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Abstract

Telehealth has been developed and successfully applied in clinical practices, gained a
strong interest and demonstrated its usefulness for medical diagnosis, treatments and
rehabilitation worldwide. The advent of high speed communication technology and
complex signal processing techniques, and recent advancements in cloud and cognitive
computing, has created a new wave of opportunities for delivering remote healthcare
applications and services, where the cost-effective diagnosis and treatment solutions as well
as healthcare services are important and need to be deployed widely. Nevertheless, there is
still a significant challenge in fully adopting this technology due to asymmetry among the
healthcare centers, hospitals and the user-ends, especially in developing countries. This
paper provides an overview of the telehealth, then to addresses the possible telehealth
technologies and applications that could be applied to improve the healthcare service
performance, with the focus on the developing countries. The incorporation of different
technologies in telehealth including, Internet of Things (IoT), cloud and cognitive
computing, medical image processing and effective encoding is introduced and discussed.
Finally, the possible research directions, challenges for the efficient telehealth, and potential
research and technology collaborations are outlined.
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1 Introduction

Telehealth technology provides assistance for healthcare
services that connect the inhabitants of rural areas to the
provision of acceptable health care facilities. In the existing
healthcare infrastructures, a conventional process for medi-
cal check-up is illustrated in Fig. 1. In this process, a patient
needs to visit a clinic where the front desk registration and
collection of vital signs (blood pressure, temperature etc.)
takes place. Afterwards, the patient is assigned a time slot for
doctor or specialist inspection, which results in medical
prescription (including medicines, laboratory tests, revisits
etc.) or further examinations. The patient’s medical records
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are also updated to the service databank. Nevertheless, the
availability of qualified doctors/specialists and basic medical
equipment is limited in rural areas of developing countries
and likely one has to travel long distance to get proper
medical examination. This gap can be overcome with the
assistance of information and communications technologies
(ICT). Hence, suitable health care facilities can be provi-
sioned at the patient’s doorstep thanks to cost-efficient por-
table medical equipment and reliable communications
infrastructure [1-3]. In a typical telehealth-based health care
system, medical check-up procedure is almost similar to the
conventional check-up process but instead of travelling
hundreds of miles to see a doctor in person, a patient can
communicate with doctor via video conferencing and inter-
net enabled medical equipment. Such a typical telehealth
based examination procedure is depicted in Fig. 2.
Telehealth offers great benefits and in many cases ICT
can serve to bridge the locality gaps. ICT also bears the
potential to promptly link medical specialists all over the
world to offer valuable expertise and necessary assistance in
health care and medication [4]. Despite the great potential of
the telehealth technology, lack of progress in its rapid
adoption is mainly due to: (1) poor communication infras-
tructure, (2) lack of resources in developing countries,
(3) lack of collaboration among health care organizations
and (4) lack of government level initiative [5]. None the less,
the experts are still hopeful that the adoption of telehealth in
the developing countries can be great improvement in
bridging the existing gaps in health care sectors [6]. Tele-
health is a technology driven solution, which requires a basic
communication infrastructure to link the remote areas with
the metropolitan hospitals and medical facilities. However,
the existence of obsolete communication technologies limits
the use of telemedicine in the developing countries. More-
over, lack of research and development centers force the
imports of portable medical equipment at relatively higher
prices. This paper presents a review of telehealth technology,
its limitations, and various challenges posed by ICT infras-
tructure in developing countries. In this paper, a
solution-oriented approach is adopted, where tools and
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Fig. 1 Convention medical check-up procedure
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techniques are discussed to relax the constraints in most
viable manner.

The rest of the paper is organized as follows: Health care
facilities and role of telehealth in developing countries are
presented in Sect. 2. Section 3 discusses the limitations in
Telehealth whereas Sect. 4 presents solutions for telehealth
limitations and challenges. Finally, Sect. 5 concludes the
discussion and gives final remarks.

2 Health Care in Developing Countries
and Role of Telehealth

Developing countries face multiple challenges that affect the
health care provision. This includes lack of medical facili-
ties, low doctor to patient ratios, insufficient funds, lack of
awareness, poverty and unsafe water. According to the
World Health Organization (WHO), respiratory diseases,
malaria, unsafe water and unintentional poisoning kill 4.855
million people every year [9]. All these factors make health
care provision very difficult especially with limited funds
and resources. Under such circumstances, it is important to
interfuse technology in health care sector to reap full benefits
even with the limited resources. Telehealth technology has a
foreseeable future as the low cost and efficient healthcare
alternate solution for rising health problems. It is noticed that
over 1 billion of world population is suffering from obesity
giving rise to type 2 diabetes, high blood pressure, fatty liver
disease, certain cancer types, strokes and heart diseases
[10-12]. In addition, over 600 million people suffer from
chronic diseases costing way over $500 billion per year on
health care [12] and a large portion of population is in need
of assistive technologies due to cognitive diseases, invisible
wounds, mental health and aging factors.

