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Abstract. Technological progresses in the information, communication and telecommunication (ICT) industries and
innovations telemedia industry have made telemedicine an increasingly viable health care delivery choice for emerging
economies like South Africa. Simply stated telemedicine is the use of ICT technologies in conjunction with telemedia sys-
tems to provide health care services when distance separates the health professionals and patients. The study examines the
constraints of utilisation of telemedicine in the broader health care delivery value chain. This paper discusses the challenges
of managing diffusion of telemedicine technology in the rural areas of South Africa. Specific telemedicine project installa-
tions are discussed and recommendations provided to guide policy makers and health planners in South Africa.
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1. Introduction

Medical practice and health care services depend on ef-
fective diffusion of health technology to meet their variety of
needs. They use technology to gather information necessary
for appropriate diagnosis; to process this information and
present it in a comprehensive clinical format; to treat disor-
ders effectively when diagnosed; to monitor treatment and
evaluate its efficacy[1]. Therefore cost-effective diffusion
telemedicine will not only reduce the cost of health care, but
also enhance the productivity of health workers.

Health care is a special commodity in emerging econo-
mies, in both economic and social terms. South Africa is no
exception. For many countries, it is only a problem on a
priority scale dominated by poverty, a growing population
and rural to urban migration[1]. About 70-80 percent of
population in most African countries lives in rural areas[2].
Although, South Africa is economically advanced compared
to other African countries, it still has a huge rural population.
This rural population receives inadequate health services,
because most health services are concentrated in urban areas
and cities. The health care gap between preventive health and
curative medicine is largely suspected as the source of
chronic diseases in rural areas of South Africa[3].

The advent of telemedicine services, which is the use of
telecommunication and information technologies to provide
health care services[4], has brought hope of providing health
care services to the rural population. In South Africa, the
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benefits of telemedicine services have not been fully realized
because of infrastructural constraints such as the lack of
bandwidth and telephonic services. This is mainly due to the
lack of telecommunications infrastructure that is required as
a platform for telemedicine care in rural areas. Other tech-
nical issues stunting effective utilization of telemedicine
services include unreliable power supplies and frequent load
shedding in rural areas.

Effective management of technological infrastructures
and health care resources is also lacking in rural clinics and
hospitals because competent health workers prefer to work in
urban areas and cities[3].

2. Making Clinical Sense of
Telemedicine

Telemedicine broadly refers to the use of communication
and information technologies for the delivery of preventive
and clinical care. The more definitions of telemedicine are
broader and more inclusive. In the modern health care de-
livery environment, the term telemedicine more correctly
describes the direct provision of preventative and clinical
care via telecommunication systems — facilitating diagnosis,
treatment or a follow up with a patient at a distant. In past
one decade, telemedicine has been utilized by public and
private health providers in a growing number of specialties
such as oncology, radiology, surgery, psychiatry and
home-based health care[4, 5]. Telemedicine can be simple
as two clinical experts discussing a patient’s case on phone
or as complicated as using satellite system to broadcast a
consultation between clinical consultant and a doctor in two
distant locations — city and rural hospitals, using videocon-
ferencing system. Telemedicine allows patients to obtain
regular health care services from a primary health provider
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or clinic without having to leave their local communities,
thus ensuring continuity of care and periodic follow up as
dictated by treatment protocol. The goal of diffusion of
telemedicine and other health technologies in the health
care system value chain is to enhance cost-effectiveness and
increase efficiency of health care delivery[5].

2.1. Rural Telemedicine Services

The rapid advances in telecommunication technologies
has led to the development of integrated service digital
network (ISDN) that can provide an array of services in-
cluding video traffic to enable videoconferencing that can be
used to provide face-to-face consultation between a patient at

a clinic and a physician in a hospital several kilometres away.

However the lack of Integrated Service Network (ISDN)
connections and the high cost associated with such tech-
nologies have made ISDN inaccessible to most rural com-
munities in South Africa, thus making video conferencing
for face-face consultation using telemedicine impossible[3].

Communication networks can be broadly defined as an
arrangement of hardware and software that allow users to
exchange information[4]. The information exchange may be
voices, sounds, graphics, pictures, video, text, or data,
among users. Traditionally, the most common types of
communication networks: the telephone network for voice
transmission, and a computer network and peripherals. The
advancement in communications and information technolo-
gies has resulted in new communication networks merging
the capabilities of both telephone and computer networks
into one network. This has in turn paved the way for devel-
opment of high-speed networks that are able to transmit high
quality, full-motion video.

