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Abstract—The new coronavirus disease (COVID-19) has affected a large part
of the worldwide population, causingmore than amillion deaths between the end
of 2019 until now. Technological development and digital tools arise to carry out
activities remotely, either for monitoring or diagnosis. Medical teleconsultation
activities are not new, but due to the pandemic situation that the COVID-19
originated, it has become a popular option to avoid going to consultations
physically due to the risk of contagion. This article presents an analysis of
different teleconsultation services implemented during the spread of the
COVID-19 in the city of Guayaquil, Ecuador, as a case study. Themethodology
includes a performance assessment of the teleconsultation apps used during the
critical periods of the pandemic.We detailed the fundamental stages deemed to
verify that the fulfillment and knowledge about telemedicine in this city are not
extensive enough in terms of remote health benefits. Throughout this article, we
evidenced that the population is not prepared tomanage remote-care systems
due to the low use of technology and the lack of support from public or private
agencies for providing technological development for medical services that
satisfy the needs of the inhabitants.

Key words: Health technology, remote-care management, sustainability,
telemedicine apps, virtual care

I. INTRODUCTION

TELEMEDICINE allows
accessibility in the daily health
practices of physicians that are far
away from medical facilities, as well
as the establishment of novelty care
schemes. Through its
implementation, it is possible to assist
chronic patients or to provide reliable
monitoring. Among its features,
highlight the readiness, mobility, and
confidentiality [1], [2]. For instance, a
study carried out in Bangladesh
depicted that 75% of its rural
population cannot access optimal
health conditions, whereas urban
zones have more assets to provide
medical attention. Patients stated that
hospitals did not have the complete
resources or enough staff to provide
total assistance in specific areas [3].

The Okola health district in Cameroon
evidenced a similar scenario, where
the rural areas lack the specialized
personnel to provide health care to
the population. Several factors
influenced it, such as the lack of
incentives from government entities,
or the fact that medical professionals
have to leave their homes for long
periods. These aspects discourage
them from moving to remote areas,
having equal or better benefits if they
stay in urban areas [4].

Remote medical attention is not new.
It comes since ancient times, where
physicians communicated with their
patients or assistants through
intermediary techniques, such as
smoke signals and light reflections.
More recently, long-distance mailing
was useful to inform about news
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regarding the health condition of a
patient or group. The telegraph and
telephone gradually replaced it [5].
Nowadays, multiple technologies
allow physicians to approach patients
located at long distances by remote
options or through calls using phone
devices for interactive clinical
consultations [6] or using data
networks for real-time consultation
complemented with storage and
accessibility options [5].

Another term that comes to light is
telehealth, which deploys
telecommunications and information
technologies for access to health
information and services related
across a geographic area [7].
Through telemedicine, physicians
can follow-up treatments remotely,
monitor patients through sensor
systems, or carry out surgery
procedures using robotic arms [8].
These aspects turn it into a feasible
solution and lead to the automation in
health practices to avoid the
presence in medical facilities, where
people can be exposed to viruses and
bacteria, which in subsequent can
produce time loss, money
expenditures, and personal
setbacks [8], [9].

Around the world, hospitals
implement virtual care to prevent
patients from contagion [10]. This
method tried to reduce the
Coronavirus disease (COVID-19)
cases for preserving the physical and
mental integrity of the staff with the
introduction of telemedicine
especially in locations where is more
difficult to access due to geographical
features and environmental
conditions. Although there are several
drawbacks, such as the lack of
knowledge in the use of new
technologies or infrastructure, plus
the high costs in communication
network services [11], it is necessary
to evaluate the results of these
implementations to take corrective
actions or change healthcare
policies [12].