For all these problems telehealth can serve as a future
technology, which offers a better fit for developing country
financial resources. However, outdated ICT infrastructure
limits the scope. It is therefore important to mold the
research to offer solutions that can relax the constraints
imposed by existing ICT. Details of mobile and broadband
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infrastructure are listed in Table 1, whereas the typical
requirement for communications of various medical equip-
ment and observatory investigation for telehealth services
are summarized in Table 2.

3 Telehealth Challenges in Developing
Countries

3.1 Asymmetrical Telehealth Infrastructure

One of the significant issues appeared in telehealth is the
asymmetrical infrastructure of the communication systems
where the doctor’s end located in urban areas has high speed
internet connection whereas the patient’s end, mostly
residing in a rural area, usually has much slower speed
connection. Further-more, the infrastructure in the rural areas
in developing countries utilizes obsolete technologies where
data speed in the uplinks is much slower than downlinks.
This issue is not good for telehealth, unfortunately, as the
majority of transmitted information is from patient to doctor,
thus a slow uplink creates a bottleneck especially in case of
ultrasound videos and video conferencing.

Doctor/Specialist

3.2 Integration of Medical Equipments

with Internet

Another main issue in telehealth is the non-availability of
Internet protocol (IP) enabled medical equipment to
com-municate the ongoing observations (Ultrasound, ECG
etc.) from patient to the doctor/specialist, separated by a large
distance. Most of the developing countries import medical
equip-ment and hence a rapid transformation from legacy
medical equipment to IP enabled need resources and time.

3.3 Database Formation

In most of the cases, the patients’ records are not centralized
and in most of the developing countries, the patient’s records
are still maintained using traditional files. Though the use of
telehealth offers a chance to establish a digital database for
patients, it also presents a major challenge to develop a
centralized database to keep track and access patients’ health
status. Furthermore, the access to the database and log
maintenance requires extensive training programs for the
doctors and medical staff.
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Table 1 ICT infrastructure
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. : Details D-C (%) UD-C (%) World (%) LDC/RA (%)
internet and mobile [13, 14]

Internet access 81.3 34.1 46.4 6.7

Internet usage 82.2 353 46.4 9.5

Mobile broadband 86.7 39.1 46.1 12.1

3G penetration 50.04 - - -

4G penetration 13.66 - - -

D-C Developed Countries, UD-C Under developed countries, LDC/RA Low developed countries/Rural Areas

Table 2 Examples of medical
application, communication

requirements, and technologies Application Data rate
[15-18] ECG 192 Kbps
EEG 86.4 Kbps
EMG 1.536 Mbps
Drug delivery <16 bps
Glucose <1 Kbps
monitoring
Temperature <12 bps
Motion sensor <100 bps
Audio stream 1 Mbps
Voice 50-
100 Kbps

Data rate and accuracy requirements

Technologies
Delay BER 2G 3G
<250ms <107 | BW | 64 Kbps 2 Mbps
<250ms <107 T Digital CDMA 2000
<250 ms <107 S Packetized Video/data
data
<250ms  [<107% M TDMA CDMA
<«250ms |<107'% | Sw Circuit/packet Packet
<ls — CN PSTN Packet
network
<300 ms —
<20 ms <1073
<100 ms |<1073

ECG Electrocardiogram, BW Bandwidth, M Multiplexing, EEG Electroencephalogram, T Technology, Sw
Switching, EMG Electromyogram, S Service, CN Core Network

3.4 Privacy and Secure Communication

The patient’s privacy is a matter of utmost importance. The
use of telehealth system can be exploited for hacking to the
patient database [10]. Most of the communication taking
place in the legacy networks is vulnerable to external threats
and attacks and in case of disclosure could lead to greater
influence on individual’s life. Apart from these, appointment
management system, user-friendly interface development,
training of medical staff, information analysis and resource
allocation and portability of medical equipment are also
some of the challenges telehealth faces.

3.5 Telehealth Infrastructure Development,
Benchmarking and Information Distribution

For any telehealth system, it is very important that a
development in one part of the world can be integrated in an
overall stack of telehealth and telemedicine. Unfortunately,
lack of benchmarking in this field has served a major bot-
tleneck for the evolution of this technology and resisted the
development of sound telehealth infrastructure.