A communication network consists of a set of nodes that
are interconnected to permit the exchange of information.
These nodes can be classified as either terminal nodes, or as
communication nodes. The terminal node has terminal enti-
ties such as phone sets, computers, printers, files servers, or
video monitors, whereas the communication node, on the
other hand has communication devices such as switches,
routers, or repeaters. The terminal nodes generate or use
information transmitted over the network, while the com-
munication nodes transport the information but do not gen-
erate or use the information[4].

The nodes can be a few meters to many kilometers apart.
To link the nodes a communication channel is used, which
may be a transmission line, an optical fiber, a radio link, or a
light wave in free space. For rural areas the nodes can be a
considerable distance apart; for example, a network that can
enable clinics and the local hospital to exchange information
can have nodes that are more than 50 kilometers apart. The
other problem with rural communication networks are the
different types of terrains over which the communication
equipment or cables have to be deployed. Most rural areas
are characterized by mountainous terrains, valleys, forests
and rivers, which can make the use of other types of trans-
mission media, such as transmission lines and fiber optics

rather difficult.

The convergence of telecommunication and communica-
tion technologies forms the backbone of telemedicine care
services. Telemedicine care is considered as one of the so-
lutions to the problem of health care delivery in rural areas
by improving communication capabilities and providing
convenient access to up-to-date information on-line, con-
sultations and other forms of multimedia support[6].

3. Rural Area Network

The rural area network (RANET) is a multi-service
packet-based communication network, which can be used to
provide an array of services to rural areas. The system is
autonomous and tailored to provide performance matching
the requirements of different applications. The RANET
system architecture is designed to deliver integrated services
to both wired and fixed-wireless networks. It is an open
system for converged networking as shown in Figure 1, and
consists of the following four elements: services and appli-
cations network; core network; broadband access network;
and user terminals. The architecture ensures that these func-
tional elements are seamlessly interconnected and facilitates
connections of additional networks, such as Internet, and the
traditional telephone service network, to the core network.

Services and

Applications Network
|

Core Network

|

Broadband Access Network

Source: Kachieng’a 2008/3].
Figurel. Conceptual RANET Model

The architecture also enables, inter alia, the following[4]:

Packet services: As a data transport, it should provide
carriage for video, voice and data applications with an ap-
propriate quality of service for each. It should support the
existing Internet Protocol (IP) applications and new
value-added services.

Real-time communication: These are interactive real-time
voice and video communication.

Multicasting services: This allows for efficient delivery of
a given information stream of multiple recipients at the same
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time, which is important for continued medical education
(CME).

Network management: These are supervisory functions,
such as monitoring, and maintenance, to keep the network
operating efficiently and effectively.

Unified messaging: This involves the integration of voice,
fax, and e-mail messages on single IP-based message re-
pository.

The core network plane links the users with feature servers
and internet-working gateways to external networks such as
internet, public switched telephone network (PSTN) and
other networks. Its infrastructure consists of gateways,
multi-protocol router and multilayer switches, which are
used as the building blocks for the network. The core net-
work is build around IP-packet based core to support the
multiple needs of users and to reduce the cost of network
operation[3].

3.1. Models of Rural Telemedicine Service Design

There are two models that can be used to provide rural
telemedicine: local and open systems. These models are
shown in Figure 2 and Figure 3, respectively.
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Source: Kachieng’a 2008/3]
Figure 2. Local rural telemedicine system

The local system is a network that is constituted of a local
hospital and a number of surrounding clinics. This model,
though simple, tends to confine the clinicians to the limited
expertise in their area. A system based on local configuration
was launched in December 2002 in the mountainous Qumbu
district in the Eastern Cape. The project is a joint venture
between the Council for Science and Industrial Research
(CSIR) and Tsilitwa community. It uses ICT to link Tsilitwa
clinic to Sulenkama community hospital, which is about 20
kilometers away from the clinic. It is an autonomous system
based on wireless Local Area Network (LAN), and provides
wireless connection to clinics, schools, and police station
using an Internet Protocol (IP) based Private Automatic
Branch Exchange (PABX) and a simplex wireless video link
between the clinic and the hospital. The telephone and the
video links between the clinic and the hospital enables the
physician at hospital to see the condition of the patient at the
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clinic, so that the medical staff at the clinic can be advised of
appropriate intervention[4].