Even though telemedicine is a useful
resource for real-time monitoring of
diseases, it is not possible to
implement it on large scales in
different scenarios due to the
technological infrastructure it
demands. This problem arises mainly
in rural areas, where not all the
inhabitants of a community have a
smartphone or tablet with mobile
connectivity for remote diagnosis or
treatments. Tran et al. [13] present
the case on how telemedicine is not
integrated into the Vietnamese health
care system because of a lack of
strategies, assets, infrastructure, and
regulations, among others. In this
case, to overcome the potential
spread of the virus, diagnosis and
treatment processes were oriented to
a strong social distancing. As this
case presents, is sort of difficult to
assist areas composed of several
ethnic groups, where the population
using mobile technologies do not
necessarily have available
smartphones or similar devices. In
addition, like many countries
worldwide before the COVID-19,
telemedicine approached technical
and infrastructure aspects instead of
medical education and manners to
empathize the relation between
health professionals and patients.

The main contribution of this article is
to analyze the use of teleconsultation
apps during the COVID-19 pandemic.
The methodology includes surveys
carried out to app users and staff from
public and private health institutions
from Guayaquil, a coastal city of
Ecuador. The need to provide more
impact on telemedicine services and
deploy technological resources for
remote communication systems aims
to realize if the population feels more
confident to change their perception
regarding ongoing technologies.

The rest of the article has the following
structure. Section II describes the state
of the art of advantages regarding
telemedicine and the quarantine
process experienced by the country

during the first months of 2020.
Section III describes themethodology
of the study to define the consultation
models, different stakeholders,
and the necessary sampling for its
implementation in the city of
Guayaquil. Section IV presents an
analysis of the results obtained from
the surveys of physicians and the
general public, regarding questions
aimed to know the apps used during
the pandemic and the level of
satisfaction they provide. Then,
Section V shows a proposal for virtual
medical attention based on a
distributed architecture scheme
according to the needs of the
population. Finally, Section VI presents
conclusions of the results obtained and
the feasibility of implementing
teleconsultation across the country.

II. STATE OF THE ART

At the end of 2019, in the city of
Wuhan, China, the COVID-19
outbroke and spread very quickly
around the globe, becoming a global
pandemic very dangerous for
mankind, infecting almost 15 million
of human beings worldwide, mostly
due to a continuous transmission
among people [14]. Because of this
disease, people experience
symptoms of pneumonia with a
diffuse alveolar lesion, which led to
acute respiratory distress syndrome
[15]. Although many countries
undergo substantial impacts due to
the pandemic, especially in the
health, daily activities, and conditions
of their inhabitants [16], studies
like [17] present that the magnitude of
depression, stress, and anxiety is low,
opposite to the common opinion
about the COVID-19 pandemic
confinement. This case states that
these initial signs of anxiety, stress,
and depression in the population,
based on different metrics, can be
useful for predicting long-term
psychological impact.

On the other hand, Hao et al. [18]
present an assessment and
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comparison of stress and
psychological impact experienced by
people in strictly lockdown measures
either having or not psychiatric
illnesses. The methodology consisted
of a survey managed via SMS to
psychiatric patients in a hospital from
China. The authors confirm the
severity of the negative psychological
impact and risks on psychiatric
patients during the lockdown due to
the COVID-19, where plenty of
studies are necessary to develop,
turning imperative a more
understanding of patients with a
continuous psychiatric intervention
throughout the pandemic.

Due to the significant risks of
contagion, mainly for visiting medical
facilities [19], several countries ran
drastic confinement actions, which
led to new security procedures using
technology to avoid people from
leaving their homes and being
exposed to an eventual contagion.
Thus, home delivery alternatives or
remote communication services had
exponential growth, aiming to a
social, labor, or health scopes [20].
Additionally, the environment also
face direct and indirect effects. A
contingency for the improvement of
the quality ecosystem is sought, such
as a decrease in air pollution,
contamination on beaches, and
environmental noise. There are
secondary aspects that have
negative impacts as well, reflecting
the reduction in recycling and the
increase in waste in physical
spaces [21].

Ecuador, a country located in the
South Pacific of the American
continent, registered the first case of
COVID-19 on February 29, 2020,
collapsing the health, political,
economic, and social systems. This
country records approximately
226 900 cumulative cases and more
than 14 270 total deaths until the mid
of January 2021 [22]. Since the
government established quarantine,
several solutions arose, such as the

increase in the use of delivery apps,
online banking transactions,
teleworking, remote health
consultations, in order to adapt the
majority of the population to the
scheme provided by the new reality.

