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Abstract
Background The conduct of patient consults greatly changed during the time of the COVID-19 pandemic. There was a 
decrease in face-to-face patient consults and enhanced utilization of virtual consults. Infodemiological studies, using Google 
Trends, focus on internet search trends that may reflect public interest and awareness in diseases and as a proxy of public 
health risk perception.
Objectives We aimed to investigate the online behavior of internet users on teleneurology, telehealth, and telemedicine dur-
ing the time of the pandemic, as reflected in search volume indices (SVI) projected in Google Trends.
Methods We used the data from Google Trends to quantify the interest of internet users in teleneurology, telehealth, and 
telemedicine. These keywords were entered in Google Trends as search terms. Data included were searches conducted from 
2016 to 2020 to depict the transition into the pandemic.
Results The SVI of teleneurology was unchanged during the 5-year period search relative to the SVIs of telehealth and tel-
emedicine. Contrary to the noted worldwide increase in the SVI of telehealth and telemedicine during the year of pandemic, 
teleneurology’s SVI remained stable despite the increase of its utilization. Focusing on teleneurology, the highest SVI was 
observed in 2018.
Conclusion There was an increase in the SVI of telehealth and telemedicine, possibly implying an increase in the general 
awareness of these virtual methods of health care, as catalyzed by the pandemic. However, the stable SVI of teleneurology 
may signify that the public awareness regarding it remained unchanged despite the increase in application in clinics and 
hospitals.
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Introduction

Teleneurology is the practice of delivering neurologic care 
to distant areas through the use of modern communication 
technology via videoconferencing or email to enable neurol-
ogy to be practiced when the neurologist and patient are not 
present in the same place [1]. Teleneurology narrows the 
gap between patients with neurological disease and neurolo-
gists, especially in areas without a specialist [1]. However, 
its adoption has been slow. In the recent need for social dis-
tancing during the coronavirus disease 2019 (COVID-19) 
pandemic, the utilization of teleneurology has significantly 
increased [2, 3]. Even in areas where there are neurologists, 
teleconsultations are advocated over in-person consultations 
for non-emergency cases to minimize unnecessary COVID-
19 risks [2, 3]. The COVID-19 pandemic prompted changes 
in the healthcare system to ensure continuity of care for 
patients with chronic neurological diseases such as neuro-
muscular [4–6], neurodegenerative [7], and neurovascular 
conditions [8]. Teleneurology may detect early symptoms 
and signs of disease worsening, prevent life-threatening 
complications, and notice changes in the clinical condition 
that would require further evaluation in a hospital setting 
[5], saving patients from unnecessary possible COVID-19 
exposure in the clinics and hospitals.

As a result of the increase in the utilization of teleneurol-
ogy in clinical practice, the general public, particularly inter-
net users, may have increased awareness and online search 
activity about teleneurology, as may be reflected in the SVIs 
of Google Trends.

Google Trends, a source of reversed engineered data, pro-
vides access to internet search patterns by analyzing web 
queries on the Google search website and other affiliated 
Google sites [9]. The data are normalized in terms of search 
frequency and presented in relative search volumes [10]. The 
website provides both real-time and archived information 
on Google queries from 2004 to the present [11]. The use 
of Google Trends in research studies began in 2009 when it 
was demonstrated that Google Trends traced and predicted 
the spread of influenza earlier than the Centers for Disease 
Control and Prevention [12]. Currently, Google Trends is 
one of the most popular online tools in addressing health 
issues and topics by looking at internet search trends that 
may reflect public interest and awareness [11].

In this study, we aimed to describe the worldwide search 
interest about teleneurology among internet users before 
and during the pandemic, including online search behav-
iors related to terms like telemedicine and telehealth, using 
Google Trends.

