorders although it has 

several limitations. 

 

Monitoring of neurocysticercosis in children can also be carried out with the same method. Using the study 
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design 'Evaluation of diagnostic tests, Konanki et al demonstrated that telephone consultation is an effective 

alternative to conventional face-to-face consultation in children with Neurocysticercosis. It is also an 

alternative to the use of symptomatic seizures to identify critical events, which require face-to-face diagnosis. 

Teleneurology has a high sensitivity, specificity, Negative Predictive Value as well as positive and negative 

likelihood ratios of 92.7%, 97.6%, 99.6%, 38.6, and 0.07, respectively [11]. Table 1 shows an evidence-based 

list of advantages in Parkinson's disease [10]. 

 

Table 1. Advantages of Using Teleneurology in Movement Disorders 

Disease Advantages 

Tremor  Use of digital sensors 

 Asynchronous telemedicine examination for intermittent tremor 

 Tremor phenotypic determination 

Tics  Tics Evaluation 

 Behavior Therapy Session 

Huntington's disease   Motor assessment 

 Reducing dependency 

 Genetic counseling 

Parkinson  United Parkinson Disease Rating Scale (UPDRS) examination 

 Quality of life improvement 

 Reducing travel costs  

 

2.2 Telestroke 

Telestroke is used to improve access and timeliness of care, where every minute counts for stroke patients. It 

is often carried out through video consultations between doctors in the Emergency Department (ED), patients 

in their home country, and stroke specialists in different locations. Furthermore, telestroke can reduce the 

“door-to-needle time” for Recombinant-tissue Plasminogen Activator (R-tPA), thereby decreasing stroke-

related morbidity and mortality. It also bridge the gap between rural and urban hospitals by providing standard 

health care services [12]. 

 

In the journal titled "Can Telemedicine improve stroke outcomes?", a study was conducted on the 

Telemedical Project for Integrative Stroke Care (TEMPiS), which consists of setting up local wards as well 

as promoting medical education and telemedicine consultation for patients with acute stroke by two integrated 

centers. Furthermore, in a prospective non-randomized intervention study, 5 community hospitals in the 

network were compared with 5 matched control hospitals without facilities for the disease or telemedical 

support. All patients with consecutive ischemic or hemorrhagic strokes treated between July 2003 and March 

2005 were evaluated, and the outcomes were then assessed in the form of death and disability using Barthel 

index <60 or Rankin scale >3. The results showed that 3,060 patients, namely 1,938 in TEMPiS and 1,122 in 

control hospitals were followed up after 12 and 30 months for death or institutional care, as well as death and 

dependence. The multivariable regression analysis showed that the intervention has no significant effect of 

the TEMPiS on reducing “death or institutional care” at 12 and 30 months, but a significant reduction of 

“death and dependence” at 12 and 30 months occurred [13]. 

 

Poon et al revealed the presence of a high diagnostic concordance of telestroke by comparing diagnosis of 

Transient Ischemic Stroke (TIA) and a final diagnosis with high Positive Predictive Value (PPV) and a high 

Negative Predictive Value (NPV) for acute SI/TIA or stroke mimic using Telestroke. The result revealed that 

the method can accurately assess acute neurologic syndromes than the conventional acute SI/TIA. The ability 

of telestroke to properly differentiate between Mimic Stroke and acute SI/TIA is beneficial to patient's health. 

Accurate assessment can help to avoid unnecessary examinations, spending on thrombolytics, intensive care 
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unit costs, laboratory tests, and other expenses associated with inpatient admission.14 Budhram (2011) stated 

that telestroke treatment is $14,336 less expensive than the conventional method, hence, it is more effective, 

although their difference is not significant [15]. 

 

2.3 Telerehabilitation 

Telerehabilitation (TR) is a subfield of telemedicine, which involves the use of new telecommunications-

based practices for remote control and rehabilitation. Furthermore, it can be used in all situations, especially 

when the patient and therapist are not in the same location. Telerehabilitation also makes it possible to start 

the rehabilitation process immediately after discharge from the hospital as well as increase the patients’ access 

to care at home or far away. It is an alternative method to the traditional face-to-face approaches, and provide 

benefits to both the healthcare system and sufferers in terms of cost effectiveness and feasibility for large-

scale implementation. TR can also use different types of technologies, such as sensor-based technology, 

tele/video-conferencing, specialized software, or virtual reality (VR). Furthermore, it also increases patients' 

motivation and participation in their rehabilitation process. It is used for the treatment of motor, cognitive, or 

psychological deficits. Preliminary evidence does suggest that TR can treat speech-motor-related disorders, 

as well as cognitive impairment in stroke, cerebral palsy, traumatic brain injury, multiple sclerosis (MS), 

Parkinson's disease, or Alzheimer's disease. In line with health services in the COVID-19 era, it is considered 

an effective alternative method to carry out the rehabilitation process remotely. HomeCoRe (Home Cognitive 

Rehabilitation) is an intervention used to stimulate the patient's cognitive abilities, and it is the home version 

of a previously tested hospital computer-based cognitive training (CoRe) program [4]. 

 

Various forms of web-based home aerobic exercise programs include cycle ergometry, functional electrical 

stimulation lower-extremity cycling (FES-LEC), lower extremity exercise, and walking, as shown in Table 

22.1. A recent study on four chronic SCI patients with varying degrees of injury examined the feasibility of 

an exercise program using TR, which consists of 30 to 45 minutes aerobic exercise using an arm ergometer 

at moderate intensity (~60% Heart Rate), 3 times/week for 8 weeks. The results obtained 100% adherence, 

and the majority of the samples showed increased levels of physical activity, aerobic capacity, and life 

satisfaction. Furthermore, another study demonstrated improvements in physical quality, psychological 

domains, and self-efficacy after a home-based physical activity intervention was used on health-related 

quality of life in sedentary individuals with chronic SCI (<T4). It is noteworthy that there were four intensity 

arm ergometry training sessions, which was carried out for 45 minutes (60%–65% peak oxygen uptake) per 

week for a total duration of 6 weeks [16]. 

 

3. Barrier 

Barriers to the implementation of telemedicine in neurological cases include technology, policy, clinical and 

social factors. Technology-based limitations are caused by the lack of facilities and infrastructure, namely the 

absence of internet access, two-way video conferencing, and smartphones. Meanwhile, in the aspect of 

political policies, patients still have to pay for their own health care costs. The United States (US) is the only 

country that has passed a telemedicine reimbursement law (telehealth reimbursement) in 2018. Social barriers 

are the main factors, where the digital divide caused by differences in access to internet and technology is 

related to other factors, such as social and economic, which are difficult to overcome [1]. 

 

4. Conclusion 

Telemedicine especially teleneurology, telestroke and telerehabilitation can improve patients' treatment and 

remote therapy of neurological disorders, such as stroke, Parkinson's disease, headache, epilepsy, mild 

memory impairment, dementia, multiple sclerosis, and spinal cord injury. This program can use from 

prehospitalized for acute neurologycal disease until post hospitalized for chronic neurological disease. It is 
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advisable to continue developing neurological health services in Indonesia. Therefore, public health facilities 

supported by the government and national health insurance must adopt telemedicine for the treatment of 

various brain and nerve diseases. 
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