4 Health Care Solutions and Feasibility
of Telehealth in Developing Countries

The following are the outlines of techniques and possible
research directions to overcome the above mentioned chal-
lenges about telehealth, especially for developing countries.

4.1 Telehealth Driven Bit Allocation, Rate
Control Scheme and Adaptive Image

Encoding

In most of the medical diagnosis cases, Region of Interest
(Rol) in a whole frame is very small and it needs identifying.
For instance, if a doctor is interested in observing a wound
on a patient, then rest of the graphic information captured by
a camera including the surroundings of that wound would
not be relevant, and they should not be trans-mitted in high
resolution or in some cases can be neglected at all. It is
therefore important to embed image processing, segmenta-
tion, Rol enhancement and pattern identification in tele-
health systems for selective encoding in captured video
frames. This technique, along with video compression offers
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highly reduced communication bandwidth requirements
even be met by a low speed communication infrastructure
(Table 1). In video communication, correlation based
inter-frame identifiers can locate stationery areas in consec-
utive frames and hence, can devise a suitable bit allocation
and rate control scheme. Moreover, adaptive encoding can
be used to counter the bandwidth fluctuations in ICT by
changing video resolution accordingly.

4.2 Video Encoding and Compression

It is not feasible to change the communication infrastructure
in developing countries at once but one can easily identify the
need of alternate solutions to assist telehealth systems over
existing low speed asymmetrical communication infrastruc-
ture. Video encoding and compression (H.264/H.265 based
background omitted encoding with interactive Rol) offers a
significant reduction in bandwidth requirements. Much
research [19-21] can be witnessed in this domain still there is
much room for improvement.

4.3 Maedical Equipments and Internet
of Things (loT)

IoT is a rapidly emerging technology that can provide an
interface for the communication of information generated by
medical equipments over internet [22]. This technology
makes a step forward for legacy telehealth systems as no
new equipment is required for medical assistance in tele-
health systems. Rather, the existing equipment available in
remote places can be transformed into IP-enabled devices for
which products like UART/SPI (WHZ9189) and others can
be readily used.

4.4 Computer Based Diagnosis

Telehealth systems give a platform for evidence and symp-
toms based disease diagnosis to improve the authenticity of
doctor’s prescription and to reduce time per patient with
automated and computer based opinion. However, for such
systems to be existent researchers have to offer solutions for
data analysis and diagnosis, based on probabilistic analysis,
Bayesian decision theory and ensemble classifiers and
recognition systems.

4.5 Information Based Preventive Measures

Another off the shelf benefit of this technology is to provide
the governing bodies with enough information to take
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preventive measures to avoid wide spread of viral and
communicable diseases. A well-established telehealth
infra-structure can be wused to analyze region wise
disease patterns and formulate action plan for the problems
at hand.

5 Conclusions

Telehealth has been developed and successfully applied
in clinical practices, gained a strong interest and
demonstrated its usefulness for medical diagnosis, treat-
ments and rehabilitation worldwide. The advent of high
speed communication technology and complex signal
processing techniques, and recent advancements in cloud
and cognitive computing, has created a new wave of
opportunities for delivering remote healthcare applica-
tions and services, where the cost-effective diagnosis and
treatment solutions as well as healthcare services are
important and need to be deployed widely. Moreover,
with the use of smart sensors and lab-on-chips tech-
nologies, it is possible to develop telehealth infrastructure
to provide the cost-effective medical services, leading to
the positive impacts on the lives of poor populations and
directly contributing to the economic development and
social welfare of developing countries.

Especially, IBM launched IBM Watson Health in
April 2015. With the investment of more than $4 billion,
Watson Health has become one of the world’s most
diverse and largest assembly of health-related data [23].
This opens opportunities to create innovative and
cost-effective telehealth solutions, specifically to promote
the emerging value-based care model that aims at
improving quality care and near- and long-term health
outcomes for individuals while controlling costs. The
roles of telehealth in healthcare, with the strong capa-
bilities of cloud and cognitive computing, are now
becoming more and more important. Recently, Bum-
rungrad International Hospital in Thailand has recruited
IBM Watson Health to improve the quality of cancer
care; the system will help doctors use medical evidence,
published research and each patient’s profile to plan the
most effective treatments for cancer patients. IBM
Vietnam is planning to collaborate with the local hos-
pitals and research institutions to develop telehealth
applications based on IBM Watson Health. This is
potential for the research institutions, especially in UK
and Vietnam, to collaboratively work on the
cost-effective and innovative solutions to improve the
quality of diagnosis and treatments, particularly to
improve the health outcomes of underserved populations
who are inadequately provided with a healthcare service
or facility, and who are not able to access to the good
healthcare services.
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