Methods

This study investigated search trends of teleneurology 
and its related terms to look into the online interest of 
internet users, using SVI in Google Trends, which may 
be reflective of public awareness regarding the said con-
cepts. A search volume index, available on the Google 
Trends website, reflects an estimate of search activity on a 
particular topic relative to the highest volume of searches 
documented within a specific period and geographic loca-
tion. Hence, SVIs do not necessarily report the absolute 
volume of searches for a specific term [13]. Instead, the 
data are normalized and expressed on a scale of 0 to 100, 
wherein a higher score reflects greater interest for a par-
ticular search term [10]. SVIs have been previously used 
to evaluate population interest in health-related topics [5, 
8, 9].

The keywords teleneurology, telemedicine, and tele-
health were entered in Google Trends as search terms and 
were explored under the health category in Web Search 
worldwide. As teleneurology is a subset of telemedicine, 
which is often interchanged with telehealth, all these terms 
were included. However, telehealth and telemedicine have 
distinct definitions. Telemedicine is a clinical service that 
seeks to improve a patient’s health remotely by using two-
way, real-time, interactive communication between the 
patient and the physician [10], while telehealth encom-
passes health assessment, diagnosis, intervention, con-
sultation, supervision, and information delivery over a 
distance [14]. Hence, telehealth is considered a broader 
concept of telemedicine [14]. The search period was set 
from January 1, 2016, to December 31, 2020, to cover the 
possible change in online search trends from the few years 
prior to and during the pandemic. A separate search for 
teleneurology using the same aforementioned parameters 
was done to further characterize the internet users’ search 
behavior for teleneurology.

Results

Among the three related terms searched in this study, tel-
ehealth had the highest SVI in 2020, coinciding with the 
COVID-19 pandemic (Fig. 1). It was most searched in 
Canada and Australia (Table 1). Meanwhile, telemedicine 
ranked second worldwide, with the highest SVIs coming 
from the United States, Bangladesh, and the Philippines 
(Table 1). Telemedicine and telehealth had SVIs ranging 
from 2 to 7 before the pandemic (i.e., 2016–2019), and 
suddenly peaking in March 2020, when the WHO offi-
cially declared COVID-19 as a global health emergency 

2930 Neurological Sciences (2022) 43:2929–2934



1 3

[15]. In particular, the highest SVI for telehealth and 
telemedicine was seen on March 22, 2020, shortly after 
the announcement from WHO. The SVI for telehealth 
and telemedicine gradually decreased since April 2020 
but remained to be higher relative to the pre-pandemic 
period. Relative to the SVI of telehealth and telemedicine, 
teleneurology’s SVI remained negligible for the 5-year 
period. There was no perceptible peak even during the 
year of pandemic, hence its SVI was stable from 2016 
to 2020.

Focusing on the search done for teleneurology per se 
(Fig. 2), the SVI was found to be highest in 2018, sur-
passing even its peak SVI in November 2020 during the 
pandemic. Teleneurology only gained SVIs from the US 
and India. Similar to the line graph of teleneurology in 
Fig. 1, there was also no noted peak of SVI during the 
year of the pandemic when there has been documented a 
significant increase in the utilization of teleneurology in 
the clinics and hospitals due to the movement restrictions.

Discussion

This study showed that there was a worldwide increase in 
the SVI for the keyword’s telemedicine and telehealth at the 
start of the pandemic in 2020. This might possibly signify 
an increase in the interest in these terms. However, rela-
tive to the SVIs of telemedicine and telehealth, teleneurol-
ogy’s SVI remained unchanged for the 5-year period search 
(Fig. 1). In fact, when a search was done for teleneurology 
alone, the peak SVI was noted pre-pandemic, particularly 
in 2018 (Fig. 2), which was coincidentally the year when a 
US-based national provider of acute telemedicine technol-
ogy created a teleneurology council for the advancement of 
remote neurology care [16]. Therefore, despite the increase 
in the utilization of teleneurology among neurologists during 
the period of the pandemic, the search behavior of internet 
users regarding teleneurology remained unchanged.

