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Abstract. To meet the increasing demand for radiological services over the past few
years there has been a growing trend toward introducing medical imaging across
hospitals worldwide. Medical imaging technologies consist of a number of
components including PACS (Picture Archiving Communication Systems), RIS
(Radiology Information Systems) and HIS (Hospital Information Systems) which are
typically linked and interfaced through a computer network. In this paper, we present
an overview of global trends in the deployment of medical imaging and highlight
some of the key issues and challenges which are faced by developing countries in its
implementation.

1.

Introduction

The potential benefits arising from the introduction of medical imaging in developing
countries are numerous. Several studies have argued that medical imaging is a viable
solution to some of the on-going problems and healthcare challenges experienced by
these countries. For example, many studies have found that the use of medical imaging
can increase efficiency in accessing, viewing and sharing patient radiographic images
and diagnostic reports. There has also been an increase in the use of teleradiology and
teleconsulting activities. These services have the potential to address problems
associated with shortages of medical specialists and the lack of access to adequate
healthcare infrastructure and services.3 Further, the use of medical imaging has been
found to be useful in containing disease outbreaks within hospitals. For instance, in the
case of the severe acute respiratory syndrome (SARS) outbreak, the technology enabled
the radiographic images of SARS patients to be readily available to clinicians which
facilitated clinical consultations between the hospital’s clinicians and radiologists, and
allowed consultations to be conducted via telephone.66 In addition, the use of medical
imaging helped to reduce the unnecessary movement of staff and materials from the
radiology department which helped to minimize the spread of the SARS virus.41 In
recent years, a number of studies have highlighted the need to have adequate access
and proper use of medical imaging to perform clinical diagnosis and to confirm
whether patients contracted H1N1 virus (see for example1). The World Health
Organization (WHO) officially confirmed on June 11, 2009 that the H1N1 influenza
outbreak, which started in early 2009, had reached global pandemic levels67. 57
recommend the utilization of teleradiology to help to minimize the risks of influenza
outbreaks among healthcare professionals. From the patient’s standpoint, the use of
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medical imaging can improve patient care because the systems can assist healthcare
professionals to provide more personalized and effective medical care and treatment,
quick and effective disease screening programs, and can encourage them to practice
more evidence-based decision making.62 This eventually leads to better quality
healthcare services and delivery to patients.
However, it is also widely acknowledged in the literature that hospital-wide
implementation of medical imaging is challenging and risky, particularly when there
are financial and manpower constraints. Whilst substantial investment has been made
to computerize hospital information systems globally, in practice, there are still many
unsuccessful implementation projects.41 In one case study situated in the Limpopo
Province in South Africa, a lack of understanding about the complexity of the project
and the health culture were identified among the factors that contributed to the failure
of the project that cost nearly £14million.41 Nevertheless several developing nations
have actively deployed the technology in their community hospitals. 23,24,26
In this paper, we examine the growing trends in medical imaging deployment
worldwide. Medical imaging is defined as an information system application that
consists of a number of technological components particularly imaging modalities,
PACS (Picture Archiving Communication System), RIS (Radiology Information
System) and HIS (Hospital Information System) which are linked and interfaced
through a computer network. In hospital radiology service, RIS facilitates patient
radiology examination scheduling, assists in tracking patient data and information, and
permits online radiology diagnostic reporting, whilst HIS supports hospital
administrative tasks such as patient registration, discharge and billing. PACS on the
other hand is a system that specializes in the acquisition, storage, processing, and
distribution of radiographic image data.31,32,54 Patient radiographic images are obtained
via the use of imaging modality. Examples of imaging modalities include CT scanners,
ultrasound, MRI (Magnetic Resonance Imaging), General X-Ray etc. Medical imaging
also offers the potential to be further reconfigured to support teleradiology activities,
through which the benefits of the application can be extended to other organizations.
This paper in particular aims to highlight key issues and what lessons can be learned
from the current trends in medical imaging implementation in the context of
developing countries.
This paper is structured as follows. Firstly, it reviews the global trends in medical
imaging deployment. Secondly, it discusses key issues related to the implementation of
the technology in the context of developing countries. Finally, the paper concludes with
a discussion of key challenges and lessons learned for developing countries based on
the analysis of current trends in deploying the technology.