Figure 3 shows an open rural telemedicine system. The
system is designed to have direct links with other secondary
and tertiary medical institutions to enable direct consultation
between clinician and physician or specialist in any other
medical institution, be it locally, or in the city. The com-
petitive advantage of this model is that the rural clinic health
professional has a broader spectrum of medical experts at
his/her disposal to consult from all institutional sites in the
network. The open rural telemedicine system provide
multi-consultation access between telemedicine health pro-
viders and specialists based at regional and city health fa-
cilities, thus enhances the efficiency of delivery of services.
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Source: Kachieng’a 2008(3]
Figure 3. Open rural telemedicine system

3.2. Health Technology Infrastructure Investments

Strategic planning and management of technological in-
vestments in health care systems, hospitals and clinics are the
most difficult challenges facing health policy makers and
planners in South Africa. Although the public health care
system is far from being homogenous, it is evident that two
large groups of technologies are considered simultaneously -
namely, technology for primary health care services and
hospital-based technologies for curative services. The effec-
tive management of the two groups of technologies will lead
to competitive delivery of health care services — higher
outputs at lower costs and better access to health care ser-
vices. It is therefore imperative that investments in health
technology infrastructure should take into account techno-
logical relationships between various levels of health care
delivery services to ensure the cost-effective utilization of
technological investments and better return on investment.

3.3. Telemedicine Technology Diffusion Management

Health technology management has been defined as an
accountable, systematic approach to ensuring that cost-effec
tive, efficacious, safe, and appropriate equipment is available
to meet the demands of quality patient care[6]. Modern
health care institutions, even in emerging economies such as
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South Africa, are increasingly embracing technological in-
novations in health care. The uptake of advanced health
technology in health system is considered as an economic
imperative for a better health care delivery and coverage[8].

Technological innovations in 21* century have reshaped
the field of medicine and the delivery of health care services.
Recent advances in health technology have provided a wide
range of diagnostic, therapeutic, and rehabilitative tools and
instruments that are now routinely used in the cure of spe-
cific diseases and illnesses. It is within such a process that the
modern hospitals have evolved as technologically sophisti-
cated health care facilities serviced by technologically spe-
cialized personnel. The changes have contributed signifi-
cantly to the quality of health care provided by various health
facilities, from teaching hospitals to rural clinics; but have
also brought new challenges in health technology manage-
ment in South Africa[8].

Telemedicine is unique, in that it has the capability to
cross geographical, political, social and cultural barriers
within the health sector. With comparatively fewer resources,
extended outreach and yet contained health cost, several
essential health care services can be provided to a large
number of the geographically scattered rural population. A
key future of telemedicine, services is the use of multimedia
peripheral devices that include electronic versions of stan-
dard diagnosis and examination tools as well as other sense
extending implements like cameras, document stands, derma
scopes and microscopes. The multimedia peripheral devices
enable the clinician to better approximate an on-site physical
examination.

Another key future of telemedicine is the use of multi-
media peripheral devices that include electronic versions of
standard diagnosis and examination tools as well as other
sense extending implements like cameras, derma scopes and
microscopes. The multimedia peripheral devices enable the
clinician to better approximate an on-site physical examina-
tions.

The management of telemedicine technology cannot be
effective when confined within organizational boundaries.
The management of telemedicine technology is in-
ter-organizational endeavour and the exploitation of its full
utility requires management strategies extending across
organizational boundaries. Factors such as maintenance
budgetary allocations, technical support services are very
critical for operation of efficient telemedicine services.

It is important to note that telemedicine services be de-
signed to add-value to other health care services and are not
intended to exclusive[8]. The cost-effectiveness of tele-
medicine services depends on organizational capacity to
facilitate effective integration on hospital-based and out-
reach health services.

Managing both technical and health aspects of telemedi-
cine services have been major challenges to both government
and donor organizations who normally fund telemedicine
projects. Providing rural population with telemedicine ser-
vices through improved video quality can facilitate access to

health care services while, at the same time reducing the cost
of care, through timely service delivery and reduction of
unnecessary hospitalization.