Fig. 1  Google Trends graph 
depicting online search trends 
for teleneurology, telemedicine, 
and telehealth worldwide from 
2016 to 2020

Table 1  Top countries with their respective search volume indices (in 
parenthesis) for each keyword based on Google Trends

Search volume indices (SVI)

Teleneurology Telemedicine Telehealth

US (100) US (100) Canada (100)
India (51) Bangladesh (69) Australia (70)

Philippines (63) US (42)
Ghana (62) New Zealand (12)
Singapore (59) Singapore (11)

Fig. 2  Google trends graph depicting online search trends for tel-
eneurology worldwide from 2016 to 2020
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Telemedicine and telehealth had higher SVIs compared 
to teleneurology, likely because these were broader terms 
that is encompassing many fields of medical specialization, 
as compared to teleneurology, which is a more specialized 
service specific to patients with neurologic problems [17]. 
The increase in the utilization of teleneurology during the 
time of pandemic would have possibly increased the aware-
ness of the general public regarding the use of technology 
to connect with their neurologists and other doctors. How-
ever, in Fig. 2, we saw that the peak of teleneurology SVI 
was during pre-pandemic. This was probably because end 
users did not particularly use the exact word as their search 
term in Google and would have rather used the broader 
key concepts. The concept of teleneurology is likely more 
known among neurologists, comprising a relatively small 
percentage of the population of physicians worldwide [18]. 
Therefore, teleneurology is recommended to be promoted 
more as it may improve the accessibility of specialized care 
for patients [19]. This kind of virtual consult is of great aid 
for patients with limited mobility and those living far from 
the hospitals where specialists practice [20]. This can also 
be promoted to other medical doctors, such as general prac-
titioners practicing in rural areas where there are very few 
specialists to guide them on patient management [21]. This 
can be an effective tool for reducing the treatment gap and 
has the potential to serve geographically isolated and dis-
advantaged areas. Due to the increase in the utilization of 
technology for neurologic consults, there is also a need for 
more research about evaluating teleneurology services to 
intensify training workshops for neurologists and improve 
facilities to appropriately serve more patients in need [20].

Even before the pandemic, teleneurology was shown 
to provide great benefit to populations with limited access 
to general and specialized neurological care, such as rural 
populations and those patients with limited mobility [22]. 
Telestroke or telemedicine for stroke was utilized as early as 
1999 when there was a need to enhance and expedite acute 
stroke care in local communities without neurologists [18]. 
But its adoption has been slow because of laws, regulations, 
and policies [23]. However, in the study by McGinley, they 
showed that the overall teleneurology visit volume during 
March 2020 increased by 533% in Neurological Institute 
at Cleveland Clinic [2]. This increase in the utilization of 
technology for outpatient consults was brought about by 
the movement restrictions caused by the pandemic and 
was encouraged by policymakers, regulators, and payers 
by loosening policy restrictions [23]. The pandemic might 
have accelerated the adoption of teleneurology worldwide 
as it has changed some laws and policies regarding reim-
bursements and regulations, which were among the factors 
that had prevented its emergence in the healthcare landscape 
[2]. This documented increase in the virtual consults among 
patients with the neurological condition did not, however, 

reflect as an increase in the online search activity or SVI of 
teleneurology, for which a high SVI may possibly mirror 
an increase in awareness of the general public regarding it.

Teleneurology was most searched in the US, followed by 
India. The increased SVI from the US was likely because tel-
eneurology was more practiced and utilized in a high-income 
country with an accessible internet connection for the public. 
In high-income countries with a high-speed internet con-
nection, it would be less complicated to conduct a virtual 
consult than in areas with a very poor internet connection, 
which might affect communication between end-users. This 
convenient and uninterrupted virtual consultation between 
neurologist and patient, which made specialized care more 
accessible, might have made teleneurology more known 
in high-income countries. In India, a low-resource setting, 
however, they had a government-sponsored Indian program 
that provided teleneurology, telepsychiatry, teleneurore-
habilitation, teleradiology, and tele-Ayurveda [20]. These 
services had been available in India since 2010, allowing 
neurologists to provide remote service to indigent patients 
and support primary care doctors in managing common neu-
rological disorders [20]. The Indian government and private 
sector worked together to provide high-speed internet for 
centers to make the services accessible [20].