In the second week of March 2020,
the Ecuadorian Ministry of Health
declared a state of emergency in the
national health system. Then, at the
end of April, the social distancing
stage started based on traffic light
system across the national
territory [23], [24]. The change of the
traffic light must be taken into account
depending on the contagion that
exists in each city, e.g., cities with red
traffic lights must respect a curfew:
from 2:00 P.M. to 5:00 A.M., with
vehicular circulation restricted to one
day per week. In May, the mayor’s
office of Guayaquil had to take
preventive actions after 33% of the
residents turned infected. Of this
percentage, 14.8% exceeded 14
days of infection, moving to the final
phase of the disease [25].

Actions to prevent the spread of the
virus were established in Ecuador
and worldwide [26], [27], which aimed
to the compulsory teleworking,
modification of working hours, the
shutdown of educational institutions,
crossing border restrictions,
suspension of mass events, domestic
quarantine, vehicular mobility
restriction between cities, and
limitation into public places [12], [28].
For instance, the Ecuadorian
government promoted the use of
home delivery apps for the purchase
of medical and food supplies [29].
Other governments use these
alternatives to prevent the population
from being exposed to potential viral
risk. The services focus on people
who have reduced mobility (e.g.,
people with terminal illnesses) or
patients with economic limitations for
traveling to food centers [30].

Medical services had to adapt to the
problems of the pandemic by

improving their viral exposure control
protocols. The most feasible solution
for society is the use of telemedicine,
which prevents people from visiting
health centers, even when they only
experience mild discomfort [19], [31].
Moreover, virtual consultation
services boosted exponentially by the
high demand for medical attention
because of COVID-19, increasing the
confidence of the patients in
healthcare systems and avoiding
unnecessary traveling of both
physicians and patients [32].
Throughout history, technology has
made possible the communication
between people, allowing them to
share information efficiently to
provide quality care [33].

The teleconsultation allows remote
care, health recommendations,
assisting nonspecialist physicians in
rural areas, among many other
options that facilitate regular medical
practices [34], [35]. When medical
doctors carry out teleconsultations,
they may present problems in which
they cannot either assess the vital
signs of the patients or have real data
at the time of doing live consultations
to estimate the appropriate
treatments. Sensors are positioned in
a specific part of the body for a
continuous update of health
information to know about the status
of a patient [36]. For example, if a
treatment consists of 30 min per day
of jogging, the physician will verify
the accomplishment of the
recommendations without the need
for personal surveillance [8].

Several technological advances allow
establishing teleconsultation beyond
apps. Different countries create
extensive communication networks,
in which the medic from either the
same or different hospitals can share
information about patients. When
carrying out a telemonitoring session,
it provides a unique experience to the
patient. Also, medics can refer to
specialists for supplementary
consultation. Through official
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networks, it is possible to have several
specialists at the same time verifying
the health of patients [8]. A case to
mention is the designated hospital for
the diagnosis and treatment of COVID-
19 in the province of Zhejiang, China,
which uses robots for the care and
monitoring of the vital signs of patients,
with a system that allows the physician
to verify news in real time [37].

The virtual consultation has several
limitations regarding communication
tools or the taking of physical samples
from patients. Using them, it is possible
to carry out an analysis of different
symptoms presented by patients to
indicate whether theymust go to a
health center. The warmth and
empathy between physicians and
patients can be affected by the
constant use of technology tools due to
the lack of human relationships [33].
The population needed to stay in their
homes, thus the promotion of
teleconsultation services with
considerable emphasis by the
EcuadorianGovernment enabling the
171 telephone line for referrals from
the public health system [38].

On the other side, medical experts
promote the use of messaging and
digital video applications, especially
to manage heart complications,
diabetes, or asthma [39]. There are
also digital tools that allow to search
for physicians according to the
specialty required. However, it is
necessary to have a result analysis
of the situation of the teleconsultation
apps due to the number they
represent. Surveys oriented to health
professionals and the general
population let us know the
satisfaction of users with the use of
apps to design an application
scheme to meet the needs of
patients and medical doctors in a
post-COVID-19 era.