Management of telemedicine technology diffusion cannot
be effective when confined within organizational boundaries.
Telemedicine is inter-organizational and capitalization of its
full utility requires technology management extending
across organizational boundaries. Factors such as technology
base and technical support services, attitude of clinical staff
and organizational management commitment to the delivery
of telemedicine services are very critical for efficient opera-
tion and coordination. Effectiveness of telemedicine services
depend on organization coordination and integration with
other clinical services.
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Figure 4. Typical telemedicine infrastructure

Managing both technical and health care aspects of tele-
medicine competitively has been a major challenge to both
government and other health care providers. Providing rural
telemedicine systems with improved video quality can im-
prove health care services access, while at the same time
reducing cost of care, through timely service delivery and
reduction of unnecessary hospitalization.

3.4. Financing Telemedicine Projects

Historically, most telemedicine projects have been fi-
nanced through donor funding or bilateral grants from for-
eign governments. Normally funding covers the project
period ranging between 2 — 5 years. Within the project period
telemedicine services are funded through a budget line
separate from the public health services budget[10]. On
completion of the project period all telemedicine services
assets are handed over to the host Government. Thereafter,
both capital and operational expenditure are expected to
come from the public health care services budget.

Operational costs such as bandwidth and telephone bills
are supposed to come from the maintenance equipment
budgets from the government health budget. The mainte-
nance budget for public health technological assets is nor-
mally inadequate, thus curtailing the delivery telemedicine
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services in South Africa. The cost of ownership of tele-
medicine equipment and associated technical services has
not been factored into the public health system to promote
efficient and cost-effective telemedicine services in the rural
areas of South Africa.

3.5. Telemedicine Health Service Providers

Although majority (80%) health care providers (12 people
-7 medical personnel and 5 medical managers — doctors)
were interviewed at various sites were appreciative of in-
vestments in telemedicine technologies to provide high
quality health care services to rural communities of South
Africa, they also highlighted lack of sustainable technical
and budgetary support. They believe that the introduction of
telemedicine in the health care delivery value chain will
enhance and generate efficiency in the traditional health care
referral system and reduce costs of health care services de-
livery. They stated that apart from cutting costs of health care,
the injection of telemedicine in the health care delivery value
chain has the potential of improving health care outcomes.
The major draw-backs in cost-effective delivery telemedi-
cine services are poor technical support, inadequate opera-
tional budgets and training of health service providers.

According to five senior medical officers interviewed
during the survey, the lack of adequate facility-level budg-
etary support and lack of trained medical staff with adequate
skills to run telemedicine services. Most of regular medical
staff views telemedicine as an add-on service to the regular
health care services and therefore not the main focus for their
operations. In most cases there is no operational budget-line
for telemedicine services. Sometimes the budget for tele-
medicine is lumped together with maintenance budget.
According to doctors, telemedicine services can becost-effe
ctive if it is incorporated into main stream health system.

3.6. Telemedicine Patients Management

Patients interviewed at the 11 sites within the Eastern
Cape, South Africa, showed a lot appreciation for the
availability of telemedicine services in rural areas. However,
they complained about the unpredictability of services, due
to power failure or load shedding and lack of bandwidth due
to non-payment of telephone bills. They also indicated that
when the services unavailable due to technical problems,
they are made aware until the visit the clinic. Such informa-
tion can be passed to patients through mobile phone to avoid
travelling to clinics. Most of rural residents are peasant
farmers and poor, and cannot afford transport costs to hos-
pitals. Telemedicine service in rural areas of South Africa is
a major boost to the delivery of public health care services,
but management of the services still remains a challenge.

4. Discussion

A greater commitment by the South African Government
to address disease burden in rural areas has resulted in public
and private sectors investments in the development and
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diffusion competitive health technologies such as telemedi-
cine, new vaccines, diagnostic and therapeutic instruments to
support prevention and treatment of these diseases. Tele-
medicine offers both preventive and curative services in the
health care delivery value chain. Therefore effective diffu-
sion and utilisation telemedicine will not only reduce the cost
health care services, but also offer a wider access to health
services to the isolated rural populations. The World Health
Assembly has acknowledged that telemedicine could play an
important role in providing access to health for population at
risk worldwide, especially in Africa[11].