2.

Global Trends in Medical Imaging Implementation

It is suggested that the demand for radiology services will continue to rise (see for
example 45,59,60). Studies have attributed the ever-increasing demand for radiology
services to factors such as the global increase in illnesses, the increase in world
population (including aging citizens), the rise in urbanization and worldwide healthcare
programs and reforms. 46,47,58,63 With regard to illnesses, the increased number of
patients with respiratory problems, cancer, cardiovascular and other form of lifestyle
diseases for example has been frequently mentioned to contribute to the increased
demand for radiology services.2,14,17 In order to cater for this growing demand it is
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becoming increasingly common for healthcare organizations, especially in developed
countries, to outsource some types of radiology services to foreign countries. Also,
recent studies have reported that there has been an increase of radiology resource
utilization particularly the use of advanced imaging services.17,41 An increase in
medical imaging implementation across hospitals worldwide has also been noted in the
literature. The following presents the review of the deployment trend related to each of
technological components of medical imaging.
2.1. Imaging Modalities
According to the 22, in the year 2010, the market demand for medical imaging
equipment in the United States will exceed US$16 billion, with an expected 6.8 percent
annual growth from 2005. The report anticipates that CT scanners will lead the market
growth. A recent report published by Global Industry Analysts, Inc. mentioned that at
present the United States, Japan and Europe have the highest CT scanner installations.65
It was also reported that there has been a growing penetration of CT scanners among
the developing countries, in which Asia Pacific particularly was reported to have the
highest single-slice CT scanners65. 10,11 reported a growing trend in deploying new and
advanced imaging modalities in Asia. Multi-slice CT for example was noted in the
report (2010) as becoming widespread in India. Another report by Electronics.ca
Research Network (2008) states that Europe represents the largest market for 3D
imaging applications and this market segment will be driven further by the continuous
development of MRI, CT and Ultrasound.
In 2007, the 49 published a report on the availability of advanced modalities such as
CT and MRI across OECD countries for the year 2005. In the report, Japan was ranked
as having the highest number of CT and MRI units per capita, followed by Australia
for CT units and the United States for MRI units. Turkey, Hungary and Mexico were
ranked the lowest. It was suggested that factors such as national income and total health
spending could play a role in influencing the diffusion of these technologies. Figure 1,
excerpted from the 49 report, shows the top ten countries for CT and MRI units per
capita. To date, based on OECD Health Data 2010, it was further reported that between
2000 and 2008, there were more than doubled on average for MRI units per capita for
OECD countries, in this case from 6 MRI units per million populations in 2000 to 13 in
2008.18 Japan, the United States, Italy and Greece were mentioned to have a greater
number of MRI units per capita in comparison to other OECD countries. The number
of CT scanners also increased from 19 per million populations in 2000 to 24 in 2008.18
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*In Japan, data for CT scanners relate to 2002 rather than 2005, because the 2005 data is more limited
in terms of coverage of institutions and type of CT scanners.
Figure 1: Top Ten OECD Countries for MRI and CT Units Deployment