III. METHODOLOGY

The perception of teleconsultation
services had an increase at the

beginning of 2020 in the city of
Guayaquil. Therefore, it was
paramount to carry out a study on the
services that help in the prevention of
further infections as well as the
avoidance of people approaching to
health centers. We realized the
population preferences regarding
teleconsultation apps throughout the
different periods of the COVID-19
pandemic.

We carried out survey models
through theMicrosoft Forms platform
via social networks and e-mail to a
determined population of the city of
Guayaquil. The data was gathered
anonymously to guarantee the
integrity of the information and to
effectively show true feelings about
the changes that occurred in the year
with teleconsultation services.
Considering that the respondents
may be from different socioeconomic
or cultural nature, we can mention the
following aspects [34].
� It is necessary to take into

account that not every person
can use medical virtual services,
since children and teenagers
must have the supervision of an
adult at the time of being carried
out to protect their integrity.

� It is necessary to know about
technology since tools and
services are handled through
mobile phones, landlines, or
computers.

� People with hearing disabilities
must be accompanied by an
individual that informs him/her
what the physician is consulting
or suggesting at the time of the
teleconsultation.

� Teleconsultation does not cover
treatments that physicians must
perform in person. Thus, if a
patient needs special treatment,
he/she should go directly to the
specialist.

Two separate survey models were
developed for the general population
and physicians to learn about aspects
of the teleconsultation in the city of

Guayaquil. Not all of the respondents
knew about them (the questions for
our study are detailed in the
Appendix). Therefore, it is unknown if
they applied these tools with the
public during the pandemic. An in-
depth analysis is carried out through
a survey in three-time stages with
defined questions for each period,
i.e., at the beginning of the year
(previous), on the current date
(ongoing), and for incoming events
(further). The description is as
follows.
� Previous services stage: the

surveys oriented to physicians
consisted of ten questions, and
for the general population had
13, show the events and results
of the teleconsultation services at
the beginning of the year.

� Ongoing services stage: the
survey consisted of six questions
and show the results of the
current situation in Guayaquil
regarding teleconsultation
services during the pandemic.

� Further services stage: the
survey for physicians and the
general population consisted of
seven questions and shows the
opinion of citizens respect the
teleconsultation services and
what they look forward to these
services in the future.

The study approaches on the city of
Guayaquil, with a population of nearly
2.3 million inhabitants [40]. The use of
publications on social networks and
e-mails let us gather a random
sampling for a posterior tabulation.
The statistical equation depicted in (1)
based on behavior [41], turned useful
to calculate the necessary survey
sampling to validate the data with the
respective error and confidence value

n ¼ N � Z2
a � p � q

d2 � ðN� 1Þ þ Z2
a � p � q (1)

In (1), N represents the total
population, Za equals the value of the
normal distribution with the
confidence value, p the expected
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proportion probability, q the value of
1�p, and d the error.

To attain a higher percentage of
confidence, near to 95%, and the
minimum error possible, less than
6%, we required 310 samples
considering the amount of the
inhabitants of Guayaquil. In the case
of physicians, we used 28 samplings
from different hospitals and clinics in
the city.

IV. RESULTS

The use of telemedicine tools before
and during the pandemic was not
sufficiently accepted by society.
Therefore, the majority of the
population gave up its usage, which
leads to negative results when asked
if they wanted to use telemedicine
again in the future. In the case of
physicians, they were willing to

implement virtual services, but at the
present, they would rather maintain
face-to-face consultations. In turn,
when asked if they would use
telemedicine in the future, 50% of
them responded yes but with
changes in the current options, as
shown in Table 1.

It is necessary to take into account
the costs that teleconsultation
involves since its scope may have will
depend on this. The two surveys
show that the teleconsultations at the
beginning of the pandemic were free
of charge since medics understood
the situation in the country, the reason
why they provided their services for
without costs. Prospective users look
forward to teleconsultations with
costs around $5 to $10, considering
that the technology used will be
limited due to its low cost. On the
other hand, medics deemed their

years of study and the current
technology, so they stated that it was
necessary to charges higher than $15
to carry out the teleconsultations, as
shown in Table 2.