Although telemedicine services can be technologically
independent from other health care services, they remain
value-adding services to main stream health care services.
Sustainability and success of telemedicine services depend
on their strategic integration into other health services
provided by hosting institutions. To be efficient andcost-eff
ective, it must be administratively and technologically inte-
grated with other health care services provided by hosting
hospitals and clinics. Public health planners have always
assumed that because telemedicine is a value-add service,
they took for granted that medical and technical staff at the
hospital and clinics will embrace the introduction of tele-
medicine services. That has not been the case according to
the survey conducted in the Eastern Cape[8]. The compo-
nents of the evaluation framework are shown in figure 5. The
evaluation of telemedicine projects covered: clinical and
technical management, technical support and clinical adop-
tion. The objective was to tease out success factors to ensure
success and sustainability for telemedicine services.
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Source: Kachieng’a 2008/3].
Figure 5. Evaluation framework

Most rural hospitals and clinics are medically understaffed
and technically under-resourced; therefore the introduction
of new services becomes a burden rather than a relief for the
staff. There is also a need for continuous training of both
medical and technical staff because of regular upgrades.
High productivity in telemedicine services depends of
seamless collaboration and coordination of medical and
technical staff. Most initial funding of telemedicine services
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tends to be project-based, while maintenance budgets tend to
be institution-based. Rural hospitals and clinics have budg-
etary constraints leading to inadequate support of telemedi-
cine services. Further more, telemedicine services have also
been hampered by frequent power failures and load shedding
in rural areas. Telemedicine can effectively alleviate health
services problems in rural areas if properly coordinated,
strategically managed with adequate budgetary support.

The observations and insights from this study can provide
policy makers and health planners with data for improving
health technology investments strategy to support accessible
and cost-effective health care services delivery in rural South
Africa.

In the final analysis, the study shows that the major con-
straints in delivery telemedicine services are the manage-
ment of the technological systems, providing sufficient op-
erating budgets and adequate training of health service pro-
viders.

5. Conclusions

The demand for improved and accessible health care ser-
vices by rural communities in South Africa is growing rap-
idly. Access to basic education and health care services are
becoming human right issues. Furthermore health is one the
major driver of economic growth and social change. It is
within this strategic framework that the South African gov-
ernment investment in telemedicine projects is aimed at
providing outreach health care services to rural populations.

Providing appropriate and effective health care services in
rural areas remains a major challenge for the South African
Government. Telemedicine could improve delivery of health
services but requires coordination and strategic management
of all associated technologies; and adequate operational
budgetary support. There is also a need to improve technical
infrastructure including stability of power systems, provision
of adequate bandwidth for voice, image and data.

It is important that the technical support and system
maintenance be adequately funded to ensure sustainability of
telemedicine services in rural areas. Although health tech-
nology acquisition budgets are normally catered for, it is
evident budgetary allocation for maintenance and consum-
ables are inadequate to sustain telemedicine services. Further
more, technicians and engineers are not readily available in
rural health institutions to ensure adequate technical support
of telemedicine services. In addition, power systems in rural
areas are not only inadequate but also unreliable, leading to
the under utilization of telemedicine technologies. There is
also need for continuous training of both medical and tech-
nical staff on the utilization of telemedicine technologies due
continues technological innovations in the health sector.

The study shows that, for successful diffusion of tele-
medicine services in South Africa, it is of paramount the
budgetary support for maintenance and technical services be
competitive and sustainable. It is also crucial that health

policies pertaining to telemedicine in particular and e-health
in general be formulated and implemented to broaden the
coverage and enhance delivery of health care services de-
livery.

The recent advancement in ICT and telemedia technolo-
gies, innovations in wireless systems and widespread pene-
tration of broadband in South Africa have increased the
economic attractiveness of telemedicine services as a viable
alternative method for public health care services delivery.
Telemedicine has the potential to close the gap between
primary health and curative care. It is evident that further
innovations in telemedicine systems will have potential to
address critical issues in public health care services such as
access, coverage and cost. Evidences from other emerging
economies show that effective planning and deployment of
health technologies are the cost-effective methods for en-
suring equitable delivery of health care services to the rural
population of South Africa.
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