Research suggests that a country’s wealth and health expenditure can influence the
rate of diffusion of expensive medical technologies, particularly in radiology. 50
statistically tested five categories of variables, namely purchasing power, patient needs,
physician demand, government regulation and payment methods on the data of thirty
OECD countries to examine the factors that influence the diffusion rate of CT and MRI.
The study found that purchasing power, which is represented by a nation’s total annual
health expenditure and economic incentives to hospitals, can influence the diffusion
rate for CT and MRI. The research findings of 50 confirmed many similar views about
why there has been a huge disparity between developed and developing or non-rich
countries with regard to deploying advanced imaging modalities. See also for example
a study conducted by 34 which found a low diffusion rate of MRI in several Asian
countries (China, India, Indonesia, Republic of Korea, Malaysia, Philippines, Thailand
and Hong Kong).
Further, there is a notable trend in the increasing frequency of use of advanced
modalities. In the United States, from 1992 to 2001, there was an increased utilization
of MRI and interventional radiology, but a relatively unchanged level of use of
radiography.5 Another study by 39 that examined in-patient radiology utilization trends
from 1984 to 1993 in one tertiary hospital in the United States reported a significant
increase in the use of CT and MRI, and a decrease in conventional imaging studies
(plain films and fluoroscopy). A follow-up study conducted by 43, using a similar
method to examine in-patient radiology utilization from 1993 and 2002, also reported a
similar trend. According to 61, in the UK, from April 1997 to March 1998, there were
about 41.5 million medical and dental x-ray examinations conducted annually. Among
NHS hospitals, the study found that the highest increment in frequency came from CT,
interventional radiology and mammography examinations. For the period from 1997 to
2002, there was a constantly increasing demand for CT, MRI and non-obstetric
ultrasound procedures and a relatively slight demand growth for ultrasound,
radiographs, fluoroscopy, nuclear medicine and obstetric ultrasound among English
NHS hospitals.27
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2.2. PACS
PACS has been widely implemented across hospitals all over the world. Global Data
for example reported the total sales of the technology in 2008 accounted for 67% of the
European radiology market.48 According to the UK NHS (National Health Service),
under the NPfIT (National Programme for IT) initiatives, as of 2007, there were about
127
trusts
in
England
with
PACS
(http://www.connectingforhealth.nhs.uk/newsroom/news-stories/pacs-rollout). By early
2008, the UK Department of Health announced that the NHS had completed the
installation of PACS across all UK hospital trusts under the NPfIT initiative.48 In the
United States, some analysts were optimistic that 90% of the health care facilities in the
country would be equipped with PACS by 2010.37 In the Asia Pacific region, Japan has
been a leading player in PACS technological developments. Hence, it is not surprising
that several studies mentioned the rapid growth of PACS installations in Japanese
hospitals since the 1980s.35,36,56 As of 2002, it was reported that 1468 PACS units had
been installed across Japanese hospitals.36 The same study also mentions the increasing
diffusion of PACS among hospitals in Korea and Hong Kong, although in the context
of Hong Kong public hospitals, 9 state that the utilization of PACS usually does not
extend outside the radiology department. The growing diffusion of PACS is also
reported in Taiwan 8 and China25. 11 estimated PACS accounted for 43% of the
radiology informatics market in China in 2008.
In other developing countries such as in the South East Asia region, it has been
suggested that PACS has a slow diffusion rate. 23 attributed the slow growth in this
region to factors such as high cost, under-developed health care facilities and a lack of
ability to deliver the high-technology infrastructure required. Nevertheless, due to the
proactive role of the government and increasing demand in the medical tourism sector
such as in the case of Malaysia, Thailand and the Philippines, Frost & Sullivan
anticipated a positive growth for the South East Asia market in 2009. As for third
world countries, the status of PACS diffusion is unknown. However, there have been
several on-going projects that capitalize on the innovative features of PACS to provide
healthcare radiology assistance under e-health and telehealth initiatives to help various
third world countries, including some from Africa.21,44
2.3. RIS/HIS Integration
A large-scale PACS installation will include RIS and HIS applications. Whilst PACS
enables the efficient storage, processing, management and retrieval of image data, RIS
on the other hand, permits online diagnostic reporting, patient scheduling, tracking of
patient images and billing. For PACS and RIS to effectively support radiology in a
hospital, important data such as patient registration, admission and discharge needs to
be obtained from the HIS database. Some technical details pertaining to
PACS/RIS/HIS integration can be read from 31 and 6. A study that surveyed more than
275 sites that had implemented PACS reported that over 75% of the sites had an
interface with RIS, and about 48% had an interface with HIS.51 According to 7, the
growth of the RIS market is largely pushed by the expansion of the filmless work
environment. RIS was argued to have low usage in a film-based radiology work
practice.7 Initiatives such as Integrating the Health Care Enterprise (IHE) taskforce that
is responsible for establishing common integration standards such as DICOM and HL7
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have facilitated the complex integration and interface between these major components
of medical imaging.6,28

3.