Considering that the physicians were
in charge of providing
teleconsultation, they decided to use
apps that were within their reach,
which oriented the population to use
the same apps. Most of the people
use WhatsApp followed by Zoom, as
shown in Figure 1.

Mobile phones were the most used
devices from the beginning of 2020
until the peak of the pandemic,
keeping their popularity nowadays,
both for physicians and patients. This
situation is because most people
have a mobile phone at their disposal.
Also, the features of accessibility and
mobility allow performing anywhere,
as shown in Table 3.

Several technological tools monitor
people’s vital signs. The most
prominent by the population was
Samsung Health, which provides
information necessary to know if
there are health anomalies. On the
medical side, there was Health
(Huawei), which monitors and
verifies the health status of patients,
as shown in Figure 2.

When asking the population if they
would like to have an app that shows
their medical history, 97% answered
yes, whereas the rest said no. When
asking the same to the physicians,
100% replied yes. Almost everybody
expects to have an app that allows
the monitoring of clinical history at
any time to not depend on unique
records storage in hospitals or
medical centers, to provide better
evaluations and recommendations by
the physicians.

Most physicians and patients were
satisfied with the virtual services
they used during the pandemic. This
result does not mean that

Table 1. Use of Telemedicine Tools.

Yes/Not Populations Physicians

Before Now After Before Now After

Yes 26% 14% 39% 61% 39% 46%
Not 74% 86% 61% 39% 61% 54%

Table 2. Teleconsultation Cost Suggested by the Stakeholders.

Cost per service ($) Populations Physicians

Before Now After Before Now After

Free 54% N/A 0% 53% N/A 0%
x < 5 5% N/A 13% 0% N/A 8%
5 � x < 10 12% N/A 50% 12% N/A 15%
10 � x < 15 15% N/A 33% 12% N/A 31%
x � 15 14% N/A 4% 23% N/A 46%

Figure 1. Apps for communication. (a) Population. (b) Physicians.
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teleconsultations do not need
improvement. Instead, technologies
must adapt to the needs of patients
and doctors through constant
improving, as shown in Figure 3.

V. APPARCHITECTURE

PROPOSAL

The COVID-19 pandemic drastically
changed human being’s lifestyles. It
was compulsory the total confinement
of the inhabitants in several cities to
keep away from the virus. However,
this raised another concern, e.g., how
long-term confinement would affect
people? (from a psychological
perspective). A study was conducted
in China tomeasure several
parameters of their citizens. This study

asked about the demographic data,
physical symptoms in the past 14
days, knowledge and concerns about
COVID-19, precautionarymeasures
against COVID-19 in the past 14 days,
the psychological impact of the virus
outbreak, andmental health status.
The results showed that more than
50% of the people surveyed presented
moderate or severe psychological
indices, 15% had symptoms of
depression, 28.8% reportedmoderate
to severe anxiety symptoms, and 8.1%
reported certain levels of stress [42].

The survey results obtained in
Guayaquil on the use of
teleconsultation applications are not
far from the reality of the cities in China.
Both agree that it is necessary to use

telematic methods for these situations.
With the survey results and estimating
the population needs, it turns essential
to develop an app that controls vital
signs for different scenarios. It should
have the option to set schedule alarms
for remembering themedicine that the
patient should ingest and his/her
current address in case of an
emergency. Besides, the app should
also have the option to issue a virtual
certificate for work incapacity and
record the clinical history to provide a
better assessment.