The presence of a high-speed internet connection makes 
it more convenient to facilitate other virtual services, on 
top of the virtual consults, such as the delivery of health 
information and health systems management, as this allows 
stakeholders to effectively use technology for the said online 
services [24]. Telehealth, which is a more encompassing 
concept involving not only online consultation but also other 
health care services, is more famous in high-income coun-
tries with high-speed internet connections such as Canada, 
Australia, New Zealand, US, and Singapore (Table 1). Tel-
emedicine, however, which is a narrower concept involving 
only the provision of clinical services such as follow-up vis-
its, is more searched in low to middle-income countries such 
as Bangladesh, the Philippines, and Ghana. Technical factors 
such as slow internet speed and limited internet coverage are 
some of the common challenges faced by low to middle-
income countries when utilizing health care advances such 
as the use of technology for healthcare delivery [25].

This study has some inherent limitations. The SVI from 
Google Trends, a reflection of the online search behavior of 
internet users, requires access to the internet and the use of 
Google search engine and its associated sites. Hence, people 
without internet access and internet users who use differ-
ent search engines were not taken into consideration. The 
use of SVI from Google Trends can only be a surrogate 
marker for population interest for teleneurology. It is still 
unclear whether changes in online search behavior or activ-
ity translate to changes in awareness of the general public 
[26]. However, since there are more than 3 billion internet 
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users around the world and Google is the most widely used 
search engine [13], Google Trends may still be a useful tool 
to estimate public interest.

In this study, we have shown that there was an increase 
in the Google Trends SVI of telehealth and telemedicine 
during the period of the pandemic. This may translate as an 
increase in awareness among internet users regarding these 
healthcare-providing services. Teleneurology, however, did 
not show a change in SVI despite the increase in its utiliza-
tion during the time of the pandemic. This unchanged search 
behavior could possibly signify that this had not changed the 
awareness of the general public regarding the possible use of 
technology to have virtual consults with neurologists. There-
fore, teleneurology is recommended to be promoted more 
to neurologic patients, especially those with stable neuro-
logic conditions that need monitoring and/or adjustment of 
maintenance medications such as patients with epilepsy, 
Parkinson’s disease, dementia, and others. Even after this 
COVID-19 pandemic, the use of these virtual consults will 
help them make specialized neurologic care more available 
to them. In line with the increase in the utilization of these 
services, neurologists should also be more trained in con-
ducting these virtual consults to improve the quality of these 
services. These virtual consults may also be of great help 
not just to patients but also to general practitioners who are 
practicing in rural areas where specialists are few. Through 
teleneurology, neurologists may guide them in the manage-
ment of possible neurologic patients. In conjunction with 
awareness campaigns regarding teleneurology and workforce 
training, there must also be an improvement in the technical 
factors involved in the conduction of these services, such as 
internet speed and coverage, equipment, and secure software 
to store data [27]. These technical factors mostly concerned 
those in the low to middle-income countries who continue 
to face these barriers to the emergence of such health care 
services [25].

Conclusion

The increase in SVI of telehealth and telemedicine may 
signify an increase in awareness among the general public. 
This has been likely due to the significant increase in the 
utilization of these services due to the movement restric-
tions brought about by the pandemic. There is also an 
increase in the application of teleneurology in clinics and 
hospitals; however, this did not reflect as an increase in the 
online search activity of teleneurology, which may signify 
that there has been no change in public awareness regard-
ing it. Therefore, the use of teleneurology is encouraged, 
and more research is suggested to be conducted regarding 
the quality of services it can offer. As teleneurology may 
continue to be beneficial even after the pandemic, training 

and workshops are advocated among neurologists on how 
to use different platforms appropriately to provide quality 
service to patients. Along with awareness campaigns and 
workforce training, technical factors, such as internet cover-
age and speed, are also suggested to have improvements to 
make teleneurology more accessible and available to patients 
with neurologic conditions.
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