Key Issues for Developing Countries

Learning from the existing trend, there are three key issues which can be drawn in
implementing medical imaging technologies.
First, the increasing deployment of advanced imaging modalities such as CT and
MRI will continue to drive greater demand for PACS installations. It is widely
acknowledged in the literature that the use of advanced imaging modalities will lead to
a higher volume of radiology images that need to be stored, processed and retrieved.
PACS has been developed specifically to deal with the storage, access, distribution and
retrieval of images. This dependency suggests that there will be an increasing number
of healthcare organizations, particularly hospitals, which will consider moving from
film-based to filmless work environments.
Secondly, despite the fact that acquiring medical imaging requires substantial
resources, the technology has been increasingly deployed in developing and thirdworld countries. 26 argue that there is a trend amongst the governments of these
countries to expand public radiology service infrastructures and access, including the
acquisition of advanced imaging modalities and applications. Due to these government
initiatives,23,24 have positively anticipated the growing demand for medical imaging,
particularly in the case of South East Asia and the Eastern Europe regions. Malaysia is
an example of such a nation where the government via the role of Ministry of Health is
responsible in making strategic decisions to deploy the technology into the public
healthcare organizations.
Finally, the global rise in healthcare consumerism and medical tourism will spur
medical imaging and teleradiology adoptions worldwide. In the United States for
example, the increased demand for radiology service has spurred rise in outsourcing of
radiology services to India as well as Australia.55 At present, Nighthawk Radiology
Services (http://www.nighthawkrad.net/) has capitalized teleradiology to create
business opportunities and to take advantage of the increasing demand for radiology
services68. 16 argued that the main push to adopt teleradiology is to acquire the ability to
tap into healthcare expertises in another institution. Medical imaging in particular can
be extended to support teleradiology and teleconsultation activities. The American
College of Radiology (http://www.acr.org/) defined the goals of teleradiology as
follows:
•
•
•
•
•
•
•
•
•

Providing consultative and interpretative radiological services in areas of need
Making radiological consultations available in facilities without onsite
radiological support
Providing timely availability of radiological images and radiological image
interpretation in emergent and non-emergent clinical care areas
Facilitating radiological interpretations in on-call situations
Providing subspecialty radiological support as needed
Enhancing educational opportunities for practicing radiologists
Promoting efficiency and quality improvement
Sending interpreted images to referring providers
Supporting telemedicine
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Providing direct supervision of off-site medical imaging

As for medical tourism, we anticipate a positive growth of the industry will
encourage more deployment of medical imaging particularly among private healthcare
institutions in the developing countries. It was noted that Malaysia, Singapore, and
Thailand are the potential countries in Asia for medical tourism.4,15,29 Frost & Sullivan
projected more hospitals in Asia Pacific that are interested to take part in this industry
will make an attempt to upgrade their medical imaging systems to meet patients’ high
expectations.64

4.

Lessons Learned for Developing Countries

From the standpoint of developing countries, there is no doubt that medical imaging
deployment can offer substantial benefits. However, it is important to understand the
challenges of implementing the technology particularly in the context of a hospitalwide utilization. Some of the key challenges are as follows:
•

Require a substantial and ongoing investment

Overall, the implementation of technological components of medical imaging
particularly digital imaging modalities and PACS/RIS is very expensive. It is
widely acknowledged in the literature that limited financial resource is the main
factor that can hamper the growth of medical imaging adoption in healthcare
institutions of developing countries. The World Health Organization (WHO) for
example has noted consistently how these factors among others can slow down the
deployment and use of important medical technologies and devices that can save
many lives. Obtaining a substantial and ongoing funding to purchase, install and
maintain the technology is a major challenge for healthcare organizations of
developing countries.
•

Require a good understanding on the complexities in implementing and
managing the technology, as well as extending its application to support
teleradiology activities

Many studies describe medical imaging implementation as risky, expensive
and complicated. Its implementation success rate depends on many factors. Among
them are: the commitment of key stakeholders and decision makers, the support
from clinicians and radiologists, the high frequency of user training and technical
support, and the ongoing support from suppliers and vendors.33,38,52,53 A good
understanding on the complexities and issues related to implementing the
technology is very crucial in order to have a successful implementation plan for a
hospital-wide medical imaging installation.
•

Providing good ICT (Information Communication and Technology)
service support, and training to users

Technology users particularly radiologists, clinicians, radiographers and
nurses require efficient good and reliable ICT technical support services to
facilitate their day-to-day use of medical imaging applications particularly PACS
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and RIS. PACS and RIS can automate many aspects of traditional radiology
activities. Providing good ICT service and frequent training to these users can help
to increase the adoption rate and effective use of the technology in organization.
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