The application programing interface
(API) user depicted in Figure 4
consists of three layers: data
collection, services, and internal
registers. The data collection layer
consists of a sensor array for
continuously monitoring the vital
signs of the patients. Meanwhile, the
services layer consists of three
services to be provided by the app,
such as medication alarm service,
certificate issuing, and GPS. The first
will be responsible for maintaining the
schedules and setting the alarms to
warn the user of the administration of
medications. The second service
issues a certificate if the physician
considers it necessary. Then, the
GPS will pinpoint the user location in
case the medic deems a face-to-face
assessment. With this, the position of
the patient will be available in case an
ambulance or rescue service is
required. Finally, the internal records
layer is responsible for maintaining
records related to vital signs, medical
history, and geographical position.
Based on these records, the
physician will have a better view of
the patient’s health to do a more
accurate assessment. This
architecture is easily coupled to the
era of the COVID-19 pandemic due to
the need to track users in real-time
(infections), their vital signs, maintain
semipersonal (virtual) contact with
doctors, even wearables or
smartwatches for patients (general
public) can function as Internet of
Things devices that connect to the

Table 3. Remote Health Monitoring or Diagnostic Device.

Device Populations Physicians

Before Now After Before Now After

Mobile phone 82% 65% N/A 56% 50% N/A
Computer 14% 25% N/A 40% 44% N/A
Tablet 2% 10% N/A 4% 6% N/A
Others 2% 0% N/A 0% 0% N/A

Figure 2. Apps for monitoring vital signs. (a) Population. (b) Physicians.

Figure 3. Satisfaction of teleconsultation services during the pandemic. (a)
Population. (b) Physicians.
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user interface and generate alerts in
case of any emergency, e.g., medics
can be notified of the increase in
temperature of a user and at the
same time to instruct the patient to
take the necessary measures.

The diagram of the server to be
running through Amazon Web
Service (AWS) for ease of
deployment, performance, and
scalability is depicted in Figure 5
(back-end). It consists of four layers:
collection, scalability, programming,
and presentation. The collection layer
receives data from the cloud, which is
sent at the moment the user decides
to use the application. This layer

consists of a route 53 to obtain the
domains and classify the received
data to store it in an S3 bucket. Next,
the scalability layer allows the service
to be scalable based on the growth
and acceptance of the app. This layer
consists of a load balancer to process
the large amount of data that can be
received. Also, with the use of EC2, it
is possible to get cloud capacity with
variable size, where the results can
be sent to another S3 bucket to store
the relevant information. The
programming layer will manage the
logical part of the server. It consists of
an AWS Lambda service to process
the information and thus generate the
results expected by the administrator.

Finally, the presentation layer will
provide outcomes graphically and
clearly to analyze the different
behaviors on time about the
communication results between the
physician and the patient.

VI. CONCLUSION

The use of teleconsultation apps in the
city of Guayaquil did not have a
considerable impact on the population.
Despite the different calls from the
private clinics and government
agencies to adopt them,more than
70% of the people preferred to visit
medical facilities instead of using
technological tools, which leads to

Figure 4. App design for teleconsultation services.

Figure 5. Application server internal diagram.
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saturation of health services. In
addition, many people were not
comfortable or did not know about
telemedicine tools, the reasonwhy
they preferred to attendmedical
centers or private appointments even
with the risk of contagion. To prevent it,
the Ecuadorian government decided to
promote teleconsultation sessions
throughmobile and desktop
applications for reducing the rate of
infections due to COVID-19.

The surveys depicted that a high
percentage of physicians monitored
their patients through different apps
despite not being virtual-oriented,
providing both public and private care
from homes or wherever the attention
was required. Additionally, based on
the results gathered, medics started
to use apps, such as Samsung
Health, Google Fit, Mi Health
(Xiaomi), Apple Health, Huawei
Health, mainly because they were
within their reach. They also
controlled and monitored the health of
their patients through video calls
made from their mobiles or
computers, assuring care and
treatment for home emergencies.

Finally, the study shows that due to
the lack of knowledge of
teleconsultation tools, the population
made use of apps oriented to social
networks and teleworking mainly on
account of the low data rate
requirements and the ease in the
usage. Because of cultural barriers
and technological shortcomings
evidenced, an enhancement of the
teleconsultation services is
necessary, based on a consistent
scheme that satisfies the needs of
both the population and medical staff.

APPENDIX

SUMMARY OF THE SURVEY

QUESTIONS
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